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PRESENTATION

Une question revient souvent lors de discussions , sur les equipements hyper :

Quelle antenne ou quelle source pour telle ou telle parabole ?

_ Il est vrai que , grace aux travaux de DBENT , G3WDG ou bien d'autres , la
réalisation de transverters performants est maintenant simplifiée .

Mais il reste a trouver une bonne antenne , gage de réussite .

Des modéles commerciaux existent mais restent assez chers . Le plus simple
est donc de se lancer un peu dans la mécanique ( parfois trés peu d'ailleurs ) .

C'est pourquoi nous avons prépare cette compilation de tous les articles que
nous avons pu trouver a ce sujet .

Ces documents sont extraits des ouvrages ou revues suivantes :

- Toute I'electronique

- VHF-UHF Manual

- The Gunnplexer cookbook
- DARC 10 Ghz SSB TRVT
- Feedpoint

- Hurk Infos

- VHF antennes

- Megahertz Magazine

- UHF VHF Manuel

- Praxis der Mikrowellen antennen
- VHF Communications

- Microwaves Newsletter

- Proceedings Weinheim

- Proceedings Munich

- Proceedings CJ

- Radio REF

- Proceedings Dorsten

- DUBUS

-CQDL

-QST

- Ham Radio

ou ont eté redigés par des Oms pour le bulletin HYPER .

Tous les droits d’auteurs ou de reproduction reserves lors de la parution de
ces articles , sont, bien sur, conserves, notre role n'est que de les diffuser plus
largement et de maniére plus cibl€e , réunis dans un méme document .
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Parabolic dishes

A based on paraboloidal refl s are the most im-
portant type for the microwave bands. Their main advantages
are that in principle they can be made to have aslarge againas is
required, they can operate at any frequency and they should
require little setting up. Disadvantages are that they are not the
easiest things to make accurately, which limits the frequency at
which a given dish can be used, and large dishes are difficult to
mount, and may have a high windage.

The basic property of a perfect paraboloidal reflector is that it
converts a spherical wave emanating from a point source placed
-. the —na:uage-v_nangﬁ.-ﬁ image of the source is

d at an infinite di from the dish, 083«8__, all the
energy received by the dish from a distant source is reflected to
a single point at the focus of the dish.

The geometry of the —_l.-gﬂ

A paraboloid is g d by i bola about a line
joining its origin and focus. Two En.-.onu for constructing a
parabola are given below:

By caiculation
Convenient forms of the equations of a parabola are, using the
notation of Fig 136:

MICROWAVES 9.63

Fig 136. Basic geometry of e paraboloid

¥ = 4f (L))

y* = 4Dx(fiD) 2
where f= m.
16c

where y has both negative and positive values
D = diameter of corresponding dish
f = focal length
¢ = depth of parabola al its centre

MICROWAVES 9.65
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Optimum-feed Beamwidth As A Funf:tion of f/D

The optimum-feed beamwidth in degrees at both the 3- and 10-
dB down points, for illuminating a parabolic reflector whose
edges intercept the beam at the 10-dB-down level for f7 D ratios of
0.25 to 1.1, is shown in the following table.

10-dB

beamwidth beamwidth

3-dB
f/D (deg.)
0.25 155
0.30 120
0.40 83
0.50 65

9.74 VHF/UHF MANUAL
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Fig 157. The dimensions of a idal horn feed for a dish as &
function of the ratio of focal length to diameter

As an example of the design of a hom for a specific dish,
consider a dish of diameter D = 36in, which has a depth at its
centre ¢ = 4-26in, to be fed at 10,050MHz for which
A = 1:174in.- The focal length of the dish is given by
D*/16c = 19-0in, and the /1D ratio therefore is 0- 53. From Fig
157 the values corresponding to this ratio are: ¥

H-plane aperture A/k = 0-96:
A % 0:96 x 1+174in = 1-127in
E-planc aperture B/A = 0-78:
B = 0-78in x 1-74in = 0-916in
L=AY\ = 1-127*/1:174 = 1-081in.

At this frequency, a convenient waveguide is WG16, s0 a
practical hom would have an aperture of 1-127in by 0-916in
tapering to 0-9in by 0-4in, and this design is shown in Fig 156.
By the same process of design, a horn feed for any dish with
the same f1D ratio but for 1,296MHz would have an aperture of
8:74in by 7-10in, tapering to 6-Sin by 3-25in, if WG6 were
used, and one for 24GHz would have an aperture of 0-472in by
0-38Bdin tapering to 0-420in by 0-170in for WG20.

Fig 156. A typical pyram
" having an /D ratio

3dB 10db

beamwidth beamwidth

(deg.) /D (deg.) (deg.)
180 0.70 46 83
165 0.80 40 73
150 0.90 35 64
120 1.00 31 57
(a)
Iiumination

Energy distribution
across leed

(b)
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Fig 172. The dimensions and beamwidth of

an eptimum horn antenna

C"""’"’k Dimensionen fir optimale
Hornantennen
Large horn antennas
Large pyramidal horns are an ive form of par- A = P A
ticularly for use at the high i ave frequencics. They are B =y A
fundamentally broadband devices which show a virtually per-
fect match over a wide range of frequencics. They are simple to L =wp-A
design, tolerant of dimensional inaccuracies in construction and 300000 . ii =
they need no adjustment. Horns are especially suitable for use A FIMAz] [mm] fir 10.368 MHz A= 28.935mm
with transmitters and receivers employing frec-running oscil-
lators, the frequency stability of which can be very dependent ?
on the match of their load. Another advantage is that their gain 100 =
can be predicted within a decibel or so, which makes them
useful in both initially checking the perf of sy 80
and also in acting as references against which the performance 70 A
« of other types of antennas can be judged. Their main disadvan- = N9 e
tage is that they are bulky compared with other types of antenna © 50
having the same gain, b /
An example of a horn antenna for 10GHz is shown in Fig o 4L
171. It consists of u length of waveguide appropriate for the =t /
frequency of use, which is smoothly flared in both planes so that _ 3 /.Af
a wave inside the guide can expand in an orderly manner. When o [~
the length of the horn is very large compared with the aperture, = "-C.i” Offnungswinkel i
the wave emerging is nearly planar and the gain of the antenna 5 20 e~ A
is close to the theoretical value: 4wAB/A*®, where A and B are ) S~ /
the dimensions of the aperture. For a horn of moderate length, c 15 2
the wave is spherical with its centre at the apex of the horn. 2 st d L~
Accordingly, the ficld near the rim lags in phase compared with o ><\ —
that along the centre line of the horn and this causes a loss of =R ] ] ]
gain. If the length of the horn is reduced further so that this 5 rd -
phase lag exceeds A /2, then large minor lobes will be produced.
A practical hom is therefore a P is¢ b achieving .: 17 ,/ A ] ~
the desired directional pattern and reducing the overall length . s BN \_> — S~
of the horn. o 5 ’7 ] ]
The di ions of an opti horn and the approximate . / —ﬂ-
3dB beamwidth are shown in Fig 172. The dimensions are given @]~ . e N
in terms of wavelengths, the actual measurements of course are - /
obtained by multiplying the values by the wavelength in air at <l=< 5 2T L ]
the design frequency. Fig 172 is based on the following relation- = 1
ships which assume an efficiency of 50 per cent: /;/ ]
Alk = 0-443 \/G where G = gain in absolute value ? e = —
B - 0-81A = l
Lik = 0-0654G
L { — B —y
1 + 4 ! } . 4 | b
15 Y& 17 18 1% 20 21 22 23 24 25 16 27 218 29 210
Gewinn [ dB1 )
9.82 VHF/UHF MANUAL
80
i Z
= a
40
¥ Fig 171. A large hom antenna for 10GHz
5 30 7
-
H L
:;'" B \‘“"Q:h“"""'""" ‘/?
2 “‘“‘m\_ ,/ As an cxample of the use of this data, consider the design of a
R 7 A 20dB horn for use at 5,760MHz, for which A = 2-05in. From
3 |1 Fig 172:
E — ]
g 10 — P Ak =4-4; A =44x2:05=9-0in
2 e - - BIA = 3:6;B =36 x 2:05 = 7-4in
3 // 2 e B e LI\ =65 L =65x 205 = 13-3in
sk g 74 = F So the hom would have an aperture of 9 by 7-4in, tapering
SR v —a over a length of 13-3in to 1-372 by 0-622in if WG14 were
ot 4 % used, The 3dB beamwidth of the horn would be approximately
e . A ] 16",
34— ~ T — As a second example, a 30dB horn for 24GHz would have an
2 A+ — aperture of 6-7 by 5-1 in and a length of 30-7 in.
K DS A i Note that for a given aperture, the optimum length L varies
—t— - ‘L inversely with frequency. If a horn is used at a somewhat higher
] frequency than that for which it was designed, its gain will be
— L - o marginally less than the predicted value. If used at a much
SO N [ FON AN [N O I higher frequency, then gross distortion of its radiation pattern
! J may occur with consequent serious loss in gain,
15 25 0

At the lower microwave frequencies, the bulkiness of horns
becomes a significant disad ge, and therefore they are little
used. For example, a 20dB horn for 1,296MHz would have an
aperture 40 by 33in and a length of 5ft. The same gain could be
achieved by a parabolic dish about 34ft in diameter or a single
long Yagi.

PAGE 16/89




1-rlsu~s; tio~ts

(}w/;.lc - Couxi qJ

coox connecior

0-1‘)3

o

The design i® based upon some results for 10GFz supplied
G3JVL, when the above dimensions are required (in terms of
vaveguide vavelength) to produce a transition to a 50 Ohm

transmisrion line,

F\qnst

e Probe cliameler

Spacing A9 or A9
8 4

i~
-
VVavgs:Zf:L”’,ﬂ'iEEE)

0-026b1 )3

An alternative to making the lenzth between the probe and

back plate 0.122g

is to make 1t 0,62

« This then means

there {s sufficient room to include a tuning screw, ro trat
there is effectively smome adjustment of this length nossibli
Making the probe removable = bolting rather than soldering -
wi{1l make it easy to trim the length of the probe if the

ultimate in performance is sought.

S, #G6Hz

Drill 12+2mm dia hole in cenlre
of broad-face to accepl N-sockel

M3 fixings (& off)

Cenlre
contacl 13-Zmm
left intacl l

Flange

B8BA or 1-5mm

Brass plate 3-2mm
thick, soldered to waveguide
. to support matching screws

/

matching screws
(3 oft)

Back plate of 1-3mm

1*5mm tapped holes

N
\_/

copper or brass plate
/ soldered to end of WG

] '_._...—-4mm hole

 P—— A

Any convenient
length to flange

Aot =

i>Pi

R e e i

c— e | — 4,

i
53
(=]

1 Mounting screw holes,

/,,.-———'1-75mm centres from
end of WG

Centre of SMA spill,

/'-_ 6émm from end of WG

K Mounting screw holes

10-25mm from end of WG

h_
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ROUND-TO-RECTANGULAFR WAVEGUIDE TRANSITION

FOR X-BAND

A simple and easy to make X-band waveguide transition from
dominant mode rectangular to dominant mode circular waveguide is
presented. The design uses standard 3/4 inch Type-M copper water
pipe for the circular waveguide and a brass rectangular flange
for WR-%0 (small X-band, 1/2 x 1 inch 0.D. guide) rectangular
guide.

The copper pipe is readily available at popular home repair
stores, hardware stores and plumbing supply houses in the U.S.A.
Rectangular flanges can often be removed from odd parts obtained
at radio flea markets. Although choke flanges (ones with the
circular groove around the guide face) reduce leakage from the
flange interface, the plain flat surface flanges are easier to
use.

The transition is made by squeezing one end of an 8 inch 1length
of copper pipe using two blocks of wood and a vise or C-clamp.
The taper should be smooth over the entire length without
distorting the circular end. A snug fitting wooden dowel may be
used to maintain the integrity of the circular end.

The rectangular end is fitted with a rectangular metal bar
mandrel made to the inside dimensions of the rectangular
waveguide, 0.40 x 0.90 inches. The mandrel bar should have its
first half-inch edges rounded so that it will initially fit into
the sgqueezed end of the pipe.

With the mandrel vept firmly into the pipe, a hammer may be used
to swedge the soft copper 1nto the eract rectangular shape. As
the swedging proceeds the mandrel 1s forced further i1nto the pipe
until a section of the pipe approximately 1/2 i1nch long. is formed
into tha required rectangular shape.

Visually inspect the taper i1nside from the round end to determine
i¥ the taper :s symmetric with respect to the rectangular end.
If not, the blocks and clamp may be used along the taper to
“true" it up.

It 18 +ortunate that the outer circumference of the /4 1nen
copper pipe 15 almdst the sane as the outer perimeter of 4re
standard recterngular WR-?0 waveguide. so0 that the copper pipe
after being squeezed 1nto & taper., can #iso be swedged 1nto a
rectangular shape that will fi1t into the rectangular flange

swedged pipe are parallel with the flange edges. Small rounding
of the swedged corners can be tolerated since the waveguide
electrical fields are small in the corners. Allow the pipe to
protrudg out of the flat face of the flange by a small amount.
This can be filed n*m after sweating the vtﬂn! together.

Clean the surfaces nviﬂ will be soldered together using a fine
sandpaper or emery cloth, apply soldering paste then press the
parts together and stand vertically (flange down) using a simple
clamp jig to hold the parts. Using a carpenters, square {or what
ever is available) check and adjust the plumb of the waveguide to
be exactly square with the flange face (two planes), ! then sweat
the *Hn:al in uwnha using a propane torch. tsn nu‘.lunu' solder.
Carefully file tlﬂ( the protruding nnﬂbnﬂ unun uﬁ n:n flange
face, being careful not to file into the flange. For a good
$inal Finish, the +flange face may be lapped (in the manner of
grinding & quartz crystal) vsing a flat surface and a sheet of
fine-medium sandpaper or emery cloth.

The +final assembly should look like Figure 1. Note that the
copper pipe will bulge in the wide dimension near the flange end.
This 1s to be expected from the simple squeezing technique of
fabrication.

While there are numerous ways that a round-to-rectangular
transition mey be made, the one described here is the easiest to
build and will give most satisfactory results for minimum effort.
Much shorter transitions are available which use stegp—-tapers that
require careful machining. The longer transition described here
is to insure smooth impedance and mode conversion with no
ad justments or critical dimensions.

1
=g W
iy

1N,

~ WAVEQUIDE FLANGE

opening.

This waveguide transition may be scaled to other size guide

provided that a suitable

copper pipe can be found which satisfies

the perimeter requirement.

Fit the rectangular end of the pipe 1into the flange. making
adjustments so that the Fit 1s snug and inner walls of the

fAdapter coax-waveguide

The coupling

from a coaxial line to a waveguide can be realized by a

C % (FHz capacitive probe which is brought into the maximum of the electrical field.

Usually the §

irst maximum is used which is spaced Lambda H/4 from the short of

the waveguide.

On 24 GHz t
difficulties
Such adapter
H/4 (1&6.3mm)
application.
The coupling
.modification.

his dimension is to small (abt. Smm) that one will have
mounting a SMA socket on the waveguide.

was built with a coupling in the second maximum which is 3 Lambda
spaced. The bandwith reduction is not important for amateur radic

probe is the inner conductor of the BMA wmocket without any

The hole which is drilled into the wall of the waveguide has a diameter of 2.3

mm and gives

with the conductor of the socket (1.27mm) an impedance of S8 Ohm.

Insertion loss measurement has shown that this adapter, compared with a
commercial one, has the same performance.

Yy coPper PiPE
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soldered short

Standard wavegulide

F— SMA-socket with

a = 10.67 mm
b= 4.32 mm

square (lange

scldered on the

wWwavegulide
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'VE4MA 5760 MHz LINEAR POLARIZATION FEEDHORN

T [~2.2 cm—-

|
3.9cm

|—— 6.95cm j

— x H‘\ Install finger stock
I adjustment Is desired

9cm

ks
[1.15 cm-] [-2.65 cm|

Distance X (cm) can be varied for different f/D ratios

f/D 0.5 0.45 0.40 0.35 0.30 0.25

LoNoise 2.13 227 0 284 3.1 3.2

MaxGain 252 0 29 31 33 N/A

Hole drilled for connector Is 3/8 In (0.953 cm).

Main waveguide Is 1.5 Inch Copper Water Pipe Connector Is supported on hom surface using 2 #4-40 screws,
VSWR measured 1.12: 1 (25 dB retum loss) With Ring  then soldered. Do not allow screws fo penetrate into main W/G.
VSWR measured 1.08: 1 (29 dB Retum Loss) No Ring  Fill area under connector with Epoxy for mechanical strength

# 14 AWG

UG-58A/U

108X EBENLTRITE  M2AVEUS
N-P{58A/URE)
3 SMA-PETLAL T

EIVEr =T (368)

BT AEMR
1iRE
(5760MHz TH 52mm & ) RO REH
100pA~ 2004A o 3
TEAHHEIR
OB A~ /K_\ suf -:;??
’ , = N-BEANA

. iy
\ 5 l I } 1559912 "]:Emf}';

5760 MHz Dish Feed:

JALIVOK passing along this interesting and simple dish feed.

The article also includes a microwave Field Strength Meter.

All dimension are in millimeters, just a few scaling factors

and feed will work fine on 2304, 3456, or 10368 MH=z. PAGE 14/89
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Dimensions are inmillimetres

Flg 17.23. 5.7GHz feed horn. Although an N-type socket is shown,

Qa-q.lfmlio..

an SMA socket could equally well be used
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erticle présente la réslisation d'une entenne pleneire SSFIP per le bande
& cm. On peut réaliser ce type d'antenne evec du circult imprimé.

STAUCTURE SSFIP (Strip Slot Foem Inverted Patch) )

De nouvelles structures ont été developpées pour eméliorer les performences
des entennes hyper. Ce type d'entenne posséde 3 plana différents :

.a-—N..#o_n Sedusg
3 ﬁd.ﬂlm 9, d==]

Teame \mo._...-».:

e lon

stl

Taaid Stle O ¥ima

v mT..”_ €, fm

Le circuit imprimé inférieur (alimentation) excite le patch supérieur per
l'intermédiaire de ls fente.

Ces structures possédent principalement deux avantages :

- Bande passante supérieure sux structures microrubans treditionnelles,

- Rayonnement des lignes d'alimentation dans la direction de propagation
négligeable.

Pour 1l'instant, 11 n'existe pas de modéle théorigue permettant le celeul
de ces structures.

Le premidre étape du traveil a &té la recherche psr tatonnement des
dimensions d'un élément SSFIP pour le 5,76 CHz.

ELEMENT SSFIP 5,76 GHz

Cette recherche per tatonnement e été efféctube pour deux types de substrat
(pour 1'slimentstion) :

A cette étape du travail !l &tait intéressant d'éveluer les pertes dens ces
daux metérisux efin de déterminer les dimensions optimeles de l'antenne.
En effet, dens les antennes plenaires, 1l existe un optimum pour la surface
loreque les pertes du réseau d'slimentetion stteignent 3dB, cer on peut
eatimer qu'en doublent la surface de l'antenne on double égelement les
pertes. Donc, les 3 dB gagnés avec 1'augmentation de surface sont suseitét
perdus dane les lignes d'slimentations.

Les pertes dens 1'époxy ont été mesurées & 18 dB/m 11 L'époxy est danc &
Proscrire em ondes SHF pour des entennes dépassent une dizasine de centi-
midtres.

Par contre, le Durcid (Durcld 5870 = 3d8/m) permet 1‘alimentstion
d'entennes beeucoup plus grandes. C'est donc ce substrat qui a été retenu
pour l'alimentation.

Pour ce substret, on trouve qu'un élément SSFIP eyant les dimensions
sulventes rayonne essez bien :

L =16 mm 8= 18,5 mm Hm = 3 mm

Pour cet élément, on mesure :
g=6,3d8 +/-0,5d8 (Chembre enécholque + entenne de référence)
SWR & 5,76 GHz : 1,07:1 (Netwark Anelyser HP B510)

Diagremme de rayonnement en annexe 1

On constate gue cet élément utilisé seul ne posséde qu'un gein limité.

3 - RESEAU D'ANTENNES

Sur la base de l'élément SSFIP du paragraphe précédent, un résesu d'snten-
nes & &té constitué.

Les dimensions du résesu ont été Fixées par des critéres de prix et
d'encombrement & 297 mm x 180 mm.

Sur cette surface, 11 est apparu Jjudicieux de placer & x B éléments (4 dans
le plan horizontal, champ E et 8 dens le plen vertical, plan H). Les
raisons de ce choix sont les suiventes :

- La distance entre Elément doit &tre comprise entre 0,54 et 1d .
Au dessus de cet intervalle, plusieurs lobes principeux sppersis-
sent. En dessous, le Teyonnement.n'est plus perpendiculsire 3 le
surfece,

- Il faut leisser suffisamment de plece pour les lignes d'elimen-
tetion,

Bien gue le maximum de gain soit obtenu loreque les 4 x 8 élémente sont
alimentés evec la méme emplitude, il est spparu intéressent de pondérer
la pulssance sur chacun des éléments de meniére 8 sjuster le niveeu des
lobes secondaires.

Reppelons gque la pondération de la putssance sur les différents &léments
du réseeu fait varier le niveey des lobes secondaires elors que la veria-
tion de le phase permet d'sjuster le direction du lobe principal,

(ex. : Balayage &lectronique). :

Aprés plusieurs simuletions, (prg CHEBY [1]) en tensnt compte du diagramme
de rayonnement de 1'élément SSFIP du peragraphe 2, on choisit une pondé-
retion de puissence selon une distribution de TCHEBYCHEFF (niveeu des lobes
secondeires constent) svec un niveeu des lobes secondaires de :

plen E : - 15 g8
plan H : - 22 g8

Cette pondération posséde les ceractéristiques sulvantes :
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RESEAU D'ANTENNES SSFIP POUR LE 5,76 GHz
PHILIPPE - F12F

Cet erticle présente la réalisation d'une entenne plenaire SSFIP par la bande
des 6 om. On peut réeliser ce type d'sntenne evec du circuit imprimé,

1 - STRUCTURE SSFIP (Strip Slot Foam Inverted Patch)

Oe nouvelles structures ont été developpées pour eméliorer les perfarmences
des entennes hyper. Ce type d'antenne possdde 3 plans différents :

\_ULL\ tudusi
: ..,MT.“ €, dm=|

st

Dia'id Soio 051 me
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Le circuit imprimé inférieur (alimentation) excite le patch supérieur par
1'intermédisire de la fente.

Ces structures possédent principelement deux sventages

- Bende passante supérieure aux structures microrubans traditionnelles,

- Rayonnement des lignes d'elimentation dans 1a direction de propagsticn
négligeable.

Pour 1l'instant, il n'existe pas de modéle thécrigque permettant le calcul
de ces atructures.

Le premiére &tape du trevail a été la recherche par tatonnement des
dimensions d'un élément SSFIP pour le 5,76 GHz.

ELEMENT SSFIP 5,76 GHz

Cette recherche psr tatcrnnement s &té mwnmnn_&n pour deux types de substrat
(pour l'slimentation) :

- DURDID 5870 h = 0,51 mm &~ = 2,33
h=0,8 mnQr=4,3

R cette étepe du traveil 11 était intéressant d'évaluer les pertes dans ces
deux matérisux efin de déterminer les dimensions optimeles de l'entenne.

En effet, dens les entennes planaires, i1 existe un optimum pour ls surfece
lorsque les pertes du résesu d'elimentation sttelgnent 3d8, cer on peut
estimer qu'en doublent ls surface de ltentenne on double égelement les
pertes. Donc, les 3 d8 gegnés svec 1'sugmentation de surface sont sussitdt
perdus dens les lignes d'slimentetions.

Les pertes dans 1'époxy ont &té mesurées 3 18 dB/m !! L'époxy est donc &
proscrire em ondes SHF pour des sntenngs dépessent une dizasine de centi-
métres.

Per contre, .le Ourold (Durold 5870 = 3d8/m) permet L'slimentation
d'entennes besucoup plus grandes. G'est donc ce substrat qul & été retenu
pour l'mlimentation.

Pour ce subetret, on trouve qu'un @lément SSFIP ayant les dimensigns
sulventes reyonne essez bien :

L= 1% mm g8 = 18,5 mm Hn = 3 mm

Four cet élément, on mesure :
g =6,3d8 +-0,50d8 (Chembre anécholgue + antenne de référence)
SWR & 5,76 GHz : 1,07:1 (Network Analyser WP B570)

Diagramme de rayonnement en annexe 1

On constate que cet élément utilisé seul ne posséde qu'un gein limité.

RESEAU D'ANTENNES

Sur la base de l'élément SSFIP du paragraphe précédent, un réseau d'anten-
nee a étéd constitué.

Les dimensions du résesu ont été Fixées par des critéres de prix et
d'encombrement & 297 mm x 180 mm.

Sur cette surface, il est 8pparu judicieux de placer 4 x 8 éléments (4 dans
le plen horizontal, champ € et 8 dens le plan vertical, plan H). Les
raisons de ce choix sont les sulvantes :

- L8 distance entre élément doit Etre comprise entre 0,54 et 1A :
Au dessus de cet intervalle, plusieurs lobes principeux epparais-
sent. En dessous, le rayonnement,n'est plus perpendiculeire a la
surface.

= Il faut leisser suffisamment de place pour les lignes d'alimen-
tation.

Blen que le maximum de gain eoit obtenu loregue les & x 8 Elémente sont
alimentés svec le méme amplitude, il est spperu intéressant de pondérer
la pulssance sur checun des éléments de meniére & sjuster le niveeu des
lobes secondaires.

Rappelons que la pendération de le putesence sur les différents &léments
du résesu feit varier le niveay des lobes secondeires slors que le varie-
tion de le pheee permet d'ajuster la direction du lobe principel,

(ex. : Balayege électronique). '

Aprés plusieurs simulations, (prg CHEBY [1]) en tenant compte du diagramme
de rayonnement de 1'&lément SSFIP gy perasgraphe 2, on choisit une pondé-
ration de pulssance selon une distribution de TCHEBYCHEFF (nivesu des lobes
secondeires constant) avec un niveau des lobes secondaires de :

plen € : - 15 dB
plan H : - 22 g8

Cette pondération posséde les caractéristigues suivantes :
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ANTENNES 10 Ghz
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DONNEES POUR LA CONSTRUCTION D’UNE ANTENNE
HORN POUR LA BANDE DES 10 GHz

par T. Kélpin, DK 1 1S

De nombreuses dimensions mécaniques ont été données en (1) pour la construction des
antennes du type Horn, dans la bande des 3 cms. La construction, en utilisant ces dimen-
sions n'est pas simple. Plusieurs autres valeurs sont nécessaires pour coupler les plaques et
les couder. Ces valeurs sont données dans le tableau suivant. Elles sont basées sur une infor-
mation donnée en (1) et sont valable pour une fréquence d'utilisation moyenne de 10,3 GHz.
La liaison est réalisée par un guide d'ondes WR-90 de dimensions internes de: a = 22,86 mm,
b = 10,16 mm.

Dimensions internes d'un radiateur Horn pour 10,3 GHz

- K

Gain Cote A Cote B Long.L  Haut.Hy Haut.Hg Anglea Angle f  Long. du

dB mm mm mm mm mm degré degré coté mm
14 68.2 50.5 26.2 331 34.6 55.6 59.8 40.1
15 76.5 56.7 36.5 434 45.3 58.2 62.8 50.9
16 B85.8 63.6 498 56.5 58.9 60.9 65.6 64.7
17 96.3 7.3 66.7 734 76.1 63.4 68.1 B2.1
18 108.1 80.0 88.5 851 98.2 659 T0.4 104.2
19 121.2 89.8 116.2 122.8 126.2 68.2 725 132.3
20 136.0 100.8 151.6 158.2 161.8 703 744 168.0
21 152.6 113.1 196.6 203.2 207.0 723 76.0 2133
22 1713 126.9 253.7 260.3 264.3 74.1 775 270.7
23 1922 144.3 326.2 3330 3370 75.7 787 3436
24 21586 150.7 4181 424.7 4291 77.2 BO.1 435.5
25 2419 179.2 534.5 5411 545.6 78.6 81.2 552.1

DK11S
\"/*///’\ “—
™
i -

-

[

Ha 1 I Hp

Les calculs ont été réalisés a l'aide d'une calculette programmable SR-56 et les valeurs ont
été arrondies pour une application pratique. Une antenne Horn de 20 dB a été construite &
partir de ces dimensions, en utilisant une plaque coudée 2 fois et un couvercle soudé en
place. De fagon a étre vraiment universel, le tableau A donne un nombre de données maxi-
males absolument nécessaires a la construction des antennes Horn.

dB

dB/L bei 10 GHz und WG 16

— Lénge in cm
| | | ]

100 200 300 400 500 600 700 800

900
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UN RADIATEUR SIMPLE POUR LES PARABOLES 10 GHz

par R.Heidemawwm, DC 3 @5

Les soucoupes paraboliques sont de plus en plus populaires sur les bandes
Amateur micro-ondes, principalement parce qu’elles donnent une relation fa-
vorable entre le gain et ls travail de construction mécanique nécessaire.

Afin de garentir un gain maximum, il faut bien s ' assurer que la parabole
est complétement illuminée. Les radiateurs Cornet ou Tubulaires (voir pa-
ges 134-140) conviennent trds bien pour une construction-maison, du fait

que leurs caractéristiques de radiation | largeurs de faisceau ) et dong,
leurs dimensions mécaniques, peuvent Btre facilement calculées pour corres-
pondre & la parabole dont on dispose. Un désavantage certain dans 1'utili-
sation d'un radiateur cornet sur la bande 3 cm [ 10 GHz ) est la difficul-
té de montage de 1'alimentation du guide d'onde.

Un radiateur de la bande X, populaire dans les applications Radar est dé-
crit ci-aprés; il représente un compromis acceptable des radiateurs Cornet,
Tubulaires et Dipoles. L'alimentation décrite convient aux soucoupes ayant
un angle focal f/Dde D.58. Les matériaux nécessaires a cette construction
sont un morceau de guide R-100 [ WG 16 ) et une plague de cuivre 10/10 de
26 mm x 62 mm.

Fig. 1 & 2: Antenne pour la bande 10 GHz de 38 cm de diamétrs.

La Figure 1 montre 1'alimentation installée dans une parabole de 15" (38 cm)
ayant un f/D de 0.58. L'alimentation elle-méme est détaillée en Figure 2.
Les détails de construction sont donnés aux Figures 3 et 4.

0C 3 as

s w

3 00 Hard e
Wik wove Duice

- Ll

m

Fig. 4: Dimensions
de 1'antenne présentée
en Figure 1.

Le radiateur est construit en enlevant & la lime 4 mmdans les cBtés larges
du guide d'onde (Figure 3 ). La plaque de cuivre est alors Oﬂmumﬂwm.nuaaw
indiqué en Figure 3 et soudée aux cbtés étroits restants du guide d'onde;
aprés quoi, la plague devra 8tre recourbée endirection de la parabole. pour
formar 1'angle de 30° requis.

Le montage de 1'alimentation dépendrade la parabole utilisée et de ce fait,
cet article ne peut en donner aucun détail. Toutefols, il est conseillé de
rendre le guide d'alimentation ajustable dans le sens axial (écartement a-
vec la parabole) afin de pouvoir optimiser H.ﬁppcau:wnums de la parabole.
L'adaptation peut &tre amélioréeen ajoutant un réglage a2vis. Le TOS se-
ra de l'ordre de 1.2 dans la portion de frégquence nous intéressant, avec
un réglage pour un gain maximum.

REFERENCE

VHF COMMUNICATIONS 11 ( 1879 ), Edition 3, Pages 151-153
R.Heidemann, DC 3 QS
A Simple Radiator for 3 cm parabolic dishes
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- 1007 - E.4.9.5

E.4.9.5 : Excitateur 10 GHz pour la "parabole IKEA"

La. "parabole IKEA" est actuellement une des antennes des plus
populaires dans la bande 10 GHZ. Il s'agit d'une piéce réalisée en
tdle d'acier laquée de 40 cm de diamétre, offrant & peu prés le bon
profil et wvendue en tant qu'abat-jour sous l'appellation LOFT par
une maiscn de meubles bien connue (prix enviren 70 Francs en 1987).

Avec un rapport £/D de 0,25 cette parabole IKEA est assez profon-
de (par rapport au foyer) et donc assez difficile & "illuminer".
Différents excitateurs ont cependant été proposés pour cette anten-
ne, l'un d'entre eux se distingue par la simplicité de sa réalisa-
tion. C'est celui dévelcoppé par G4ALN; il a déja été décrit dans la
presse spécialisée("QST-Zeitschrift" de Février 8l1). On en présente
ici les performances.

Fig.1212: La parabole et son excitateur chez DJS9HO (ensemble réali-
sé par DL1RQ). s

- 1008 - E.4.9.5

Le contenu de ce chapitre est dft & 1'OM Henning (DFSIC), l'en-

semble du montage (parabole et excitateur) été testé par 1'CM Thomas
(DK1UN) .

Usiner deux fentes & l'une des extrémités d'un guide d'ondes et y
scuder avec précaution une plaque de laiton. Cet ensemble doit de
préférence étre fixé a la parabole & l'aide d'une bride munie d'une
vis latérale. La fixation réalisée par DL1RQ permet de plus grice &
ses quatre vis transversales un démontage rapide de la parabole et
de l'excitateur; 1'OM Henning recommande également de rapporter une
plaque d'aluminium découpée de facon adéquate & 1l'intérieur de 1la
parabole afin de renforcer la robustesse de l'ensemble. Le réflec-
teur est situé A 105 mm du fond de la parabole.

Le prototype ainsi réalisé par DF9IC a aimablement été testé par
DK1UN en l'absence de toute réflexion parasite.

Cette "parabole IKEA" munie de l'excitateur décrit ici se révéle
pour l'amateur 10 GHz une antenne puissante, facile & réaliser et de
faible cofit de fabricatien.

Fig.1213: Gros plan sur l'extrémité de l'excitateur. On y reconnait
la fente usinée.
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Aussagung des Hohlleiters

"

WG18

=

|~

N20=15

i

25,

i

r |
~

—
on

WG 16

|
I
_
|
!
i
7

— —— ———— ——— — ———

(MaBe in mm)

Abb. 95. Plittchen-Strahler fiir das 10-GHz-Band mit WG 18

112

A simple waveguide feed for short focal length
dishes

The dishes that amateurs inherit are ofien of the short focal
length type; that is, the ratio of the focal length to the diameter
of the dish typically is in the region 0-25-0-3.

The design of a suitable feed is shown in Fig 161. It is
constructed by culting two grooves in the end of a length of
waveguide of appropriate size, and soldering on a circular end
disc. The length of the slot formed, and also the diameter of the
disc, are probably not critical within a few per cent, and the
width of the slot even less so. Values for A and A, for frequencies
of amateur interest, together with details of suitable
waveguides, are given in Table 14. Signals having the standard
horizontal polarization are produced when the broad faces of
the guide are vertical.

The feed can be used without any attempt to improve the
match—the vswr is typically about 1-5:1, The match may be
improved by conventional matching screws which preferably
are fitted behind the dish as shown in arder to reduce unwanted
resonances. An elegant alternative method, which at the same

MICROWAVES 9.75

== Adjust for best match

Perspex cylinder for matching
and weather-proofing

n
!
Opticnal ...-—

matching screws gauvhﬁ_ m_o..ima_.__...m.‘ e

Fig 161. A simple feed for dishes having an/ /D ratio of 0-25-3.

Matching can ba done either by matching screws as shown ar

s In (a) by using a Perspex matching (snd weatherproofing)
sleave. (b) Side view of feed

time can be used in weatherproofing the system, is shown in the
top figure. In this, a Perspex sleeve is made a sliding fit on both
the end disc and the waveguide. By adjusting its position, the
right proportion of power in the correct phase is fed back into
the feed to cancel that reflected by the mismatch.

Table 14
i Centre m-.:.-r_m A (mm) Ag (mm)
) 9
1,297 WGE )] 324
2,305 wGs 130 162
3,457 WG10 B6-7 109
5,761 WG4 52-0 78-2
10,050 WG16 AWd.w 30-4
10,369 WG16 8-9 37-3
24,193 WG20 12-4 15-2
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Die Offset - Parabolantenne
Einsatz im Amateurfunk

Christian Huber, DLZMFB

Abb. 1: Runde Parabolantenne

Abb. 2: Offsetparabel (breite Form)
z. B. tir Radaranwendungen

Rbb. 3: Offsetparabol (hohe Form)
z. B. fiir Sat-TV-Empfang

EUTELSAT s (13° Ost)

ASTRA s (19,2° Ost)

Ausleuchtzone Europa |Illllllllllllllllll!llllf!

geostationiires Orbit

Abb. 4: Urspriingliche Vervendung der Offsetparabol-
antenne filr den Sat-TV-Empfang

Lot auf
. Erdoberfliche

Satellit

Abb. 5: Ermittlung des Einfallswinkels eines
Satelliten auf die Erdoberfliche

ACHTUNG: Diese Darstellungen sind nicht winkelgetreu!

DL 2 MFB
- 46- 12/95

PAGE 30/89




I2arp (g
buntddoyury 1aqy (e

Je3faTTqoqpuUny
37w Sunsyedsuym :g ‘qqy

(q

N

=

| .I..

i

WS
e N
__ W

—

jeugoyezabure TEY
-T332a Bunyddo)ura :omarmoy

I2xTP (9
Buntddoyutz zaqp (=
I237eTTqoqyIe3IDey
3Tw bunsyadsuyz :¢ -qqy

| (q

3
/.

3jeuyayezebure ez
-faoq Buntddoyuyz :oNAIHOV

zaqp Bunstedsuta 3Tw Beryos
-IoasbunsgT aeysstueyseW :IT "99Y

N

Bbunzyat
-p16TY¥-1WAS

—
.&\ Ia3I3AS5URI]

_ 3N
XuL N

UOTIXNIISTUOH-NTY
ue Bunbr3ysazeq

12qe-pT6TY-TWRS

_ dﬁ,uuw._n | Aj\_na . ﬂ.._jo

a..JL .—a..u.—.c .AJ.LA. U— ”_....D;Iu._._m

usbgsqe
227 I233aAuOY

Bbunupaouessyadsurg
29p BUNIaTZTITPOM :L 'qqV

(393791TYORH
zayot1benaq)
spynbexatg

sdum3ysagqoy we
Bunby3ysezed

D

A9RISTOHUTA
-.06 I33TSTTYOH

~-UTaI23TRTTYOH

=Joasbunsgl IeyostTueRydaW 0T “q9Y

¥

Ja3IeasSueI]
1

Bunsyeds
37w Bergos

2UI0A GORU TAYUTAINIHSIION

uep um Bunupiouy-yoqeIedissjyz0 ISP UeXuULAWSS 19 -qqy

ebwl snau

abe7 sgoyrbhunadsan

pd

PAGE 31/89




=i~ ==

Anhang: Realisierung der Offset- Parabolantenne mit Feed’s

ACHTUNG: In der Regel kann je nach Hersteller des Offsetspiegels

die Lage des LNCs als MaB fiir die Lage der Feed (Brenn-
punkt!) genommen werden!

Offsetparabol
¢ 65cm, £/d4=0.45

Spiegel

Mitte £ gain | 3 a8~
in Ghz | in dB in *
5,7 27 6,6
10 32 4,6
24 38 2,1
Einspeisung Einspeisung
Rechteckhohlleiter 141 Rundhohlleiter
122 1 100
-
=
|
. 13 " 3 o
5,7GHz: WG14/R70 2 = s
20 SMA 4 ~d
; 5,7GHz: ¢ inmen 37mm
4 wl-ll i 5 )
smal ]
113 oder abge-
sdgtes LNC
80 80 o
1
- ]
'
: ; -1 e o = —. —
10GHz: WG16/R100 . 8
10 ] SMA Sy
£ 5 10GHz: ¢ innen 20mm
™
TIP: Der lbergang vom Rundhohl-
SMR leiter zum Rechteckhohlleiter

wird durch Quetschen des run-
den Querschnittes erreicht.

-
5. 2,2 il l— ~
-
sMA S
24GHz: WG20/R220 .

ACHTUNG: Diese Darstellungen sind nicht maBstabsgetreu! .-0- 2 MFB

e

12/95
- 50-
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4) Les matériaux :

Les réflecteurs sont fabriqués en métal (acier ou aluminium) ou en fibre de verre
moulée (matériau composite) recouverte d'une métallisation. L'avantage des ma-
tériaux composites est leur grande robustesse bien adaptée a une utilisation en
portable par exemple (insensibilité aux chocs durant le transport).

Pour une installation fixe, on pourra préférer un modéle aluminium pour des rai
sons de poids, attention dans ce cas au trop grandes antennes qui deviennen
un-réglables avec nos rotors classiques; 50 cm sont déja trés bien. Se méfier
aussi des antennes en acier peint qui sont moins résistants envers la corrosion,
spécialement des modéles en tdle perforée qui présentent déja 0,5 4 1 dB de gain
en molns que les modéles pleins.

Mon choix s'est porté sur une antenne de lagamme TONNA société bien connue
pour ses aériens Amateurs et qui fabrique également d'excellentes antennes sa-
tellites.

Un des avantages est l'existence dans
cette gamme d'un cornet doté d'un |°
guide de 22 mm de diamétre intérieur. |-
Celte source était congue au départ |,
wn_v"_nu_ _omowvﬁn un No_mq_ao:qn circu- |
a néaire pour la réception des po-
ﬁﬁMMﬂo:« circulaires de TDF 1 ou de [* o
. L'adaptation est meilieure que : A
12 dB sur la bande 10.0 - 10.5 GHz. Le o ———— oo

montage de la source est possible sur %ﬁﬁ: du cornet TONNA 759220 (typ)

toutes les antennes TONNA. _
llu!..’.

l

o

-5
Les guides d'onde sont souvent au | N /1
standard C120 (17,475 mm) et fonc- | N
tionnent comme un filtre passe haut
coupant vers 10,4 GHz ce qui les rend |*
Inutilisables pour nos applications. 28
10.0 101 10.2 10.3 10.4 10.5 (GHz)|

Adaptation d'un comet C120 (typique)

Les modéles "TONNA 49 cm”en fibre de verre et "TONNA 68 cm" conviennenl
bien aux applications Amateurs.

e =
E—

= |

’ N —
=] || @)
Step WRTS

LNBWR 7S Comel 759220 {_Postion do Ia sonde |
4 Montage d'une téte 3 entrée WR75 sur un cornet 759220

Note concernant la polarisation d'une antenne 49 cm :

Le cornet et la téte sont
fixés de part et d'autre d'une
plague qui impose la
polarisation verticale pour
nos applications.

Les transmissions amateurs
s'effectuant principalement
en horizontal, il est
préférable de fabriquer une
autre plaque pour ce mode.

Joinls toriques

/ot

1

R e
]
 —

O

(plaque d'origine)

Fonctionnement en polarisation verticale

_él;ﬁ
=
__{:P_.. ’
|

alt

ra—zz_s—o-
T
— = ‘i —_——
!
| f=—19.5-=
fe—265

.5

150

© FBIWF 1994

- €0
MATERIAU : Aluminium épaisseur 3 mm
Fonctionnement en polarisation horizontale

PAGE 34/83




{5 J8UICD NESANOU 8] DBAR 'JUY 810edwaod 819} 98AB euusluy ‘Jas}j0 sauua]
-ue sap ainaupd
=Ns PLOLIYa,| pJUoW
9P W0 sIgnPRIYe
sainsalWl $a8] senoj

*sielnsas
sowgw sa| enbsaid
Juauuop aiue ua no
JUBAB U2 WW G sujow
no snid *enbpuo sau
sed Jso,u uojsod e

‘91j1} 8p SPOW SALINE XNE NO GSS ] § Juswa[eB JjUsAucs *[e20} ue|d 8] 13 8jejiju] 32IN0S B| 8P @XE,| JAAISSLOD 8p 8J|ESS309U IS8 ||
inad sjew apueq ebue| AL e| Jnod apddojaagp 919 B suusjUE,p UOHEIYIPOW 81T TYI0IPUS UGq e 80303 NESANGU 8] 15580 INog

FEEL/L0 MITd @

"NESAJU 3p WnW|Xew *ayoue}p uawsalgidwod 1sa |nb
ne Jaisnfe 1o sanquio|y sanbjanb g pnijs JuepuUOdsa1100 un Jed 9A0AU NO Bsiiegis suodyis oRSEW NE US| S2J) 81|00 @S [nb eueA ep ed9id edUjW Bun JBARSS,P

aun Jed 913ugb |eubis un,p Jjles es Juswaapespdw) eipney |t ‘uy 968|631 8] Jnodsiqissod (ssne 1sa || 192110 [apgl_W UN JeAnos nod $21|BSS299U JUOS S1Sa) S8Q

*iNalda|jl np ainaupdns ajued el g pyoe) ‘goeaje ebejjoa un,nb sdwa) swgw
<18 quiojd g ||} UN 12 3:1W un 93AE PNId3Ye Salg Inad auuelue,| op abeiB3i-pid eye gyyouelg BuLOG BUN 18 AN Xne enue) e Jpueleb anod *3'4']°d op suosjeulq
W0J SIUBIPHIP JUSSHNN Sjuedliqe} sa “sapuo-1 s3] Jnod sed sjew An s8] nod

jyoid ep enp aigLE BNA SUOQ JUOS SJ|OU S3] NO SPIUOY $37 "AN XNE [EW JUBISISPI S[ewW sapuo-1 s3] Jnod

suoq juos sjuatedsuel) no sijejo senbpsed s9] ‘uaWaRIFUPY) I3]0 © JIUIP

IS@ || Sjew *3'4'1"d 9| 1S9 inajjjew &7 ‘sapuo-1 Xne Jualedsued) 19 AN Xne Juelsis
94 anbpise|d ua a9 Jlop e[21aAN02 @7 “PlIPyYouRIR,p HiSods|p un JjoAg.d ap aies
-5399U 152 || ‘sioyep sasi|nn a1l Jnod sanapid JUBIY SOPUO-0II|W SAUUIJUE $37

v

leuapipluis H="

BOB) 8UN RIAND Axodp BUBA 'SESIIBNUT WL | BPWE]P B10) ‘apug EEn_.nSESqo_n.ﬁmuu
- —lT—s

juswauuokey
-

ajjainjeu uoge

"P1PIBU ainajjiaw aun Jnod jewuiw Juawadedsa,| Jadopy "alesseogu 1sa ojduis
enbjueopw ebejquasse un ‘.0, 9| 2Jpuiene Jnod sanaaid sed juos au sain}
-uow sa] awwo "ajbue 192 ap JNajeA g] op SBq 8] SI9A SUUIJUER,| JSUIDU] "aINJUOL
| INS IN3[eA g| aJl| 19 a[ediaA Juawaliepded uolisod aun suep inajoe|a 9 J9)b
=21 ‘lew un Jns auuajue,| Jeoejd ‘a||@iNiEU UOIEAD|P,| OP JNSJBA B| SJ1/EUUOD JNOd

*$21159149] Xneaasie} s3] unod ,0 Sp UI0S3q SUOAE SNON

505 B S1 8p uoneag|a,p sejfue sap Jnod sauualjue,p SIN3IULO SJ juaajoduod 'uieb ap gp 0 UOJIAUS,P J8UI0D UN BpUBWSP

SIN3IONJISUOD §9| ‘UOZIIOY,| SIAA JUdWRlE) Salujod Juel? d)l|[ales Sauualue $3Tjasy0 suuajue aun,p juawalie|oy,p |o| e ‘|epjwesid ajgpow un Janbuqey Inad uo
‘aljnuisuod g sa|1oe}) s3. sed Juos au sanbjuod sjaul0d s3] swwo) *anne sun Jed

1D @aInos e| Jadejdwal ep e|qissod sino[noj 1sa |1 ‘sauualUE Saine Sa| Jnod
TTRUI0S UN,p USIATIISUG)

EZ e

PAGE 35/83




I I I I [ | { i | [ | I ! [

Ennamaernv u(._L_o W& 47 ﬁAOnA¢n£av

:o:r e Lbo ow_umn*m
J
USING WAVEGUIDE 17 AT 10GHz Mounting Surplus Offset feet dishes: DE WASVJIB
| w6v 10we1e inansFoRtier | )
~ Some useful tips from Mike, GIJVL & G3WDG mentioned this method they use in England to mount an Offset Feed Dish. There are several
Tony. G4CBW (who did the drawings) advantages designing a dish for an offset feed. The feed is out of the way, and reflections off the feed and
e+ o struts don't cause sidelobes. Feed spill over is looking at the 4 deg K sky instead of the 280 deg. K
¢ ground. And in Northern climates, the dish will be leaning over so far to see the equator, snow falls on the
[Cn o swme ] back side of the dish, not the reflecting surface.
g £ o .\_ The beamwidth is about 3 degrees, you can replace the LNB with a feed, mount the dish, and try and
9:525m find the horizon. (Fig B). After a few dozen trips up the tower, you might just find the horizon. The guys
) who learned the hard way suggest Fig C. Here the feed is mounted off to the side, it's pretty easy to
Hauua._ Nole: "Eyeball" the horizon, and any left/right guesses are covered by the rotator.
¥ Haole :
— =t A = 10mm Diam - Drilled Holes.
(From Inside] Halerial: Vet Ln no_.a.. oﬂ —.ﬁ\
. 3 " Ali Used Bul Any Helal Can Be Used, vve c to . -—
(vt Frem s Samms) - A Fie ul Thefela Belveen o ! voe de desws
Saldered Over The SMA Spill - e ' I

Doun To The PTFE.

Hounling \ \
Drill & Tap M3 Each Side To Halch .
: MGTT & WG6;
@ Holes Are Jus! Clear Of EachOlher. .ow?:. \J
)

Dimensions Chosen To Oplimise
Broadly Around 10368 HHz. -

Isiruchons 1 P/
Secure The SHA Using H2 x Smm _}
Ch. Md. The Screvs Projecl inlo

The Guile Bul Seems Fine Withoul

Fiing 011, Solder SHA If Required
Aller

Orill Smm Diameler Al The Probe
[ Clearance Hole For Launch)
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by Peter Day G3PHO

of the above

ideal in wview

Update '91,

ed in x

al B and H planes are harder to position accurately. The popular
horn feed, for example, has difficulty in producing a commom

of larger £/Ds are better, it is still vital to have the phase centres
re and equal radiation on both planes. Computer designs can help

feed exactly positioned at the focus of the dish. Feeds with

U=y

0.39 £/D. Dishes with low f/Ds are very critical in this respect. While

25 inches (ie. 6mm) resulted in a loss of 14B at 10GHx with a 22 inch dish

the
criteria. A properly designed dual mode horn would enable high orders of

Focal point accuracy is often overlooked. N1EWT found that an error of only
efficiency (at least over 60%) to be obtained.

The offset, circular horn dish feed seems

uuuuu
aaaaaa

dish feed and used with a
a WG16 rectangular flange butted

caken from a Marconi *Blue Cap* (Amstrad)

stuck with the original Amstrad horm

for improvement however and the

following paragraphs describe the route taken to improva the dish feed

When the writer changed from a "Penny Feed" 18 inch dish
feed horn,

system to a perforated Amstrad, 60cm satellite dish (with offsec feed) a

transition to WG1lé (i.e

~against the circular port on the horn!! As GBAGN showed (1), this horn is

er, not having such luxuries,
very recently. There was room

ar, dual mode,
LNB was availabla and pressed into service as a

force®

ad feedhorn. To make Barry's feedhorn requires machining facilities and

iency and thus recover scme precious dBs of antemna gain.

s M - v

There are many dish feed designs to be found in the various microwave texts

couple of years ago, he found a tremendous improvement on 10GHz narrowband.

ss. His article described a much mora efficient scaled version of the

not of optimum dimensiona for the amateur band and has a rather poor return
lo
Amst.

and journals.
circul
the writ

uned

*bruce
effi

A

published by ARRL (3). The criginal W2IMU design used a flared pipe reducer

The horn is based on two articlea that app

pipe had to be fitted inside the
d an

soft copp
reducer at the wider end of the taper. This

degrea flare angle (due to a short taper lemgth), This was in
excess of the more appropriate 30 degrees taper required for 10GHz. As a

result, a ring of 3mm di
Y
complication to the author of the second article in Microwave Update '91

which showed a modification made by WASVIB, of 10GH: EME feme., Here a
a more suitable figure for the 10GH: band allowing a more gradual transition

reducer of longer taper length was used. Thus the flare angle was reduced to
from one horn to tha other

that had a 40

to
can

They
ern in both E and H planes, unlike

Dual mode
cammon for other feeds to have
anes, thus making it difficult to
to muddle through with our penny
but we are most likely cperating

-----

rear radiacion is reduced to a low level |

in that side and
than -304B}, This ie due to the dual mode nature of tha feed. The

r feeds, Not cnly that, it i
efficiencies well below 45%. The dual mode horn is also a very
small section of tha horn supports the lower wavequide mode and flares into.

different phase centres in each of the p.

freflector feeds and get result:

eed

-----

ollowing diagram showa the W2IMU dual mode feedhorn recently made
ery suitable for dishes with £/De of around 0.5 to 0.6.

oth

L] -

feed a 60cm ex-satellice dish for 10GHz portable cperation.

produce a very symmetrical radiation pat
properly focus the dish. Most of us manag

or dipol
with dis!

*clean®

bacter

are

The
many

reducer fittings or 42mm straight

fittings. Any solder inside the

ses. The diagram is largely self-explanatory
to f£it a WGlé flange (4). A short

secure fit cmce the VSWR is set. The copper pipe feed
22mm pipea is both cheap and efficient as a 10GH:z

possible,
eeder but bends should be avoided as far as possible or mode changes may

a good VEWR can then be obtained. Only a 5 to 10mm overlap is
occur. The writer wuses a 100mm length of pipe whose far end has been

needed here. The narrow end of the reducsr can be slotted and fitted with a

hose clamp to enable a
with a suitable forming tool,

ength of flexiquide then comnects the whole feed system to the portable

Tansverter.

8 straight as

A vigit to the local D.I.Y superstores found plenty of 22mm i.d. copper pipe
haped,

and couplers for the same but no suitable
but you may note the sliding adjustment provided at the junction of the horn

and the 22mm o.d. copper feedpipe. (Note also that couplers are measured
internally, while normal tubing is measured externally). Using a directiomal

necessary items! The writer's supplier is shown at the end of this article
could be extended all the way down to the transverter provided the pipe is

{5). It is important to cbtain scldarless

couplers. Only a specialist plumbers' supplier could come up with the
feed will cause umacceptable los

coupler,

uuuuu

The size of the
picked

flare determines the relative amplitude of each mode and the length of the
larger section is designed to cancel the two modes at the cuter edge of the
horn, This cancellation greater reduces sidelobe radiation and thus enables
more energy to be propagated towards the dish reflecting surface (2).

the dish. Because the phasa centres

recommends the excellent article (2) by N1BWT which appeared in

Being more sharply defined, the horn sees the dish and not the ground behind
Microwave Update '94. Here, Paul Wade, N1BWT, makes an exhaustive study of

it and thus is also a quieter feed in that lees ground ncise is

through "spill over® around the edge of
several ctypes of dish feed and highlights the critical importance of tha

of both planes are almost identical the horn is easier to position at the
following factors when trying to get the utmost in dish efficiency:

the wider horn section which supporte two wavegquide modes.
correct focal point of the dish.

The writer
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After the polyrod lens is re-inserted as described above, the radome ig
replaced and sealed to prevent ingress of molsture. The modified LNB is
now mounted on the dish using the plastic bracket provided, and the whole
assembly set up pointing into free space for adjustment.

Using a signal source on 10.368GHz ( eg. a WDGOO1L module J),r and a
directional coupler ( "Microwave Handbook" Vol 2, page 10,18 ), the
matching screws are adjusted to reduce the reflected power to a minimum.

For those who do not wish to tackle the metalwork involved in the above
approaches. small cast aluminium horns are available on the surplus market
( eg. from Sandpiper Communications, Aberdare, Mid Glamorgan.) which are
terminated with a waveguide 17 flange, and which, . using one of the
transitions described by G3JVL in "Microwave Newsletter", October 1992,
page 8, can be connected easily to the rest of the system. The only
modification to these horns which ie recommended, is the inclusion of
three matching screws as in the two designs described above. Although

8lightly larger in diameter than the BSB horns. they will fit the same
mounting brackets as the former, although some risk of breakage is
possible, particularly 1f the plastic becomes brittle through exposure to
light and air. ( See Fig 3 ). b

Results with the above feed systems have been very satisfactory, and all
outperform the slightly larger 18 inch "Practical Wireless" dish fitted
with a penny feed. The BSB horns appear to be slightly better than the
third type, but the difference is fairly small.

As  these dishes are Quite small, the peossibility of using separate dishes
for transmitting and recelving could be considered, thus eliminating the
need for costly SMA relays, or bulky waveguide switches.

As a final note, if it is intended to use the modified BSB horns in a
permanent installation, steps will have to be taken to ensure that the
Joints between the brass Plate and the sluminium casting of the LNB are
well sealed to prevent water geeping into the Joint. 1f this i not dene,
electrochemical reaction between the brass and the sluminium will result
in severe corrosion.
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But remember that this curve only applies when the antenna is
designed properly, that is when the shape of the dish and the
radiation pattern of the feed matches. The purpose af the feed (-
in the transmitting case) is to concentrate the energi on the
parabolic surface without spilling too much to the outside, but
also to illuminate it as even as possible. The total efficiency of
the antenna is the combination of the illuminating efficiency (-
how even the dish is illuminated) and the spillover efficiency (-
how much signal is lost due to spillover from the feed). The total
efficiency is the product of these two,and as you can see from
fig. &, the optimum occurs with an edge illumination of —10dB.

As the optimum is rather broad. any value from -8 dB to -1& dB
can be used. It will have an effect on sideloop level - =ee fig 8.
= and on the sidelocp noise pick-up.

Unfortunately we dont get over BOY efficiency in "real life". The
result of fig &. works on the assumption that the feed has a
perfect symmetrical radiation with only one main loop. In reality
there is energy wasted in minor loops as well as unequal radiation
in the vertical and horizontal plane. This i1s often the limiting
factor in feeds constructed on the basis af rectangular waveguides
(-such as small horns) as well as simple circular ("beer can")
feeds, where radiation from currents outside'! the wWaveguide
creates a “diffuse" radiation patterns.

The measured radiation pattern from a &0 cm offset dish is shown
in fig 7. The low sideloop level 1s a sign of a well design
antenna.

Usually sat-TV dishes have a very clean pattern and a gain zlose
to optimum - as the signal margin from the sattelite is very small
with virtually no room for errors. If the dish is manufactured
without close attention to tolerances, the radiation pattern will

be distorted with high sideloop level that "blends” into the main
beam.

Different types of dishes.

Virtually all the different forms of parabolic shapes appear on
the sat-TV market. (-alsoc types different from the parabaclic -
flat arrays, dielectric lenses, fresnel zone "lenses", large horns
etc.)

Fig 1, 2 and 4 shows 3 different types - prime focus, cassegrain
and offset. They each have advantages and disadvantages, but =11
works on the principle af concentrating energy into a “point".

The most common type for small sat-TV systems is the offset type,
it has better efficiency (=gain) and lower noise pick=-up than the
prime focus and is easier (- and cheaper) to produce than the
cassegrain. Some people tends to dislike the offset type because
"you cant see where its pointing", in contrast to the two cthers
That is however just a matter of getting used to the type.
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TESIGN OF CHOKED HORN RNTENNA
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2 a) - Parabole profonde : la focale est courts, donc Je
rapport focale/diamétre est bas. Le disgramme de
rayonnement de I'ilfuminateur dolt donc étre large.

patch

4 - Alimentation de |'antenne par un cdble coaxial.

antenne (vue du odte
plan de masse)

clreult Imprimé

Totale, mals regoit ia moitié de la HF,
L'aire 3 reprédsente, par contre, is moltid de Ja surf;

totals, mais ne regoll gue le 10% de la HF rayonnde par

2b) - Parabole “plate" = focale longue. L iNluminateur

C'est-4-dire que la puissance émise
doit donc rayonner selon un angle plus étroit. s

I'illuminateur, exprimée par centimétre
carré de la surlace de la parabole, soit
constante et tombe trés rapidement 4
zéro aux bords de la parabole. Or
comme on le voit 4 la figure 6, I'antenne
microstrip est plus proche de Idéal que
I'antenne cornet, ce qui devrait se
traduire par une meilleure efficience,
c'est-d-dire un gain supérieur de 'ordre
de 1 dB el moins de bruit thermique.

Le nombre d'éléments (losanges) joue
un rBle important, dans le diagramme
de rayonnement de I"antenne. Tout

différents angles . 1: 50% de la HF totals.
2:40% de la HF totale. 3 : 10% de Ia HF totale.

....._..lhm.w
>
13 i «r s b
"“.._l..rn_-
10 - Répartition de I'énergle rayonnde par un

Hluminateur réel.

comme pour une Yagl, il faut s'attendre  que de 15 dB, ce qui serait peut-Etre tout
& ce que plus le nombre d'éléments est  juste suffisant pour établir une liaison
impartant, plus le lobe de rayonnement  duplex en polarisations croisées (figure 13).
soit pointu (figura 2.

3) RAYONNEMENT ET

CONCLUSION

La figure 12 montre que le rayonnement

maximum a bien lisu  la fréquence du  Cette antenne met en application un
TOS minimum (10.160 GHz). On constate  nouveau concept encore peu utilisé par
aussi l'atténuation obtenue en croisant  les amateurs, I'antenne microstrip, qui se
les polarisations. Cette atténuation est  prite bien & I'utilisation & 10 GHz. Sa
minimale vers 10 GHz et atteint la valeur  facilité de réalisation la rend
respeclable de 30 dB & 10,4 GHz. particuliérement bon marché, ce qui a
A la fréquence nominale de I'antenne  permis déjd de nombreuses applications
(10,160 GHz), commerciales, en particulier pour la
I'atténuation n'est  réception de la TV par satellite.

A 18,768 Gz, poler. horizantal. v

wiation A wiation B

§ b) - Connexion directe d'un circult mi

ipdi

MEGAHERTT vuraroe 82

11 - Répartition de 'énergle talle qu'elle devrait
héori par un liluminateur idéal.

MEGAHERT] waiong 83

13 - Une iisison duplex en
crolsdes.

129 - Novemore 1993
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Antenne « Slotted waveguide » pour balise

E5jwf
Philippe

La description qui suit présente la réalisation d’une antenne « slotted waveguide » utilisable
pour un émetteur balise sur 6cm. Ce type d’antenne est réalisé a I’aide de guide d’onde et
permet d’obtenir une dizaine de dB de gain tout en gardant un rayonnement plus ou moins

omni dans le plan horizontal.

Le calcul des dimensions de I’antenne est relativement aisée. (cf Microwave antennas §4.9.2
). Le facteur prédominant est le couplage des slots par rapport au guide. Plus le nombre de
slots est important (donc plus le gain croit) plus le couplage doit étre faible. C’est €vident, il
faut laisser de I’énergie dans le guide pour les slots suivants. La désaxe du slot par rapport au
centre du guide permet de modifier le couplage. Celui-ci est nul lorsque le slot est centré€ sur le

grand c6té du guide.

La longueur d’un slot doit étre de Ao /2. La distance entre deux slot doit étre deA,/2. La largeur
d’un slot est plus délicate a déterminer: elle devrait étre de 1/20 de A; mais j’ai obtenu de

meilleurs résultats avec une fente plus étroite (= 1.6mm).

Calcul des différentes dimensions:

Longueur d’un slot: Ls=Xo /2
Largeur d’un slot: Ws = 1.6mm (ou ev. A /20)
Espacement entres slots Ss=2Ag /2
" 1
a . g . N
Désaxe des slots: X =—-Arcsin| _[— avec
T g 1 A-‘c a 2 - A,U
g1=209-—.—-cos”’| ——
Ao b 2- A
Espacement entre le sommet du guide et
I’extrémité du dernier slot: Log=i* A 2 avec i: impair
Antenne réalisée pour le 6¢cm.
fo= 5.76GHz dimensions guide WG16: a=34.85mm A =52.03mm
N= 16 slots b=15.8mm A, =78.25mm
Longueur d’un slot: Ls =26.02mm
Largeur d’un slot: Ws = 1.6mm
Espacement entres slots Ss =39.127mm
Désaxe des slots: X =%2. 109mm
Espacement entre le sommet du guide et
I’extrémité du demnier slot: Lena=39.127 (Valeur théorique)
Optimisation Return loss: Lend = 47mm
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Mesures

J’ai mesuré cette antenne a I’aide d’une cornet de référence. J’obtiens 12.3 dB de gain. La
circularité n’est trop mauvaise: le point de rayonnement minimum est 7dB en dessous du
rayonnement dans 1’axe.

Le return loss est de I’ordre de -24dB (sans 1’aide des vis d’accord).

Pour ceux que ¢a intéresse, j’ai éventuellement quelques longueurs de WG16 d’avance (tel 50
56 72 03).

73 a tous et bonne bidouille.

weislotantenna
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FEEDPOINT

Waveguide Slot Construction
by Dave Meier N4MW

This is a rchash of information previously published in Microwave Update Proceedings by
KSSXK and WASVJB and in Feedpoint by AASC. My only addition is the production of
templates for layout and drilling of the slot end holes. I have available the 5760 8 slot and
the 6 and 12 slot per face WR-90 antennas. Others can be produced upon request.
Templates are available from me for an SASE, Specify which antenna is desired. Note
that the number of slots per face dictates the slot to face center distance, so do not vary the
number of holes from the intended number for a particular template.

.

L—Le

This is how I construct these antennas using hand tools:

®  Cut out, carcfully align and tape the template to the waveguide.
®  Center punch the slot end holes.
L Drill the slot end holes. All antennas in the table use 0.0625 (1/16) inch slots.
® I used a Dremel type saw tool (0.040 width) to “connect the dots”, (Be carefull)
®  File all slots to final size using a jewelers file,
®  Deburr inside and out. Major burrs must be scraped from inside. Relieve slots '
completely. :
@  Finish the inside with steel wool by pushing through end to end Follow with soft i
cloth pulled through waveguide to remove steel wool residue. :
®  Oneend is closed off at the dimension shown. Solder plate on closed end. Trim :
flush with waveguide. |
@ Length to the feed end can be arbitrary. Solder flange on feed end or otherwise !
prepare as &s required. ] E
e Clean in preparation for painting, stuff inside with paper and paint if desired. '
Remove paper when paint is dry. i
i
Slots Slot Slot Slot Slot [Minimum »
Frequency |Waveguide| per | length | spacing | offset | start | length :
face (A) (B) (€ (D) (E)
5760 WR-137 8 1.025 1.539] 0.134]. 1.786]  15.39}
10368 WR-90 2 0.56 0.75] 0.140f 0.85 S.IEI
10368 WR-80 3 0.56 0.75] 0.110] 0.85 3.76
10368 WR-90 4 0.56 075 0.095| 0.85 4.51 :
10368 WR-90 5 0.56 0.75| 0.085] 0.85 5.26 H
10368 WR-90 6 0.56 0.75| 0.075 0.85 6.01 i
10368 WR-90 B 0.56 0.75| 0.065 0.85 7.51 _
10368 WR-90 10 0.56 0.75| 0.060[ 0.85 9.01 :
10368 | WR-90 12 0.56 0.75| 00ss| 085 10.51 :
10368 | WR-75 2 0.56 0.89] 0120 1.00] 345 |
10368 WR-75 3 0.56| 0.89) 0.080 1.00 4.34 i
10368 WR-75 4 0.56| 0.89| 0.080| 1.00 523 :
10368 WR-75 5 0.56) 0.89] 0.070] 1.00 6.12
10368 WR-75 6 0.56] 0.89] 0.060 1.00 7.01
10368 WR-75 8 0.56[ 0.89] 0.055 1.00 8.79 !
10368 WR-75 10 0.56] 0.89{ 0.050 1.00 10.57 H
10368 WR-75 12 0.55[ 0.89| 0.045 1.00 12.35 : Y
S#éo —+ 2,038 33,03 34 454l 303

HH‘(HL\.OH " l!a C-Dl'm SOML €en ) fon CLI
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THE DESIGN AND CONSTRUCTION OF SLOTTED WAVEGUIDE ANTENNAS

By Barry, GBAGN ﬂa-—.n.!. ..rn_.\ arngler e v

Discussions with visitors to the RSGB MICROWAVE COMMITTEE stand at the

recent NEC event has uncovered a need for design data on slotted
waveguide antennas......at least in amateur radio literature. The
following notes should therefore prove useful if you are thinkino of
making a horizontally polarised microwave antenna with an
omni—-directional horizontal pattern and with some vertical gain. Such
an antenna would be useful for a beacon or home station or even a

hand—held 10GHz rig!

DESIGN:

The basic idea behind the antenna is that if a slot is cut in a wall of
a waveguide, so as to interrupt the current flow, then the slot will
radiate.Hence, by choosing a suitable slot configuration and correctly

combining the radiation from a number of such slots, a useful pattern
will result.
For our purpose, the best slot configuration is one cut into the

broad wall of a rectangular waveguide so that the slot is longitudinal
to, and displaced from, the waveguide axis (FIG.1).
k—b—

[ 0

—

%.

FIG.1

a and b are the waveguide internal c-s dimensions.
% is the slot displacement from the centre-line.

When the slot 1length is chosen so as to be resonant at the operating
frequency, the slot acts like a half-wave dipole whose radiated E field
is polarised perpendicular to the slot axis. The egquivalent circuit of
the resonant slot is that of a shunt conductance whose normalised
conductance G/Yo is given approximately by:

G/YO A~ 2.09 x Ag X nn_muﬂ.:.vf v X sin’ %H.v

2 A9 a

where ) = free space wavelength
ym = wavequide wavelength
and a, b,x are defined in FIG.1.
The formula shows that the slot conductance, and hence the field
radiated from the slot, increases as the latter is displaced further

away from the waveguide broad wall centre line.

A number of slots may be cut in the waveguide wall to form an array, as

shown in FIG.Z. Here the waveguide is terminated in a short circuit and
the centres of the slots are placed at positions along the waveguide
cerresponding to voltage maxima in the standing wave pattern. The

resulting array, of the so-called "resonant"”

type, has a very small
bandwidth ———of the order of +/- S50%/Nwhere N

is the number of slots.

Broader band, "non-resonant" arrays can also be realised but as these
are more difficult to design and construct they will not be considered
further.

The slots shown in FIG.2
spacing of

are each vfm long, with a centre to centre
Ag/2. For all the slots to radiate in phase they must be
positioned alternately about the waveguide wall centre line so as to
compensate for the successive 180 degree phase changes undergone by the
wave as it propagates every MAg/2 along the inside of the waveguide.

ﬂl._ss).f_.? shork circuib
A
-T )
e
_ Ag
MI Slok. Fw
—E loks om ond side 5 on 2
e Sides
_f m _n HORIZONTAL PATTERN OF VERTICAL ARRAY OF SLOTS
r((\a) A i
FI1G.2 . mah_! SouRCE
The wvertical radiation pattern of the vertical array of slots is
determined by the number used, the 3IdB beamwidth being given
approximately by:
2 (2
@mmm —_ H” DEGREES 2)

where N is the number of slots on one wall of the waveguide and all the
slots are assumed to have equal conductance.

The horizontal radiation pattern is dependent on whether slots are cut
in one or both waveguide broad walls. From FIG.2 it can be seen than an
omni—-directional pattern results when:

{a) the slots are cut in both waveguide broad walls in such a way that
the slots in each wall are aligned (i.e. you can look right
through the waveguide).

(b) the narrow wall dimension b
{eg 0.1" rather than the 0.4"
done the pattern will resemble
the antenna must incorporate a taper section if it is to be fed
from a standard size of waveguide. The taper, in the b dimension,
should be at least 2 wavelengths long.

of the waveguide is made
for standard WG16). If this is not

a figure of B. In practice, then,

very small

For amateur use the simplest array to design and build is one where all
the elements (slots) are excited in phase and with nominally equal
currents. This corresponds to all the slots being displaced from the

waveguide broad wall centre line by the same distance.

Consider a design for an omni-directional antenna having a vertical 3dB

beamwidth of about 20 degrees. Hence, from the equation (2), the
number of slots N needed to achieve this is five.
Let the array centre freguency be 10.4GHz. Then the free space

A = 2.88%5cm and for WG1&6 the guide wavelength w/n = 3.718cm

wavelength
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For WG1& the internal dimensions are:

a=0.,9" = 2.286cm
b = 0.4" = 1.01écm

but for a good omni—-directional pattern b should be small, say 0.1"
(= 0.254cm).

The antenna has 5 slots on each broad wall. Hence the total number of

slots = 2xS = 10 and the normalised conductance of each slot is
G/Yo = 1/2.N

= 1/10 = 0.1

Equation (1) can now be used to find %, the slot displacement.

CONSTRUCTION
FH WA

If you are fortunate and have access to workshop facilities, the slots
can be milled in the waveguide walls using a small cutter. A cutter
diameter of 1/16" has been found suitable provided that a slot is
milled in several passes. Any attempt to do it in one pass will almost

certainly result in a broken cutter! The ends of the slots can be left
semi-circular. '

If the slots are to be cut by hand, use a 1/16" drill to define the

ends of each slot and then use a modelling saw and needle files to
complete the job.

The main effect of inaccuracies 1n making the slots will be to raise
the wvertical radiation pattern side lobe level but this will not be too
serious for amateur applications.

A word of warning at this stage! Do not be tempted to use a very large
number of slots (say more than 20) in order to achieve a very small
vertical beamwidth. If you do so then the slot displacement x will
need to be so small that, because of their finite width, the slots may

actually straddle the waveguide wall centre line and hence will not
radiate as intended.

As mentioned earlier the slotted waveguide section will normally need
to be fed via a taper to a standard waveguide size, although the writer

has built an array at 3.4BHz which incorporates a coax to waveguide
transition in non-standard waveguide cross section.

The other end of the array needs to be terminated by a short circuit
plate and, although this is nominally positioned Ag/4 away fraom the

centre of the last slot, its exact position can only be determined by
experiment.

The array can be weatherproofed temporarily by covering the slots with
THIN mylar tape or even Sellotape. Do not use thick tape or the arrav's
resonant freguency will shift (down?). A more permanent installation
can be made by enclosing the array in a length of thin—-wall plastic
tubing whose diameter is large enough to keep the plastic wall at least
one wavelength away from the slots, to prevent detuning. Be sure to
check, however, that the plastic used is transparent to microwaves.

GOOD LUCK WITH YOUR ANTENNA...WRITE IN WITH COMMENTS AND EXFERIENCES.

-

Vis

+
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Mage 1ir eine 10 GHz Bal e mit Standarthohlleiter WR16
Abmessungen Normal Korrigierte Werte nach DK 3 BA
Schiitzbreite "B* 1,44mm 1.2mm +/- 30%

Schiitzlénge "L 14,46mm 153mm

Hohenabstand *H* 18,66mm 18,7mm

Abstand - Mittell, *M* 2,17mm 24mm

KurzschiuBabstand "A* 2Bmm 3/4L. 9,33mm 1/4 Lambda

Breitseite: 22.8mm
Schmalseite: 10,2mm

Anzahi der Schiitze: 16 (B Schiitze je Seite)
Wellenléinge: 28,33mm
Hohlieiterwelieniange: 37.32mm

Frequenz 10368 MHz
Die KurzschiuBschieber sollten auf bestes SWR eingastelil werden.

Die korrigierten Werte nach DK 3 BA und DH & SBN wurden mit ihrem PC Programm
HLSSA Version 2.17 erstelit.

Diese kurze Zusammenstellung von Zéichnungen und Dalen soll etwas Licht in das "Dunket®

ngggmﬁigﬁﬁnﬂgﬁacxu BA und
DH & SBN aus den UKW-BERICHTE 1/91 S.50 ff. und 2/91 S.71 #,

Bild 4

Feldlinienverlaut einer Antenne mit

einseitig angebrachten Schiitzen.

Gerichteter Strahler

Bild 5

Feldlinienverlauf einer Antenne mit
zweiseitigen Schiitzen,

Rundumstrahler mit ca. +/- 1,5 dB
Einsattelungen.

Je flacher der Hohlleiter um so
gleichma&Biger die Abstrahlung,
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""" "1 Logarithmisch-periodische

bel der zweiten Hilfte
wird dieses Stiick abgesigt Mﬁ:ﬁ”ﬂ?ﬁ«“ﬂ A

3 Wer erst ab 13 cm einen kieinen Parabol-
10 20 30 4 5s0 60 70 B0 90 splegel verwenden machle, kann diese An-
e e b e e e ——— e —— lenne verwenden. Durch die geringen Ab-

20 Strahlerflache
_ (Hilfte)

AN <815,

166°

ein Radom bauen. Somil ist ein groBes Pro-
y-Werte blem besailigL

Da die Boomrohre nur einen Durchmesser
von 4 mm haben, wird zur Speisung der An-
8_.5» ein Semi-Rigid-Kabel von 2,5 mm

bendtigt A isl die An-
_n:..l genauso sulzubauen wie die von 10
bis 6,0 GHz.

Die Zeichnung gibt die MaBe der Antenne
wieder. Es werden zwei Hailten hergestellt,
wobei die eine Halfle ein langeres Boomrohr
bekomml, mit dem sie spater belestigt wird.

1

B0

Abb. 9: MaBe des Trichlers Durch dieses wird auch das Semi-Rigid-Ka-

bel gefGhrt.

tes, psm

PR |

\ | i [ _
\ |
/.\ \¢ \ 1__ Abb 12 Bredusndereger lur 13 Lm, § em und & em |

\ e o s Erm
\_ zo.ﬂnw_a__ Noch .a_an.. nimmi ao. Tele-
kehr bei D ds groBler
x_._m_m.ﬂ_.:_xﬂh__n «Norddeich Radio* den
fuhrenden Plalz ein: 315 000 solcher Tele-
. gramme wurden 1984 im Seecfunkwverkehr
19 [, . i I - - “ uber DAN abgewickell. Dem slanden 168
ey ¥ ¥ St S TR " i 000 Telephonicverbindungen gegendber,
Abb. 10: VEWR-Disgramm des Brelibandamsgen fir§ cm, § cm und 3 cm L das isl ein Anteil von einem Drittel. Sleigend
ist die Zahl der TELEX-Verbindungen im Ge-
_— schafisverkehr; 241 unler deulscher Flagge
Lo an o1 L we ' "% | ftahrende Schifle sind bereils mil Telexan-

’ o .
—_— I Ossen ausgerstet

Seil 1307 versieht Norddesch Radio seinen
Dienst, jetzl mit Emplangs- und Betriebszen- *- ¥
trale in Ulandshéen und der 15 km abgesctz- ? w\ POy 1
ten Sendeslelic in Osterloog Das Rufzeichen 9-«36 o kg
; i DAN wurde der ..nc«_a_.._::_as? bereils
P /_ _mwm beim damaligen , von : s m _ _' .
\ L z - DANS ?x (\U-fl .mr 2leckronic

/ \ galwe !.nn un Builrag fur die Sicherhed aul
f See gesehen, ...6.:. qaa und Nachl Peilfunk,
/.h. Seenct-Be . Wetler . Eis-

und m—:sgq:::un: aber auch arzthche
Beralung durch _Medico™- Telegramme cin-
deege gesclzt werden. Der private Funkverkehr
o schwilll zu den Fesllagen zum Jahresende

.__..hrm betrachilich an, und so _..._m:n__.__m Mal .._._.a
- wieder D

ABE. 11 VSWR-Disgramm des Dreitbanderreqgers ur 13 cm, § em und § ¢ .Europa” - DLAL - a_.__un:;a.._ _..0:3: sein
e e e - ct) cq cqg de DAN = QTC DLAL 4

cq-DL 5/86 269
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have regularly put 20 W through it with no
trouble. But there is a limit: Al Ward,
WBSLUA, tested a copy of this leed with
200 W of 2304-MHz RF for an extended
time during the January 1990 ARRL VHF
Sweepstakes contest. Even a small amount
of dielectric loss was enough to precipitate
spectecular heal damage, as shown in Fig 4.
The board was burned so badly that all the
copper lell off, predictably causing a rather
severe SWR increase. | recommend not ap-

plying more than 20 W (o this leed!®

Construclion

To build the triband feed, first etch the
patterns on the front and back of the
board. The full-size patterns are shown in
Fig 5. The lront patiern is dimensioned so
that you can easily check the board size
befare eiching. Fig 6 is an X-ray view of
the board showing the feed’s apparent

-..

Fig 4—This triband lead was lesied with
200 W of 2304-MHz RF, it lalled. Don'l
apply more than 20 W 1o trus leed!

3-BAND FEED

WA3RMX

r-l....n:-i..l_

4.700"

. A 1*‘"...*“#-.. W.—:ro “ M\.

. &

board, as shown in Fig 8, trimming off the
excess copper on the top. In any case, use
the shortest leads possible: Even 1/16 inch
or less excess wire kills performance at

I built one triband feed using the popu-
lar 0.14-inch-diameter semirigid coax
(UT-141), as this is readily available at
ham/fests and from suppliers that cater to
microwave hobbyists. Although this works

Molch in lop el boerd Lo
secommodale cenler conductor

Fig 5—PC-board pattern for the triband dish feed. AL A, the front v-.__!._.:u-:g_._ [}
includes a rule 8.. checking the board size belore -_nE

board is shown. ol the p

ﬁ/\ﬁ

wilhin 0.030 inch for best u.o:n..:.o:au

| phase center. Accurate regisiration of the

front and back patierns is [airly critical;
testing has shown that the two sides should
be aligned (o within at least 0,030 inch for
good performance and low SWR. Paitern
alignment can be achieved either by drill-
ing two pilot holes in the unetched board
al the locations of the Iwo bullseyes on the
artwork, or by carefully taping the edges
of the artwork together and clamping the
unetched board between them before
exposure. (1 prefer the drilling method.)

Afer etching and washing the board, cut
away the excess board material just inside
the cut lines on the lront artwork. Be sure
to remove all metal from the cut lincs.
Mount a connector 1o (h

Elched Foed PC Boord

9._ eway snough shield to AL board

Scider of erece ef conlact

whalever arrangement suils your dish
suggest you use semirigid 50-0 coax, eitlwr

0.250 or 0.375 inch in diameter, with a con-
nector to fit the feed line 1o the rig (see Lhe
title photo). Prepare the board and 1he coax
to fit each other as shown in Fig 7. You
can also mount a connector right 1o the

electrically, UT-141 is 1oo weak 1o hold the
feed in place except with very gentle
handling. If UT-141 is all that you have
available, use it; it works fine for light-duty
service. If you do use such small Hardline,
fatten the part of the shield Lo be soldered
to the back side of the board. The board
is thicker than the spacing from the center
conductor {o the shield, and the center con-
ductor shouldn't be as long as would be
necessary for it to wrap around to the front
side of the board.

I use a GR374 connector on my porta-
ble version of the feed, which allows quick
assembly and disassembly, but it also
allows water to enter the connection if it's

you expect to use the feed in the rain, it is
2 good idea to mount it in the dish at a
slight angle from the horizontal to allow
runoff. (Il water pools on the Mal upper
surface of the feed, dielectric loading will
detune the antenna.)

After the mechanical and electrical
assembly is finished, spray the plastic coat-
ing onto the board. After it dries, apply
onie Mactronk de ( idic) il
sealant to the area of the solder connection
to seal out moisture, especially if the feed
is Lo be used extensively outdoors. For this
purpose, | use Dow no. 3145 silicone
sealant,

Now, mount the feed in the dish, with
the apparent phase center (Fig 6) al the
focal point of the dish. My Lests showed
that, although il’s 8 compromise, this is the
best feed placement for all three bands. To
find the focal point of a dish, use the equa-
tion f = D* + 16h, where D is dish di-
ameter and h is dish depth (se¢ Fig 9). The
triband feed works well with dishes having
/D ratios from 0.25 to 0.4, which is the
range over which ['ve lested the feed.

Operation

With one of these feeds in a 30-inch-
diameter dish, | have made B80-mile
2304-MHz FM contacts with 100 mW—
with plenty of signal to spare. On 5SB,
greater range can be obtained, or much
lower power used. Lynn Hurd, WBTUNU,
and [ have made |15-mile contacts with
50 mW of SSB on 2304 MHz using these
feeds &t each end—stuck straight up inlo
the air, without dishes! In & Lest to see what
is possible using minimal power over a line-
of-sight path, we set up 50-mW SSB rigs
wilth 29-inch dishes sl each end, each
equipped with a triband feed. Com-
municating over a 66-mile path, we added
attenuators in the feed fine Lo one rig until
the SSB signal was just barely readable.
With 50 dB of added attenuation, we still
had readable signals. (This corresponds to
¥ microwatt of transmilter power to the
antennal) We were pleased.

Roger McCoy, WIADYV, and | made a
130-mile 2304-MHz contacl over an
obstructed path wsing 29-inch dishes
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WG20 Dish Mount

This article describes a method of mounting
small 24 GHz parabolic dishes on a photo-
graphic tripod, when they are fed from the
rear with WG20 or a smaller waveguide. Typi-
cal dish sizes are In the region 45 cms to
60 cms diameter.

The major problem with WG20 is that it is not
really strong enough to support the weight and
wind loading of a dish. To overcome this problem

the author used a length of WG16 which struc-
turally supports the dish on the tripod. Two
square WG16 flanges and two purpose made
adapters are used in conjunction with the WG16
to make the WG20 focusing and support
mechanism for the dish.

Figure 1 shows a photograph of the completed
unit. The dish has been drilled to take the four
fixing bolts of a WG16 flange. Between the

dish and this flange is mounted a WG16/20
adapter. A short length of WG16 connects the
“dish mounting" flange with the tripod mounting
brackets and the rear WG16 flange and its
WG16/20 adapter. Squares of brass were used
for the tripod mounting brackets, but this was

only because the author had these to hand and
in fact orthogonally mounted rectangular brackets
would probably be more suitable. Two brackets
were used to allow the waveguide to be mounted
either horizontally or vertically. (It was found
that the tripod's own mechanism for turning a

GWAJIW
Part of dish
antenpa
Adapter
plate Triped mounting
plate No.l
@ S5mm
4xM1.5
nuts «bolts
ral
Fd ~
e e — o o Bl Bt 5 tl|.(4,|||.ln.lll llllllll
o * |—Penny
|||||||| .W as (4 * fead
et Dl B .rﬂll —
i b 1
w _ _
!
WG 20 G 20 WG 16 WG 20
Flange
WG 16 Flange \
tapped to take 7
4x 2BA bolts
Tripod mounting & Smm

plate No.2
45x45x3Imm

Fig. 3: Construction schematic of the WG20, 24 GHz dish mount
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Andrew Bell, GW 4 JJW

camera on its side was not satisfactory when
supporting the weight involved.) The two brackets
were silver-scidered to the WG16, though lead
solder is probably strong enough,

The rear WG16 flange has been drilled and
tapped radially with four 2BA or M4.5 bolts.
These boits, when finger tight, grip the WG20.
Ensure that the ends of these bolts are smoath
before using them to grip the WG20. The WG 16
must also be drilled such that these bolits pass
straight through its wall with some clearance.
Before lead-soldering this WG16 flange o the
WG16, zinc-plated bolts were screwed into
these holes to avoid them filling with solder.

Figures 2 and 3 give material details. It is most
important that the WG16 flange is mounted
centrally on the axis of the dish. It is also very
important that the WG 16/20 adapters are made
accurately so that the WG20 is mounted in the
exact centre of the WG16. If this is not so the
radiator will appear off centre in the dish. In
practice a small amount of adjustment can be
made by replacing the M4 bolts with M3.5, or
even M3, and adjusting the position of the two
plates before tightening the bolts. A very small
adjustment can be made by selecting the order
in which the WG20 fixing bolts are tightened.

" These bolts should only be tightened finger

tight to avoid distorting the waveguide.

Fig. 2:

WG16/20 adapter plate

45

L7

31-5

45

Fig.1:

The completed WG20

dish mount
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@ VHF COMMUNICATIONS 2/94
as large as possible. The easiest way to
obtain high gain levels is using satellite
dishes. The gain from satellite dishes is
calculated as:

GIdB] = 10- log((Z=2 2. )

Unfortunately, the apex angle of an
aerial is inversely proportional to its
gain. The apex angles of satellite dishes
can be easily estimated using the
equation below:

A ¢ = 70A/d
sitize: where:
d wdliameterof didh ¢ = horizontal and vertical apex angle
A = wavelength Kz sﬂm,\o_n:m,s .
T = aperture efficiency using amateur d = diameter of dish
+ reflectors - usually 0.5 to 0.6

[
DJ7F)
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] —————
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Fig.1: Dimensions of the 10/24 GHz Dual-Band Exciter
Eqpt: Copper Pipe, R220 Waveguide, 2 Flanges and an SMA Socket

i !

Tables relating to the above relation-
ships between aerial size, gain, apex
angle and wavelength can be found in
the literature, e.g. in (1),

At 24 GHz, satellite dishes between
30cm and Im obtain from 35 to 45dB
with apex angles of 3°to 0.8° Un-
fortunately, these apex angles must be
respected, not only in the horizontal
plane, but in the vertical plane as well.

Consequently, with these preconditions,
it is obviously very desirable to operate
with an aerial which is_precisely al-
igned even before the QSO begins.
With a dual-band aerial which is first
optimised in the low-frequency 10 GHz
band (with significant signal reserves),
this can be achieved considerably more
easily than by working directly at
24 GHz. Moreover, such a dual-band
aerial is extremely practical for portable
mode itself (BBT, among other things).

This article describes a dual-band exci-
ter for 10 and 24 GHz for use in
satellite dishes, with a “focus/diameter
ratio”, f/d, of app. 0.35 to 0.4.

H_.n-__._-_ —_—

2
OPERATING PRINCIPLE

L7 48 L9 50
0445 TS
4 A
7
ﬂ e s N
- N
-y \
-4
=5
DJ7F)
Fig.2: Radiator Length plotted

against Gain at 24 GHz

A pipe radiator for the 13cm band is
described in (2). The relationships be-
tween f/d and the measurement of the
associated feed-hom are also comprehe-
nsively explained there. On the basis of
a reflector with a “focus/diameter ratio”
(f/d) of, for example, 0.38, we obtain a
focus angle of about 130° For a
rectangular horn exciter, this gives us
an a - A value of 0.79 and a b - A value
of 0.66 for 10 GHz. If we start with a
round horn, from the average of the two
values, we arrive at a horn diameter of
app. 0.72 - A. At 10 GHz (A = 3cm),
that corresponds to a homn diameter of
21.6mm

Copper pipes with external diameters of
20mm and internal diameters of 18mm,
obtained on the construction market,
come very close to this dimension.
Provided you don't bend them, these
pipes make splendid wave guides for
10 GHz. If you mount such a round
wave guide into the focus of a reflector,
without an additional hom, this is

I/mm —e
agplle % 2 % \
{f — |
A/

r ._omxu\\ \\ Tt
H

R EAVAREA N i

4 A |
/ | \
P DJ'7F)

Fig.3: Optimising Gain by changing
Radiator Position
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@
24.192 GHz. The only critical dimen-
sions are the chamfers on to the corner
cover, which have an internal length of
6.4mm The M2.5 threaded bores need
to be manufactured only once as a pair
for the whole walking stick. If
necessary, they can take adjustment
SCTEWS,

4.
FUNCTIONAL TEST AND
GAIN COMPARISON

Completed systems in 60cm and 90cm
reflectors showed that no losses of any
kind arose due to the building-on of the
24 GHz section.

At 24 GHz, in comparison with stan-
dard hom equipment and monoband
dishes, reflectors with dual-band exci-
ters obtained a gain which was always
2.5dB below what monoband
excitement would have produced. This
can essentially be traced back to the
fact that the exciter’s 24 GHz lobe was
slightly too narrow.

4.1. Practical experiences

Several 24 GHz enthusiasts have been
working on copying this exciter for
some time. QSO operation at 24 GHz is
considerably simplified by the ability to
preset the direction precisely during the

preceding 10 GHz QSO. It has been
shown time and again that the aerial
setting really needed no further optim-
isation following the switch from
10 GHz to 24 GHz. This more than
compensates for the loss of the final
2.5 dB by comparison with the uncerta-
inty of direction which would otherwise
prevail and which often leads to failed
QSO's.

Readings for a 90cm satellite dish with
a dual-band exciter:

10 GHz 24 GHz

Gain 37 dB 41.5dB

Apex angle| 2.3° 1.4°

The author wishes all success to those
wishing to copy him, and is already
locking forward to many 24 GHz
QSO's.

5.
LITERATURE

(1) RSGB VHF-UHF Manual

(2) Tubular Radiator for Parabolic
Antennas on the 13cm Band
DJ 1 SL, VHF Communications
no. 4, 1976
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LUBUS 4/85 TELHNICAL KEFORTS

H—m“( EFORTS

- ECHNICAL

3 em PILLEBOX - ANTENNE

Ul+ Hulsenbusch, DK 2 RV

0. In der Radartechnik verwendete Antennen weisen bekanntlich in mindestens
<iner Ebene eine starke Bundelung auf. Diese Eigenschaft 1st auch fur
Lestimmte Anwendungen i1m Amateur funk interessant. Ein Bakensender soll z.BE.
uvinen moglichst groflen horizontalen Bereich abdecken, wahrend in der
Yertikalen nur ein kleiner Ausschnitt benotigt wird. Die Leistung wird so
aptimal verteilt.

“ur Versuchszwecke wurde eine sogenannte Pillboxantenne gebaut. Sie hat etwa
d1e Form eines Abschnittes eines flachen 2Zylinders (Pillenschachtel).

Die Bundelung ist am starksten in der Ebene mit der grafiten mechanischen
Ausdehnung. Hier besitzt die Antenne i1hren kleinsten affnungswinkel.

In der anderen Ebene 1st der offnungswinkel sehr grof. Durch Zusammenbiegen
der Antennencffnung bzw. Verkleinern der Aperatur wurde versucht den
offnungswinkel noch weiter zu vergrofiern.

Es gibt eine Vielzahl von Erregersystemen, sowohl fur vertikale, als auch Hfur
horizontale Polarisation. Stellt man die Antenne auf den “kopt"”, sodall die
bundelung senkrecht i1st, so i1st die Polarisation horizantal.

Uie hier verwendete Einspeisung besteht aus einem Koppelstift in 7.5mm Abstand
von der Reflektorwand. Die Anpassung kann mit einer gegenuberliegenden
3chraube epingestellt werden.

bekanntlich rechnet sich die Hohlleiterwellenlange zu:

1
Ay, =1,

T e Y1-(3,/2a3)2
wenn wir die Antenne als Hohlleiter betrachten, dann i1st die bre:te Seite sehr
viel réBer als A;, so daBlg¥ ],. Ber Erregqung 1in der anderen Ebene
th11u\Wm,&\u. Das Diagramm wurde 1n ei1nem Absorberraum vermessen. Die
verwendeten Absorber waren fur 1@ GHz nicht optimal, so dall beim Vermessen der
lreiten Keule Reflektionen auf der Hullkurve zustande kamen.
lektrische Eigenschaften:

Freguenz: 1@368 MHz
ikwinns 1@. & dBy

arizontale Halbwertsbreite: 4 Grad
Jertikale Halbwertsbreite: 85 Grad

folarisation: horizontal

Yebenkeulen horizontal: - 1@db
{ebenkeulen vertikal: - 13dB
duckflufldampfung: 15dB
<onstruktion:

-5 werden 2 Messingbleche 1lmm mit den Abmessungen Z20@x728 mm
21n Messingstreifen 15x825mm.

Jer Koordinatenmittelpunkt zum Berechnen der Farabel l:iegt
tangen Seite der beiden grofien Bleche. Es werden einige Punkte
ien Blechen eingezeichnet.

benotigt, sowle
mittig an der
berechnet auf

y = 208 - x # x / 628 mm

inschliefend werden die Punkte verbunden und die Parabel mit der
wusgeschnitten.

iach dem Bohren aller Locher
ibgebogen (siehe Zeichnung).
‘or dem Verliten der Rickwand werden beide
rarschraubt, um eine grifere mechanische
‘essingstreifen wird so verlotet, daB beide
1aben.

Blechschere

werden die Vorderseiten der Bleche leicht
Halften mit dem Reflektorklotz
Stabilitat zu erhalten. Der

Bleche einen Abstand wvon 12mm

E. Antennas for radar technics have a small beamwidth in at least one plane.
This attribute is also interesting for certain applications in amateur radio.
A beacon antenna should reach a large horizontal area, whereas in wvertical
plane only a small section is used. With the pattern of the “pillbox-antenna"
one gets optimum power distribution.

In the plane with the large mechanical extension the beamshape is very narrow.
Thus, the antenna has a very small half-power beamwidth. In the other plane
the beamshape is very large and it was tried to increase it by a smaller
aperature.

There are plenty of feeding systems as vertical as well as horizontal
polarization. Here used a coupling probe spaced 7.Smm from a planar reflector.
The return loss can be minimized with a matching screw in opposite of the
coupling probe.

The well-known formula for the wavelength in a waveguide is:

1, =Ay
7 y1-(13,/2a)?

In tis case the broad side of this "waveguide" is much greater than and m»&ﬁn.
For a feeding system i1n the other u—n:n\NN mﬂ\un =

The radiation pattern was recorded in a anechoic chamber. The absorbers were
not optimal for 1@ GHz, so that the reflexions made a ripple on the envelope
in the haorizontal plane. Gain was measured with a standard gain horn.

ral GAIN
(dBl -2 ’

&

| TN R P A =
~30 -24 -8 -12 % @ &

PILL MOX D2Ry 10,368 MMI
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a Fresnel-zone plate

for 10.4 GHz

An alternative to
a parabolic reflector for
your Gunnplexer transceiver

An Increasing number of Radio Amateurs are
stepping up to the 10.4-GHz Amateur band
{10.0-10.5 GHz) to experiment with centimeter wave-
lengths and Gunn diode oscillators. The popular
Gunnplexer transceivers offer the Amateur an excel-
lent introduction to the 10.4-GHz band with 8 mini-
mum of effort. (A recommended text is The Gunn-
plexer Cookbook, by Bob Richardson, W4AUCH. It's
available from Ham Radio’s Bookstore, Greenville,
New Hampshire 03048 for $9.95 plus $1.00 shipping.)

The Gunnplexer uses a Gunn diode and a low-
noise Schottky diode in a cavity that operates in the
homodyne mode. The Gunn diode oscillates at the
desired microwave frequency, which is the transmit-
ted carrier frequency. The received carrier frequency
is at some offset frequency (could also be the trans-
mitted frequency that is returning to the Gunnplexer
with some Doppler shift}, which Is mixed in a Shott-
ky diode with the transmitted carrier frequency. The
resulting i-f is then fed to a conventional high-fre-
quency or VHF receiver for demodulation.

The common method of improving the perform-
ance of the Gunnplexer is the addition of a horn or

-Ar
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fig. 1. Geometry of the Fresnel-zone plate showing the
relationship between the cut-out zones, which pass rf
energy. and the center, or optical axis.

By William M. Brooks, WBEYVK, 2050
Southwest Expressway 66, San Jose, California
95126

HANM rADio NAy A43&2
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parabolic reflecting antenna to get some antenna
gain. Some of the disadvantages of parabolic reflec-
tors are that they are expensive, difficult to construct
to the required tolerances, and difficult to mount or
move because of their weight. This article describes
an alternative antenna that yields results comparable
to a parabola, yet is inexpensive and lightweight.
Such an antenna is a Fresnel-zone plate.

description

The Fresnel-zone plate consists of a flat sheet of
material that is opaque to 10.4-GHz energy {alumi-
num or copper foil} with concentric circular zones cut
out to pass rf. The zones are spaced such that each
zone is one-half wavelength greater in path length
from the plate 10 the Gunnplexer cavity, out from the
center zone, which is a straight-line path (fig. 1). The
result is that each zone passes rf spaced one wave-
length and adds constructively to the intensity of the
rf at the focal point. The effect of the plate is to colli-
mate the rf during transmit and focus it during re-
ceive, much like an ordinary optical converging lens.

geometry

To see how a Fresnel-zone plate works and to cal-
culate the radii of the zones, refer to fig. 2. The outer
edge of the nt/ zone is shown as R,,. According 1o
the Fresnel diffraction theory, a wave that follows
the path L-R,-F arrives n\/2 out of phase with a
wave that travels the path L-0-F. To express this
mathematically, we say:

(Su+Sg) — (dy+ Dy = nk/2 (1)

With a little trigonometry we find that:

VR + ) (2)
V(i + by (3)

hz

and d,

o—

and using binomial expansion yields

= R}
h_: = mn + hhﬁ ‘#_
R?
and d, = Dg + ub_.a (5)

Substituting into eq. 1yields
1 1 _ nh
m& + Hv o K (6)

which is identical to the thin-lens equation so familiar
in classical geametrical optics.

In this case the wave source at L is at some great
distance from the point 0, thus the waves incident
upon the zone \plate are very nearly plane-wave in
shape. Hence §; approaches infinity and eq. 6
reduces to .

R? = nDp\ 7)

A mbre precise equation can be derived from more
terms in the expansion, which results in

" RZ + D} = (D + n\/2)2 (8

Thus, the radius of the nth zone is given by
Ry = JnDp + = (9)

From the principle 6f reciprocity, during transmit a
point source at F would produce an almost plane
wavefront on the opposite side of the zone plate. The
system thus behaves as a collimating and focusing
lens for transmitting and receiving respectively.

The dimensions for an experimental Fresnel-zone
plate of ten zones, with a focal length of 100 centi-
meters at 10.4 GHz are given in table 1. Note that
the area of each of the zones is constant, thus each
zone will contribute equally to the sum intensity at
the focal point. Suppose that we construct a zone
plate that passes only the odd zones and blocks the

table 1. Dimensions for an experimental Fresnel-zone
plate of ten zones with a focal length of 100 cm at 10
GHz. )

radius of zone 1 17.0453 cm

radius of 2one 2 24.1918cm

radius of zone 3 29.7339 cm

radius of zonae 4 34.4548 cm

radius of zona 5 38.6564 cm

radius of zone 6 42,4930 cm

radius of zone 7 46.0561 cm

radws of zone 8 49.4047 cm

radis of zaone 9 52,5800 cm

radius of zone 10 55.6115¢cm
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fig. 2. The Fresnel-zone plate is at 0, the Gunnplexer Is
ot F, and the contact atation Is at L. When the contact
station Is at a large distance (more than 10 wave-
langths). the distance 5, approaches infinity, and the rf
wave st 0 appoars as a plane wave.

even zones. The amplitude, E, at the focal point will
be

ET=£;+EJ+53+E.<.+f2’l"'1)l1ol

If we construct a plate that passes the first 10 odd
zones, the sum is 10 E;. The incident wavefront gives
1/2 E,, so the amplitude at the focal point, F, will be
increased 20 times. The intensity is therefore in-
creased 400 times, or 26 dB. Larger zone plates and
greater gains are possible as long as the focal point
aberrations are less than the depth of the Gunnplexer
cavity.

construction

The first Fresnel-zone plate antenna | constructed
was made from art matte board covered with alumi-
num foil and the radii cut out with a knife. Several
"spokes” were left in the board to support the inner
zones. Subsequent plates have been made with
aluminum shget metal. The resulting antenna has
been tested with Doppler-shifted carriers and has
confirmed the calculated focal length and gain.

It might be pointed out that modifications of the
zone radii would make it possible to make a plate that
was not flat and could thus be incorporated into the
various shapes of aircraft or other vehicles. In either
case, flat or otherwise, the dimensions required for a
zone plate are not nearly as tight as those for a parab-
ola, and the resulting antenna is much lighter.
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HYPER SPECIAL ANTENNES TOME II

Présentation

Voici la suite du numéro spécial Antennes Hyperfréquences paru en 1996. Ce tome II est une compilation
de 60 nouveaux articles sur les antennes hyperfréquences de 5,7 & 47 GHz classés par catégorie et par

bande.

La provenance de chaque article est indiquée au début de celui-ci.

Tous les droits d’auteurs ou de

reproduction réservés lors de la parution de ces articles sont, bien siir, conservés. Notre role n’est que de
les diffuser plus largement et de maniére plus ciblée, réunis dans un méme document.
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CHAPITRE 1 : LIGNES DE TRANSMISSION
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1.1 GUIDES D’ONDES
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Le mode qui apparait le premier est celui dont la longueur d’onde de coupure est
la plus grande ; c’est donc TE;; (A, = 3,41a) qui est le mode fondamental des
guides d’ondes circulaires. Apparaissent ensuite, successivement, lorsque 1a fré-

quence augmente :

TMy, (A, = 2,61a)
TE,, (A, = 2,05a)

.”—..NO—,Wn .H.Z._.— Ay.n. = H_gﬁu...
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(@ coupe transversale
e H (@ coupe longitudinale selon le plan /-/
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Les guides d’onde rectangulaires

par F4BAY
Fréquence A freiw | Areio | Dimensions Ep. Tol. EIA RCSC IEC Priaz CW Att. (Alu.) | Att. (Laiton) | Att. (Argent)
(GHz) (cm) (GHz) | (cm) (mm) (mm) | (+mm) | (US) (UK) | (Int) (MW) (dB/100 ft) | (dB/100f) | (dB/100 ft)
0.32-0.49 93.68-61.18 0.256 116.84 | 584.2x279.4 | 4.775 0.508 WR2300 WG00 R3 246-348 0.040-0.027 - -
0.35-0.53 85.65-56.56 0.281 106.68 | 533.4x266.7 | 4.775 0.508 WR2100 WGO R4 205-290 0.046-0.031 - -
0.41-0.625 73.11-47.96 0.328 91.44 | 457.2x228.6 | 3.175 0.508 WRI1800 WG1 R5 150-213 0.058-0.039 - -
0.49-0.75 61.18-39.37 0.393 76.20 | 381.0x190.5 | 3.175 0.381 WR1500 WG2 R6 104-148 0.076-0.051 - -
0.64-0.96 46.84-31.23 0.513 58.42 292.1x146.1 3.175 0.381 WRI1150 WG3 RS 61.5-87.1 0.113-0.076 - -
0.75-1.12 39.95-26.76 | 0.605 49.53 247.7x123.8 | 3.175 0.254 WRI75 WG4 R9 44.2-62.6 0.145-0.098 - -
0.96-1.45 31.23-20.67 0.766 39.12 195.6x97.8 3.175 0.254 WRT770 WGH R12 27.6-39.1 0.206-0.140 - -
1.12-1.70 26.76-17.63 0.908 33.02 165.1x82.6 2.032 0.254 WR650 WG6 R14 19.6-27.8 0.266-0.180 0.317-0.214 -
1.45-2.20 20.67-13.62 1.157 25.91 129.5x64.8 2.032 0.254 WR510 WGT R18 12.1-17.1 0.382-0.259 0.456-0.309 .
1.70-2.60 17.63-11.53 1.372 21.84 109.2x54.6 2.032 0.203 WR430 WG8 R22 8.6-12.2 0.494-0.334 0.588-0.399 -
2.20-3.30 13.63-9.08 1.736 17.27 86.4x43.2 2.032 0.127 WR340 WGIA R26 5.4-7.6 0.702-0.475 0.837-0.567 -
2.60-3.95 11.53-7.59 2.078 14.43 72.1x34.0 2.032 0.127 WR284 WG10 R32 3.5-5.0 0.953-0.652 1.136-0.777 -
3.30-4.90 9.08-6.12 2.577 11.63 58.2x29.1 1.626 0.127 WR229 | WGI11A R40 2.44-3.46 1.270-0.860 1.514-1.026 -
3.95-5.85 7.59-5.12 3.152 9.510 47.5x22.1 1.626 0.127 WRI187 WG12 R48 1.52-2.15 1.795-1.231 2.140-1.467 -
4.90-7.05 6.12-4.25 3.711 B.078 40.4x20.2 1.626 0.102 WR159 WG13 R58 1.17-1.66 2.195-1.487 2.617-1.773 -
5.85-8.20 5.12-3.66 4.301 6.970 34.8x15.8 1.626 0.102 WR137 WG14 R70 0.79-1.12 2.910-2.004 3.470-2.390 -
7.05-10.0 4.25-2.99 5.259 5.700 28.5x12.6 1.626 0.102 WRI112 WG15 R84 0.52-0.73 3.993-2.761 4.761-3.292 -
8.20-12.4 3.66-2.42 6.557 4.572 22.9x10.2 1.270 | 0.076 WR90 WG16 | R100 0.33-0.47 5.547-3.833 | 6.614-4.570 -
10.00-15.00 2.99-2.00 7.868 3.810 19.05x9.53 1.270 0.076 WRT75 WG17 R120 0.26-0.34 6.775-4.590 8.078-5.472 -
12.40-18.00 2.42-1.66 9.486 3.160 15.80x7.90 1.016 0.076 WR62 WG18 R140 0.18-0.25 8.971-6.077 10.70-7.246 6.762-4.581
15.00-22.00 2.00-1.36 11.574 2.590 12.95x6.48 1.016 0.076 WRS51 WG19 R180 0.12-0.17 12.08-8.185 14.41-9.759 -
18.00-26.50 1.66-1.13 | 14.047 | 2.134 | 10.67x4.32 | 1.016 | 0.076 WR42 WG20 | R220 | 0.066-0.094 | 18.49-12.97 | 22.04-15.46 13.94-9.778
22.00-33.00 1.36-0.91 17.328 1.730 8.64x4.32 1.016 0.076 WR34 WG21 R260 0.053-0.076 22.20-15.04 26.47-17.93 -
26.50-40.00 1.13-0.75 21.081 1.422 7.11x3.56 1.016 0.051 WR28 WG22 R320 0.036-0.051 29.70-20.12 35.41-23.99 22.39-15.17
33.00-50.00 0.91-0.60 26.342 1.138 5.69x2.84 1.016 0.051 WR22 WG23 R400 0.023-0.033 41.51-28.12 49.49-33.53 31.29-21.20
40.00-60.00 | 0.75-0.50 | 31.357 | 0.956 4.78x2.39 1.016 | 0.051 WR19 WG24 | R500 | 0.016-0.023 - 64.37-43.60 40.70-27.57
50.00-75.00 0.60-0.40 39.863 0.752 3.76x1.88 1.016 0.051 WRI15 WG25 R620 0.010-0.014 B 92.15-62.42 5R8.27-39.47
60.00-90.00 0.50-0.33 | 48.350 | 0.620 3.10x1.55 | 1.016 | 0.051 WR12 WG26 | R740 | 6.9-9.8 kW - 123.1-83.41 77.85-52.7T4
75.00-110.00 0.40-0.27 59.010 0.508 2.54x1.27 1.016 0.051 WRI10 WG27 R900 4.6-6.6 kW - 165.9-112.4 104.9-71.07
90.00-140.00 | 0.333-0.214 | 73.840 0.406 2.03x1.02 0.508 0.025 WRS WG28 | R1200 3.0-4.2 kW - - 146.6-99.32
110.00-170.00 | 0.272-0.176 | 90.840 0.330 1.65x0.83 0.508 0.025 WR7 WG29 | R1400 1.9-2.8 kW - - 200.2-135.6
140.00-220.00 | 0.214-0.136 | 115.750 | 0.259 1.30x0.65 0.508 0.025 WRS WG30 | R1800 1.2-1.7T kW - - 288.0-195.1
170.00-260.00 | 0.176-0.115 | 137.520 | 0.218 1.09x0.55 0.508 0.025 WR4 WG31 R2200 | 0.86-1.22 kW - - 372.0-252.0
220.00-325.00 | 0.136-0.092 | 173.280 | 0.173 0.86x0.43 - 0.025 WR3 WG32 R2600 | 0.54-0.76 kW - - 529.2-358.5
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Using WR-62 Waveguide on 10 GHz

By Kent Britain, WA5V]B
(From Proceedings of Microwave Update *91)

R-62 is perhaps the most readily available surplus

waveguide. Designed for 12 to 18 GHz, it is almost
never seen on 10 GHz. With care, it can be used in the upper
portion of our 3-cm band. Figs | and 2 compare WR-62 and
WR-90 waveguide.

Fig 1—WR-62 guide dimensi

l.|n.8.|L
o o)

Fig 2—WR-90 waveguide dimensions.

The textbook says WR-62 has an uitimate cut-off at
9.5 GHz. I took a large pile of WR-62 and started bolting it
together. I ended up with 8 ft. of waveguide containing 18
flanges and 21 bends, The graph in Fig 3 shows how much loss
I had through 39 bends and flanges.

As the textbooks say, WR-62 really doesn’t work at
10 GHz, but it works just fine at 10.368 GHz! On average, this
means a foot of WR-62 with a few bends and flanges has only
0.2-dB loss. The only problem seems to be the WR-62 to-coax
transitions, These are usually centered in the middle of the
12-18 GHz band. Several had about 0.5-dB loss, due to mis-
match at 10,368 GHz. A three-screw tuner easily matched a
transition.

WR-62 really works: [ heard my first 10-GHz signals off
the moon through a WR-62 Waveguide Switch.

5.0 r
S0+
» 40
m 30 #1. g

u_oT

osL=

Fig 3—Pilot of Insertion loss for an 8-foot length of
ﬁéi%i:ﬂ;ﬂ%iﬁ
!

A Simple Rectangular/Circular Waveguide
Transition for 10 GHz

By Sam Popkin, K2DNR, and Kent Britain, WA5V]B
(From Proceedings of Microwave Update ‘89)

Introduction
am noticed that if you squeeze ¥%-in. copper water pipe
into a rectangular shape it’s the same size as a WR-90
waveguide. Sam built several samples and sent them to Kent
for loss measurements and other tests. The results were very
encouraging!

Theory

What Sam has come up with is a TE-10to TE-11 ora
rectangular or circular waveguide transition. Even constructed
with simple tools, the test section only had about 2% loss due
to reflections and mismatches. The inch or so of bent pipe
between the rectangular flange and the circular pipe forms a
tapered transition section with excellent matching.

Construction

Just start out by squeezing the end of the %-in. copper
pipe in a bench vise down to a 0.4-in. opening. Then rotate the
pipe 90° and squeeze the other side to a 0.9-in. opening. Back
and forth, back and forth, until you form a 0.4- x 0.9-in. rectan-
gular opening. A pair of large pliers or Visegrips can be very
useful in forming the comers. Sam prefers to make his own
WR-90 flanges out of sheet copper, while Kent likes to reuse

old flanges from various pieces of junk. These flanges are then
soldered onto the formed end of the copper water pipe. A few
quick strokes with a file on the insides and you bave WR-950
flanges on a circular waveguide. When you mount the second
flange on the other end, be very careful to align the flanges
with each other. There should be zero rotation misalignment.

Use

Circular waveguide has less loss than rectangular
waveguide. Copper is an excellent conductor, so loss should
be about 2 or 3 dB per 100 feet for your home-built circular
waveguide.

There is one big limitation of using circular waveguide:
Any protrusion, bend, or discontinuity will cause the wave to
rotate. There just isn't anything to keep the E and H field
aligned with the walls. Running the signals around a 45°
plumbing bend rotated the polarization 20-30°. A 90° bend
rotated the polarization about 90°, and with both samples the
amount of polarization twist varied with frequency.

Simply use your homebrew waveguide for straight runs
then transition back to regular WR-90 for any twists or bends.

One 40-in. section of this homebrew waveguide is even
in use in WB5LUA's 10-GHz EME station.

?
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Using WR-62/WG18 on 24 GHz .
WASVJIB Kent Britain Hicrew ave _ﬁ\._\ date 1¢

A Quick Reference Guide
for Circular Waveguide

Ron Neyens, NOCIH
(From Proceedings of the Central States VHF Society Conference "91)

Amateur EIA Type Inside Diameter Usaful Upper and Lower - e i Rl ey = ._,...r"... e
Band Designation in Inches (Centimeters) Fraquency Range in GHz P ocaer Suen i =T o
e mw s s Lo Ot e i in 4 i s i o e VA2 ot
WC 618 "6.181 (15.700) 1290 1.760 WR-62 is designed for 12-18 GHz. It doesn’t quite hit either 10 GHz or 24 GHz (That's what they
2304 MHz WC 451 4511 (11.458) 1.760 2.420 Think!!) so tends to be pretty plentiful and cheap at the fleamarkets
WC 385 3.853 (9.7870) 2.070 2.830 _ 3
3456 MHz WC 281 2.812 (7.1420) 2.830 3.880 WR-42 ﬁi.&mﬂ. 18 to 26 GHz with about _.Mn_.wg,_bam—uuq —Spbﬂwﬁ m-.muqubn. that wngn—-
WC 240 2403 (6.1040) . 3.310 4.540 : of loss for portable or home stations. Many stations on the air these days are using oversized waveguide.
5760 MHz WC 175 1.750 (4.4450) 4540 6.230 Such as WR-112 or even WR-187 on 10 GHz with good results. This lead me to u__uw ES.E. a bit with
e 15 $o00, (o) 5N 7N WR-62 on 24 GHz. Using 20 ft of flexible WR-62, I was able to wrap the Waveguide in to 3 one ft
i WG 80 0797 (3.0240) N e diameter loops before the waveguide broke up mto moding. Keep it pretty much straight and WR-62
24 GHz WC 44 0.438 (1.1130) 18200 24.900 works great.
- 2 Emi= i ao A fow f ot s b k. 1n-ch e ing e e s WR-6242 s
48 GHz WG 22 : 0.219 (0.5560) 36.400 49.800 near the active device in the WR-42, flatten out the SWR and loss dropped to virtually 2.
wC 19 i 0.188 (0.4780) 42.400 58.100 = ‘ i
WC 17 0.172 (0.4370) 46.300 63.500 Enough small talk, the bottom line: 4

WR-62 Loss at 24 GHz 10 dB/100ft
8 dB/100 ft if you do some matching

Loss m a WR-42/WR-62 transition = .2 dB
(That’s just putting them together)

WR-62 Waveguide Relays = .2 dB Loss

This stuff works great, see ya on 24 GHz.
WASVJIB
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WAVEGUIDE TRANSITIONS Hicrowave Handbook

Water pipe is available in a range of standard sizes as
shown in Tuble 18.2, the first few smaller sizes being most
readily available at d.iy. supermarkets, the larger sizes
from builders” merchants.

It can be seen that 22mm pipe is usable at 10GHz, 35mm
pipe at 5.7GHz. and possibly S4mm pipe at 3.4GHz,
though the latter would be operating rather close to cutoff.
Since this chapter covers 10GHz, autention was concen-
trated on assessing the suttability of 22mm pipe, which
costs about 50p per foot compared with at least ten times
this for new WGI16. Before any attenuation measure-
ments could be carried out. some transitions from normal

A

)/

— 762 R
g £hii SImm

Material  Steel

=)

22 8610 16mm Plug
quare /% 1% A6x10 1Bmm
E square /s /

TN Mimm diameter,
"rrn-m! crs

T % Diameter o just
shide mide
1-—:9 mm 4£¢+k‘slm_nl 22Zmm pipe

Material  Steet

(]

Fig 18.6. Two types of tool for making rectangular to circular

waveguide transitions (GBAGN). Tool (b) has a tight fitting plug

which prevents the round end of the transition distorting whilst
torming the transition

rectangular waveguide had 1o be built, This was achieved
by using short pieces of pipe, approximately 3in (75mm)
long and deforming one end of each pipe into an approxi-
mately rectangular shape. Initial attempts to do this simply
by squeczing the pipe in a vice were not very successful;
better results were obtained by gently hammering a tapered
plug. as shown in Fig 18.6a. into the pipe and then gently
squeezing the rectangular/elliptical cross section of the
pipe right up to the plug at point A. The resulting cross-sec-
tion is then roughly the same as standard WG16. Although
the plug tool shown in Fig 18.6a is adequate if used with
care, a second design was conceived which has specific
provision to ensure that during the deformation of one end
of the pipe from g circular to a rectangular cross-section,
the other end of the pipe is kept circular by means of a
separate plug which is a tight fit into the pipe. The general
arrangement is a shown in Fig 18.6b. This second plug tool
has the minor disadvantage of being able only to be used
on short lengths of pipe: it does. however, enable a better
(i.e. more smoothly varying) cross-section transition (o be
made.

PVC sheath cul back
for approx 25 4mm

\ Elliptical waveguide

| iiddd

Standard WG16
flange fitted

— 31\

‘-

&

[ s j P eun

D @

Fig 18.7. Elliptical to rectangular waveguide transitions. These can
be made in a similar manner to the rectangular to round transitions,
but starting with annealed copper WG16

Rs¢B

Table 18.2. Standard copper water pipes used as

waveguide
oD Wall Cutoff Next mode
(mm) Thickness Frequency Cut-off
(mm) (MHz) (MHz)
15 05 12557 16404
22 06 8452 11041
28 06 6560 8569
35 07 5232 6835
42 08 4351 5684

54 09 3368 4400

Normal square waveguide tlanges were adapted to fit
onto both circular and rectangular ends of the transitions.
Standard self-soldering “Yorkshire™ fittings can be used to
join sections of permanently fixed pipe together, for in-
stance in a home station feeder run. Such a run should,
preferably, be kept as straight as possible. Bends are per-
missible provided that they can be made without the walls
of the tube collapsing or becoming corrugated and that they
take place over a number of wavelengths, although there is
still a risk of mode change. It is stressed that transitions
should be made in copper, since this is malleable and duc-
tile. allowing the metal to be “stretched”™ without fracture,
provided the operation is carefully carried out.

The measured insertion loss of a pair of such transitions
connected back-to-back was 0.8dB at 10.368GHz.

Sections of flexible or flexible and twistable waveguide
are occasionally available from surplus sources and could
be used to correct guide misalignments in an otherwise
rigid system. However, such waveguide can introduce
significantly higher losses into the system together with
mismatches which may need to be subsequently tuned
out. Such waveguide was illustrated in chapter 6. Fig 6.41
and 6.42.

The reader may also occasionally come across elliptical
corrugated semi-flexible waveguide such as that illustrated
in chapter 6. Fig 6.43. Duc to its cost and difficulty of
supply, it is seldom used in amateur installations. Suitable
flanges are available but are rarely obtainable at amateur
prices from surplus sources. They can. with a liule pa-
ticnce, be fabricated from thick brass plate or even from
standard square, plain flanges. Terminating such wave-
guide with these flanges is difficult, but not impossible. for
the amateur to do. Again, suitable rectangular to elliptical
transitions are not too difficult to make using similar tech-
niques to those described above for rectangular to circular
transitions., The starting material should be annealed cop-
per WGI6. Such transitions are shown in Fig 18.7.
Measured losses are similar to the rectangular to circular
transitions.

Another type of waveguide, these days rarely seen, is the
so-called “Old English™ (OE) guide. This has internal
dimensions which are the same as the external dimensions
of WGI6, viz. lin by 0.5in. Thus the OE wavegwde is a
necat sliding fit over WG 6. This can be uscful in a number
of ways: as a support to join a horn antenna to WGI16, as a
crude but effective “plug and socket™ o join picces of
WG16 together or as a rudimentary form of waveguide
switch. A method of joining OE and WG 16 together, whilst
avoiding significant mismatch, is given in Fig. 18.8. Stand-
ard fManges Lo it OE waveguide do exist but are likely to be
even rarer than the waveguide itself.
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WAVEGUIDES FOR MILLIMETER WAVES
By John Anderson WD4MUO/0

DATA

Attached are mechanical data and drawings for wavegunides and flanges used at frequencies
between 18.0 and 325.0-GHz [1]. 1 find this information valuable in building adapters and
transitions to connect the odd pieces of guide and devices one collects and must integrate into a
system.

ADAPTERS

Much of the mm-waveguide available from surplus sources has round flanges. This was
the industry standard in the early days and probably still is at the higher frequencies. Newer
equipment tends to use square flanges, particularly at frequencies below 40-GHz. To some extent
this has dropped the value of round flange items on the commercial surplus market to where Hams
can afford pretty good equipment. However, this presents a significant problem when we are faced
with a variety of flange configurations and hole pattemns on the individual equipment items that we
want to integrate into a system.

The guide pin holes in round flanges are tantalizingly close to the holes in square flanges.
This has lead some Hams to simply bore out the guide holes and mate the flanges using through
bolts and nuts. It works, but is not recommended as the two sets of holes have a small, but
significant offset (see flange diagrams) and it is very difficult if not impossible to drill 2 hole in the
correct position in the flange with the existing hole off-center. Thus some filing and elliptical or
oversized holes are necessary, misalignment of the joined waveguides normally results. The
situation is more serious when mating choke and O-ring sealed flanges, very little lines up and
there will probably be a gap somewhere. The correct solution is to use a flange adapter.
Unfortunately these are very rare at hamfests and cost a fortune new (>$100) or surplus (1 have
found some used adapters that are more expensive than new ones!)

So I build my own. [ buy cheap pieces of copper, brass or bronze waveguide or equipment
with assemblies of waveguide just to get the flanges and salvage short scraps of waveguide. The
more dings, holes, crimps, mud, etc. the better - gives me room to negotiate the price. When I need
an adapter | usually select a round flange with about 0.5 to 1.0 inch of good waveguide attached. 1
square up the open end and silver solder a salvaged square flange to it. If] do not havea
commercial square flange at hand [ make one from a piece of brass plate 0.125 to 0.25 inch thick.
Forget the fancy grooves and milled sockets for the waveguide, just cut a flat flange with a
jewelers' saw to fit over the waveguide, solder it and then lap/file the mating surface flat. The
flange holes can be threaded or drilled as clearance holes as required (you may want both types of
holes on the same flange to mate to a particular device). Give some thought to the length of the
waveguide between the flanges. If the bolts will be screwed into the adapter then the flanges can be
quite close together. But if the bolts must go through the adapter flange and then into "blind" holes
[2] in the mating device, you must have a long enough piece of waveguide to insert the bolt and the
wrench/screw driver to tighten the assembly. One inch between flanges is about right for allen
wrenches.
If a very short adapter is necessary you can build a block type by soldering two flanges
back to back or fabricate it from 0.25 inch plate. [ usually saw a square with sides as long as the
diameter of the round flange, saw and file the center hole to the interior dimensions of the
waveguide, and then bore and thread the necessary holes from each side of the plate. When
necessary it may be possible to countersink or counterbore some holes so all bolts come from the

same direction; be careful of mating choke and O-ring groves. Since the true block adapter does
not need to be soldered, aluminum is a good choice for the plate.

TRANSITIONS

Now that everyone(!) wants to get on a mm-wave band (24-GHz), WR-42 waveguide and
devices have become very expensive - a relay costs the national debt. Several of us [3] have
experimented with using the next lower or higher size of available waveguide. WR-62 appears to
work at 24-GHz without over-moding (test it, there maybe a mode close to our frequency) and
WR-28 certainly works with its cut-off frequency at 21.07-GHz; loss is a little higher than WR-42.
WR-28 might work at 47-GHz, [ have not tested it. 1 have been given or paid pennies for several
power meter heads (the old, uncompensated type) that appear to be WR-50. These may be a pain
10 use (now - they were state-of-the-art in 1960!), but a surplus WR-42 head costs about $400. A
length of WR-35(7) flex guide was also free, several WR-62 relays were $5 to $20 each. The
problem here is getting a transition from one waveguide series 1o another (4]. Guess what: these
are rarer than flange adapters and cost more - try $400. A transition is only a little harder to make
than a flange adapter. Take a length of the larger size waveguide, saw four, thin triangles in the
w_dﬁ_s_w.gusahmmﬂ_qgﬁﬁnsg_gaivﬁigg
on each end, then silver solder [Fig. 1]. Takes about an hour to build one and costs a buck or two
(depending on how well you negotiate for scrap waveguide). Devices like the power heads may not
be flat across the band, but they will be usable. The transitions are virtually lossless and have very
low VSWR.

1. [ thank Al Hislop of Pacific Millimeter Products for providing the Acrowave inc. cataloguc and
Ted Kozul of Aerowave for authorizing reproduction of the data pages.

2. Many mm-wave devices have flanges so close to the chassis that it is impossible to get a bolt
into the back side of the flange.

3. WA7CJO, AAOBR and WD4MUO.

4. WASVJB drills matching holes in the flanges and simply bolts the different size waveguides
together. It works, but I find transitions somewhat more pleasing, aesthetically if not electrically.

x&&a inner wal - top and bottom |

Top view - & :
and baitom to remove Smaller waveguide
broad wail _Mﬂ_uﬂ o m 7, —
o,

_.|| ~3 guide wi w__

Cut notches in side kﬂ‘i
(wails to fit flange of outer dimension

smaller waveguide

Side view - narmow wall

Following preparation of the waveguide as shown above, spring the sides to the proper dimensions for
the flange of the smaller series and place the appropriate flanges on each end. Bind the taper with iron
wire at several locations to minimize the gap and tie down the flanges so they do not shift when the
assembly is heated. Silver solder the flanges and slits with caution, use minimal amounts of solder as
excess solder builds up along the inner portion of a slit and is difficult to file out. It is probably easier
1a close a hole or gap by re-soldering a small portion of the joint than to file out excess solder.

Figure 1
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D. ntenna installations present many challenges to the microwave enthusiast, not the least of which

is the feedline. The popular solution to this problem is to operate with a portable station requiring
only a very short connection from the radio to the antenna. Feedline losses are kept low and aiming the
antenna is accomplished by the old ‘Eyeball and Armstrong’ method. This method works fine for
portable operation, but is quite untenable for the home station. And besides when a good Tropo duct
forms and your 10 GHz station is just a pile of mouse houses in the garage, what good is it?

Vs

Flexible Waveguide

A solution for the home
station is to use waveguide for the
feedline. One of the first problems
that you encounter is the loop around
the rotor. One method might be to use
waveguide to coax transitions and a
piece of coaxial cable for the trip
around the rotor. But coaxial cable at
10 GHz is a dummy load! It would
work in some limited fashion, but if
you are going to the expense and time
to install waveguide then you might
as well go the extra mile and use
waveguide all the way. But how do
we do that you might ask? Fear not
there is a way.

Flexible waveguide is a
viable method of bridging the rotor.
Once that problem is solved the rest
of the installation is relatively easy.
The method described here has been
inuse at my 10 GHz home station for
over a year now with no degradation
in performance. Total feedline loss
from the shack to the dish is very
close to 3.0 dB. Not great if it were
432 Mhz, but certainly not too shabby
for a home station on 10 GHz. The
total run is about 50 feet to the top of
the tower and another 15 feet to the
dish. I use elliptic guide to the top of
the tower and then the setup shown
in the drawing to the left. I don't
think anyone needs to be sold an the
merits of using waveguide at
microwave frequencies whenever
possible.

The flexible guide I used is coated with what looks to be a neoprene rubber. The rubber coating is
probably the weak link in the installation. Ultraviolet radiation will most likely destroy the rubber
in time. Perhaps a flexible paint coating or regular application of silicone would delay the process. The
rubber is not essential to the operation of the guide, but does lend some structural stability to the
corrugated metal that forms the actual waveguide. After a year there has been no problem.

The trick to making this system work is to install the flexible guide so that it coils and uncoils
in a plane parallel to the ground. The traditional “rotor loop” installation will not work because the
guide has very little “flex” in the plane parallel to its wide side. The only real flexibility is in the
plane parallel to the narrow side of the guide. Thus if the guide is installed with its narrow side
parallel to the ground, the guide will coil and uncoil to provide a full 360 degrees of rotation.

The diagram at right shows
what happens when the mast is
rotated in the counter clockwise
direction toward the rotor stop. (Note:
It is essential that the non-rotating
waveguide be positioned exactly at the
rotor stop position.) The guide will
form a relatively tight coil around the
mast when fully rotated. The 90 degree
piece of waveguide must be installed
such that it clears the 90 degree
waveguide that is mounted on the mast.
Don’t use more vertical clearance then
is absolutely necessary because the
guide doesn't like to bend up and down.

During clockwise rotation the
guide will uncoil and form a g thin ewnr3ann 9/95
loop as shown below.

Top View - Rotating Counter Clockwise

The guide in this position is relatively
st yulnerable to wind and large birds so don't
leave it ‘parked’ in this position. The safer
parked position is with the guide wrapped
around the mast to some degree.

Another area of concem is the rigid
guide up the mast to the antenna. Since the
mast will bend in the wind some allowance
must be made for this motion. In my
installation I formed a bracket out of sheet
aluminum for the bottom mount such that it
firmly holds the bottom of the guide about
one inch out from the mast. This must be a
fairly substantial clamp since it must support
the entire weight of the waveguide that is
SWA3AND 9/95 on the mast. See diagram below.

Top View - Rotating Clockwise

The top bracket is constructed in a similar manner
except that spacers are added to prevent tightening the
bracket on the waveguide side. Constructed in this manner "
the guide can “slip” inside the bracket when the mast
bends. This method works not only when the wind is
parallel to the wide side of the guide, but since the guide

Added
for Sliding Mount Only

will bend in the opposite direction, it also works for that ]
case as well. Also remember, the guide is copper and does some really serious expansion and contraction.
This is another reason to provide for some movement. An alternative would be to use elliptic guide up
the mast.
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Now that you have this really low loss feedline proudly dangling from the tower top, you still
have a few areas of concemn. The first is condensation from the warm moist air inside the house being
sucked up this really neat ‘chimney’ you just inslalled and thought it was just a feedline. The coid
winter weather will condense the water vapor in the guide, from your nice warm house, and eventually
form a pool of water inside. Water is not a real good dielectric. The solution is to pressurize the
waveguide with dry air or nitrogen. Preparing the guide for pressurization also solves the second
problem which is small critters taking up residence inside the guide. Some of these little monsters spin
really nice cocoons that will ruin your operating day.

Pressure windows [1] should be installed at each end of the waveguide run. O-rings must be used
between all flange joints (I found suitable O-rings at a home center).(Note: “Choke” flanges have o-
ring grooves, “cover” flanges do not. Never use two choke flanges at the same joint.) Either a waveguide
connector with a pressure fitting or a pressure inlet flange must be used to allow connection to a dry air or
dry nitrogen system. The very least you should do is install all the “pressure components” so that you
have a sealed system. The pressure windows will prevent the flow of air up the “chimney” and keep
the critters out. If you live in a warm-all-the-time climate
or have an unheated shack, then forget the water vapor
thing. Practicing safe critter prevention, however, is always
required.

[ used a pyramidal waveguide feed [2] installed in a
white plastic pipe (PVC) ‘radome’ to feed a 24 inch dish
. (PVC works at 10 GHz). The radome also keeps the weather

P and critters out of the feed. The flexible guide from the dish
to the mast waveguide serves to further isolate the dish
# from mast movement
Waveguide is the way to go. Most of the compenents
are available at flea markets. With mﬁ rmn__a. use of satellite and fiber optic links, surplus microwave
link equipment should be more available then ever. Just do it!

1. Andrew Corp. Catalog #36, Page 166
2. *Parabolic Antennas and Their Feeds” , Dick Comly, N3AOG, Pack Rat Notes, Sept. 1995, Page 5

Make Your Own Waveguide Transitions

By Kent Britain, WA5V]B
(From Proceedings of Microwave Update '88)

Hn putting together several 10-GHz stations out of surplus
parts, the first thing you notice is the different sizes of
moding, WR-112, WR-90, WR-75, and WR-62. These can be
identified by measuring the width of the opening. WR-112 is
1.12 in., WR-90 is 0.9 in., WR-75 is 0.75 in. and, of course,
WR-62 is 0.62 in. across. (All are 200-ohm impedance.)
Well, very quickly you'd like to hook a WR-90
thingamagig, to a WR-75 whatchamacallit. I had two gom-
mercial adapters and they had a simple milled step, chang-
ing the opening from one waveguide size to another. I con-
tacted our local waveguide expert (KSSXK) and asked
Harold what was going on. He explained that the impedance
of a waveguide is the ratio of width to height, so if you go
from one size to another it's like connecting RG-8 to RG-58.
So, I redrilled some flanges and started making some loss
tests. At first I had HEEn mﬂ&..u consistent results because of
reflections. The isol p d to be necessary to
get consistent numbers when measuring tenths of a dB. The
results are shown in Table 1. Note that these measurements are
actually for two waveguide size transitions, one on either end.
In short, while [ would not claim these numbers as the

Table 1

Measured Loss for Various Waveguide
Combinations

Losses in dB

Sample

WR-62 WR-T5 WR-920 WR-112
Flange
WR-62 <0.1 0.3 0.3 0.4
WR-75 03 <0.1 0.1 0.1
WR-80 0.3 0.1 <0.1 <0.1
WR-112 0.4 0.2 0.1 <0.1

absolute loss values, they show that simply bolting the dif-
ferent sizes together introduces very little loss. Alignment
was also noncritical. Misalignment had to reach a point
where one of the openings was being partially blocked be-
fore loss rose above a few tenths. Get out your drills and
start sticking this stuff together!

WR-62, 75, 80, or 112

Fig 1—Test set-up for measuring Insertion loss of waveguide transitions.
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1.2 TRANSITIONS GUIDE-COAXIAL

18.2.8 Coaxial to waveguide transitions

Coaxial “cables™ are not much used at 10GHz. other than in
very short lengths, because of the high losses involved com-
pared to waveguide. “Heliax™ can be useful, e.a. Andrews

Probe diameter Co-ax connector

0.026671g

:fa."lllf‘ VR ELLLLITTSTLIT TS LSS TELS SIS IS IS,

5
7
7
7
7
9

Frobe diameter
1mm
fat

6mm

23 1mm

(b)

Type 'N" socket

Spacer and 6BA
bolts soldered to
waveguide

(c)

Fig 18.20, (a) General form of a WG to coaxial transition (b) WG16
to N-type transition (schematic, non optimised) (c) optimised WG16
to N-type transition

FHJ4-50 exhibiting a loss ol about 4dB per 201t and short
lengths of conventional flexible cable terminated in N-type
connectors may sometimes be found. particularly in older
X-band equipment. but it is more likely that short 0.141in
(3.58mm) semi-rigid coaxial leads terminated in SMA con-
nectors will be found on more modern equipment. It is
useful, therefore. to have coaxial to waveguide transitions
available. when experimenting with pcb mounted circuits
or some of the more recent professional equipment appear-
ing on the surplus market. Two types are described.

General design dimensions

The general form of a coaxial to waveguide transition is
shown in Fig 18.20a, where D is the probe diameter, L is
the probe length and S is the distance between the probe
centreline and the waveguide short.

Hir.rpang Randbeek
RSB

Work carried out by Mike Walters, G3JVL, at 10GHz
gave the optimum dimensions for a transition from wave-
guide to 50€2 coaxial line as being:

D = 0027X

L = 01602,

S = 0.120 Ay (theoretically Ay/4)
or § = 0.620 A, (theoretically 3X,/4)

These relationships can be scaled for other frequencies. For
instance, the successful construction of such transitions for
the 3.4GHz band in WG 11 was reported by G4KNZ [6].

For 10.369GHz A, is 37.32mm and. from this. the fol-
lowing dimensions are derived:

D = 0995mm(Imm)

L = 5.970mm (6mm)

S = 4.478mm (5mm)
or S = 23.14mm (23mm)

It is quite in order to use the “rounded” figures given in
brackets: no really noticeable change in performance re-
sults from this. An exact match can be obtained by fitting a
single screw tuner between the probe and the waveguide
short to alter the centre frequency and. if necessary, a
three-screw tuner between the probe and the flange.

A coaxial (N tvpe) to WG 16 transition

N-type connectors are specified for use only up 1o about
10GHz and can be used successfully although there is a
slight risk of over-moding in the connectors or the cable
(typically a short length of FHJ4-50) used with them. The
use of conventional cables is not advised because the
losses involved are high and the flexible nature of the cable
can lead to unpredictable impedance changes. However,
some of the older surplus X-band equipment is fitted with
these connectors.

A square flange N-type socket should be selected. The
dimensions of the flange are I8 by I8mm with [3mm
fixing centres for 3mm screws. The solder spill is usually
3mm in diameter and hollow. The dielectric insulation car-
rying the centre pin is normally held in place by a spun
collar or rim of metal which protrudes below the lange and
goes through a clearance hole in the panel on which the
socket is mounted. This collar is normally deeper than
the thickness of the waveguide wall (0.05in, 1.27mm)
and would protrude into the waveguide if mounted with
the flange flush on the waveguide surface. The diameter
of the solder spill is also larger than the optimum diameter
discussed above, Thus, the socket needs modification be-
fore it can be used easily. Occasionally, surplus sockets can
be found which do not have this rim; they may also have an
clongated, solid metal “spill”™. This type of socket is very
easy to modify, as all that is required is that the spill is
turned down to the required diameter and then cut to
length.

First the “rim"” around the insulation on the back of the
socket is removed, by careful filing or sawing, to enable
the socket to fit flush with the waveguide face. This may
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cause the dielectric bearing the pin to become loose 1n the
socket, so care is needed. In the final assembly, the dielec-
tric will be held in place by compression against the outer
surface of the waveguide to which the socket is attached.
The dielectric is cut back flush with the flange surface,
using a sharp knife or scalpel.

Next the spill diameter is modified by cutting it almost
flush with the diclectric and soldering a Imm diameter
probe of stiff copper wire of the required length in place of
the original spill.

In order to accommodate the socket mounting flange on
the waveguide without complicating construction, the
probe spacing from the waveguide short has been increased
by Ag/2. from 0.124, 10 0.62X,. i.e. to 23.1mm. This allows
the use of a simple. soldered end plate as the waveguide
short. The probe enters the waveguide through a hole a
little smaller in diameter than the measured diameter of the

dielectric. so that the insulation carrying the centre pin of

the socket is firmly held in place between the socket body
and the waveguide wall. The modified socket can be fixed
10 the waveguide by soldering or, better, by means of 3mm
screws inserted into tapped holes in the waveguide wall. I
this method of fixing is used, then the fixing screws should
be trimmed in length so that they end up flush with the
inner face of the guide wall. This has the advantage that the
socket is easily removable for trimming the length of the
probe during testing.

In general the use of a larger than optimum diameter
probe will increase the effective bandwidth of the transi-
tion, which is of little consequence in amateur installations,
but may lead to the need to experiment with the length of
the probe for best match and signal transfer.

The two alternative forms of construction of an N-
type transition are given in Fig 18.20b. optimised as
described above, and 18.20c, not optimised, but of accept-
able performance.

A coaxial (SMA) 10 WG 16 transition

SMA connectors are specified for use up 10 18GHz and are
used with 0.141in (3.58mm) semi-rigid coaxial “cables™.
This series of connectors should be the first choice for this
band and special versions are available. with a carefully
dimensioned “spill”, to act as a microstrip “launcher™.
However, for the purposes of a WG16 transition, the ordi-
nary SMA socket should be used. This normally has a
solder spill which is 1.3mm diameter and 6.5mm long.

There is no need to make the diameter of the spill smaller
as this diameter will still provide a reasonable martch. The
dielectric does not protrude behind the mounting flange
and needs no modification. The hole necessary to match
the dielectric of the socket is 4mm diameter.

It is possible 1o mount the socket on the waveguide
with a 4.25mm spacing from the end short. provided that
it is soldered in place. If four fixing screws are used then
this distance must be increased to about 5.5mm to accom-
modate the rear two screws. Although this is slightly
greater than the optimum, it has been found to make little

BHA or 1 Smm
MAtching  screws
13 ot}

Bravy plate 3}-2mm
thech, soldered 1o waveguide
10 WPPOT L MAlCRING SCrews

Bach plate or 1 Imm

COPppeT of brats plate
// soldered to ena of WG

V3mm lapped noles

dmm hole

P Ll
length 1o flange 1 1
|

g Mrew holes,
/-—I-TM centrey from
end of WG

Centre of SMA spnl,

],-—-"_'" GEmm from end of WG

-

K MOUNTING SCrew Roles

10 28mm from ena of Wi

A=

=

transition (G3PFR). Photo: GEWWM

difference in practice. If screws are used they should be
I.5mm. cut so0 that they do not protrude into the wave-
guide. Dimensions and a photograph for 10.380GHz are
given in Fig 18.21. None are unduly critical and slight
mismatching can be corrected by adjustment of the three-
screw tuner. A good match with wider bandwidth was still
obtained with the probe diameter increased 1o 3mm by
means of a soldered sleeve.
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SMA to WGl6 launch uait for wonhn_
News le Her  Huvs 94

Flicip wuve GHAJIW
An SMA to waveguide launch unit was built to permit GasFet based
equipment to be connected into WG16. The unit described was built
in approximacely 2 hours.

A waveguide short circuit was made from a braas place about 2mm
thick, through which a hole of approximately 4mm diamecer was
drilled to take a short length of PTFE tube. The position of the
hole is given in Figure 1 which shows the short circuit placed
over the end of the waveguide. The PTFE tube was obtained from a
surplus SMA socket which had an extended dielectric, such as the
GE65132A. The purpose of the PTFE tube is to maintain the S0 Ohas
impedance as the centre conductor of the SMA connector passes
through the short circuit. The PTFE tube should be a tight fic
through the hole. The SMA socket and PTFE tube were put to one
side while the brass plate was soldered across one end of che
waveguide using 600 C silver solder and the appropriace flux.
Silver solder was used primarlly to avoid the brass place
becoming unsoldered later when the assembly was heated up again
for the remainder of the soldering operacions, for which lead
solder was used. During soldering, the short circuit was held ian
place with a 5 inch nail held in a chemical recorc stand. The
stand held the nail vertical and the point protruded part way
through the hole ia the short circuit. The job was chen allowed
to cool and was cleaned up.

A length of 2mm brass tubing was obtained in a local DIY store. A
length of approximately l3mm was cut and one end filed square and
the other end to a 45 degree angle. This was done by rubbing the
tube on the face of the file. This process was repeated for a
10mm length. A hole was drilled in the appropriate broad face of
the waveguide, 12.0mm from the short circuit, and 11.S5mm from the
inner surface of the appropriate narrow face - see Figures 2A and
7B. (The WG16 wall is about 1.27mm thick.) The diameter of the
hole was such that the brass tube was a tight fit im it. (This is
important for ease of bulilding!). The 45 degree end of the 10mm
length of tube was then forced through this hole. The PTFE tube
was slid over the centre conductor of the SMA coanector followed
by the square end of che 13mm length of brass tubing. The brass
tube was then adjusted for best fit where the two 45 degree ends
meet. The exact length of the l3mm length may need slight
adjustment.

The connector was then removed from che assembly leaving the PTFE
tube in place over part of the centre conductor. The centre
conductor was tinned with lead solder and the tube was soldered
to it taking care to get the correct orientation of the 45 degree
edge. The SMA socket was then pushed into the short circulc and
soldered directly to it. The joint between the 2mm tube and the
broad face of the WGl16 was then lead soldered and the surplus
tube cut off. Finally the inside joint of the two 45 degree edges
of the 2mm tube were soldered together using the minimum amount
of solder consistent with a good joint.

Flnally a WG16 flange was heated up on a hot-plate and when it
was hot enough to melt sclder easily che opea end of the WGl6 was
pushed into it and solder rapidly applied. Once complete the unic
was cooled slowly with damp tissue paper to prevent other solder
joints from melting. The £lange chosen was of the cype where the
waveguide does not go completely through the flange.

|. s s

3t o
E 2'a

-~ 2-hole ml).no:mrnwon.liihwnl.ut;i. SR e e

. About 30mm WG16
Brass plate 1"x0.5"x about 2mm thick =
. 30mm of .-2mm diameter brass tube (Payless DIY) . .. .. -

Ref: Deshpande, Manohar D, Das, BN, and Sanyal, Gitindra S.
Analysis of an End Launcher for X-Band Rectangular Waveguide.
IEEE Transactions on Microwave Theory and Techniques MTT27
(8),pp 731-735, August 1979. )
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A COMPACT WAVE GUIDE / SMA TRANSITION

Nntr’rh._. de Microwawes Newrle :ﬂ.\v

Line of main
waveguide

L
@ probe -- H_‘ .

e e —

sma

Line of main
waveguide

Figure 1 Figure 2

An interesting approach to coax/waveguide transitions appeared in Microwave Engineering,
March/April 1998. BSC Filters, of York, UK, has produced the end-launch transition shown
above. It is of comparable overall thickness to a standard waveguide flange and looks ideal for
assemblies where space is a major consideration.

The transition can be thought of as a 90 degree E-plane bend whose vertical arm is short cir-
cuited. The probe can thus enter the end wall and yet still couple into the E field. A capacitive
window is used at the waveguide flange and produces a good match. As a result, the vertical
waveguide is only half the normal height and therefore closer in impedance to the normal 50
ohm coaxial line and connector shown.

Tuning screws (not shown in the drawing) can be added near the coaxial probe to aid the
matching process. The VSWR of this novel transition is claimed to be less than 1.1:1 over the
range 8.3 -12.4GHz when made to WG 16 dimensions. This is a return loss in excess of 26dB.

Figure 1 shows the capacitive window as seen from the front of the transition. The end of
the quarter wavelength probe is also shown.

Figure 2 shows a cross section of the transition through the side. the line of the main
waveguide feed is shown. The dashed lines in Figure 2 divide the transition into easily repro-
ducible blocks for home construction. The commercial version appears to be in two pieces, 3
backplate and a capacitively coupled cavity. No doubt enterprising amateurs could make one
of these these items from two pieces of WG16 joined together at right angles at the broad
face.

The Newsletter would be very interested in hearing from anyone who has success with this
method.
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November 1995 QEX Number 165

RF

By Zack Lau, KHECPf1
225 Main Street
Newington, CT 06111
email: zZlau@arri.org

10-GHZ SMA TO WR-90 TRANSITION

expensive test equipment, a im?!«_zgaun&uﬂgcnﬁon achieve tolerances of perhaps
five thousandths of aninch.

| recommend that you use two- or four-hole flange SMA connectors with captivated center contacts. The
captivated contacts are needed to keep the probe in place. Two-hole e connectors work best, but they tend to be
more difficult to find. The mounting flange of a four-hole connector extends past the capped end of th
waveguide because the connector must be placed so close to that end (see Fig 1). The four-hole nﬂ!on.ﬂu
can be used by filing the mourting flange after you solder th e shoriing back plate fo the waveguide.

You can identify captivated contacts by inspecting the connector and locking for a small circle of giue on
the shield next to the 1/4-36 threads or shell, You could also try gently moving the center pin to see if it's locked
in place, but don't blame me if you break the connector!

The probe diameter of 3/32 inch (Fig 2) was chosen for convenience; you can make the probe out of
%iﬁg.)ﬁuuﬂ?gigg;gg%inggii
better, but connectors with long center pins tend to be harder to find. I¥s much easier 1o file pieces of tubing to
the right length than to file center pins. If you aren't careful, you can dislodge, bend or even break center pins.

A bonus of filing cheap tubing is that you can toss the mistakes il you finally get the right length of 0. 270
inches. The tubing is easily measured with a 6-inch dial caliper.

Fig 3 shows the waveguide flange, made from sheet brass, that completes the assembly. Making your
ni::ﬂﬁnﬁmgmsulgng[g.

| found it important to keep the matching section—the low-impedance transmission line formed by the
thick probe passing through a 0.166-inch hole in the waveguide wall. | didn't have much luck getting a no-tune
design when | kept the impedance at SOQ

You may add tuning screws to improve performance. Normally, pecple put a couple e of screws along the
center line, spaced either an eighth or a quarter of a guide wavelength apart However, professicnal transitions
have a tuning post off to one side. You might look into this for more advanced designs.

The problem with tuning screws is properly adjusting them. Itia relatively straightforward with a precision

directional coupler. Ordinary couplers will have much less directivity, perhaps only 12 to 15 dB. This makes
them almost useless for SWR measurements. Such a low direclivity results in a rather large region of
uncertainty. Even a 26-dB directivity coupler can resduit in noticeable emors.

A simplified but useful approximation for estimating the e error appears on an ancient HP slide rule. It
assumes that the effective source match is equal to the directivity, and that there is no calibration error.

uncertainty =A+ A x rho?
?hi&u&%iaﬁiﬁcgiilgo&g%

0.05 (-26 dB) and rhois 0.1 (-20 dB), we get an uncertainty of 0.0505, Thus, the actual retum loss
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could be between 0.1505 and 0.0485, and the measured retum loss of 20 d mcs&!n._ coupler could
actually be between 16 dB and 26 dB (1.35 o 1.1 SWR). Using a coupler with only 15 dB of directivity, th
acthual SWR could be anywhere between 1.78 and 1.1 Qmﬁ-uﬂzamg!a.(n:n_aﬂ_aoﬂ
graphs in Figs 4A, 4B, 4C, and 4D to show this a E_._._a__dn.nﬂ____

nggﬂnng

_uan.suw tting the necessary materials. Normally, | get waveguide and SMA connectors at hamfests,
where they can be found inexpensively. The ggﬂﬂigﬂai& e from Small Parts.'
They also sell 2-56ta Rﬂ&&agn_% e. The thickness of the brass sheet for the shorling plate
that seals off the back of the waveguide isn'timportant— normally use anywhere from 0.015 to 0.032-inch
sheet stock. | use a shear to cut it into 0.500x1 .83..33&3_8. usually make the waveguide at least 1.2
inches long. You might make it even longer if you intend to add tuning screws.

ignw_e!ﬂn_.ﬂ& e jaws as a scribe. | save so much fi time with this technique that it would be
worthwhile even if the jaws wore out every few years. (I've not noticed any wear with the soft materials |
mark.) A dial caliper works much better than an expensive digital one e for this purpose— find it easier to count
off the increments needed for parts like SMA connectors. For instance, I'l mark the center line of the
waveguide, then decrement by 247 mils for the mounting holes. With an oxidized waveguide surface, the
scribe lines are quite visible. If you polished ituptoa bright shiny finish, it might be necessary to make the lines
more visible! P Professional machinists use layout dye. I've found thata permanent marker is an acceptable
substitute. A good source of low-cost machinists’ supplies is is Enco Manufacturing Company.?

The dim uggﬂ:ﬂggg_.ﬁig%iﬁ nﬂ.ﬁ
connectors, but | have purchased unusual four-holé flange connectors. These ar e easily identified by th
flange dimensions: they aren't the usual 0.5-inch rounded squares.

Three holes are drilled for the SMA connector. (See Fig 1.) A no. 19 bit makes the 0.166-inch hole for th
probe. The 0.070-inch holes for the 2-56 tapped holes are drilled with a no. 50 bit. The holes are then
nnn..-._dn.? outside holes are easily done with a large drill bit or commercial debur-fing tool. | use a afileto
smooth the inside surface of the guide. | tap the holes after deburring them. | find that using tapping fluid
significantly reduces the number of taps that break. The Microwave Handbook, Volume 2, Construction and
Testing, has useful information on this sort of m metal work.?

qzua.mbﬂ,s.wﬁ:gv_&ow%.ﬁsugzaa!& 100-W soldering iron while being
heid in place with & C clamp. Cther people e use propane torches to solder wave- guide, but I've found the iron
%4&23&?1&&:&.%5131&?ga%zgﬁaug%oaﬁn
waveguide flat. This step is needed if you want to attach a four-hole flange e SMA connector. This connector will
stick out over the edge, so it's not as aesthetically pleasing as a two-hole flange e connector. But four-hole
flange connectors are often significantly cheaper.

Ataching the waveguide flange completes the soldering job. To '© save on weight, you might consider
%E%gﬁimﬂﬁigggagﬁié while thinner
material isn't quite sturdy enough. 1 highly recommend you compare your flange e layout against a known good

flange

The probes are easily cut with a hacksaw. They can be filed or sanded to precisely the right length
:Q.:._l_‘25__532_3-1«3250%g‘ﬂzggnﬁgﬂﬂﬁgggio%
gi?ﬁﬁﬂ;gsg&iﬁu.@mg e waveguide. A minor problem is
nﬁ&uﬁi_éqgggrgasggg.?g%ﬁgIJB
rﬁ:.a_z_nm:&??o__ﬂnﬁ:oxgavn!d&tug;ﬂainiﬁgsug.mqocﬂai_ﬁﬁB
use Loclite instead of lock washers. Alternately, you could use a pair of lock washers. This is just a litfle too

thin, but it seems to work just fine, even with a little bit of stainless sticking inside the waveguide.
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Notes .
(1)Small Parts Inc, 13880 NW S8th Court, PO Box 4650, Miami Lakes, FL 33014-0650. Tel: (800) 220-4242
and (305) 557-8222; fax; (800) 423-9009.

(2)Enco Manufacturing Company, S000 W Bloomingdale Avenue, Chicago, IL 69639, Tel: (800) USE-ENCO
[(800) 873-3626] and (312) 745-1520.

(3) Microwave Handbook. This 3-volume set is published by the Radio Society of Great Britain. Edited by M.

W. Dixon, G3PFR, and sold in the US by the ARRL.
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Fig +—Top view of the WR-80 to SMA transifion without the SMA connector in place.
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Fig 4A—Graphs showing the possible error of retum+oss and SWR measurements made using directional

couplers, The greater the coupler's directivity, the more certain the measurement.
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CHAPITRE 2 : ANTENNES A FAIBLE GAIN
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2.1 CORNETS

CALCUL DU GAIN D'UN CORNET HYPERFREQUENCE

exhmib & Lollehin A 1D 6tte par F 1DMC

On trouve, depuis quelque temps, dans plusieurs revues OM des tableaux

ou abaques qui permettent de déterminer le gain des cornets. Cette méchode
simple est parfaite, lorsque 1'on veut construire un cornet. Par contre,
lorsqu'il s'agit de connaitre le gain d'un cornet d&ja existant dont les
dimensions ne correspondent pas exactement aux tableaux, 1'"interpolation
entre les différentes valeurs peat engendrer des erreurs ncn négligeables.

11 existe des formules (dites formules de SCHELKUNOFF) pour calculer exac-
tement le gain d'un corner, mais leur complexicé les exclut d'un emploi OM.

Une formule plus simple donne cependant de bons résultats. Son utilisation
est trés rapide. Mais rappelons auparavant les trois types de cornets les
plus couramment utilisés (il existe plusieurs autres types, mals de cons—
truction beaucoup plus délicate).

/ a
—MG.-:“* Mlnm.gh_ dans r 1__!_. m— \\

>N
Jrnol._.n..v ﬂﬂqﬂimml_ _ g b
¢

N

- FORMULE SIMPLIFIEE DU GAIN D'UN CORNET -

S = \__om\_,,hnu n.rvlﬁm+uv

8 A2 kW\W\\
A
a , b : dimensions de auverture
du cornet - a
V. B _Gi.ﬂiﬂ‘\ L.O’Ll LO’M __nn_.u £
A, 6B exprimes en dB n\Lezsmu par le £ v
tablean <i -dessout u
a, r_. et A sont nn_t?,:_.mv dans la mame F:h__.m
Plan H Plan E

& A A A X B A B

0,05 0,025 o,40 | 20 o058 oA 0,40 2¢{

0,40 0,05 0,50 -, 0 0,40 0,45 9,50 4

0,45 o,40 0,60 2,50 0,45 0,30 0,60 595

0,20 ©,45 0,70 3,25 0,20 0,60 o,30 g

025 0,45 o, 8o 33s ©,25 0,3 o, fo 40

0,30, 2,65 o,%0 ¢, €0 o,30 -, 35 a,8c | —o 3

0,35 0,30 - 5, 20 o,35 -1 A A

at b?
Tlan H & -y TFlan E i
gAr L g2

' 2
J'espére que ces quelques formules ne rebuteront personne et seront utiles

d certains d'entre vous. Elles m'ont rendu de grands services

a une Epcgue

pas si lointaine ol il n'existait malheureusement pas beaucoup de littérature

|10 GHz dans les rewvues (M.
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Horns for 10 GHz and Up

By Kent Britain, WA5V]B
- (From Microwave Update '89)

hen that waveguide gets really small, it can be a real

challenge to assemble a hom antenna. This assembly
method uses a shon piece of waveguide and a sheet of hobby
brass or sheet tin. File down the inside lip of the waveguide,
align the top and bottom pieces and add a drop of “Super
Glue" letting it wick under the edges. After the glue sets for
a few minutes, bend the top and bottom pieces up a bit, then
align and glue on the side pieces.

Fig 1—A commercial 17-dBi, 10-GHz horn, and two
homebrew 22-dBi, 24-GHz horns.

Next, line up the edges of the opening and spot solder the
corners, When you have things pretty well square, solder the
outside seams together. Soldering the outside edges helps you
keep the lossy lead and tin off the inside surfaces.

Homs have been constructed this way on WR-62 and
WR-42 for 10 to 24 GHz, and the method should work up to
50 GHz.

Woveguide ond Flonge
0.010° Sheet
— Bross or Tin
Fia down a.0S" for
ier odgus W0 TR Larger Homs

=]

Clomp and securs the Bend out ond cement the

top ond bottom with mdes wilh cyonoacrylote
cyonoocrylate cement
Solder the
cutside seoms
Fig 2—Details of h brew horn truction.

20.8 ANTENNAS ﬁ
20.8.1 Horns mh.w

The simplest antenna to make and use is a horn; quite large
gains, eg 30dB, can easily be achieved in a compact size.
For higher gains, a parabolic dish can be used. There are
other alternatives, eg lenses and microstrip antennas, but
these are really only of practical interest to professional
users.

Small horn antennas are easy to design, using the design
methods described in chapter 4, “Microwave antennas”.
Being so small, they are not particularly easy to make but
are, at least, not as difficult as dish antennas of the same
gain!

Methods described for 10 and 24GHz horns can be
adapted to make horns for these higher frequencies. A
satisfactory method is to make a former from hardwood
and build up the horn soldering the four sides on a cut-
and-try basis, and finishing off with a wrapping of copper
wire or some reinforcing plates at the joint of the horn
with the waveguide. The same former can be used for
several horns, producing transmit and receive antennas for
two or more experimental stations. Some examples of
calculated horn dimensions for 47 and 76GHz are given in
Fig 20.22.

20.8.2 Dishes

Small dishes are useful as directional antennas but large
dishes are hopelessly impracticable. For instance. a gain of
46dB implies a beamwidth of less than one degree in both
azimuth and elevation, an accurate knowledge of the loca-
tion of the station to be worked and a very rigid mounting
10 enable the antenna to be aligned and kept pointed cor-
rectly. Exceptionally precise setting-up would be required
to point the dish at the other station, probably involving
optical sighting tubes or telescopes. Fig 20.23 extends the
range of dish size versus gain to the millimetre bands.
Note that the diameter is now given in centimetres, not
feet!

Parabolic antennas for the millimetre bands can be cut
from solid on a lathe. If a block of metal is used, then the
reflector can be used immediately. If a block of hardwood

Microwave Hand book
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is used then it should be covered in kitchen aluminium foil.
The foil should be laid in parallel strips with an overlap of
at least A/4 at the lowest frequency of operation and paral-
lel to the electric plane of polarisation. Make strips wide
enough so that nowhere are there more than two layers and
do not attempt to lay the strips radially as it is oo difficult
to avoid a “muddle” at the centre of the dish.

The required accuracy is not very high, A/10, which is
0.6mm at 47GHz, falling to 0.1mm at 240GHz. This should
present no difficulty on a metal-working lathe. If a front
feed is used then an /D ratio of 0.5 is recommended; this is
the ratio correctly fed with a sectoral horn that tapers in the
narrow face only. Initially, a satisfactory feed can be
made for experimental work by just radiating from an
open guide. Such dishes for the millimetre bands are so
small that it is quite good practice to make them over-
sized and then “underfeed™ them. This produces a highly
cfficient design in the sense that no rf is “wasted” and
the best pain is obtained for a given beamwidth. For
example, for an /D ratio of 0.5, the complete dish is
turned and the feed is in the plane of the aperture where
il is very easy Lo supporl.

20.8.3 Lenses

Al millimetre wavelengths, techniques similar to optics
become practical. Components are much larger than the
wavelength and dielectrics exhibit properties which refract
the waves in the same way as light is refracted (“bent”) in
a lens. Thus, not only will a parabolic dish focus micro-
waves as a concave mirror does light, so a dielectric “lens™
will focus millimetre waves. It might be worthwhile for the
experimenter to produce a plano-convex lens by turning a
disc of a dielectric such as polythene or perspex and trying
this as an alternative to a dish or horn!

*Origin® —=—"

Note:
Dimensions A & B are internal

Fig 20.22. Typical horn dimensions for 47 and 76GHz. For 47GHz
WG24 s used. 20dB horn: A=28.5, B=22.3, L=33.2; 30dB hom:
A=88,6, B=71.5, L=385.7; For 76GHz, WG26 Is used. 20dB horn:
A=17.6, B=13.8, L=20.4; 30dB horn: A=54.8, B=44.2, L=238. All
dimensions in mm. Optimum gain and sectoral homs can be easily
designed using the program in Chapter 4, "Microwave antennas"

Fig 20.23. Gain of various sized dish

antennas

Diameter, cm
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Le cornet RTC

par F4ABAY

Ce cornet de forme exponentielle sur guide WR90 a été produit par RTC (ACX 01) et par
PHILIPS/Sivers Lab (PM7320X). Les deux versions ont des caractéristiques trés proches. On les
trouve assez souvent dans les brocantes hyper. Ils peuvent étre trés utiles pour des mesures de gain
car la précision de leur réalisation permet de les utiliser comme antenne de référence. Voici le résumé
de leurs caractéristiques ainsi qu'une mesure de leur diagramme de rayonnement.

aérien adaptable sur cavites-guides

Dk Book RTC

2 5
- e
o Tine s Poi Dimensions sain (dB Angle R
_S vp _g oids (g) Noas-toiit L) Gain (dB) St 0.S.
= ]
ACX 01 D* 280 7.8x 5.4 x 13.5 16 37°a 8.2 GHz 1.2
24° 3124 GHz
2 ADX 01 D 150 L=15cm 17 1593 10 GHz 1.3

.
-

Les cornets sont utilisé pour alimenter les
antennes paraboliques ainsi que dans les
mesures précises. Le cornet PM 7320X
posséde un "gain standard" avec des ca-
ractéristiques connues dans toute la ban-
de de fréquence. Les paroies ont une

forme exponentielle pour

assurer une

bonne adaptation entre le guide d'ondes
et I'espace libre.

MQBBJD.D?

1]

o o]

=
| B |

[o] o]

|

Caractéristiques

Type PM 7320X

Gamme de fréquence

Guide d'ondes

Gain au milieu de la
bande

Précision

Variation du gain dans

d ACX 01

82 -125 GHz

R100 (WRS0, WG16)

16 dB
0,4 dB

la bande de fréquence + 1,5 dB

Directivité (3 dB)
plan E

plan H

Niveau du premier
lobe secondaire
plan E
plan H
Dimensions
Polds

37° 4 8,2 GHz
24° 4 12,5 GHz
34° 4 8,2 GHz
24° 4 12,5 GHz

max. = —14 dB
max. = —20 dB
voir schéma

160 g

-75°

-90° |

0 -10
Gain relatif (dB)
f = 10368 MHz
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4.9.2 Slotted-waveguide antennas

This type of antenna [10] is made from rectangular
waveguide and consists of a series of resonators (slots)
cut into one or both broad faces (see Fig 4.76). If an
omnidirectional pattern is essential, reduced-height
waveguide is a must: see Fig 4.77(b). The slots or
dipoles are required to be parallel with, but alternately
offset from, the centre line of the broad face of the
guide. This ensures that the phase relationship between
adjacent slots is correct. Horizontally polarised radia-
tion is obtained when the slots are vertical. If standard
Waveguide is used then the pattern shown in Fig 4.77(a)
5 obtained, having nulls adjacent to the narrow faces. In
tither case a narrow beam is formed in the vertical plane
With the radiation concentrated on the horizon, making
this antenna ideally suited to general-coverage beacons.
On the lower bands the Alford slot is perhaps more
Manageable.

Departure from truly circular coverage is mainly de-
Pendent on the following factors.

(b) The thickness of the broad wall material.

(c) Whether the slots are machined in one or both broad
faces of the guide.

(d) The accuracy and the relative positioning of the
resonators.

The resonator length is related to its width. A con-

venient ratio is when the width is approximately 1/20th
of the waveguide wavelength. The length will then be
about 0.85xg, the free-space wavelength.

Gain is dependent on the fofal number of slots used
on the antenna and also on how the power is distributed
between them. An array using 16 slots (ie N = 16) is
likely to produce a gain in the region of 10 to 12dB.

Reduced-height waveguide

When both broad faces contain slots the pattern will
approach optimum when the height is minimum. The

(2) The internal height of the waveguide.
Ground-
plane

*
n>

Slot width
1+59mm

Black front-face
slots

# ndicates critical
dimension

——Adjustable

short-circunt

—Dotted rear-face
slots

height that can be used is perhaps dictated by the ease
of feeding the slots. A value of around 0.14 is recom-
mended as minimum. Due to power being progressively
radiated from each slot the ideal situation is departed
from along the length of the array. It would be
preferable if the power could be introduced to the slots
centrally so as to obtain the best symmetrical pattern.
See the discussion at the end of the next section which
applies generally.

Standard waveguide

In this case, when both broad faces have slots the pat-
tern is bidirectional, producing a four-leaf clover shaped
pattern but with the side nulls being very deep and the
front less so.

In practice the perfect field pattern is never achieved
even in an amateur installation. The tolerances for in-
stance may be as high as 0.2mm (8/1,000in) and still give
an acceptable pattern. In the design example given (for
10GHz), the width used is 1.6mm (1/16in). In practice,
the use of a 1.6mm end-mill or slotting drill has yielded
acceptable results both at 10 and 24GHz, when com-
bined with the somewhat wider tolerances mentioned.

* The gain of an antenna using a total of 16 slots (as in
the sample calculation) is 10 to 12dB. In order to
benefit from a longer array some steps must be taken to
ensure that the power arriving at the furthest elements
is still sufficient to allow them to contribute in the cor-
rect manner. A possible explanation for this require-
ment is linked to the findings of Blumlein which show
that a long structure, when end-fed, radiates power
progressively (exponentially). This causes the angle of
the radiated wave to shift away from the perpendicular
axis of the slots. To avoid this disadvantage centre-
feeding the array is suggested. By combining two half-
length sections the problem is greatly reduced by
introducing equal but opposite angle shifts on each half.
One practical way of achieving this may be to construct

Microwave

Mandbook
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Fig 4.77. Approximate radlation

patterns for slotted-waveguide

antennas. (a) Full-helght waveguide,
(b) Reduced-height waveguide

OMNIDIRECTIONNELLES

termination

2.2 ANTENNES

Fig 4.76. General configuration of a slotted waveguide antenna (not

o scale). A ground plane is shown in the diagram; this is only

needed i the antenna is made from full-height waveguide. if

dimension b is 0.11 or less, the ground plane is omitled but a

tapered section (st least 3 long) from standard-height guide to the
reduced section will be required

0+794
g1 Circularity = 1dB
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two practical-length arrays and combine them with a
lwo-way power-splitting device. Then with the slot ar-
rays mounted one up and one down. The resulting array
will have both increased gain due to using more better-
fed slots and also due to the radiation being maintained
on the horizon.

Matching from standard waveguide to reduced-height
waveguide is achieved by using a tapered section, the
length of which is as long as possible, with three
waveguide wavelengths being recommended. An alter-
native would be to include a matching iris or screws.
This will produce the same result but over a much-
restricted bandwidth. The remote end of the antenna is
closed by means of a sliding short-circuit positioned A/4
away from the end of the uppermost resonator. The
final position may be adjusted on test for best vswr
(minimum return loss). It may be advantageous to fit
three or four matching screws, spaced approximately
Ag/8 apart, near the base of the antenna. A combination
of adjustment to these screws and the sliding short
should then result in a good match. However, please
note a good match is not a sign of a good performance.
A poorly made array is likely to be capable of a good
match! The variation in vswr when an object is moved
parallel to the polarisation plane will indicate ap-
proximately where the power is being radiated.

Design formulae
N = total number of slots

ie twice the number of slots in one face of the guide, and
g = g xnnnﬁunxamu

where g = I/N and x = displacement of slots from
centre-line, in millimetres.

Lo = free-space wavelength
Ly = waveguide wavelength
a = internal dimension of broad face of guide (mm)

b = internal dimension of narrow face of guide (mm)
Note that angular functions are in radians.
Then 81 = 2.09% (Lg/Lo) % (a/b) X cos’ (X Lo/2X Lg)
.u&l&m example for 10GHz

Lg(at 10368MHz) = 37.322mm
Lo(at 10368MHz) = 28911mm

N = 16
a = 22.86mm
b = 3.0mm
Slot width = 1.59mm
37322 2286 28911
= »[(—— —
g =209%C o)X= )xcos?(zx S—x31322)
=247

Then 1716 = Bixsin’(wxx/a)
= 2.47xsin’(xx/22.86)
sin’(wxx/22.86) = 0.025 and sin(wxx/22.86) = 0.159
gvingx = 1.16mm (slot displacement).
Siot length = Lo/2 = 28.911/2 = 14.46mm

Slot spacing = Lg/2 = 37.322/2 = 18.66mm
Spacing of top slot from end of antenna = 45mm (min)

The formulae and calculations given are directly ap-
plicable to other waveguide sizes, and antennas for
other frequencies and bands can be designed along the
same principles. Such an antenna can be mounted within
a thin plastic or glassfibre tube for weather protection,
and it has been found that such housings have little effect
on the radiation pattern of the antenna but do cause vswr
changes. This may be compensated for experimentally
by either resetting the matching screws or perhaps by
altering the design a little to return to optimum perfor-
mance when the radome or housing is present. Thus the
simplest 10GHz beacon could consist of a Gunn or
dielectric tuned oscillator coupled directly to a stacked,
slotted-waveguide antenna, with both items of equip-
ment housed within the one protective tube and the
modulated supply voltage being fed to the oscillator via
an ordinary coaxial cable of any convenient length. See
the “Beacons and repeaters” chapter in Volume 2.

PCB material version

This will behave in exactly the same manner but ought
10 be easily reproduced once the exact pattern is deter-
mined. A single artwork will be needed to allow the slots
10 be etched on both sides of a thin double-sided board.
The negative can be reversed to provide the other side’s
Pattern. The edges may be connected using copper foil
Soldered along the edges in the same manner as is used
10 join ground planes together. The width of the broad
face will be reduced by the square root of the dielectric
‘onstant as it forms a filled waveguide, and thus will

have the same cut-off with a narrower broad-face
dimension.

4.9.3 Slotted waveguide design program

The following program, written in BBC BASIC, enables

easy design of slotted-waveguide antennas of the type
described in the preceding section and is due to GBAGN.

REM BLOTTED MG ARRAY DESIEM

C. 1987 B.Chasbers GBAGN

10
20
0
L Modified 987 A.Diwon GIFFR
50

g34d

50 @X=420I0VIREM mat print format to F9.3

100 MODEC

110 PRINT"Glotted waveguide array design progras”

L20 PRINT® =g PRINT
130 INPUT*Enter centre freguency in BHz “;F

140 RESTORE

L70 IF FHFL AND F<FH THEN 200

L8O NEXT

190 PRINT1PRINT"MAVEGUIDE DATA NOT AVAILABLE FOR TH1S FREQUENCY®:
aoTo 30

200 PRINT: PRIN 9 size 1s WGTpWGS

210 PRINT:PRINT® Internal disensicns are 3 a = “gAr" ans”

220 PRINT® b= "iMm" ins"

230 PRINT: INPUT" 12 this OX =1PF

40 IF LEFTE(PS,1}="Y" THEN T=&MNEXT:60TD 320

250 PRINT: INPUT"Mnich size is to be used “iW$

240 RESTORE

270 FOR 7= | TD &

280 READ WG ,A,B,FL,FH

Z90 IF WGS=M$ THEN T=&1MEXTHO0TOIZ0

300 PRINT:PRINT“MAVEGUIDE DATA NOT AVATLABLE"

310 PRINT: INPUT"Enter a and b Ln inches":A,B

320 A=25.A80: B=T5, 488

330 L=300/F|LC=2eA

340 LO=L/SOR(L-LeL/ ILCWLCI)

350 L2=0.58LsLG2=0.58L5

340 PRINT:

INPUT*Enter valus {or reduced waveguide dimension b 10 inches
{dedault value iw O.75 of original B)
L

380 IF h#="" THEN B=0.23eB:ELSE B=23.4sVAL (b¥)

ZES VOUL 11 VDUL 1 BE=LI040%: PRINT"Enter value for reduced waveguide
disensaion b in 1nches toefault valus 3% 0.29 of
original bl T Br25.4

390 PRINT: INPUT
“Enter mlot width in inches idefault value 18 0.062%in.) “jwf

IPS IF wi="" THEN W=0.062% ELSE WwVAL (n#)

400 We TS, Sl W2=0, S8

405 VDUL 11 RE=L20409PRINT"Enter slot wmidth an inches (default value
is 0.O0A2Sin.] 7% WS25. 4 FE=LI0309

&10 PRINT:

INPUT"Enter desired vertical IdB besswidth in degrees ~jBu

412 IF BW=0 THEN VDUI1:VDUL1:60T0 410

420 ML= IMT (NS 1 ENH=AL -+ L DML =102 /6

430 EZ=LIOvPRINTIPRINTINL: " alots will give a besssndth of sppros.
“pINT (EI " dege. ™

&40 PRINT:PRINT;NH; * slots will give a beamadth of approx. =)

INT (BN ) * degs.”

450 FE=L2030%:PRINT: INPUT"Enter number of slots "3NS

480 PRINT: INPUT"ls sntenna to ber seami-oasni (1) o omni-directional
@2 e

A70 N=NEWF

480 B=1/N

450 PRINT:PRINT"Norsalised slot conductence = "6

500 AA=COS(PIele0.5/L0)

510 EB=GeLel/ (2. 07sLOsAsARTAA]

S20 GD=AEM(SOR (BB } sA/F1

30 I “Slot disol = =350~ ="

S40 IF BD<WZ THEN PRINT:PRINT®SLOT DISPLACEMENT TOO SMALL. REDUCE
NUMBER OF BLOTS":GOTD 410

550 PRINT:PRINT"Slot length = “jL2;" ma”

S&0 PRINT:PRINT*"Centrw toc centre slot spacing = "jLE2;™ sa®

570 PRINT: PRINT*Maveguide internal dissnsions are & = “[A;" m=®

SBO PRINT:PRINT® b= "B~ ma™

550 PRINT:PRINT"Nominal bandwidth = +/— “;50/N;" 1*
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10 GHz Omnidirectional Antenna Fs
Ken Vickers G3YKI Plicrsnc NMewr: LT,
Aveil 9#

There is no shortage of information on how to design slotted
waveguide antennas, but to actually make them can become a problem
without relatively sophisticated machining facilities, especially when
you get to the higher frequencies. [ am sure it is possible to accurately
position a Imm wide slot on a piece of copper waveguide on the
kitchen table using a ground down hacksaw blade, but [ am not
prepared to do it 16 times to make an antenna.

This antenna was made in a few hours and requires no more than a
hand drill, saw and file.

So what's the difference?

This antenna uses round holes rather than slots. They are much casier
to make!A normal slotted waveguide antenna has the slots in the
broad face of the waveguide. The broad face has both vertical and
horizontal currents, so a vertical slot has to be used if you want to
radiate only horizontal polarisation. The short wall carries only
horizontal currents so the shape of the holes does not matter much.
What are the Disadvantages?

o The holes are not resonant at 10 GHz, so they do not radiate as
readily as resonant slots. The result is a high “Q" sharply tuned
antenna.

o The radiating elements on opposite sides of the waveguide are
further apart, so the omnidirectionality is not as good.

e The vertical spacing of the elements is greater than one
wavelength in free space which leads to less than optimum gain
for the length of the antenna, and larger sidelobes in the vertical
plane.

Vertical and horizontal Radiation Patterns of a 6
Element Antenna

How to make it

circst.

A tuning screw is required to set the resonant frequency

The waveguide must be exuctly a multiple of one half guide wavelength long between short circuits at the operating frequency
The boles are 3/8" diameter (largest possible)and spaced one guide wavelength, starting quarter guide wavelength from the short

Holes at the same height on opposite faces will give a null to the side, to get the side lobes they must be offset by half wavelength.

Antenna is fed at the centre by a small probe in the centre of the broad face.

|
. t | If uning screw
R R vi . w2 | M 3&". Fine threed
5 { 2 | c{' Thorn circuit
e ' ~ : =g, e
[
| 1 SMA
: - QO [t waleé
|
45 wevelength =168 2mm. 6.5 = 242 Srain } o
e e e S R R e Py e )
T ! |
c4i Holegs 3/8° dimmeter Probe - 0.8 © 7 Stum
Short circmit 1
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VHF COMMUNICATIONS 3/99

Bob Platts, GS8OZP

Dielectric Antenna for 3cm

In celebration of 50 years of the BATC, this article has been reproduced from the
latest edition of CQ-TV. For further information about the BATC, see their
advertisement on page-165 of this issue ... Editor

Dielectric antennas provide a simple
means of achieving reasonable direc-
tional gain in a compact unit. They
operate on the principle of refraction,
but I shall not bore you with all the
theory, its a little heavy and to be honest
my middle-aged brain is unable to get
around it as well as I could in my
student days.

The design provides a gain of app.
20dB, with a match of better than 1.2:1
over the whole 3cm band.

The waveguide is 22mm copper pipe
(the standard plumbing variety) and has
a transition to WG16. The polarisation
is the same as the feeding waveguide.

The material should be Nylon 66, PTFE
may be used, it is more difficult to

machine but provides improved per-
formance. Nylon 66 is available from
good engineering suppliers or RS Com-
ponents and possibly Farnell.

Machine on a lathe very carefully with a
sharp tool. Nylon 66 is naturally slippy.
This means that it will not grip very
well in the chuck. Also, as it is flexible
it can grab, digging the cutting tool into
the job, ripping it out of the chuck and
throwing it across the workshop. I know
from experience. A chuck rotation speed
of 600 rpm is recommended, also clear
the swarf away regularly whilst machin-
ing.

The parallel section should be a tight fit
into the 22mm pipe, which will keep
moisture out. As there can be a variance
in the dimensions of copper pipe it is

VHF COMMUNICATIONS 3/98

Internal matching section.

Overall taper 25°

Dielectric Antenna with app. 20dB Gain

best to measure the internal diameter
accurately before machining. There is no
point in trying to glue the unit into the
pipe as glues do not stick to Nylon 66.

To convert the 22mm pipe to the
standard WG16 waveguide requires a
transition. These are relatively simple to
construct.

Approximately 120mm of
22mm copper tube should
be annealed for app. half
its length, by heating it to
dull red and allowing it to
cool naturally. Cut a 75
to 100mm long piece of
hard wood to a rectangu-
lar section of 23mm by
10.75mm. Then, 50mm
from one end of this
piece of wood shave it
down to a section of
6mm square.

The wooden former is the
swaged (aka hammered!)
into the annealed end of
the pipe. As this is done
gently hammer the out-

_/nsﬂsaﬁ

Approx. 20.5mm diameter Gmm long

side to form the correct size and shape
to fit a WG16 flange. Clean the pipe
well before soldering into the flange.
The other end of the pipe may need
trimming back
swageing.

if damaged during
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DUBDS 4/1935

Dirk Fischer, DH2DAE: PCB Antennas for 13, 9, 6 & 3cm

PCB Antennas for 13, 9, 6 & 3 cm

Dirk Fischer, DH2DAE
Neuer Graben 83, D-44139 Dorfmund

Kurzfassung: Einfache gedruckte Antennen auf
TEFLON-Leiterplatte geben Mdglichkeiten,
MeBaufbauten und einfache Erreger fiir Spiegel zu
realisieren.

Abstract: Simple patch antennas on PTFE-board
for the 13, 9, 6 and 3 cm amateur bands provide a
facility for simple test setups and measurements.

Beschreibung

Die hier vorgestellten SHF-Antennen wurden in
hnlicher Form fiir die Binder 23cm und 13cm in
der DUBUS beschrieben [1]. Das Design wurde
nun auf Teflonsubstrat angepasst und auf die Ban-

der 9cm, 6cm und 3cm erweitert. Das Antennen-
prinzip ist sehr einfach und direkt ersichtlich, fur
Anwendungen, in denen ein héherer Gewinn oder
andere Offnungswinkel erforderlich sind, kdnnen
sicher noch Direktoren oder modifizierte Reflek-
toren vorgesehen werden. Daranwirdz.Z. gearbei-
tet, denkbar wiren auch sogenannte "Patch-Anten-
nen” wie sie fir den Empfang direkistrahlender
Satelliten eingesetzt werden.

Die Antennen sind schmalbandig und lassen sich
sehr gut als Mini-Antennen fir Versuche im Shack
einsetzen. Man kann sie aber auch als Strahler in
einem Parabolspiegel verwenden. Der groBe Vor-
teil liegt natirich in dem sehr einfachen Aufbau

-

]

L

1
—- L
ks

Patterns for printed antennas

und der platzsparenden Geo-
metrie der Antennen (s. Foto).

I
j coHa-s11
s . | REF. PLANE
Zm__._u:n_. darf man von einer s i | Pt
deranigen Antenne keine Wun- e i
1 g
der erwarten, ein neues ODX LOg MAG, REF=0. 0048 S. 0o0c8/01 2. 200 n.h

: ; 2 P
wird sich so sicher nicht erzie- | :

ﬁ

o | !
lenlassenh.i. Wennes abernur >
darum geht, einen Transverter i i

]

i

H i

| 1
abzugleichen oder einen Oszil- P

lator als Testsignal fiir einen :
Empfinger bereitzustellen - |

dann ist diese Ausfithrung ge- =~ T
nau richtig. AuBerdem bendtigt :

diese Antennenform keinerlei i i

Abgleich!

Die Herstellung der Antenne ist _ ;
sehr einfach, man muB ledig- | | |

lich eine doppelseitige Platine
atzen und diese mit einem ge-
eigneten HF-AnschluB verse-
hen, also N- oder SMA-Norm-
Buchsen, evtl geht auch noch
die BNC-Norm (Bei 13cm in
jedem Fall). Natirlich kann man den Anschlul
auch mit einem Stiick Semi-Rigid Kabel herstel-
len.

Als Platinenmaterial ist Epoxyd durchaus geeig-
net, der Wirkungsgrad diirfte
sich aber bei Teflon gerade bei
den hoheren Frequenzen erhé-
hen. Bei Sendeleistungen iiber
20 Watt muB’ die Antenne aus
Teflonsubstrat bestehen, da die
dielektrischen Verluste von
Epoxyd dann zu grof werden. ...
Die hier vorgestellten Layouts
sind fir ~ Teflonsubstrat
(er=3,0/0,5mm) optimiert. Um
die Antenne vor Witterungs-
einflissen zu schiitzen emp-
fiehitsich eine Behandlung mit
Plastik- oder Klarlack-Spray.

LCG MAG.
P

Das Layout der Antennen zeigt
Abb. 1. Ein Richtdiagramm
konnte (noch) nicht aufge-
nommen werden, den Verlauf
der Anpassung zeigen die
MeBdiagramme. Die SSB-Fre-
quenz ist mit einem Marker
hervorgehoben, die Antennen

511 FORWARD REFLECTICN
FREF=C. CCOdB

| P

Fig. 1: §S11on 13 cm

sind ausreichend breitbandig, die 10dB-Grenzen
sind ebenfalls markiert. Die RiickfluBdimpfung
liegt auf allen Amateurbdndem deutlich unter 10
dB.

5. DCOSB/OIV |
rTTTT YT 1
|

'3 a.=ee80 oMz
s 4 —10.034 9B

oMz 5. 8820
'

Fig.2:S511on 9cm
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CH 3 - 511
REF. PLANE
0. DCO0  wem

1
5. 7520 GH=

Teile

Fir Interessenten hilt der Ver-

fwr eine begrenne mhl S1. FORWARD REFLECTICN

Platinen auf Teflonsubstrat be- LOE MAL. CREF=0. 0008 PR s
reit (DM 15.-/Stk.). AuBerdem =3 T ¥ E T

I

gibtes fertig aufgebaute Anten- .

-12. 8687 48

nen mit SMA-AnschluB und

MeBprotokoll (DM 30.-/Stk.). ,._\/-\\ i g 1!

e .
I ..= I

Description , \/‘

These antennas were described T e

sometime agoin DUBUS ([1]) f SRl

by Peter Riml for23and 13cm. '

The design has been changed
for PTFE substrate and for R
higher frequencies. B

The antennas are small and
quite effective. There are use-
ful for measurements and also
as feeds for dishes.

2. 0Cao

The constructiuon is very sim-

ple. The only thing to do, is to mount an N-con-
nector or SMA to the PCB. The substrate is PTFE
with € = 3.0 and 0.5 mm thickness.

S11 FORYARO REFLECTION

LDG MAG. PFREF-0. ODOdB 5, DOOd8 DIV
l i
Y
hae .
ERERYEY
P v
| i RN
E ; IR
| T
| 1 1 1
a. aoea GH= 12. oooo

Fig. 4:511on3 cm

HMARKER TO MAX
MARKER TO MiIM

i | 2 4,984C SHx
H ! : 4 -8.855 a8

1 t © 3 6.280C GH=
. -G, 46 o8

CHz

[l

i st et s et o

10. oocC

Fig.3:S11oné cm

Fig. 1 shows the pattern and the subsequent figures

the match.

Parts

PCBs are available from the author (DM 15,-

cH 3 - S11
REF. PLANE

PHMARKER 1
10. 3800 GH=
~18.505 <8

HARKER TO MAX
MARKER TD *‘IN
2 8.8040 CHx
i -i10.088 d8

3 11,8000 GHx
I -i0.022 <8

Ipiece). Ready made units are
available for DM 30,- with
SMA connector and datasheet.

References

(1] Peter Riml, OE9PMJ: Ge-
druckte 2-Element Antenne fiir
das 23cmund 13cm Band, DU-
BUS 2/86, S. 109

Veoiv page sui vante
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DUBUS 2/86 TECHNICAL REPORTS

Gedruckte 2-Element Antennen flir das 23 und 13cm Band
von Pater Riml, OE 9 PMJ

D.: Diese Antennen sind mit einer doppelseitig kaschierten Epoxy Leiterplatte
von 1.8am Dicke mit 5.5 Er hergestellt. Der Gewinn betrigt etwa 5.5dBi
(3.5dBd) und die Belastbarkeit ca. 5@W (Triger). Der AnschluB kann durch eine
BNC-(0UG29@/U) oder N-Buchse mit UG447-Flansch erfolgen.

E.: Printed 2-element antennas for 23 and 13 cm bands.

This antennas are made from double clad fibreglass board 1/16" thick and Er
5.5. Its gain is approx. 5.5dBi (3.5dBd) and max load abt 58W permanent. The
connection can be obtainad using BNC-(UG2898/U) or N-sockets with UG447 flange.
The pc-boards are available from OE9PMJ, Marktstr. 33, A-6971 HARD, phone:

Dist
35574/35330 (13cm DMB8 and 23cm DM9). (I:—:ﬂ:::&:l)m
spacer
(brass nuts)
. e o ° h" 2...3mm
—
W = S
Létung
soldering
zoz ° ° o °
] o

fe 120mm - | omm |
Rjckilufdanghiag / returs less Lem J-ol Asd 0EWPHW) 202 RuchMuldemptung / raturn lass Mem el ka1 DEYPM) 37

T - . . v T a

r
'
] i
e e ti o e FREELLT

DUBUS 2/86 - 109 - TECHNICAL REPORTS
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CHAPITRE 3 : ANTENNES A FORT GAIN
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3.1 REFLECTEURS

Cassegrain Svstem Evaluation-WASJAT  Exhwib d. Feeproint
e parabolic reflector available to me had a useable surface diameter of 55.25 inches and an /D ratio of
.30 which is difficult to feed efficiently. I wished to increase the “apparent” /D ratio so that a simpler and
more efficient feed could be used. One way would have been to trim the diameter of the reflector but that
seemed to be a waste of good reflector surface so I investigated other options. I found that a hyperbolic
surface of revolution as a subreflector could be used to increase the effective focal length (f,z) of the system

where “e” is the eccentricity of the hyperbola (for you math majors) and “ f , " is the focal length of the
parabolic surface.

The hyperbola of revolution shape is defined by the equation

[*]

-{—-—y—2=l s b<a
a® ¥

where
b =a*(e* -1)

or

2
x*=a +—'—(e=y~ l)

where “a” can be chosen to position the feed point.

To double the “apparent” focal length of the parabolic reflector:

and the hyperbolic surface of revolution is defined by

2 2
x* =a? +(3;y._1) =a’ +!§_

and is placed so that the parabolic focal point (f »)is coincident with the positive hyperbolic focus
(x = +ae) and the feed phase center is located at the negative hyperbolic focus (x = —ae).

If“a” is chosen so that

2ae = f,

]

then the feed will radiate through a cutout in the parabolic reflector surface and the phase center of the feed

will be located at the parabolic reflector surface which minimizes blockage of the reflector surface by the
feed.

. s
The next question to be answered was how large in diameter did the hyperbolic reflector need to be? A ray
trace layout showed that the subreflector diameter required to fully illuminate the parabolic surface was
28.16 inches. This size subreflector results in a 26% blockage of the projected parabolic surface as shown in
Figure 1. This amount of blockage reduces the area to be equivalent to a reflector diameter of 47.8 inches.

It is obvious that the reduced feed radiation angle comes at the expense of capture area and thus reduced

antenna efficiency. This has to be traded against the increased illumination efficiency to determine which
system gives the greater gain. Also, if the gain is greater with the subreflector, is it worth the fabrication

complexity and cost? Would it be better to just illuminate a smaller area of the parabolic reflector? The

answers to these questions are still to be determined.

' Antennas and Radiowave Propagation, Robert E. Collin, McGraw-Hill 1985. ISBN 0-07-11808-1
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HYPERBOLIC SURFACE GEOMETRY CALCULATIONS

| |

X=SQRT(a"2+((Y)*2)/8)

a=2.7625 ]
Y X
0 2.76
1 2.79
2 285 HYPERBOLIC CURVE ]
3 2.96 f
4 3.10 |
5 3.28 B
6 3.48 ]
7 3.71 i
8 3.95 ]
9 4.1 i
10 4.49 |
1 4.77
12 5.06 j
13 5.36
14 567
15 5.98

ﬁ’gt_gglvma

Figure 1
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The combined 10/24 GHz feeder design from PAoJGF

When you are working on 24 GHz the beam angle of the dish is always very small and itis
sometimes very difficult to aim the dish in the right direction. By using a combination feed
for 10 and 24 GHz it is possible to allign the dish first on 10 GHz. The error on 24 GHz
allignment will be very small and most probably within the 24 GHz beamwidth.The principle
is to use a Cassegrain feed for 10 GHz with a special subrefiector. The subreflector will
reflect the 10 GHz signal to the dish. On 24 GHz the principle is to illuminate the dish as a
prime focus feed. The subreflector is in front of the 24 GHz prime focus feed but due to
the special designed patern of holes in the subreflector the 24 GHz signal will pass the
subreflector with almost no extra loss.

e

T~
L
\\4, o

406l 4Gu

Principle of the combined 10 and 24 GHz
feeder. The 10 GHz signal is reflected to the
dish and works like a Cassegrain system.

The 24 GHz signal passes the subreflector
with very little loss and illuminates the dish
as a prime focus feed.

Construction of the subreflector:

The subreflector is made of 2 mm aluminum with an
accurate drilled pattern in it. The pattern is made by
drilling holes of 6.5 mm with exact distances between the
holes. Using a subreflector of 1/5 times the diameter of
the dish gives a subreflector diameter of 16 cm with a 80
cm dish. This means that in the subreflector about 800
hales must be drilled with most accurate precision. The
subreflector can be mounted in front of the dish but must
be alligned very carefully. After the allignment of the total
system the gain on 24 GHz is almost the same as a
prime focus feed.

This is a picture from the multiband 10/24 GHz feeder made by Jan
PAoJGF.

Theoretical explenation how this subreflector works:

The RF signal is an electromagnetic wavefront travelling trough space. The wavefront
consists of an H component and a E component, Each of the holes of the subreflector act
as a round piece of waveguide. The diameter of the hole must be designed to act as
waveguide for 24 GHz but as reflector on 10 GHz. For 10 GHz the hole diameter will
behave as a waveguide below its cutt-off frequency. Therefore it will reflect the 10 GHz
signal. The cutt-off frequency of this subreflector is arround 13.5 GHz. For 24 GHz the
total radiation pattern after passing the subreflector is formed by summing the energy of
each individual hole. When the subreflector is good positioned in front of the 24 GHz feed
it will not cause extra losses. In this way an ideal multiband feed for 10 and 24 GHz can be
realised. The mechanical constraints however can be quite high and will demand very
accurate work. Practical results of this design give a performance very close to theoretical
maximum values.

PAGEY 12

HYPER SPECIAL ANTENNES I




HYPER SPECIAL ANTENNES II

Periscope Antenna Systems

One problem common to all who use microwaves is that
of mounting an antenna at the maximum possible height while
trying to minimize feed-line losses. The higher the frequency,
the more severe this problem becomes, as feeder losses increase
with frequency. Because parabolic dish reflectors are most of-
ten used on the higher bands, there is also the difficulty of
waterproofing feeds (particularly waveguide feeds). Inacces-
sibility of the dish is also a problem when changing bands.
Uniess the tower is climbed every time and the feed changed,
there must be a feed for each band mounted on the dish. One
way around these problems is to use a periscope anlenna sys-
tem (sometimes called & “flyswatter antenna™).

The material in this section was prepared by Bob Atkins,
KAIGT, and appeared in QST for January and February 1984
Fig 71 shows a schematic representation of a periscope antenna
system. A plane reflector is mounted at the top of a rotating
tower at an angie of 45°. This reflector can be elliptical with a
major to minor axis ratio of 1.41, or rectangular. At the base of
the tower is mounted a dish or other type of antenna such as a
Yagi, pointing straight up. The advantage of such a system is
that the feed antenna can be changed and worked on easily.
Additionally, with a correct choice of reflector size, dish size,
and dish to reflector spacing, feed losses can be made small,
increasing the effective system gain. In fact, for some particu-
lar system comfigurations, the gain of the overall system can
be greater than that of the feed antenna alone.

Gain of a Periscope System

Fig 72 shows the relationship between the effective gain
of the antenna system and the distance between the reflector
and feed antenna for an elliptical reflector. At first sigh, it is
not at all obvious how the antenna system can have a higher
gain than the feed alone. The reason lies in the fact that, de-
pending on the feed to refl the refl may be
in the near field (Fresnel) region e_. En antenna, the far field
(Fraunhoffer) region, or the transition nnm.on between the two.

In the far field region, the gain is proportional to the
reflector area and inversely proportional to the distance be-
tween the feed and reflector. In the near field region, seem-
ingly ge things can happen, such as d ing gain with
decreasing feed to reflector separation. The reason for this gain
decrease is tirat, although the reflector is intercepting more of
the energy radiated by the feed, it does not all contribute in
phase at a distant point, and so the gain decreases.

In practice, lar reflectors are more than
elliptical. A rectangular r reflector with sides equal in length to

ARRL
Anktenna
Pook

the major and minor axes of the ellipse will, in fact, normally

give a slight gain increase. In the far field region, the gain will.

be proportional to the area of the reflector. To use Fig 72 with a
rectangular reflector, R2 may be replaced by A/x, where A is the
projected area of the reflector. The antenna pattern depends in a
complicated way on the system parameters (spacing and size of
the elements), but Table 21 gives an approximation of what to
expect. R is the radius of the projected circular area of the ellip-
tical reflector (equal to the minor axis radius), and b is the length
of the side of the projected square area of the rectangular re-
flector (equal to the length of the short side of the rectangle).

For those wishing a rigorous mathematical analysis of this
type of antenna system, several references are given in the bib-
liography at the end of this chapter.

Mechanical Considerations
There are some problems with the physical construction

¥ 1 I | L
H PLANE
6 ..unrnan - O |
a /T N H L
s am n\..n......;//
FR"
2 u.a\\\%.ll.f. N d
0 06
1.0
-2 1.2 ] ~
-4 — 14 ﬂ“4~.la."u. B
*® » L] TuI...* PARABOLOID
- [ 1]
-8 ALL CURVES
-10 |- ™ = [GAIN OF OVERALL SYSTEM) ASYMPTOTIC TO |
- (GAIN OF PARABOLOID) wRe
20 log —
-42 Wi —
-14
-16

0.2 0.30.4 060810

4R?

2.0 3.040 6.08.010.0

Fig 72—Gain of a periscope antenna using a plane elliptical reflector (after Jasik—see bibliography).

2. a periscope anienna system. Since the antenna gain of a
is high and, hence, its beamwidth narrow,

Fig 71—The basic periscope antenna. This design makes
it easy to adjust the feed antenna.

the reflector must be accurately aligned. If the reflector does
not produce a beam that is horizontal, the useful gain of the
system will be reduced. From the geometry of the system, an
angular misalignment of the reflector of X degrees in the ver-
tical plane will result in an angular misalignment of 2X de-
grees in the vertical alignment of the antenna system pattern.
Thus, for a dish pointing straight up (the usual case), the re-

Tabie 21

Radiation Patterns of Periscope Antenna Systems

flector must be at an angle of 45° to the vertical and should not
fluctuate from factors such as wind loading.

The reflector itself should be flat to better than '/ie A for
the frequency in use. It may be made of mesh, provided that
the holes in the mesh are also Iess than 'f0 A in diameter. A
second problem is getting the support mast to rotate about a
truly vertical axis. If the mast is not vertical, the resulting beam
will swing up and down from the horizontal as the system is
rotated, and the effective gain al the horizon will fluctuate.
Despite these problems, amateurs have used periscape anten-
nas successfully on the bands through 10 GHz. Periscope an-
tennas are used frequently in commercial service, though usu-
ally for point-to-point transmission. Such a2 commercial sys-
tem is shown in Fig 73.

Circular polarization is not often used for terrestrial work,
but if it is used with a periscope system there is an important
point to remember. The circularity sense changes when the sig-
nal is reflected. Thus, for right hand circularity with a peri-
scope antenna system, the feed arrangement on the ground
should produce left hand circularity. [t should also be men-
tioned that it is possible (though more difficult for uB!n:av
lo construct a periscope using a paraboli
curved reflector. The antenna system can then be regarded uu
an offset fed parabola. 7—2« gain is available from such a sys-
tem at the added complexity of © ing a parabolically
curved reflector, accurate 1o '/io A.

Rectangular
Reflector

PAGE$0/92.
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[ CALCUL DES PARAMETRES D’UNE PARABOLE OFFSET _

Nota 1 : On peut aussi trouver la position du foyer par un procédé optique : on dirige la parabole vers
le soleil de maniére a focaliser la lumiére du soleil en une tache ronde la !E?Ecuumuw_oﬂ_..
ﬁ.u wm petit morceau nuﬁaa:u!.g:u_unnuaqancoogm_o:ﬂa | faut a la fois jouer sur _.o..r_aﬁ_g
de la parabole et la position du é?ggﬁgmsgﬂﬂ? en faisant
la manip avec mmﬁaﬁucoﬂaﬁmmgnzﬂnguﬂﬁioo:ag% 1m de

diamétre bien que la parabole de couleur orange n'était pas trés réfléchissante.
On peut assez facilement récupérer des paraboles de type offset. Toutefois s'il manque
source et son support, il est difficile de retrouver |a position du foyer et la distance focale. Nota 2 F%gngg _uniuo_ogu.!ﬂ.na a position ol I'écho est le
plus fort ne donne pas le foyer mais vraisemblablement un point situé & 2f. Par contre I'expérience
Pour y arriver facilement voici un programme écrit en GWBASIC. On aurait pu faire plus est trés amusante surfout devant une grande parabole (diamétre 2m ou pius)
modeme avec une feuille de calcul EXCEL ; Rmﬂnoghidgg

par Julien et Jean-Pierre MORIZET F50AU

Pour utiliser ce programme il faut au préalable mesurer certaines dimensions de la parabole. calculs mathématiques : Jean-Pierre et Julien MORIZET

Tout , d'abord il faut repérer le plan de symétrie de la parabole en se référant a certains programmation : Julien MORIZET
_gngﬁsg:.aggg %%%%%% peinture...
programme « para4.bas »

Ensuite dans ce plan de symétrie mesurer la corde et la profondeur de la parabole en deux
points B et C au 1/3 et 2/3 de la corde par exemple. 10 Calcul de parabole & partir de 4 points (cas général)
20" 31/08/08
30 SCREEN 9
.1 4 40 ' Faire screen 0 pour revenir au mode initial
. e 2 41" screen 9 sert pour utiliser les instructions graphiques
80 DEFSNG A-Z

P, q : profondeurs de la 80 PI=ATN(1)*4
nl parabole aux distances m 1 et nl 100 CLS

du bord de la parabole 110 GOSUB 2110 'saisie des données
180 IF L<=0 OR P<=0 OR Q<=0 THEN PRINT", p et q doivent &tre positifs~:GOTO 2010
O<m<n<l 185 IF N<=M THEN PRINT "Attention, il faut que n>m":GOTO 2010

186 IF N<=0 OR N>=1 OR M<=0 OR M>=1 THEN PRINT "Il faut 0<m<n<1":GOTO 2010

ml F : foyer 190 IF Q*M>=P*N OR (1-M)*Q<=(1-N)*P THEN PRINT "Ensemble non convexe™GOTO 2010
.F 200 IF P=Q THEN COL=6:GOSUB 1100:GOSUB 900:GOTO 800

209 'eps=1 comespond a l'autre parabole

210 'EPS=-1:COL=7:GOSUB 1000:GOSUB 900

220 EPS=+1:COL=6:GOSUB 1000:GOSUB 800

230 GOTO 80O
Lancer le programme GWBASIC ﬂﬂﬂﬁa%rgﬁcﬂslg.uan 800 COLOR 15:END
profondeurs aux distances m.l etn.l. (m=0.333etn=0 667 si on @ mesuré les profondeurs aux 1/3 900 GOSUB 1040 'calcul de aipha,lambda,mu,f,xf,yf...
Qn.ann_nnnaou._hhmﬂaws:gncwn_n%&aﬁ.amagaﬂgﬂa«g 805 GOSUB 2200 "affichage des résultats
dimension. 910 GOSUB 4000 ‘tracé
920 RETURN
Le programme trace la parabole & I'écran et affiche les paramétres : 1000 ' p<>q
) ) 1010 C=2"L/(P-Q)*(-(N-M)+EPS*SQR((P*N-Q"M)*(Q*(1-M)}-P*(1-N)){(P*Q)))
- angle d'offset (angle axe parabole avec AD, 90° si axe perpendiculaire a AD) gﬁdﬁ%ﬁiﬁ%ﬂﬁdﬁ -M)-P*P*"N*(1-N)))
- position du foyer en x et y avec comme repére : A origine, AD axe Oy et Ox perpendiculaire a2 Oy 1038
1040 E=L
- position du foyer donnée par les longueurs FA et FD 1041 IF C=0 THEN ALPHA=PU2:GOTO 1045
Eu»rﬂsﬁqzﬁou
- distance focale f 1043 'IF ALPHA<D THEN ALPHA=ALPHA+PI
1044 ' ainsi, alpha appartient a ]0,PI[
- angle AFD (lllumination de la parabole) 1045 LAMBDA=(1+C*C/4)(3/2)/(D-C*E/2)
1050 MU=(C*D/2+E\(D-C*E/2)
Pour vérifier qu'on ne s'est pas trompé dans les mesures et que la parabole n'est pas un 1060 F=ABS(1/(4*"LAMBDA))
patatoide de révolution, mesurer les profondeurs en 3 points (& L4, /2, 3/4 par exemple) et calculer 1070 XO(F=-MU/(Z*LAMBDA)
les paramétres successivement en utilisant les couples de points U4 et U2, U4 et 314, /2 et 31/4 ; si on 1080 YYF=-MU*MU/(4"LAMBDA)+SGN{LAMBDA)"F
irouve a peu prés la méme chose ¢a a de bonnes chances d'étre juste. 1080 XF=1/SQR(C*C/4+1)*(C/Z*XXF-YYF)
091 YF=1/SQR(C*C/4+1)*Q0OF+C/2*YYF)
Le programme marche bien entendu avec les paraboles prim-focus ; cela peut étre trés utile 1092 DISTFA=SQRXF*XF+YF*YF)

quand la profondeur au centre de la parabole ne peut étre délerminée avec précision. 1093 DISTFD=SQRF*XF+(YF-L)*(YF-L))
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1094 AFBCOS=(XF"XF+(YF-L)*YF)/DISTFA/DISTFD

1095 IF AFBCOS=0 THEN ANGAFB=PI/2:GOTO 1099

1098 gbﬂ!@mﬁédﬂmﬁﬁopﬂmoomﬂmwoomrz
1087 |IF ANGAFB<0 THEN ANGAFB=ANGAFB+PI

1089 RETURN

1100 ' p=q

1110 C=UP*(N+M-1)

1120 D=L"L/P*((N+M-1)"(N+M-1)/4-M*N)

1130 RETURN

2000 ' emreurs

2010 END

2100 * Saisie des données

2110 PRINT TAB(10);"Calcul de parabole a partir de 4 points™:PRINT
2120 PRINT™Saisie des données (entrer 0 pour finir)*

2130 INPUT"  I™L

2135 IF L=0 THEN END
2140 INPUT" p™P

2145 IF P=0 THEN END
2146 INPUT" m*=M

2150 INPUT" gq"Q

2155 IF Q=0 THEN END
2156 INPUT" n™N

2170 PRINT

2180 RETURN

2198"°

2199 ' Affichage des résuitats
2200 COLOR COL

2201 PRINT "Angle (degrés)
2210 PRINT "Focale =
2220 PRINT "Coordonnées du foyer: x = “XF
2230 PRINT * y="YF

2231 PRINT "Distance FA ="DISTFA

2232 PRINT "Distance FD =*DISTFD

2233 PRINT "Angle AFD =" ANGAFB*180/P|
2240 PRINT

2245 RETURN

3998

3989 tracé

4000 XG=480:YG=150

4004 LINE(XG-150,YG)-(XG+150,YG),8

4005 LINE(XG,YG+50)-(XG,YG-150),8

4080

4070 FOR XX=-200 TO 200 STEP .2
4080 YY=(LAMBDA=O+MU) =X

4080 X=1/SQR(1+C C/4)*(C/2CX-YY)

4100 Y=1/SQR(1+C*Cl4)*(0+C/2*YY)

4110 IF XG+X>=0 AND XG+X<700 AND YG-Y>0 AND YG-Y<500 THEN PSET(XG+X.YG-Y),COL
4120 NEXT XX

4121 XXO=MU/(2"LAMBDA)

4122 YYO=-MU"MU/(4*LAMBDA)

4123 XO=1/SQR(1+C*C/4)*(C/2*XXO-YYO)

4124 YO=1/SQR(1+CC/4)*(XXO+CI2*YYO)

4125 LINE(XG+XF, YG-YF)-(XG+XO,YG-YO),COL

4200 PSET(XG.YG),2

4210 PSET(XG,YG-L).2

4220 PSET(XG-P,YG-M"L) 2

4230 PSET(XG-Q,YG-N"L).2

4250 PSET(XG+XF,YG-YF) 4

4260 PSET(XG,YG-M'L) 2

4270 PSET(XG,YG-N"L),2

4490 RETURN

= “ALPHA*180/PI
“F

Géométrie d'une parabole prime-focus

-5
>

__2f
" 1+4coséd

r

a
= t o2
z=2f mnm

Um
F=16s
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3.2 LENTILLES

Part 3-Lens antennas and microwave antenna measurements.

T EEEEEmmsaeeweseeTm

By Paul Wade, NIBWT
(From QEX, November 1994)

antennas and parabolic dish antennas. We now turn

our attention to the third type of practical microwave
antennas: lenses. I'll also describe microwave anienna mea-
surement techniques and conclude with a discussion of ac-
tual measurement results and a comparison of the three types
of antennas.

I n the previous parts of this series we discussed horn

Lens Antennas

For portable microwave operation, particularly if back-
packing is necessary, dishes or large homs may be heavy
and bulky to carry. A metal-plate lens antenna is an attrac-
tive alternative. Placed in front of a modest-sized horn, the
lens provides some additional gain, much like eycglasses on
a near-sighted person. The lens antennas I have built and
tested are cheap and easy to construct, light in weight and
noncritical to adjust. The HDL ANT computer program
makes designing them easy, as well.

There are other forms of microwave lenses—for in-
stance, dielectric lenses and Fresnel lenses-—but the metal-
plate lens is probably the easiest to build and lightest to
carry, so it is the only type I'll describe here.

The metal-lens antenna is constructed of a series of
thin metal plates with air between them. The curvature of
the edges of the plates forms the lens, and the space between
the plates forms a series of waveguides. Fortunately, we can
get “air” in a solid form to make construction easier:
Styrofoam looks just like airto RF, and it keeps the metal plates
accurately spaced. We use aluminum foil for the plates, attach-
ing it to the Styrofoam with spray adhesive and shaping the
curvature with a hobby knife on a compass. Designs are limited
to those using circles, to ease construction.

Background

These metal-plate lenses were originally described for
10 GHz by KB1VC and me at the 1992 Eastern VHF/UHF
Conference, but there is no good reason to limit them to that
band.! The need for more gain became apparent to us during

'Notes appear at the end of this section.

the 1991 10-GHz Contest. We were atop Burke Mountain in
Vermont, on a day as clear as the tourist brochures promise.
We could see Mt. Greylock in Massachusetts, where
KH6CP was located, but it was too far to work with horn
antennas on our Gunnplexers. After KILPS humped his
two-foot dish up the fire tower, we knew that wasn't the best
answer for portable work.

Later, we found an article in VHF Communications on
lens antennas by Angel Vilaseca, HB9SLV, which intrigued
us.? It described how to design a metal-lens antenna but did
not present expected gain or measured results.

We then searched through the references to try to un-
derstand how these antennas work, finally discovering that
the best work was done before we were born, by Kock.?
Kock's paper makes it clear how the metal-lens antenna
works, and, more importantly, that it does work!

Lens Basics

The metal-plate lens works, in principle, like any other
lens. A similar optical lens would take a broad beam of light
and shape it, by refraction, into a narrower beam.* Refrac-
tion occurs at the interface of two materials in which light
travels at different speeds and changes the direction of travel
of the beam of light. If the beam is formed of many rays of
light, each one may be bent; the ones at the edge of the beam
bend more so they end up parallel to the center rays, which
are hardly bent at all, For this to work, each ray must take
exactly the same time to travel from its source, at the focal
point of the lens, to its destination. Since light travels more
slowly in glass, a lens is thicker at the middle, to slow down
the rays with a shorter path, and thinner at the edges, to
allow the rays with longer paths to catch up, as shown in
Fig 1. The needed curvature of the lens to form the beam
exactly is an ellipse, but for small bending angles a circle is
almost identical to an ellipse, and nearly all optical lenses
are ground with spherical curves.

Since light and RF are both electromagnetic waves, we
could use glass—or any other dielectric—to make a lens for
10 GHz. For example, a recent article described a dielectric
lens made of epoxy resin.® But for larger sizes this quickly
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Fig 1—A simple lens. The travel time for each of the
rays must be the same, so the time along the line
ABCD is the same as that along the line AEFD.

Flg 3—A spherical lens can be formed by a series of
spaced plates.

becomes less attractive, and most dielectrics are rather lossy
at 10 GHz. Low-loss materials are available but are costly
and relatively heavy and difficult to shape.
The Metal-Plate Lens

Since electromagnetic waves travel at different sp

Fig 2—Feeding a lens with a horn lets the horn
provide part of the beam shaping.

eral description of lens design might aid in understanding
what is happening and what the computer is telling you.
First, some design objectives are needed: how big a
lens is desired, and what are the dimensions of the horn
feeding it? Gain is determined by aperture (roughly the di-
ameter for dishes, horns and lenses). A good rule of thumb
is that doubling the aperture will increase the gain by
6 dB. For instance, an 8-inch lens in front of a 4-inch
horn would add 6 dB to the gain of the horn, and a 16-inch
lens would add 12 dB. So, modest gain improvements take
modest sizes, but really large gains require huge antennas
no matter what kind. However, a 6-dB increase in gain will
double the range of a system over a line-of-sight path.
The horn dimensions may be determined by availabil-
ity, or you may have the design freedom to build the horn as
well. The beam width of the horn (which is usually smaller
than the physical flare angle of the harn) is used to deter-
mine the focal length of the lens. Kraus gives the following

in waveguide and in free space, why not use waveguides of
different lengths to form a lens? This has been done and is
known as an “eggcrate” lens.® However, it is easier to make
a group of parallel plates that form wide parallel
waveguides, simply shaping the input and output edges of
these waveguides to change the path lengths and form the
lens surface. This differs from an optical lens in that the
phase of the electromagnetic wave travels faster in a
waveguide than in free space.” Thus, the required curvature
of a metal lens antenna is the opposite of an equivalent
optical or dielectric lens—in this case, concave instead of
convex. We can still get away with using circular curva-

tures instead of ellipses as long as we aren't trying to bend

the rays too sharply. For that reason, we feed the lens with

asmall horn, which does part of the beam forming, as shown

in Fig 2. Of course, if we want both horizontal and vertical

beam shaping, we need a spherical shape, so we must shape

the surface described by the edges of the metal plates into

a sphere like that of Fig 3.

Lens Design

While the HDL_ANT program removes the drudgery
from lens design and makes it available to amateurs, a gen-

ions for beam width in degrees and dB gain over

”.mvo_n".
=, 1
Wepeoe =3 (Eq 1)
_ 67
Wiiplne = (Eq2)
Gain =10log;y(4.5Ag; Ay ) (Eq3)

where A, is the aperture dimension in wavelengths in the
E-plane, and Ay, is the aperture in wavelengths in the H-
plane. These approximations are accurate enough to begin
designing. From the beam width and desired lens aperture,
finding the focal length fis a matter of geometry:

_ Lens diameter

ol

The final and most critical dimension is the spacing of
the metal plates. The blue Styrofoam sheets sold as
insulation have excellent thickness uniformity, and
*s inch is pretty near optimum for 10 GHz, but the actual
dimension should be measured carefully. The thickness de-
termines the index of refraction:

(Eq 4)

_ RADISE OF GCURWATURE
r.

|
M LENS FOCAL LENGTH ——————

Fig 4—A single-curved lens. The radius of curvature
is found using Eq 6, with the radius of the flat side set

GG

X

EQUIVALENT METAL LENS ANTENNAS

Fig 5—Each of the lenses shown has the same focal
length, per Eq 6.

Fig 6—A double-curved lens. HDL_ANT provides both
single-curved and double-curved lens designs.

Eq5

which is the ratio of the wavelength in the lens to the wave-
length in free space.

Next comes calculation of the lens curvature. The op-
timum curve is an ellipse, but we know that spherical lenses
have been used for optics since Galileo, so a circle is a
usable approximation. We can show that the circle is an
excellent fit if the focal length is more than twice the lens
diameter; photographers will recognize this as an f/2 lens.
This suggests that the feed horn have a beam width of no
more than 28°, or a horn aperture of at least two wavelengths.

The radius of curvature of the two lens surfaces is cal-
culated from the lensmaker’s formula (see Note 4):

| 1 1
wlﬁ—ﬂn_nx _*w._ ﬁug Eq6
where a negative radius is a concave surface. For the single-
curved surface of Fig 4, one radius is set to infinity. All
combinations of R1 and R2 that satisfy the formula are
equivalent, as shown in Fig 5; the computer program calcu-
lates the single-curved and symmetrical double-curved
solutions (Fig 6). The radius of curvature calculated above
is for the surface, and thus the central plate, which has the
full curvature. The rest of the plates must be successively
wider and have smaller radii so that the edges of all the
plates form a spherical lens surface. This is more geometry,
and the program does the calculations for each plate.

The final calculation involves the phase centers of the
horn, so that the lens-to-horn distance matches the focal
length. This is a difficult calculation involving calculation
of Fresnel sines and cosines; KB1VC deserves credit for the
programming.®-:? Without a computer, you would use trial-
and-error looking for best gain. What the calculations will
show is that many homns, particularly the “optimum" de-
signs, have much different phase centers in the E- and
H-planes. The program offers to make a crude compensa-
tion for this, but, if possible, the H-plane aperture of the horn
should be adjusted slightly to match the phase centers. A
few trial runs of the program should enable you to find a
good combination. If you already have a horn, either try the
compensation or just use the E-plane phase center.

For very large lenses, the size may be reduced by step-
ping the width of the plates into zones which keep transmis-
sion in phase, as shown in Fig 7. The program will suggest
a step dimension if it is useful. At 10 GHz, a step is useful
only for lenses larger than 2 feet in diameter.

Construction

Construction is straightforward, using metal plates of
alominum foil spaced by Styrofoam, as suggested by
HB9SLV (see Note 2). A 2-foot by 8-foot sheet of blue
Styrofoam, ¥«-inch thick, is less than $5 at the local lumber-
yard and will make several antennas. The aluminum foil is
attached to the foam using artist's spray adhesive, available
atart supply stores. Spray both surfaces lightly, let them dry
for a minute or two, then spread the foil smoothly on the
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Fig 7—A zoned lens can be used to implement large
lenses, reducing the needed thickness.

foam. If the adhesive melts the foam, you are using too
much.

Next mark the outline of a rectangle for each metal
plate on the foil. These will be used later to cut the foam and
line up the plates, so they should all be the same size. Then
mark the center of each curve and measure off the radius to
the center of the circle. Using a compass with a hobby knife
attached, place the point at the center of the circle and cut
the curve through the foil into the foam. When all the curves
are cut, peel off the unwanted foil, leaving the lens plates.
Then cut up the rectangles with a razor blade and stack the
blocks into alens. (You did number them, didn’t you?) Each
rectangle should have foil on one side. If it looks good, glue
them up two at a time. The final antenna will be a block of
foam—there is no need to shape the foam to the lens curve.
Shrink-wrapping the lens with thin plastic makes nice
weatherproofing.

A few helpful hints are in order. Sharp knife blades
really help in this process, and permanent markers don't
smear. Also, if the foam is cut halfway through, it will snap
cleanly on the line.

Adjustment

A metal-lens antenna only works in the E-plane. This
is parallel to the elements of a dipole or Yagi but per-
pendicular to the wide dimension of a waveguide. The plates
must be perpendicular to the wide dimension to provide gain.

The horn should point through the center of the lens,
butthe focus distance is not as critical as witha dish. Aiming
15 done by pointing the feed homn; the lens focuses the beam
more tightly but does not change the beam direction, Tilting
the lens will not steer the beam—if you don't believe this,
take an optical lens, like a magnifying glass, focus it on
something, and tilt it.

We found that the best gain was with the hom slightly
closer to the lens than calculated, probably because of edge
effects. Making the size of the plates slightly larger than
calculated would probably eliminate this effect and make

Fig 8—A 300-mm lens placed in front of a Gunnplexer
transceiver provides about 10 dB of additional gain
over that of the horn alone.

the gain a bit higher; since a wavelength at 10 GHz is about
an inch, an inch or two oversize is plenty.

One other interesting effect was found with Guan-
plexers: since the transmitter is also the receiver local oscil-
lator, reflected power from the lens adds to the LO power,
or subtracts when out-of-phase. This makes the received
signal strength vary with every half-inch change in lens-to-
horn distance, with very little change in signal strength
observed at the other station. So, adjust the spacing for the
best received signal. Of course, this effect does not exist on
a system with low LO radiation.

Using the HDL_ANT Program

The lens section of HDL_ANT calculates the dimen-
sions for the plates of a lens. Since all curves are circles that
are easily drawn with a compass, templates are not gener-
ated. The basic input data is entered interactively, then
results are presented in tabular form. If you like the results,
they may be saved to a file for printing or further processing;
if not, try another run with new data.

All dimensions are in millimeters. There are two rea-
sons for this: the first is that odd fractions lead to errors in
measurement, and the second is that one millimeter is a good
tolerance for 10-GHz lens dimensions. If all measurements are
made to the nearest whole millimeter, good results can be ex-
pected. The only exception is in the plate spacing, and that is
accurately controlled by the foam thickness.

Results

We have constructed and tested three metal-plate lens
antennas lo date: a 150-mm single-curved version, and
150-mm and 300-mm double-curved versions. Fig 8 shows
the 300-mm lens fed by a WBFM Gunnplexer system, and
Listing 1 shows the HDL_ANT design of this antenna. All
the lenses are designed to be fed with the standard
Gunnplexer horn, which has well-matched phase centers,
whether by design or by accident. Gain measurements are
shown in Table 1. The lenses perform with about 50% effi-

ciency if we consider them as having a round aperture; the
corners do not contribute significantly, but we made them
square for convenient fabrication and mounting.

We also used the lenses during several contests during
1992, 1993 and 1994. The 300-mm lens increased the range
of our WBFM Gunnplexer transceivers by approximately
50%, to over 200 km, enabling contacts over new paths. The
equipment was still highly portable due to the light weight
of the lens, and they have survived mishaps with only a few
harmiess dents in the foam.

Further Uses for Metal Lenses

The metal-lens antenna could be useful at other fre-
quencies: for 5.76 GHz a foam thickness of around 35 mm
would be good, and at 24 GHz approximately 8-mm-thick
foam might work, though it could be lossy at that frequency.

A lens can also be part of a more complex antenna
system. For instance, a divergent lens can be used to pro-
vide better illumination for some of the very deep dishes
that are sometimes available as surplus. A book on optics
(such as Note 4) will show how to change the focal points
appropriately.

Lens Summary

We have. demonstrated that metal-lens antennas may
be easily designed and constructed using the HDL_ANT
computer program and that a book-sized lens, light and rug-

ged enough for backpacking, provides gain enhancement
adequate to double the range of a Gunnplexer system.

spherical surfac
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3.3 SOURCES MONOBANDE POUR PARABOLES

A PLUMBER'S DELIGHT FEEDHORN FOR 5.7GH:z

A practical solution to feeding a 1 metre offset Hiccorases Wewelelfer
dish - designed by Paul, GOHNW

Copper tubing and plumbing fittings can be used at 5.7GHz. They are readily obtainable
at plumber’s merchants. The outside diameter of the tubing used in my design is 35
millimetres. The matching fittings are measured for inside diameter.

35mm o.d. tubing is just big enough to allow 5.7GHz through. The transition shown
in Figure 1 assumes a waveguide wavelength of 17mm.

FIG. 1 7
[<- 45mm ->|  35mm o.d.copper tube

T
| PROBE LENGTH = 13mm 33-65mm adapter

backplate H
(copper or similar) SMA RN

<-Slide for best match ->

Figure 1 illustrates the main constructional features of the hom feed. The 35-63mm
adapter is the largest that is obtainable going directly from 35mm. To use a larger
aperture it would be necessary to employ several adapters “in series” and this would
make the whole assembly too heavy. The total length of tubing can be any convenient
length but the distance from probe to backplate must be as specified.

| fabricated a slightly larger hom but it was only marginally better than the 65mm
adapter, which is much more robust. If my calculations are correct, 76 mm would
produce a scaled version of the popular W2IMU dual mode horn for this band.

Bends of 45 and 90 degrees can be used to go around corners, any polarisation rotation
being compensated for by rotating the the transition to produce horizontal radiation. A
straight coupler will allow this. When adjustments are completed the assembly should
be soldered up, taking care to avoid solder getting inside the feed. "Slotting™ one side of
the coupler makes an effective socket so that it can be easily removed for transit.

My horn feed produces 4,5dB of Sun noise with a 1 metre diameter offset-fed dish. A
triband feed gave only 0.2dB, yes, 0.2dB |

A good match was achieved without the use of matching screws.

(Editor’s note: Horn feeds of this type are ideal for dishes with f/D’s of around 0.6,
which is the case for most ex-Sat TV offset fed types. Many thanks to Paul for this
useful article)
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Penny feed (RSGB) Microwave Handbook

-——= Adjust for best match

Perspex cylinder for matching
I and weather-proofing

1
(b) I —
_____________ ______: = e e
! -
5 gl T
— ! Llfa A
N . 2 dia
i
. LIt 4
___________ e e K | A e e
Optional s
matching screws spaced l[ \ Siol width =A -
R\ 20

Fig 18.143. Modified Cutler (“Penny") feed (GAALN)

The feed is made by cutting two appropriately dimen-
sioned grooves in the end of a length of WG 16 and solder-
ing on a circular end dise (the “penny™). The length ol the
slot formed and the diameter of the dise are thought 1o be
not critical within a few percent. and the width of the slots
even less so. Signals with standard horizontal polarisation
are produced with the broad walls of the waveguide verti-
cal. The feed can be used without any atempt o improve
the match — the vswr is typically about 1.5:1. The match
may be improved by conventional matching screws fitted
behind the dish as shown in the drawing or by means of the
Perspex protective and matching sleeve also illustrated
there. A professional 610mm (24 inch) dish complete with
WG 16 feed. designed for 11.1 o 11.2GHz, was acquired.
The feed was i version of the feed just described. In the
knowledge that this had been designed [or use at (nominal)
11.150MHz. on the assumption that a professional designer
would not have used this Kind of feed had it not been
acceptably efficient and in light of reports that this type of
feed was not very efficient with certain types of dish, it was

decided 10 make some careful physical measurements of

hoth the dish and feed. The results of these measurements,

RSG®

Table 18.9. The “Penny” or modified Cutler feed

Measuren;ﬁt: Professional G4ALN Suggested

Dimensions
Frequency: (11.15GHz) - (10.38GHz)
B T?vac diameter 125 1.04 1.254 o
(33.36) (28.9) (35.83)
Slot length 0.54 0.54 0.54
(13.35) (14 .45) (14.34)
Siot width 0.085A 0.05 0.0851
{2.25) {1.45) (2.42)
Scatter pins:
Diameler 008 None 0.084
(2.1) (2.3)
Length 01a MNone 0.4
(2.8) (3.0)

when compared with the original version, are quite interes-
ting and may help to shed some light on the apparem
inefficiency of the modified Cutler feed.

First the dish was measured and it “weighed in™ with the
following characteristics:

Diameter (D) = 610mm
Depth (C) = 115mm
Focus (1) = 202.23mm
/D ratio = 0332

The measurements of C and calculations for f were con-
firmed by measuring the distance between the detachable
feed mounting plate and the centre of the slots. Next the
feed was examined and a number of interesting points
emerged. The feed is illustrated in the dimensioned diag-
rams (Fig 18.144) and summarised and compared with the
original G4ALN dimensions in the following table. Sug-
gested (calculated) dimensions for 10.380GHz are also
wiven (all in mm) in Table 18.9. The most significant dif-
ferences between the professional feed and G4ALN's ver-
sion are:

1. The disc is much thicker. about 01854 (4.9mm) and this
may be significant. “Scaled” for 10.380GHz, this would be
5.26mm.

Chamlered
lochk

Table 18.9

1 (G3PFR). Dimensions are given in

2. The disc is backed by two chamfered blocks, as shown in
the diagrams. It is probable that these, too, have a sigmifi-
cant effect on dish illumination.

3. The width of the slots is greater in the professional feed
4. The presence of two “scatter” pins mounted near the rim
of the disc and lying above the midline of the broad Tace of
the guide. Since they were picces of studding fitted into
tapped holes and locked with a lock-nut, they were presum-
ably “tunable™ at some stage of assembly

5. The 17D ratio of the dish is significantly greater than tha
described in the original text.
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Alimentation “feed back” (f1DXI)

Alain, F6 BNN ayant mis 3 ma disposition une parabole de 30 cm de diamétre
qui, mesures prises, devait avoir un F/D peu différent de 0,5, le probléme
consistait 3 réaliser une source adaptée, c'est-i-dire @ = 2 x 53° 4'ouver-
ture 3 - 10 dB . Ceci n'est qu'une &valuation simpliste, mais plus que

suffisante pour une station OM. Les résultats obtenus restent remarquablement
bons.

Big Dish Feed for 10.3 GHz

Le gain théorique d'un aérien parfait possédant cette surface de capture est @

4M s =
G = i a = =
. |ylnl soit dans notre cas 1.056,2 nnm 10 rum_n_ ov 30,2 dB

By Chuck Steer, WA3IAC
(From Microwave Update *91)

moswwm_mnman un rendement de 50 % soit - 3 dB, cette parabole correctement
i1luminée devait apporter um gain/iso d'environ 27 dB .

A ce propos, il est bon de noter que I'angle d'ouverture de la source i 10 dB
est toujours supérieur 3 l'angle de rayonnement de l'aérien complet 3 10 dB.

Théoriquement, 1'angle est identique si 1la source est repoussée i 1'infini,
ce qul dans la pratique n'offre aucun intérét.

his paper describes an easy-to-build dish feed for

10.368 GHz. A feed of this type can be made using a
piece of copper water pipe with a piece of brass as the back
wall. The feed should be within a proper size for the frequency
being used.

Using 0.75-in. ID copper pipe, my initial results were less
than desired, This was with a probe about 0.2-in. from the back °
wall and 0.2-in. long. This type of feed was hard to reproduce
with good results. I was able, however, to “tune” for best maich
by adding a 2-56 x 1-in. screw, 180° from the feed. A typical
return loss was —13 to -15 dB.

Recently, I read about a 10-GHz feedhorn built by
G4DDK. The odd thing about this feed is that the ID was
1.125-in., the probe was 0.030-in. long, and it was placed
about 0.375-in. from the back wall. | :

1/16" thick copper disk

Lors d'une visite chez William , F6 DLA, j"ai pu prendre les dimensions d'une
alimentation feed back alimentant une parabole de F/D % 0,45,

2-3/4
1=1/8" iD

B il

=i 030" be—
£
&

Given TE 01 = 9034.85 and TE 11 = 6917.26
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d (inches)
where d is the ID of the feed, we get:
TE 01 = 7227.88 MHz and
TE 11 =5533.8]1 MHz

Given the above calculations, the feed should not work at
10.3 GHz, but rather much lower in frequency. | then won-

d (inches) o141

1-5/8"

.

R

|

|

|

|

|

|

1

A

16,00
25,40

,86

———

Fig 1—X-band feed for large dish antennas, made from
1.25-in. ID copper pipe.

e = — =

'
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At

[ - — - — — 4 —

dered if there was not a inistake in the drawings from G4DDK.
My first try at duplicating this feed was using pipe with
1.25-in. ID and a probe length of 0.2-in., 0.375-in. from the

1 have since made three feeds this way and they all worked <
well. The worst return loss was — 15 dB and the best was about

back wall. My probe was just the center conductor of the
0.141-in. semirigid line, about 3 in. long, with an SMA con-
nector on the other end. This produced a return loss of about
-5dB at 10.3 GHz. The best rewrn loss was at about 12.5 GHz,
higher, not lower in frequency as calculated. For my next try,
| made the probe 0.3 in. long and measured a return loss of
-18dB (1.22:] SWR). Not bad!

-30dB.

Next came the choke ring. | stayed with the G4DDK feed
and made the outside diameter of the choke plate 2.75-in. and
the inside diameter to just fit the OD of the copper pipe. The
nextstep is to adjust the choke ring position for best gain. Stant
with the choke plate about 0.5-in. from the open end of the feed
and move it away from the open end.

I_G.S
tao,s

J'ai rapidement réalisé cette piBce en cuivre épaisseur 10/10 et entamé
les premiéres mesures

Exbuil do bAlh. A 1064:
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The RCA DSS Dish

The original incentive to use an offset-feed dish was pro-
vided by Zack Lau, KH6CP, who pointed out that the 18-
inch RCA DSS dishes are available by mail order for about
$13.51orderedadish and a mounting bracket to see if I could
figure out how to use one at 10 GHz.® When it arrived, it
wasn’t obvious where the feed point should be, so I took a
trip to a local discount store to eyeball the system on
display.

Now [ had an idea where to put the feed, but not the exact
location. The RCA reflector is oval shaped, but Ed,
W2TTM, provided the needed insight: the dish aperture
should appear circular when viewed on boresight, as shown
in Fig 1. Thus the dish must be tilted forward for terrestrial
operation. Although the reflector is an oval, the effective
antenna aperture is the projected circle, with a diameter
equal to the small dimension of the oval, 18 inches for the
RCA dish. The tilt angle, feed point location and the rest of
the dish geometry can be calculated—see the Appendix for
the procedure. Version 2 of the HDL_ANT computer pro-
gram will do these calculations. This program is available
from the ARRL BBS (860-594-0306) or via the Internet at
http://www.arrl.org/qexfiles/hdl_ant2.zip or ftp://ftp.
arrl.org/pub/qex/hdl_ant2.zip.

The calculations show the focal length of the RCA dish to
be 11.1 inches. If the dish were a full parabola rather than
justan offset section, the diameter would be about 36 inches,
for an /7D of 0.30, which would require a feed with a very
broad pattern. However, a feed horn need only illuminate
the smaller angle of the offset section, a subtended angle of
about 77°. This subtended angle is the same as a conven-
tional dish with an f/D of 0.7, so a feed horn designed fora
0.7 fID conventional dish should be suitable. Rectangular
feed horns have been shown to work well with offset reflec-
tors and are readily designed to illuminate an 7D this large.”
I used G3RPE’s graph for rectangular feed horn design and
the HDL_ANT computer program to design suitable rectan-
gular horns.39 I made two of different lengths from flash-
ing copper. Subsequently, I added an approximation to
G3RPE's curves to version 2 of HDL_ANT so the program
can design feed homns for both offset and conventional
dishes as well as generate templates for them.

Since the actual reflector geometry has an f/iD of 0.30, the
focal distance should be quite critical. As explained in Part
2 of my previous QEX series, this dimension is the most
critical for dish antenna performance—even more critical
for reflectors with smaller f/D—so the phase center of the
feed should be positioned within a quarter-wavelength
of the focal point. The RCA dish must be tilted
forward to an angle of 66.9° from horizontal for terrestrial
operation with the beam on the horizon. In this orientation,
the focal point is just below the lower rim of the dish, so the
feed horn is out of the beam. To locate the focus accurately,
I calculated the distance to both the top and bottom of the

inch mm
2
— 40
; i
N1BWT 1994 - 20
Fig 6—Template for a
10-GHz feed horn that 0o+~ 0
can be used with the
RCA DSS offset dish. \

rim, tied a knot in a piece of string and taped the string to the
rim so the knot was at the focus when the string was pulled
taut, as shown in Fig 4. Then 1 made a sliding plywood
holder for the feed horn, taped it in place and adjusted it so
that the knot in the string was al the phase center of the horn,
about 6 mm inside the mouth of the horn, shown in Fig 5.
(For visibility, the string in the photograph is much heavier
than the kite string I used so a small knot could locate the
focus more accurately.) Materials aren’t critical when they
aren’t in the antenna beam!

Where should the feed horn be aimed? On a conventional
dish it is obvious—at the center. However, an offset feed is
much closer to one edge of the dish, so that edge will be
illuminated with much more energy than the opposite edge.
1 read an article that did a lengthy analysis of the various
aiming strategies and then suggested that small variations
have little effect, so aiming at the center of the reflector is
close enough.!®

After all this analysis, it was time to see if the offset
dish really works. We (WIRIL, WBIFKF, N1IBAQ, and
N1BWT) set up an antenna range and made the measure-
ments shown in Table 1. The RCA dish with a simple rect-
angular feed horn measured 63% efficiency at 10 GHz, sig-
nificantly higher than we’ve ever measured with an 18-inch
conventional dish. Varying the focal distance showed that
the calculations were correct and that this dimension is criti-
cal, Fig 6 is a template produced by the HDL_ANT program
for the rectangular feed horn that gave the highest effi-
ciency, and Fig 7 is a photograph of the feed horn I made
with the template.

The higher efficiency of the offset-feed dish is mainly due
to reduced blockage by the feed and supporting structure.
Fig 8 is a photograph of a conventional dish while measur-
ing sun noise, so that the shadow of the feed demonstrates
the actual area blocked—neither light nor RF energy from
the sun is reaching the reflector. Fig 9 is a photograph of the
RCA offset dish peaked on the sun to measure sun noise;
note that the shadow of the feed is only a tiny area at the
bottom edge. Remember that these feed horns provide a ta-
pered illumination, so the energy illuminating the center of
the reflector is typically 10 dB stronger than at the edge.
Thus, central blockage in a conventional dish is ren times
worse than the same area blocked at the edge of an offset
dish, and the photographs clearly illustrate how much more
blocked area there is in a conventional axial-feed dish.

Fig 7—Photograph of 10 GHz rectangular feed horn for
RCA DSS offset dish made using template in Figure 6.
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Preparing to Receive Phase

3D5s 10.4-GHz Downlink:
A Project Study

Report

Heres a project to keep you busy while awaiting
Phase 3D’ ascent. The dishes described are
compact and easy to disguise.

Editor's Note: Thisarticle alsoappears
in the AMSAT-NA Journal (Sep/ Oct,
1998). Thanks to AMSAT-NA for per-
mission to reprint it here.

This project was carried out in my
preparation for my ground station to
receive 3-cm downlink signals from
the Phase 3D satellite. [ was curious
enough about new X-band technology
to identify components that are al-
ready available on the market for
Phase 3D use. These components are
relatively small in size and are socom-
pact that in my case, I was able to in-
stall the components in an existing
transceiver,

Rozberg, 65/7/1
A-1170 Wien-Austria
oedjis @eunet.at

44 QEX

By Josef Maier, OE3JIS

Layout Basics

According to various AMSAT publi-
cations and previous studies, we can
expect the Phase 3D frequencies
shown in Table 1 for Mode X. Note that
below 1 GHz, transmission and recep-
tion of space microwave signals are
disturbed by cosmic-noise signals and
above 15 MHz through absorption
from atmospheric water vapor, water
content and oxygen. However, the
10.4-GHz band is relatively free from
these effects. Also, a lot of experience
in the 11-12 GHz range exists from Eu-
ropean satellite television technology
for similar bands and also for the nec-
essary equipment.

Microwave Antennas

The reception of 10.4 GHz signals
requires high-gain antenna dishes,

which usually must be home con-
structed. The following dish-construe-
tion options are available:

A) Parabolic dishes with central
reception/transmission feeds.

B) Parabolic dishes with offset
reception/transmission feeds

C) Dishes with indirect feed con-
structions (ie, Cassegrain, Gregorian
and other backfire systems)

For amateur reception purposes, the
first two (A and B) options are most
interesting, and these are the ones
that I have realized, tested and report
in this article. Fig 1 shows the approxi-
mate relationship between power gain,
dish diameter (Option A) and 3-dB
beamwidth in degrees for 10.4 GHz.

Bigger dishes yield higher gains and
narrower beamwidths, so they require

more-precise directional control to
track a satellite’s position. Therefore
the dish should be as small as possible
for a good signal reception. In addi-
tion, smaller dishes have lesser wind
loads. (See Table 2.)

Table 1—Preliminary Phase 3D
10-GHz Specifications

Downlink Frequencies
Analog: 10,451.025 MHz to
10.451.275 MHz with center
at 10,451,150 MHz
Digital: 10,451.450 MHz to
10,451.750 MHz

Satellite Transponder

PEP transponder: 50 W

Satellite antenna gain: 20 dBi
Satellite EIRP: 37 dBWi

PEP per QSO: 24 dBWi

Path loss: 207 dB

Ground station EIRP: =183 dBWi

Ground Station Options
Station 1: 60 cm (2ft) dish

Gain: 33dBi

Signal Power/QSQO: —150 dBWi
Noise Temp 150K: 1.5 dB NF
Noise Power in SSB: -173 dBW
Signal-to-Noise Ratio: 23 dB
Station 2: 30 cm (1 ft) dish
Gain: 27 dBi

Signal Power/QS0: —156 dBWi
Moise Power in SSB: 173 dBwi
Signal-to-Noise Ratio: 17 dB

Meanwhile an offset dish uses a sec-
tion of the parabolic shape that is not
symmetric about the centerline. Fig 2
shows the center cross-section view of
such adish. This construction has sev-
eral advantages:

* No feed shadow on the dish

* No reduction in gain

critical for

+ Easier to construct and t adjust
the exact focus point

* Flexibility for future installation of
a second feed for other bands.

The offset of the focal point is less

ad te ﬁmﬂ—;O—. nce

This makes it possible to place a sec-
ond feed (for another band) on the

45 b
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same cish. In addition, small surface
irregularities (holes or bolt heads)
have no noticeable effect on the effi-
ciency of the dish. The relation of focal
length and dish diameter is essential
for the feed construction. The feed
must have a beamwidth that illumi-
nates the dish from edge to edge, typi-
cally at the -10-dB points. If the
beamwidth is too narrow, not all ofthe
dish area is illuminated.

There are dishes made of metal-
mesh constructions suitable for the
frequency in use. For the 10.4-GHz
band, there is no advantage for such
dishes. For my experiments, [ used in-
dustrially prefabricated aluminum
dishes that are relatively inexpensive
and available on the market.

Remarks about Microwave
Transmission Lines

In the microwave bands, energy
transport is done on the surface of con-
ductors in thin layers. This is well
known as the skin effect of metal con-
ductors. Coax cables have extremely

steel waveguide would have 2.5 dB
loss.—Ed.) This in a waveguide 25.4
x12.7 mm in external, rectangular
dimensions (Waveguide Nu.16 dimen-
sion). As shown in Table 3, you can
also use copper pipes as waveguides.

To couple a signal from a waveguide
to a downlink signal converter a wave-
guide transition 15 necessary. With
this item, the signal is transferred to a
coax cable and connector from the con-
verter. Such transitions reguire some
research using test procedures in a
microwave laboratory and precision
manufacturing. Fig 3 shows a wave-
guide transition for 10.4 GHz.

Downconverter

During my experiments, [ used the
10-GHz super-low-noise MKU 10 0S-
CAR opt. 01 that downconverts sig-
nals from 10.451 GHz to 432 MHz. The
gain is more than 30 dB and my test
results show 42 dB. Its noise figure is
1.15 dB at 18°C. The MKU 10 down-
converter is small (30x56x74 mm) and
weighs only 95 grams. Power con-
sumption is 220 mA, from 12-15 V dec.

high losses in microwave bands; that
is the reason why waveguides are
used. The cross section of this guide
can be rectangular, round or other
shapes. The section surface is essen-
tial for the way that energy propa-
gates down the waveguide. These dif-
ferent kinds of propagation are re-
ferred to as modes. A mode describesa
pattern in which the field strength
varies across the transmission line. In
a ia:.m»!n.non line, only one mode
exists; it is called zum __mn__:in__:. mode.
If a cross-secti ion of the
waveguide is .ulunqou:n—b (usually
larger than the A/2), a variety of pro-
pagation patterns occur—making per-
formance unpredictable. The wave-
guide should also be a good conductor
with a high surface quality. For maxi-
mum performance, gold-plated con-
structions are used. For example, steel
waveguide losses (in decibels) in the
10-GHz region are 2.5 times the losses
in copper waveguide. (For copper
waveguide with 1-dB loss, a similar

Table 2—Estimated Dish Wind
Loads

Projected Max. Force
Dish Surface (Newtons,
Diam. Area (m?) wind at 100 kph)
30 cm 0.072 85N
60 cm 0.28 335N
90 cm 0.64 770N

Fig 4 showa the circuit diagram of
this downconverter that was designed
by Michael Kithne, DBENT. It is avail-
able at Kithne Electronic, BRD.! (In
the United States this downconverter
is available from SSB Electronics and
Downeast Microwave.—Ed.)%2

"Notes appear on page 49.

Waoveguide 16

Fig 3—Cross-section view of a
waveguide transition.

I used a 70-cm portion of an all-mode
Kenwood TR-851 to receive the down-
converted signal and with an ICOM
IC-R7000 for backup. The converter
case is not completely weatherproof.
Later, I plan to place the MKU 10 in
an airtight, soldered metal box for the
outdoor installation. This weather-
proofing is necessary to overcome the
danger of corrosion from condensa-
tion, which I have experienced in
earlier S-band installations.

10.451160-GHz Test Beacon

Unfortunately, Phase 3D is now on
the ground and not in orbit. Therefore,
a test beacon is necessary to test how
well the assembly works. I ordered the
MKU 10 from Kithne Electronics with
several modifications (Fig 5). The
power was reduced to the minimum
level of 10 mW, and the oscillator crys-
tal was trimmed to 10.41150 GHz. That
frequency resides in the middle of
Phase 3D’s 10.4-GHz analog band. The
size of the beacon is 111x565x30 mm,
and its weight is 160 g. Laboratory test
results concluded:

* Qutput power 10 mW

* Spurious and harmonics less than

40 dB

* DC current 220 mA, 12 to 15V

Even at this reduced power level, a
simulation of the expected Phase-3D
signal at ground level is not possible
because of the closeness between the
transmitter and receiver. Calcula-
tions show that the beacon is much
too strong, but there is a good possi-
bility to control the function of the
installation, and I have an S-band bea-
con for future tests.

Feedhorn

Fig 6 shows a cross-section drawing
of the feed. The beamwidth of the feed
is 140° at the -10-dB points—suffi-
cient for the offset-dish solution [ have
identified. This feed was tested in the
laboratory, and its losses are very low.
The material is aluminum and the
resonant monopole is gold-plated
brass. Such feeds can be readily
bought on the market.

Table 3—Properties of Copper Pipe used as Waveguide

oD Wall F1 Min
Thickness (Cutof,
(mm) (mm) MHz)
15 0.5 12,557
22 0.6 8452
28 0.6 6560

F2 Max
(Atten. Freq.
MHz)
16,404
11,041—3-cm guide
BS569

46 QEX
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Fig 4—Downconverter MKU 10 OSCAR (op 1) circuit diag
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Option A: Dish
with Central Feed

I can buy this dish ready-made from
Eisch Electronics (see Note 2). The dish
is constructed by PROCOM-Denmark.’
Table 4 shows its specifications.

At 10.4 GHz, the SWR1s about 1.6:1
(see Fig 7). Meanwhile, Fig 8 shows
the dish from the front side, with the
reflector soldered to the central wave-
guide. Fig 9 is a view from the back-
side with the waveguide transition,
converter and the other test arrange-
ments. The waveguide and the transi-
tion are gold plated.

Option B: Offset-Dish
Construction

This dish type is characterized by its
elliptical circumference shape (Fig 10).
The outside dimensions are 40 cm and
36 em. The manufacturer is unknown
to me, but it is a dish for digital satel-
lite television that was inexpensively
purchased. The feed (see the earlier
description) is fixed with clamps, and
the whole feed position can be adjusted
in many ways (See Fig 2).

Testing These Dishes

First, I must state that these dishes
were not made with exact scientific
methods. | started the beacon and af-
ter a warm-up period of five minutes,
and 1 heard a roaning 59+ signal on
the all-mode Kenwood TR-851E at
432.150MHz. The high noise level was

because of the high gain (42 dB) of the
converter (at about S87) and was to be
expected. The signal strength was so
high, however, that the S-meter indi-
cator was pinned. This first trial
shows only that the system works on
both dish types. Of course, the dis-
tance of five meters is too small and

Weather
Shisld
(PE)

(8)

Fig 6—Cross section of 10.4-GHz feed. A Is an end view; B is a cross section

Fig 5—The MKU 10 test beacon.

Table 4—Procom Dish
Specifications

Technical Data

Diameter 48 cm
Gain 27 dBd
F/D 04
Beamwidth 6°

48 QEX

gh AA. Circles A Indi M2 () ic) trim Circle B Indicates the SMA
connector.
Marker 1 Maorker 2 Morker 3 Marker 4 Morker 5
9.5GHr 10.0GHz 10.38BGHz 10.5GHz 11.0GHz
1.5158 21307 1.3643 17285 11328
SWH
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Fig 7—SWR diagram for the Procom dish.

Fig 8—Center-fed Procom dish front
view.

there were some wall reflections. The
next step was an area-field test over a
distance of 1 km and those tests con-
firmed that both the dishes work.
Even this test showed strong 59+ bea-
con-signal readings. By moving the
antennas up and down and left and
right, I could make some adjustments
of the offset-antenna feed.

The field tests had been repeated
with an ICOM IC-R7000 as indicator.
The noise readings were reduced to
51.5, and the signal indications were
59 to S9+. There was a difference of
57.5 to SB between the noise and the
USBsignal. As [ mentioned before, the
beacon was too strong for the simula-
tion of the Phase 3D predicted values.

For my case, tests have shown that
the dish (Option 1) of the downcon-
verter with its high gain has too much
reserve and would be not necessary.
The noise level is no big problem for
me because I use an NF digital filter
that rejects the noise to a great extent.
I am very much delighted at the clear
signal strength of the converter and
the good reception S/N value.

Both types of antennas have a
clearly defined polarization direction
from the feed side. It was interesting
to observe the effect of changing the
polarization direction 90° relative to
the beacon. In most test cases, the
readings on the ICOM IC-R7000
S-meter changed by two S units. Ifthe
space signal comes down with circular
polarization, a good S/N reserve will
help a lot.

[ intend to install the offset dish on
the vertical rotating boom of my rig
with an separate TV-dish rotator. 1
think I am ready for the Phase 3D

Fig 8—Center-fed Procom dish rear view.

X band. Hopefully, this satellite will
soon be in orbit!

Notes

'Kiihne Electronics, Birkenweg 15, D-95119
NAILA/HGlle BRD, Germany; tel 09288/
8232, tax 09268/1768; kuhne.dbént@hol

.baynet.de.
2558 Electronic, 124 Cherrywood Dr,
Mountaintop, PA 18707, tel 570-BE8-

5643; http:/iwww.ssbusa.com.

3pown East Microwave Inc, 954 Rt 519,
Frenchtown, NJ 08825 USA; tel 908-996-
3584, fax 908-996-3702:. http:/iwww
.downeastmicrowave.com/

4Eisch Electronic, Abt-Ullnch-Sir.16, 89079
ULM-Gagglingen BRD, Germany; tel.07305
23208, fax 07305 23306

Fig 10—0Offset-feed dish view.

5Procom A/S, Vinkelvaenget 21-29-DK-3330

Gorlose, Denmark; tel (++45)42 27 84 84;

fax (++45)42 27 85 48.

Josef Maier, OE1/OE3JIS, is mar-
ried and has two sons. With an Aus-
trian engineering degree, he has
worked in several companies as a de-
signer, project engineer and work
planner. Josef is now retired. He was
first licensed (CEPT 1) in 1987. Josef
is very active on satellites (over 7000
QS0s—including 230 countries—on
analog satellites) and holds several
satellite awards. He is @ member of
OVSV, AMSAT-UK, ARRL, ISWL and
a life member of AMSAT-NA. (m ]
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BY KEN SCHOFIELD - W1RIL

The 18" offset RCA dish made for digital satellite system (DSS)
reception is an excellent candidate for modification to Amateur
Radio 10 Ghz use. Itis compact, light, has the advantage of an
offset feed (no feed blockage) and is readily changed to 10 Ghz
operation. NIBWT (now W1GHZ) used this dish with atailored
homemade hom feed | whereas | am using the original RCA
homn with modifications.

The first RCA feed | modified in 1996 was done by removing the
LNA board at the rear of the horn and placing a short across the
opening. The raised rib inside the horn was removed using a
milling cutter and an SMA connector was mounted on the side
of the horn at the appropriate spot. A saddle fitted to the
curvature of the hom under the SMA made a flat mounting
surface for the connector. Both were secured to the side of the
horn with 2-56 machine screws the innards of which were
finished flush with the inside horn surface. For added insurance
ofa good joint, silver bearing epoxy was used between the saddle
and horn and SMA and saddle on final assembly. The trick of
using a ball bearing and magnet to locate the “sweet spot” for
tuning was used and a 2-56 hole was drilled and tapped in the
horn wall to accept the tuning screw and locking nut. Oddly
enough this lined up with the previously removed rib - obviously
RCA knew more about this than [ did!!

The following equipment setup was used for tuning the horn for

best return loss which was measured at 15.4 dB. (VSWR 1.4:1)
Atthe ume this retum loss was deemed acceptable - 97% of'the
powerwas getting to the load. Thedishtested well atthe NEWS
meeting at Enfield, CT on July 12. 1997 Sun noise was | .4 dB
and dish efficiency 65%. Italso gave a good account of itself' m
the 10 Ghz contest in 1997

During the Fall-Winter of 97/98 it was decided to put an LNA
and an amplifier as close to the feed as possible. With this in
mind a4 watt solid state amplifierand a | dB noise figure LNA.
of KHECP (now W 1VT) design2 along with an SMA relay were
mounted around and CLOSE to the homn assembly feed. The key

word here is CLOSE! An immediate improvement on receive
wasnoticed. I couldnow hear the antenna picking up noise from
trees, ground etc. Even inthe confines of my basement, covering
the homn with my hand dropped the received noise level by a
perceptible amount. A gallant effort was made to improve the
return loss but despite my best efforts it remained in the 15to 16
dB region. Interestingly enough it was found that putting the
plastic cover on the homn caused a 0.5 to 0.6 dB reduction in the
return loss. | would, however, expect this trade off to be more
acceptable than a feed full of rain water!

MODIFYING THE FEED.
Step by step details on the modification of the feed is as follows:

1. Remove nut/bolt assembly from dish strut and remove feed.
Retain hardware.

2. Remove two screws - one on each side at base of hom flare.
Retain hardware.

3. Carefully separate and remove plastic housing. Spread at
flared area and carefully remove each section. Small earsat the
mounting end hold them together along with a larger tab at the
backside of the homn. The tabs can be disengaged by pressingand
or lifting the oppesite section of the plastic housing.

4, Remove eight Philips screws with intragal washers securing
an aluminum plate to the back of the feed. Remove the plate.
This plate and hardware will not be reused.

5. Working in a static free area - remove eight Philips screws/
washers holding metal casting and metal plate covering the
printed circuit board. This casting and hardware will also not
be reused.

6. Clip the metal tab connecting the pc board 1o the F connector
and carefully remove the pc board. Wrapthe board inaluminum
foil to prevent damage from static and put aside for future use
There are someexcellent gaAsfets and other surface mount parts
available on the board .

7. At the back of the white plastic cover locate 4 retaining ears.
These are about 5/8 inch long and hold the cover to the horn.
Using a pair of medium size diagonal cutters gently grip and
bend the plastic at each of these protrusions outward. Put
pressure on one to get it started over the metal rim and push with
your thumb and fingers around the athers to pop the cover off.
Retain the cover and rubber gasket. 1f you were unlucky and
destroved the cover during removal a suitable substitute s
readilv available - see later text an testing.

8. Looking inside the homn, locate the metal protruding rib
Remove this rib using a milling cutter - file - small Dremel
grinding wheel - drill - or whatever method best works for you
| found it easier using a 1/2 inchmill end cutter and making vens
small cuts

| Wade. P. NIBWT. =~ More on Parabolic Dish Antennas”
QEX Dec. 1995/ARRL UHF Microwave
Projects Manual VOL 2

| Lau. Z.. KH6CP, “The Quest for | dB on 10 Ghz™
QEX Dec. 1992
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MO N RCA D

1. Fabricate the shorting plug for the rear of the horn using 3/4
inch or slightly larger aluminum rod stock. Cut to the dimen-
sions shown in the drawing. Note the two critical dimensions
-the 0.697 inch insert diameter and the 0.250 inch insert length.
The rod can be cut to 0.700 initially and then finished to 0.697
to get a tight pressed fit into the rear of the homn.1

2. Accurately locate and mark with a scribe or prick punch the
location for the SMA connector. See figure 2 for dimensions.

3. Using the adjusting screw template as shown in figure 2 - align
the SMA location on the template to that on the horn and wrap
the paper around the hom with the arrow pointed toward the
flared open end. The arrow will indicatethe pointatwhicha hole
will be drilled and tapped for the 2-56 matching adjustment
screw. Note that this falls in line with the previously removed
rib - if it doesn’1 vou went the wrong way around the hom.

4, Fabricate the SMA probe per the drawing. Youcan makethis
adjustable if vou like by using brass tubing - sliding it up and
down on the 0.080 inch post. Gently dimple one side with a prick
punch to cause the rubing to bind on the post. Once the proper
placement 1s made. solder in place.

5. Drill and tap the necessary holes for the SMA and adjustment
screw Filea flatarea under the SMA connector. The horn wall
isapproximately 0 090 inch thick. Don't remove any more wall
material than is necessary so as notto weaken the 2-56 mounting
area for the SMA connector.

6. Mount the SMA connector using conductive epoxy under the
connecto: flange and around the edges. The mounting screws
should be fimished fush with the inside wall of the horn

7 Putanutona | 2 inch brass 2-56 machine screw and nsen
into the adjusting screw hole. When adjusted this screw will
protrude mto the horn approximately 5.5 mm.

8. Insert and press into place the shorting plug at the rear of the
horn. This should fit tightly and the shoulder should be flush
against the rear of the horn.

9. Drill and cut away the necessary material on the gray plastic
covers for access 1o the SMA and adjustment screw when the
covers are in place

RCA DSE Offset Dish =

10. Re-assemble the gray covers on the hom. Use previously
saved hardware.

11. Re-assemble the horn on the dish. Use previously saved
hardware.

TESTING THE MODIFIED FEED:

Set up tomeasure return loss and adjust the matching adjustment
screw for minimum reflected power. Adjust the probe length
also at this time if you chose to use the adjustable type. Replace
the gasket and white cover removed in step 7. If it broke on
remaval replace it with the plastic frosting container found ina
package of Pillsbury Cinnamon Rolls. Use tape around the
bottom edge to hold it on. Itis a perfect replacement and has the
added advantage of being able to be taken off easily. The RTL
changes the same using either cover, -0.5 to-0.6 dB. Another
advantage - undoubtedly

the most important - the cinnamon rolls are delicious!!

POINTER EADE FRoE
#14 WIRE - BEND TO
FIT BITVEEN WDLES

uo mc yumy (3N

TILT 70R ALICENENT

ALU BRACKET
TO SET TILY

10 z € x 3.5 INCH

L/4 INCH PLATE FOR

ROUNTING T0 TRIMOD
DRILL & TAP A%
= REQUIMED

SETTING LP THE OFFSET DISH:

Getting the correct tilt angle on the dish so it is looking at the
horizon is quite simple. Fabricate a piece of #14 wire and hang
between the tw o holes behind the dish - see figure 3. Tiltthedish
to the position where the pointer lines up with the alignment
mark (22.6 decrees) on the frame. [ used an aluminum bracket
to set the ult angle - others have used a wooden wedge. Youcan
use whichever method works the best for your circumstances.
Figure 3 also shows the equipment box under the dish. This
mounts 1o the top of the tripod with a 1/4-20 bolt arrangement
similar to that found on many tripeds. The newly added
amplifier. LNA and SMA relay (not shown in the drawing) are
located at the teed. The amplifier is below and in line with the
hom and the L NA and relay are on the side of the horn housing.
The total length o the UT-141 feedline is less than |.5 inches

PAGERS/§2.

Paul, WIGHZ was kind enough to model the dimensions of the
RCA feed using Physical Optics Techniques. The results are

shown in Figure 4 and give an overall picture of the feeds ~ NEWS member who needs one.

possible performance.

RCA DSS corrugated horn, 1.95"aperture, 58 deg flare, by P.O.

Ur.__n_iuuuh?miguabm?

fare

==H-fllare

0 10 20 30 40 50 60 TO 80 80
Rotation Angle around specified

Phase Center = 0.24 ) inside aperture

peror

—t— MAX Possible Hfficiency with Phase
o0 ==o==r MAX Efficiency|without ¢ error] AFTER|LOSSES:
REAL WORLD at ldast 15% lojver — — - | Hluminagon
ceeesnes | Spillover
80 1dB
—-—-- | Feed Blotkage
T0
~
X L 2dB
R O
3L \
c 5 ade
o /~
O w0 Vi s, 4dB
i s
0 > sdB
k 4 6 dB
20 > e 7d8
S I....... 8 dB
Ll o S E— it —
0.25 0.3 0.4 0.5 0.6 07 0.8 0.9
Parabolic Dish /D O—

FIGURE 4

| Realizing that everyone does not have access to a lathe,
I will make this plug available to any
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6. Clavin Feed

The Clavin feed is a cavily antenna fed by a resonant
slot, with probes that excite a second waveguide mode to
broaden the pattern in the H-plane to match the E-plane,'®
Radiation patterns approximate our desired feed pattern,
Fig 3, while maintaining a good phase center, Fig 10 is a
sketch of one | made from a 1-inch copper plumbing pipe
cap. It is best for deep dishes with 7D in the 0.35 10 0.4
range. The resonant slot makes it more narrowband than the
others (not a problem for amateur use), and the smaller size
would have less feed blockage than the “Chaparral™ or
Kumar feeds, so it might provide better performance on
smaller dishes.

A scalar feed is one that has no inherent polarization;
the word “scalar” means that the electric field distribution
is independent of the axis in which you look at the distribu-
tion. The result is that scalar horns have equal beamwidths
and sidelobes in both azimuth and elevation, This can’t be
achieved with a standard flared horn, so scalar homs are
usually preferred for dish feeds. The symmetry also makes

1 Inch Copper Pipe Gap, Cut Down

——
#14 Wire

WAVEGUIDE

!:;

0.185

ey

0.280 L_.. SLOT 0.83 x 0.08
0.520 f— Dimensions in Inches

them suitable for both linear and circular polarization. The

W2IMU dual-mode horn and the “Chaparral” and Kumar  Flg 10—A Clavin feed for 10 GHz, made from a 1-inch copper pipe cap.

feeds below are scalar feeds.

Source 10 GHz

Ein Machteil dieses Systems sowie auch mehrerer nachfolgend beschriebener
Ausfilhrungen ist, dall damit der Parabolspiegel nicht ganz ausgeleuchtet wird.
Dies ergibt sich schon aus der typischen Abstrahlcharakteristik des Dipols mit
Reflektor,

Ein weiteres Modell eines Strahlereinsatzes, bei dem eine otwas bessere Aus-
leuchtung des Spiegels zu erwarten ist, zeigt Abb.91, und zwar einen soge-

Haubchenstrahler fiir das 10-GHz-Band. Aus der Schnittzeichnung ist zu
erkennen, dal ein rechteckiges Hiubchen, welches an den Seiten geschlossen ist,
direkt vor der Offnung des Hohlleiters montiert ist. Um das Stehwellenverhéltnis
zu verbessern, ist auch hier wieder der Hohlleiter zu seiner Offnung hin etwas
verjiingt. Von Vorteil bei diesem Strahler wiire es, das Haubchen auf dem Hohl-
leiter verschiebbar anzuordnen.
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Abb, 91. Haubchenstrahler fiir das 10-GHz-Band

110
Erbrul do DLERH Anltmns rlacsul

Mit einem Stehwellen-Indikator, wie er in einem spateren Abschnitt noch be-
schrieben wird, kann man dann auf bestes SWR abgleichen. Die praktische
Ausfilhrung dieses Strahlers ist in Abb. 92 vorgestelit, In Abb, 93 ist ein Hiub-
Ispiegel zu sehen.

chenstrahler, eing in einen P

e # o r VT

Abb.92. Praktische Ausfihrung des Hiubchen-Si

m
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Micro ware P\nre_n \n ‘.\M—\ Tuin ¥

....... SOME INITIAL EXPERIENCES AND IDEAS
FROM PETER, G3PHO

IN THE BEGINNING .

Eé:ﬁgﬂiﬁ!noﬁnﬁggﬁlng%ig%ig
years ago. E!un.ﬂ:ﬁ:.c:uﬁo-..uau. it had become the target for one of the XYLs regular
when are you going to tidy out the garage™ campaigns and so it was decided to actually use it
rather than lose it! )

DECISIONS, DECISIONS ...

In previous years, a 80cm offset fed dish of 0.6f/D, with a dual mode feedhom (1), had given a
good eccount of itself in the 10GHz cumulatives. Would the 4 foot dish (0.4f/D) be much, if any,
wq.aa_,w.p_u.o:nr it was twice the diameter of the 80cm dish, and therefore theoretically 6dB
gain up on it (equivalent to adding a 1 watt PA to 8 250mW ), other factors comae into the end
icﬁ.?«ngngﬂ&igoqﬁgmigzig.anano«w
H..omﬂ...ﬂ..:ﬂn:a&B.uox!&oldo_a.mendﬂ&ggnoow:b:ga.dt?ﬁﬁtn!

Hio?ﬂaﬂw:ﬂcnngo%&ﬂmcégo*%gng?o& and the losses
incurred by using a primary focus (direct) feedhom on the lerger dish. The 60cm, being offset
fed, does not have such lcases entering into to the equation. The four foot dish wes brand new
and came complete with a matching scaler feedhorn (the “Chaparall™), a mounting kit (four
aggj?&uingnzi_niuanoﬂoa-_ciaraununnnnﬁ?&u&s:oﬁui
?on__”:.. in place, so it was assumed that the feed and dish were optimised for maximum
i: i .... " '

THEORETICAL STUFF .

,_._Kn-l.unan homn is basically a series of concentric cavities centred around a circular
waveguide feed. The cavity rings modify the radiation pattern of the waveguide to produce
u__.iﬁn equal beamwidths and sidelobes in both azimuth and elevation, a desirable state of
affairs that the more common rectangular horns cannot achieve. Chaparell horns are highly
recommended for dishes having /Ds in the region of 0.35 to 0.45. For high f/Ds such as the
offset fed SATTV type, the dual mode hom (see ref. above) is more appropriate.

“IN FOR A PENNY, IN FOR A POUND"—

The writer's Chaparall appeared to be an X-band one and possibly was designed for use a littl
higher than our 10GHz amateur band, so here was another possible source of loss of aﬁ&o:“x

coming into the equation! However there is nothing lost in trying so it wes decided to usa the
hom on _SE%%.?E&grnagigqgao

‘and hes been found an essential item when changing from one antenna to another. It's alright to
adjust your transverter for sub 2dB noise figures at a microwave “round table™ meeting but the
situation can change markedly when the antenna and its waveguide feeder are added. Matching
screws allow you to adjust for a similar situation to that seen at the roundtable.

The Chaperall hom gw&:ﬁnuvﬂasgggﬂ%a&oiﬂ.ﬁ
equipment, so much so that there is no resl improvement to be made when adjusting the
screws after changing from the dual mode hom feed to the Chaparall scalar horn. The writer’s
garden was far too short to set up any meaningful antenna test range, so the next best thing
iﬂssso:uioﬂg_ssn%nuigag 10GHz Trophy event. At first, it was
intended to have the two dishes side by side, for an “instant swap-over.” in order to assess their
relative performance but it was found a:ﬂBuE_anoaanxo:oco_.a.ﬁan;?n%
obtained during the Trophy Contest. using the four foot dish from a site on the Yorkshire Walds

The May 1997 Jomzn?aclncuioaaﬁzﬁnﬁna&onﬁgamﬂsnggzg
ﬂg_gggﬁzu?ggﬂﬂuiu%nnn!o:ugﬂsaq
North-South propagation. In fact the score for the day was by far the best the writer has ever
achieved from that area.

ROLL YOUR OWN? ...

Looking at the Chaparall feedhom in question, it appears to the writer that it would not be
difficult to copy the design, using almost “kitchen table” techniques! For what they are worth,
detailed dimensions of the hom are provided herewith. It is suggested that the hom is made
from copper, brass or even aluminium tube of various diameters. The writer has not investigated
the sources of such tubing however.....the dimensions are given here in the hope that someone
may “have a go” and make their own Chaperall feed. A homebrew design could allow for a
round-to-rectangular waveguide transition by extending the centre feed tube through the rear of
the assembly and flaring the end to take a standard WG16 flange. on the lines of the GBAGN

transition mentioned earlier.
DIMENSIONS ...

Please refer to the diagram, Figure 1, when considering these dimensions. Note aiso that RING D
is in fact a feed pipe and is not, of course. blanked off like the other rings. A plastic rain cover is
stuck over this central tube. The rings and central tube {RING D) are fixed to a copper or bress
disk, RING D passing through a 22mm i.d. hole in the centre of the disk and the remaining rings
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being accurately cut to the correct depth before cementing or soldering onto the disk. Try to
avoid too much salder getting into each cavity thus formed. Perhaps it would be enough to
secure the rings at four points each to the backing disk, provided there is a close fit between disk
and rings to start with. Other constructors may wish to make each ring out of sheet brass or
copper, rather than attempt to find suitable tubing.

Note also that the circular waveguide, Ring D, protrudes abaove the plane of the other three rings
by some 5.5mm. This is to allow for fine adjustment of the radiation pattern of the horn. The
home constructor could essily make this adjustable. The writer's commercial version is fixed
however, since it has been matched to the dish upon which it it used.

INTERNAL DIAMETER WALL THICKNESS CAVITY DEPTH

RING A 58 mm 1 mm 7.5 mm
RING B 45 mm 1 mm 75 mm
RING C 30 mm 1.5 mm 75 mm
RING D 20 mm 1mm see below
NOTES:

1. All dimensions shown are in millimetres.

2. The centre pipe projects 13mm through the backplate {i.e. 5.5 mm beyond the other rings) and should be
made adjustable.

3. The depth of all the three cavities formed by rings A, B and C is 7.5 millimetres.

S T T e e T

Is anyone using or building such a feed? Comments and suggestions to the Microwave Newsletter please!
REFERENCES: 1. Dual Mode Hom for 10GHz [ Microwave Newsletter, April 1995]
2. [Microwave Update 1984] :
3. Forming Tool for Circular pipe to WG16 transition [RSGB Microwave Manual Voi.3
p.18.6]
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Application of Circular Waveguide With

an 11-GHz TVRO Feed

The circular waveguide (*/s-inch copper type M) shepherd’s crook feed described by
WAGEXYV in the San Bernardino Microwave Society’s December 1993 newsletter was
utilized in conjunction with a “Chaparral” brand 11-GHz TVRO Super- feed de-
scribed by N1BWT. This feed system, with a 30-inch diameter, 0.375 F/D ratio, alumi-
num dish has been successfully used and has resulted in 2.8 dB of sun noise. This
combination is being explored by the Long Island based TEN-X Group.

By Bruce Wood, N2LIV
(From The 22nd Eastern VHF/UHF Conference)

A sketch of the shepherd's crook feed is provided in
Figure 1 with a listing of the pipe lengths utilized to con-
struct it for this dish size, F/D ratio, and 11.25-inch focal
length. These section lengths may be adjusted for various
other size dishes. “NIBCO" brand pipe fittings were used
for the elbows and couplings. The pipe lengths indicated
includes the length of pipe recessed within the fittings.

Launcher

Several styles of SMA to round waveguide launchers
were consiructed as shown in Figure 1. The basic dimen-
sions followed WAGEXV's design. Thread-in SMA con-
nectors were used, Amphenol #901-9027. To gain more
thread depth '/:of a coupler sleeve was soldered on, or a
small brass block constructed. The simplest method of
launcher construction provided a rear wall for the waveguide
and sufficient additional thread depth utilizing a "/« inch
“NIBCO"” pipe end cap. The NIBCO pipe end cap technigue
is unpopular in some areas because of so called slightly
unpredictable results. When soldering the end cap, make
sure the pipe and cap is super cleaned, coated with liquid
rosin flux, and be sure the solder “wicks" all the way to the
bottom of the end cap. Failure to do this could result in a
“microwave choke joint” that could make (une up more
difficult.

Feed

The *“Chaparral” brand Model #11-0148 feed horn was
connected directly to the circular shepherd’s crook feed by
cutting off the existing waveguide flange on the Chaparral
feed horn and enlarging with a lathe the existing remaining
*s" hole section to "/s". This will allow the */«" copper pipe
to be mounted directly within the feed to a depth of approxi-
mately '/z". Anti oxidant grease was applied to help prevent
corrosion between the copper and aluminum and the feed
hom was finally epoxied in place.

Dish Mounting

The shepherd's crook was secured to the aluminum
dish’s center mounting plate with ordinary plumbing fit-
tings. | originally planned to use a simple *s-inch pipe cou-
pling thru the dish’s center plate but was concerned about
the difficulty of soldering copper pipe fittings to the alumi-
num plate, possible galvanic corrosion in the salt air here on
Long Island, and structural strength. I then located sweat to
threaded screw type fittings which were also much stronger
than a simple pipe coupling fitting and required no solder-
ing. NIBCO brand fittings were used to construct the center
dish feed-thru that will allow adjustment of the focal length
and polarity. A pair of *w-inch copper male and female
adapters part #C604 & #C603, respectively, were d
out to "a-inch ID to allow the shepherd's crook to pass
through them.

Two adjustable reamers from MSC Model 02239069
and 02239077 with a large tap handle were used to cut the
hole. Approximately one hour was required to perform this
operation. Screw the male threaded adapter pipe into the
female before placing both into the vise, and performing the
reaming operation. This supports the male adapter properly.
The adapter becomes quite thin after the reaming. Be sure to
insert a piece of Ys-inch pipe before applying a wrench to
the male adapter. The */«-inch pipe will keep it from deform-
ing during the tightening operation. If a ¥s-inch to 1-inch
NIBCO threaded pipe adapter is used, the amount of ream-
ing required is drastically reduced to approximately 10 min-
utes). In addition, the resulting couplings are much stronger.
The slight disadvantage is that a large hole is required in the
center of the dish. If a lathe is available this is a second
option. The rear male adapter was slotted in four places and
a stainless steel hose clamp was used to apply sufficient
compressive forces as to not deform the shepherd’s crook
and to also secure the feed in place after adjustment of the
focal length and polarity. Large washers may be used to take
up any slop.

The dish has a theoretical gain of 33.6 dBd and a 2.43
degree beam width. While on the antenna test range the
polarity, focal length and coax to waveguide adapter (for
phase and polarization rotation within the crook) were ad-
justed for maximum signal strength. Measurements on the

antenna range were curtailed due to rain. Subsequent sun
noise measurements resulted in 2.8 dB of sun noise, when
using a 2.2 dB NF sun noise measurement instrumentation.

A Return Loss of better than 20 dB was obtained by
launcher probe adjustment.
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A Simple Dual-Mode (IMU)
Feed Antenna for 10.368 GHz

By Richard H. Turrin, W2IMU
(From Microwave Update '91)

he small-aperture dual-mode reflector-feed antennacan  slotted axially (six slots about '4-in. long), sothat a hose clamp
be simply constructed from readily available copper  may be used as a securing device.

m water pipe plumbing fittings, as shown by the cross-sectional Form the soft copper ring to fit snugly inside the fitting
= drawing. The circular waveguide section is standard %-in.  reducer, and sweat it in place first. Clear all burrs from the
= Type-M copper water pipe which will support only the domi-  inside of the pipe ends and sweat the parts together as per Fig

TEI11 mode. The tapered section is a %- to 1)4-in. fitting 1, with a minimum of solder and paste. Wash the assembly

TN.. reducer. This part may be constructed differently by differcnt  thoroughly with a detergent, to remove all traces of soldering
< manufacturers. Try to find a fitting reducer with abrupt cor-  paste, and if desired, spray all surfaces with clear Krylon to

at both ends of the taper. Some parts are made withawell-  help preserve the bright copper finish.

rounded corner at the large end. While this pan is satisfactory, This feed antenna will have a 10 dB beamwidth of
it requires a slightly different positional length of the 1'4-in. —44 degrees, with very low (less than -30 dB) side and rear
m copper pipe coupling, for proper mode phasing. radiation. The E- and H-plane main radiation patterns are vir-

While the correct flare angle of the conically tapered  tually identical, as in the original dual-mode design. The re-

@2 section should be 30°, the copper fitting reducer will have a  sulting main radiation is circularly symmetric and will support
rR flare angle of about 40°. The %-in. soft copper tubing ring  any polarization.

K] fitted inside the fitting reducer comp for the diffi This feed antenna is ideally suited to a rear-fed casse-
m in taper angle. grainian antenna reflector system, where the hyperbolic

A simple, inexpensive, efficient and very low SWR cou-  subreflector is designed to match the main reflector f/D ratio.

pling may be made from a standard %-in. coupling, which is

SHORT CIRCULAR WAVEGLADE SECTION L= 250 in. -
3/4 W, COPPER PIPE

ig1

10-GHz IMU Feedhorn Update

By Kent Britain, WA5V]B

have had excellent results with Dick Turrin's dual-mode

feedhorn. I now use the simple dual-mode feed on several
antennas, including the source antenna for the Central States
VHF Society's 10-GHz antenna range.

In Texas, the local source for %-in. to 1'%-in. adapters is-_

Nibco. They use adiffercat technique for molding the adapters
with much less taper in the transition. It was very nice of them
to transition over % at 10 GHz, so the %-in. ring that Dick
added in his horn was unnecessary.

Watch that taper! If the reducer transitions over about
% to % in., you can use the coupler as is.

The horn can get a bit heavy. One trick is to cut back the
1.5-in. coupler. Not only do you shave off a little weight, but
some plumbing companies make the coupler long enough to
let you build two antennas from that $3 coupler.

=l

Original Design

ﬁ

L)

Longer tronsition /t!g_. e .
area 3o the ring copper overiop
s nol necessory,

Fig 1—Detalls of the 10-GHz dual-mode feed-horn.
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Feeding a 12 inch SHF Dish on
10 GHz

Zack Lau, WIVT

Description |

Fora 0.6 /D dish. a popular choice is the W2IMU |
feed. It offers good illumination efficiency, low |
sidelobes, and a relatively small blockage. My
design uses is made out of 3/4 and 1 1/2 inch water
pipe joined by a conical adapter bent out of a piece
of 50 mil copper sheet (bending this was a chal-
lenge). After bending, the adapter was filed and
sanded to mate with the tubing sections.The 0.911
inch length of 3/4 inch tubing (0.808 ideal) has a
265 mil probe (50 mil diameter, long center con-
ductor of SMA connector) 398 mils from the back |
wall. Interestingly enough, cutting a circle in half |
generates the required 30 degree taper for the |
conical section. The length of the 1.48 inch ID |
section is 1.548 inches. | measured a return loss of
21 dB.

Source of the 12 inch 0.6 /D dishes:
http://www.shfmicro.com/ SHF Microwave Parts
Company Alan, WA9GKA prutz@shfmicro.com
7102 W. 500 S. La Porte, IN 46530 _

Beschreibung

Um einen Parabolspiegel mit einem F/D von 0.6 |
auszuleuchten, eignet sich das W2IMU Hom sehr
gut. Es hat einen guten Wirkungsgrad. niedrige
Nebenzipfel und eine kleine Flache.

Mein Design besteht aus zwei Kupferrohren mit
0,75" und 1,5" mm Durchmesser, die durch einen |
konischen Adapter, der aus | mm dickem Kupfer-
blech gebogen wird, verbunden ist. Das 0,75"
Rohr (20,4 mm Innendurchmesser) ist 23,1 mm
lang. Die Viertelwellen-Sonde besteht aus dem
1.27mm dickem Innenleiter einer SMA-Buchse
und ist 6,75 mm lang. Der KurzschluB auf der |
Riickseite befindet sich 10,1 mm dahinter. _

Fiir den konischen Teil aus Blech braucht man nur
einen Halbkreis ausschneiden, wie es in Abb. Ige-
zeigt wird. Das 1,5" Rohr (37,6mm Innendurch-
messer) hat eine Lange von 39.3 mm.

Die RickfluBdimpfung des Homs wurde mit 21
dB gemessen.

References

(1] Dick Turrin, W2IMU, “Parabolic Reflector
Antennas and Feeds," The ARRL UHF/Micro-
wave Experimenter’s Manual, ARRL, 1990. Page
9-31 has the dimensions I used.

(2] Dick Turrin, W2IMU, "A Simple Dual-Mode
(IMU) Feed Antenna for 10368 MHz,"

[3] Proceedings of Microwave Update '91, ARRL,
1991, p. 309. Also included in the Proceeding VII
International EME Conference Washington DC
August 15, 16, 17, 18, 1996. Get them from Willie
Mank 7620 Bensville Rd., Waldorf, MD  20603.
$US 12.00 +shipping ($3.00 in the US)

Dick*s design using standard pipe fittings that |
couldn*t find at the local hardware stores.
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Calculations for the W2IMU Dual-Mode Feedhorn
Paul Wade W1GHZ (ex-N1BWT) ©1998

wade@liac.nel

Exheail Lo /W NMewslette Dee ?f/d'a»v_’ﬂ

Simple cylindrical feedhomns for dishes, like the “coffee-can” type, usually have radiation patterns with
poor front-to-back ratio. The backward radiation misses the reflector, resulting in a decrease in efficiency
and thus gain. An example of the radiation pattern of a coffee-can feed is shown in Figure 1, as well as
the calculated dish efficiency this feed would produce with reflectors of various #D ratios. The unwanted
backward radiation is a result of currents in the rim of the horn. A number of techniques to improve this
front-to-back ratio have been described; one of the more slegant is the W2IMU dual-mode feedhorn,

Dual-mode horn operation

The dual-mode horn eliminates undesired currents in the rim of the horn which produce sidelobes and
backlobes. In the words of Dick Turrin, W2IMU', "The besic notion involved is to excite a circular eperture
with both the TE,,and TM,; modes with their relative phases and amplitudes adjusted to cancel the
electric field at the aperture boundary.”

| used the NEC2 computer program? to calculate the radiation pattern for several versions of the
dual-mode feedhorn, starting with an input file model of the antenna originally developed by PA3AEF.
Then | calculated the potential dish performance provided by the calculated feed patterns using software |
developed®. The pattern shown in Figure 2 Is very clean, with low side and back lobe levels, The
calculated efficiency is best for a refiector #D around 0.6 to 0.8. This version*, with an output diameter of
1,31, Is popularly known as the W2IMU feed, and hes been used from 432 MHz to 24 GHz with good
results on both conventional and offset dishes.

The original Turrin article’ also described a larger version with an output dismeter of 1.861. The
graph for this larger version in Figure 3 shows that the fD for best efficiency is about 0.8, a better match
for some offset dishes. We could further optimize by choosing the appropriste output dismeter for the
fID of our reflector, then calculating the other dimensions for a dual-mode feed.

We have found that DSS offset-fed dishes work well at 10 GHz. These dishes require a feed
pattem equivalent to the feed for a conventional dish with an #D of about 0.7. The appropriate aperture
for this D Is close to 1.6 inches, so | picked up a copper plumbing adapter which flares out from % inch
pipe, the input waveguids, to 1% inch pipe - it looks like a dual-mode feed. To ses how well it would
work as a dual-mode feed, | measured the dimensions and used NEC2 to calculate the radiation pattern.
The result, shown in Figure 4, is terrible; large sidelobes result in poor spillover efficiency, and phase
errors make the total efficiency low.

From the example in Figure 4, wa can infer that the dual-mode feed must be dimensioned properly to
work well.

Dual-mode horn calculations

A sketch of the W2IMU dual-mode feed Is shown in Figure 5. The input circular waveguide flares out to a
larger output section. Only the TE,, mode will propagate in the smaller input waveguide, but both the

Coffee can feed 0.76 A diameter, by NEC2 W2IMU dual-mode feedhorn, 1.31A diameter, by NEC2
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Large W2IMU dual-mode feed, 1.88), diameter, by NEC2
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W2IMU feed - bad imitation, by NEC2
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TE,,and TM,, modes can propagate in larger output waveguide. Our goal is for the relative phases and
amplitudes of the TE,,;and TM,, modes to cancel the electric field at the aperture boundary.,

The length of the output section controls the relative phase of the two modes, while the flare
angle controls the relative amplitude of the two modes. To achieve cancellation of current in the rim of
the horn and thus minimize lobes, we must find the right combination of flare angle and output phasing
section length.

The transition between the input waveguide diameter, A in Figure 5, and the output section
diameter, B, generates the TM,, mode; the flare angle adjusts the amplitude of the two modes. We can
easily calculate® the flare angle:

44,6\

Flare _halfangle =

Since different waveguide modes travel at different phase velocities, we can calculate a length, C, for the
output phasing section that will result in mode cancellation. At the flare end of the phasing section, the
TM,, mode is 80° out of phase with the TE,, mode. Then the phasing section should have a length C

which results in the two modes being shifted by an additional 270°, or %A. We can calculate the desired
length as:

C= 0.75

1 1
7"! ls
where l' Is the guide wavelength for the TE;; mode and 3\:, is the guide wavelength for the TM,,
mode. But first we must calculate the guide wavelengths for the two modes:

where lc is the cutoff wavelength for the mode for which we are calculating A g In the output phasing
section with diameter B, the cutoff wavelength for the TE,, mode A =1.706- B, while the cutoff

wavelength for the TM,, mode xc =0.82-B.

Thus, with a bit of arithmetic we can calculate the optimum dimensions for any desired aperture
diameter. or a quick estimate of the optimum aperture diameter for any #D,

_try: ]3,L =235 % As the diameter gets larger, the length of the larger output phasing section also

increases to maintain the phasing relationship between the two modes.
The consequences of not achieving the proper phasing are clearly illustrated in Figure 4. Using
the above equations, we find that the length of the larger pipe should be 2,72 inches rather than the 1.24
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G3PHO 10 GHz dual-mode feedhorn, by NEC2

Figure 6
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inch length of the fitting alone. Also, the flare half-angle should be 29.1°, while the angle in the plumbing
fitting is 39°, so the fitting needs serious medification to become a dual-mode feed.

From the cutoff wavelength equation above for xc . the minimum aperture diameter which will

propagate the TM,; mode Is 1.22A.; if the diameter is any smaller, it can only be a single-mode feed. On
the other hand, if the aperture diameter Is too large, then additional modes may be generated. The cutoff
wavelength for the next higher mode, the TE,, mode, is A, =0.589-B. Thus the maximum aperture

diameter without additional modes is 1.7A. Since one of Dick's original examples had an aperture

diameter of 1,86A, this limit may apparently be stretched a bit without performance degradation.

These calculations might seem daunting at first glance, but only require a couple of minutes on a
hand calculator, As an alternative, | have included the calculations in version 3 of my HDL_ANT computer
program — download it from www.gsl.net/nTbwi. ’

Dual-mode feed examples

As examples of actual dual mode feeds, we can examine three versions which have been published in
Britain. | modeled both using NEC2 in order to evaluate their performance.

The first example is a 10 GHz version described by G3PHO® using British plumbing fittings. The
plot in Figure 8 shows a clean pattern and good dish efficiency for an #D around 0.8, a bit smaller than
the DSS dishes require, but very usable. Peter has done a good job with this version.

The second example Is the 6.7 GHz "plumbers delight” by GOHNW’. Paul states that the aperture
with the available plumbing is a bit small for an offset dish, and the plot in Figure 7, bears this out,
showing best efficiency for an /D of about 0.4. In fact, the aperture diameter is 1.21A, which is smaller
than the cutoff wavelength for the TM,, mode, so it is unlikely that this feed supports dual-mode
operation. Further evidence is the radiation pattern with several significant sidelobes, including one rather
large one. | suspect that it s behaving more like a simple coffee-can feed. Despite the sidelobes and lack
of dual-mode operation, it would be quite a good feed for #D in the 0.46 to 0.6 range. For good
illumination of an offset reflector, the aperture diameter should be around 1.6\, or about 3 inches.

Although this version is not optimized for an offset dish, Paul reports a significant improvement
compared a triband feed. Since the triband feed gives best resuits with very deep dishes, we would
expect poor performance when feeding an offset dish. Also, the triband feed has been shown to be
rather lossy at 5.7 GHz, further reducing efficiency. Almost anything is better than a triband feed for an
offset dish at 5.7 GHz.

The third example is a 24 GHz version by GBACE. The plumbing fitting used in this version
provides an aperture of 22mm, or1.76A, which is about right for an offset dish. The input waveguide is
10mm pipe, and there are apparently no plumbing reducers from 2Zmm to 10mm. Instead, a reducer to
an intermediate size of 16mm is used, so that there are two flare sections with a length of 15mm
waveguide between them. This combination makes it difficult to predict how the two modes will end up,
but | was able to calculate the radiation pattern using NEC2. The results are shown in Figure 8. The
E-plane pattern has large sidelobes and a null at about 30° off-axis, suggesting that modes do not have
the desired relationship at the aperture.

Rapid changes in amplitude, like the null in the E-plane pattern, are usually accompanied by rapid
phase changes, This Is clearly illustrated in Figure 8 — the feed phase plot in the upper right exhibits a
large change in phase around 30° off-axis. The effect on dish efficiency is evident in the lower graph,
showing significant phase error at the larger illumination angles required for small #D.
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Delight for 5760 M, by NEC2 G8ACE dual mode feed for 24 GHz, by NEC2
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We can deduce from this last example that a single flare section offers much better mode control. At 24
GHz, dimensions are small enough so that it should be easy to fabricate a short conical section. My
HDL_ANT program will prepare a paper template for any desired flare dimensions.

Conclusion

The W2IMU dual-mode feed can provide excellent performance for both offset and conventional parabolic
dishes. Dimensions are somewhat eritical, but optimum dimensions may be calculated for a range of #D,
and performance can be analyzed using the NEC2 program.
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Dual-Mode Feedhorn for 24 GHz

By Kent Britain, WA5V]B
(From Microwave Update "91)

really like Dick Turrin's (W2IMU) latest Dual-Mode = i

Feedhorn for 10 GHz, built from plumbing fittings. A little e 3/8° Coupler
math and a trip to a plumbing supply house (Boy, has that sales a.e" 0 D L
clerk learned to stop asking me questions!) and I came up with P sﬂY‘i(D
a 24-GHz version of Dick’s very popular 1296-MHz EME
dish feed.

i 1/2° to 3/8° Adapter

The end of the Ys-in. coupling can be formed to the same
size as 3 WR-42 flange. Soldering is a bit tricky, since all three n.aml' o
are butt joints. I held the entire assembly in a long clamp, 3 F _
soldering everything at once with a torch on a low flame. The :::Tn':,':: it
end was cut off with a pipe cutter after it cooled off. :b:-m‘-a of WR-42

Testing weat well, Gain was a little over 12 dBi and the i - 347 o ’
10 dB-down points (suggested dish illumination at the edges) T

were +45°. The E and H beamwidths were within 5°, and no
sidelobes were noted. At the 1991 Central States VHF Society

antenna contest, I fed a 12-in. 0.42 (/D dish with this feed. S )
Performance was very close to theoretical gain. 3

24 GHz SCALER FEED AND MOUNT
For the DirectPC or Prime Star Dishes
- Chuck Swedblom, WAGEXY
chuckswed@juno.com

The existing feed on the two dishes provided a measured efficiency of 60% at 10.368 GHz. I decieded to explore the possibility of
using the dishes at 24 GHz and built this feed to fit in place of the original one. Since my antenna range is too short (92’), WA6QYR
and I located two sites about a half mile apart on two sides of a small canyon to conduct these test using an antenna of known gain.
The results of these tests showed that the DirectPC antenna had an efficency of 59% using this feed at 24.125 GHz. The original tests
on the Prime Star dish did not perform this good, but the Prime Star dish was used and had been installed here in Ridgecrest for two
years or more, whereas the DirectPC dish was brand new. Also there is some doubt in my mind that the Prime Star tests may be
flawed. Further tests of the Prime Star will be conducted in the near future.

I built the Scaler Feed as shown, since 1 have the tools and enjoy tuming and milling metal. 1 have also built the scaler section using
1/16” G10 or FR4 PCB material and thin hobby brass strips to form the rings with equal results. In this case the 1/2” brass tubing
(circular waveguide) would extend through the center of the scaler and would have to be long enough to allow for mounting, a total of
about 3.5". Also the mounting technique has to be modified such that the center of the feed will be at the same location as the present
one. 1used a brass strap soldered to the 1/2” circular waveguide and bent such that the alignment was correct and then drilled two 1/4”
holes in the strap to bolt it to the mounting arm of the dish.
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24GHz SCALER FEED AND MOUNT
For the DirectPC or Prime Star I]tshes,

Avril 18

A DUAL MODE HORN FOR 24GHz - John, GSBACE

—-Iwg20 flange
"4 _/_|=—/v
15-22mm

+—"[10-15mm
reducer reducer

_\_-.._..
_\_.

~———

" 10mm coupler

This horn was made up from the details
in the ARRL UHF/Microwave Projects
handbook (p, 10-26), metric components
being substituted for the imperial sizes
of the original design. Whilst the
original horn functions well, it was
found that adding a further reducer,
sized 15-22mm, increased the gain

available from an Amstrad style offset dish. Construction is straight forward. The 10mm
coupler is re-shaped at one end into a taper to fit into the WG20 flange. The taper is
extended right through the flange with the help of a short section of WG20 to maintain the
internal profile.The 10-15mm reducer is butt soldered to the 10mm coupler and finally the
15-22mm reducer slides over the 10-15mm reducer. The VSWR can be adjusted by sliding

the second reducer back and forth over the first.
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v
\

. Ds A «6-38mm
L A
L o Le"ly= 3-19mm
; B=l/30- 0-319mm

The antenna used was
a 70cm dish (lamp-shade) with an f/D ratio of 0.3,
measured gain of 40dB and fed with a scaled-down version
of the “penny feed™, shown in Fig 20.34. Great accuracy is
needed in the construction of the feed and it may be more
practical (o use a large horn. The pointing accuracy needed
for such a dish is better than 0.5°!

l ~~20mm —

Fig 20.34, Dish feed for 47GHz (HBIMIN)

Mmzmigs W newslebber  Ayril 99

G7MRF and G4CBW decided to use 10 dishes with an f/d of 0.37, with a 60mm diameter “splash
plate” feed. This is fed by approx. 100 mm of K&S 3/16" round tube (4 mm ID) with a circular flange
used to connect to the transverter. To eid alignment of the waveguide to the transverter, a length of
K&S 5/32" tube (fits inside 3/16" tube) was cut to just under the 100mm and a collar of 3/16" tube
soldered to it to act as a stop, to prevent hitting the pcb down the 4mm hole in the transverter. This
then allowed the dish waveguide feed to be positioned accurately before tightening the flange
screws on the transverter.

Figure 3 - W2IMU feedhom for 47GHz
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GOIVA decided to use one of the ex-BSB Channel Master 35 cm offset fed dishes (f/d approx. 0.7). A
W2IMU dual mode feedhorn was calculated for 47,088 GHz. The waveguide feed to the hom actually
calculates to be approx. 4.5 mm. This value agrees with standard circular waveguide sizes
recommended for 47 GHz. However since the 4,0 mm hole has been used on the transverter
successfully, the waveguide feed to the hom was left at 4.0 mm. G7MRF tumed the hom up outof a
solid piece of brass. as it sesmed too small to try making up from bits of tubing. This was mounted
via its flange directly on the 47 GHz transverter body. An aluminium plate was made up that acted as
a cover for one half of the transverter and a mounting plate for the 12 GHz LO. This whole assembly
was then positioned to place the hom at the dish focal point, with some adjustment available for
fine-tuning.
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Dual-Band Feedhorn for the DSS
Offset Dish

5760 and 10368 MHz

By Paul Wade, NIBWT

nlbwt@gsl.net
(From Microwave Update '97)

recently completed a new transverter for 5760 MHz in

a fairly small package. It fits on top of my 10 GHz

transverter next to the wedge that supports the RCA
DSS offset dish. [ designed a 5760 MHz feed horn for the
dish using my HDLANT2/ computer program (http://www.
arrl.org/qexfiles), built one, and modified the transverter
slightly to allow for quick changing of the feed horns with
two wingnuts. Now I had a package, shown in Figure 1, for
a compact two-band rover station.

1 was wondering if it was possible to make a good dual-
band feed when Dick, K2RIW, mentioned that WR-112
waveguide covers both 5760 MHz and 10368 MHz, even
though the handbooks don't list it as usable for 5760, the
cutoff frequency is slightly lower so it still works.

The next problem was designing a feed horn to cover
both bands with decent illumination for the dish. A few trial
calculations showed that a 10 GHz horn providing -10 dB
edge illumination taper would provide a -3 dB edge illumi-
nation at 5760 MHz—most of the energy would miss the
dish! On the other hand, a horn designed for 5760 would
have amuch narrower beam at 10 GHz, so the outer portions
of the dish would receive very little illumination energy;
only the performance of a much smaller dish would result.
After some fiddling of the numbers, 1 found a compromise
which might have the same loss of efficiency at both
frequencies.

The final design, using the HDLANT2 1 template shown
in Figure 2, has an ill ion taper of roughly —-16 dB at
10.368 GHz, so it is somewhat under-illuminated, and
roughly -5 dB at 5760 MHz, somewhat over-illuminated. 1
adjusted the horn length to match the phase centers at
10.368 GHz, since it is most critical at the higher frequency.

The next problem was getting a good YSWR at both
frequencies. The surplus WR-112 waveguide-to-coax tran-
sitions 1 had weren't very good at 5760 MHz, so tuning was
required, I put a small ball bearing inside the waveguide and

d it d with a magnet on the outside until I located
a spot which improved the VSWR at 5760 MHz without
making the 10368 MHz VSWR too much worse. Then I

marked the spot, drilled and tapped the waveguide, and put
in a tuning screw. Next | adjusted the screw for best VSWR
at 5760 MHz, then put the BB back in and looked for a spot
that improved both frequencies. A second screw was added
here, then both screws adjusted for a compromise with rea-
sonable VSWR at both frequencies. The final tuning had a
VSWR under 1.6 at both 5760 MHz and 10368 MHz, but it
is not a broadband match.

Flgure 1—Dual-band rover system for 5760 and
10368 MHz.
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Does it work? YES!

I completed it just in time for sun noise measurements
at the July 1997 N.E.W.S. meeting, and tested it there on
10368 MHz. The DSS dish with a single-band horn feed has
an efficiency better than 60%, while the dual-band feed is
around 50%; the gain difference works out to about 1.2 dB.

The next day, I set up a sun noise measurement at
5760 MHz, with similar results: the DSS dish with a single-
band horn feed has an efficiency of about 60%. while the
dual-band feed is around 50%; the gain difference works out
to about 1 dB on this band.

Summary

An RCA DSS dish with this dual-band feed horn pro-
vides two band performance only | dB down from a single

band feed horn on each band. I've never seen a multiband
feed with performance this good. This compact antenna is
ideal for rover operations.

Questions

Q — Is a tri-band feed horn possible?

A — Not with ordinary waveguide, which cover a fre-
quency range of less than 2 to 1 between cutoff and an upper
frequency where other modes can propagate. Ridged wave-
guide can cover a wider range, but the horn design involves
even more COmpromises.

Q — Is a dual-band homn possibie for lower bands?

A — Yes, with a larger offset dish. A dish should be at
least 10 A in diameter for good performance, so the 18 inch
RCA dish isn"t big enough below 5760 MHz.

—

0 +—~ o0

Figure 2—Dual-band feed horn template for RCA DSS offset dish; 5760 and 10368 MHz, WR-112 waveguide.

Phase center is about 5 mm inside horn.

Dual-band Feed Horns for 2304/3456 MHz
and 5760/10,368 MHz

By Al Ward, WB5LUA
(From 1997 Central States VHF Conference Proceedings)

Background
Numerous articles have been written by WASHUV,
VE4MA, NIBWT and others on the proper illumination of
a parabolic reflector. Joel Harrison has documented most of
these works.' The proper illumination of a parabolic reflec-

to the significantly smaller diameter of the 12 GHz feed
versus the 4 GHz feed. With the relatively closer spacing of
the 2304, 3456, 5760, 10,368 MHz bands this technique
becomes difficult. Multiple feeds that are slightly offset are
one way of obtaining multiband operation but there are some

tor with a given F/d {focal length to diameter ratio) requi

the careful balance of both the E and H plane beamwidths of
the feed horn. The problem on the microwave frequencies is
one of putting several feed horns for individual frequencies
at the same focal point—a nearly impossible task. Attempt-
ing to put multiple feeds at the focal point of the dish gen-
erally compromises performance on all bands. The satellite
industry has had reasonable success by putting a 12 GHz
feed in the middle of a 4 GHz feed. This is most likely due

disad ges, such as pointing offsets for each band. In
order to getaround the offset pointing problem 1 began work
on in-line feeds, which will be the subject of this article.
Any multiband feed will have compromises but I believe the
techniques described herein will still result in a high perfor-
mance antenna system.

Early Experiments on 2304 and 3456 MHz
I first experimented with inline multiband feeds back
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#+ Screw Extends
015" into Wovequide
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10368 MHz Port

Fig 1—WBSLUA dual 5760 and 10,368 MHz feed horn.

Notes

1) 10,368 MHz probe is made Irom the centar conduclor of an
SMA connector or 0.141" semi-rigid cable. 0.07" of the Teflon

| is into gquide. Length of pin above dielec-

tric is 0.3" Tuning screw is diametrically opposite probe and is
adjustable.

2) 5760 MHz probe is 0.6 1o 0.7" in length and can be made from
tubing 0.07 %o 0.1" in diameter.

Hosa Clamps
15" 0 Open End

075" to 1.5°
Adopter

\
a.HsM/a.W_ o
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3) Tuning of both freq ies can be p by tuning
either probe length or waveguide length.

4) Isolation:
10,368 MHz signal@5760 MHz port = ~19 dB
5760 MHz signal @ 10,268 MHz port = —45 dB

5) Return loss < 23 dB at both ports
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in 1989 when [ wanted a 2304 and 3456 feed that could be
placed at the focal point of the dish and not require an offset
in pointing between bands. [ got the idea for the inline feed
after analyzing the single band dual mode W2IMU feed,
which has been used successfully on 1296, 2304 and 10,368
MHz, primarily for EME. The W2IMU feed has two differ-
entdiameter circular waveguide sections which are designed
to equalize the resultant E and H-plane beamwidths. The

equal E and H-plane beamwidths with the appropriate taper
contribute to a well illuminated high gain antenna. My
thought was, what about feeding the larger outer section on
the next lower amateur band? | decided to apply this concept
to a dual band feed horn for 2304 and 3456 MHz. [ used a
standard 4 inch coffee can for 2304 MHz followed by a
standard soup can for 3456 MHz. The results were very
encouraging. This feed has been duplicated by several
people over the years including K2DH, AASC and W5ZN
with good results. The construction of this feed and perfor-
mance on a 32 inch dish is covered in detail in Joel Harrison's
article.

Adding 5760 MHZ to Make a Three-Band
Feed

I wanted to add 5760 to the original 2304/3456 MHz
feed so 1 decided what would be easier than to justadda 1.5
inch diameter copper pipe 1o the end of the 3456 MHz can.
The results were mixed. Yes, the horn worked but as | found
out, the gain was considerably lower than theoretical. This
was probably due to the fact that with the large aperture
of the multiband feed at 5760 MHz, the feed was under-
illuminating the dish.

Separate Dual Band Feed

I decided that the optimum combination would be to
Jjust duplicate the 2304/3456 feed for 5760 and 10,368 MHz.
The result actually looks very similar to a W2IMU feed for
10,368 MHz. The resultant feed horn, shown in Figure 1,
warked very well on 5760 MHz and was only slightly lower
than expected on 10,368 MHz. The feed was tried on several
dishes with varying F/d ratios and diameters. The resultant
antennas were tested during a recent North Texas Micro-
wave Society antenna workshop hosted by Kent Britain,
WASVIB. The results are documented in Table 1.

Test Results

Starting at 5760 MHz, the dual band feed worked very
well, producing gains within a dB or two of thecretical 55%
numbers when installed on 48 and 55 inch solid dishes and
55 and 72 inch perforated dishes. The new dual band
5760/10,368 MHz feed actually had 6 dB greater gain on
5760 MHz than did the original three band feed as
measured on the same 55 inch dish.

On 10,368 MHz, the numbers were down alittle but the
72 inch perforated dish, which was the only dish rated for
12 GHz, was still measuring 40.7 dBi. 1 did not optimize the
actual position of the feed. The feeds were placed with the
focal point slightly in the mouth of the feed.

The dual 2304/3456 MHz feeds were tested in the

same dishes but were slightly offset as only the dual
5760/10,368 MHz feed was at the focal point. As the results
show, the gain numbers were somewhat lower than expected
but the antenna range was only about 125 ft long and it
could be that the larger dishes were underilluminated for
the tests.

Construction

The length of both circular waveguide sections was
made variable in order to improve the tunability of the feed
horn. The monopoles can be preset as shown in Figure | and
final tuning if needed can be accomplished by tning the
length of the waveguides. The resultant isolation between
bands is very good and allows each band to be individually
tuned. See Figures 2 and 3. The very good isolation also
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Fig 2—WBSLUA dual 5760 and 10,368 MHz feed horn
—5760 MHz port to 10,368 MHz port isclation.
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Fig 3—WBSLUA dual 5760 and 10,368 MHz feed horn—
10,368 MHz port to 5760 MHz port Isolation.

Table 1
1997 NTMS Antenna Gain Measuring Party

Conducted by WASVJB on March 23, 1997
Compiled by WBSLUA

Antenna range may have been too short for larger dishes, as gain numbers appear compressed.

Band (MHz) Call Design
1296 KASBOU 15 el Yagi
2304 WBSLUA 72" perf dish with coffee
can feed
AASC 6' 40 el Yagi
WBSLUA 55" solid dish with coffee
can feed
WAsSVJB Reference hom
3456 WBSLUA 72" solid dish with dual
2304/3456 feed
WBSLUA 48" solid dish with offset
soup can feed
WBSLUA 55" solid dish with dual
2304/3456 feed
WBSLUA DEM loop Yagi
WASVJUB Reference horn
5760 WBSLUA 72" perf dish with dual
5760/10,368 feed
WBSLUA 48" solid dish with 1.5*
diam copper feed
WBSLUA 55" perf dish with dual
5760/10,368 feed
WBSLUA 55" solid dish with dual
5760/10,368 feed
WSZN 39" solid dish with scalar
feed
WASTKU 30" solid dish with 1.5"
diam copper feed
AASC 24" solid dish with dual
5760/10,368 feed
WBSLUA 55" salid dish with old
WBSLUA 3-can feed
WBSLUA 12"x18" hom
WASVJB Referaence homn
10,368 WB5LUA 72" per dish with dual
5760/10,368 feed
WB5SLUA 55" solid dish with dual
5760/10,368 feed
WBSLUA 55" perl dish with dual
5760/10,368 feed
WASTKU 30" solid dish with 1.5"
diam feed
AASC 24" solid dish with dual
5760/10,368 teed
W5ZN 24" solid dish with WR90
to scalar feed
WBS5LUA 18" fiberglass dish with
WR90 feed
WASV.JB Reference hom

minimizes the additional isolation required in order to keep
from destroying the front-end of the receiver for the other
band. [ believe part of the increased success of the 5760/
10,368 MHz feed horn in regards to low frequency to high
frequency isolation may, in part, be due to the smoother
transition from the small section to the large section. Sec-
ondly it could be due to the 5760 MHz port having a poorer
return loss at 10,368 MHz. Be aware that there are several
different types of 0.75" to 1.5" transitions available and all

W
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37.7 4
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332 34

325 34
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Conclusion

1am very encouraged by the initial results of the multi-
band feeds. [ now have one dish for 2304, 3456, 5760 and
10,368 MHz. The 5760 and 10,368 MHz feed is at the focal
point with the 2304/3456 MHz feed slightly offset. End
result is that if 5760 MHz is peaked on a particular station
then 10,368 MHz is also peaked. Same is true of 2304 and
3456 MHz. Good luck. Feedback is greatly appreciated.

may tune slightly differently. Note
T*Homs for the Holidays™, 1997 Proceedings of the Central
States VHF Socisty Conference, p 53-63.
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WSZN Dual Band 10 GHz / 24 GHz Feedhorn

by
Joel Harrison, WSZN

Recent articles by Al Ward and I have previewed dual band feedhorn designs for 2.3 and
3.4 GHz as well as 5.7 and 10 GHz'. Our recent design work on 24 GHz equipment

EEB:quSuﬁaEnanﬁ_oﬁnEnuaggmbaﬁnim_QQENB&OE@:@._EQ
feed.

If you have experienced operating on 24 GHz you know (if you haven’t, you need to
know) that antenna alignment with the other station is extremely critical, not only in
azimuth but elevation as well. Even with a one foot dish, the beamwidth is so narrow that
communication at distances of only 30 miles is difficult without the ability to properly
aim the antenna before attempting communication. While antenna alignment is critical at
10 GHz, it provides a wider beamwidth to work with to accomplish accuracy for 24 GHz
work.

The Design

While in Germany on business last year, I had a discussion with Erhard Seibt, DC4RH,
about 24 GHz activity and distance achievement. Erhard told me of a design which is
used regularly in Germany to reduce the complications associated with antenna
alignment.

The design was a basic 10 GHz feedhorn made from a length of %” copper pipe with a
WR-42 waveguide flange soldered to the pipe as the closed end. During my construction
attempts, | experienced difficulty maintaining a clean non-soldered area on the flange
waveguide opening while ensuring sufficient uniform contact with the end of the %~
pipe. In addition, I was unable to obtain an acceptable return loss (SWR) on 24 GHz.

My modified design uses the basic10 GHz feedhomn idea utilizing a length of %4” copper
pipe, with modifications to the 24 GHz section. Rather than attempt to maintain a clean
entrance area on the waveguide flange opening, I used an approximate one inch length of
WR-42 waveguide with a flange on each end. This provides easier attachment to the %"
copper pipe while maintaining an ideal flange entrance area. Also, the short length of
WR-42 waveguide can be used for tuning by inserting a tuning screw if needed.

Construction Tips

e Construct the 10 GHz Waveguide section first by soldering the SMA connecior and
probe to the %™ copper pipe.

e Next, solder a WR-42 waveguide flange to a 1” length of WR-42.

e Wrap a moist paper towel around the SMA connector, secure in place, then solder the
flange to the copper pipe. The moist towel allows removal of heat in the connector
area to prevent desoldering of the SMA connector while soldering the flange.
Likewise, use vice grips to lightly clamp the WR-42 waveguide at the flange. This
will provide support during the soldering process as well as prevent desoldering of
the WR-42 waveguide section from the flange.

e Solder a flange to the other end of the WR-42.

e Check return loss. If necessary, tuning screws can be used on both the 10 GHz and 24
GHz sections.

I have obtained repeatable results in constructing this design of feedhorn. Return loss on
10 GHz has been >20 dB and > 16 dB on 24 GHz. [ have used a tuning screw on 10

GHz, but it has not been necessary on 24 GHz. After cleanup, you can paint the feedhorn
your favorite color.

Good luck on 24 GHz!

SMA

| =
0.25" WR-42
3/4" Copper Pipe

— 200 — et ]
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