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ABSTRACT

II The paper ckals with the cksign and ckvelopment of a dual polarised corrugated conical horn employed

as a feed for parabolic nrflector antennas used in very small aperture terminal applications. The V SA T antenna

feed is designed. fabricatf1d and tested toloperate over a band from 3.7 GHz to 6.5 GHz with good pattern

sy~etry .lo~ sick lobes and low cross-polarisation.

Networks using VSATs provide two-way

transmission links using antennas with diameters up to

2'.4 m: The antenna ~Iays the role df RF interface in the

earth/space link. It provides di~ectivity, isolation

co~erage and connectivity with prime concern on mass,

size, cost and its technical and economic viability. In
Isuch small aperture antennas, offset feed reflectors are

employed to achieve low far off side lobes. These

antennas have high efficiency, low ~ide lobe levels ~nd

low noise temperatures. Domestic satellite

communication systems have an uplink fr{)m the earth

station to the satellite and a downlink from the satellite

to the earth station and are based mainly on 6/4 GHz,

14/11 GHz and 14/12 GHz bands. The design and

development of feed systems for multifrequency bands

is one of the most important tasks in the antenna design.

Since most of the feeds for these antennas are being
I

imported, the total cost of the ant,enna can be reduced

..-ffl--l'liv<.ly Ily <1...~igJliJlg 111i~ ~IIII ~y~ICIII illuigclIollNly

without compromising on electrica,1 performances.

I. INTRODUCTION
I

Communication satellites were initially used for
I

international tele~hone and televi~ion links. However,

due to ~ast expansion of domestic networks, satellites

are noJ being used for domestic c9mmunications also.

Ty pical domestif satellite tommunication services

include TV links, niultiplexed telephones. cable

televisipn distributiorl and bu$iness communication.

With in~reased satellite output power levels and

simplifie~ design of e~rth station systems, the networks

of very small 8perture'jterminals (V SAT) are growing up

rapidly, and have an ehormous futures. Somq countries
j

are now predicting the usf of 1,500 to 10,000 terminals

for introduGing educational TV into various remote

areas and pr~viding at least one voice k:hannel for I~cal

communica~ion where communication is v~rtufllly

impossible. tn India, the Qepartment of

Telecommunications (DoT) has a ve~y optimistic plan
j

ofprovidillr STO fllcility lIt <i"cII villllgo 1IIrolIBlI MCI'C

(multi channel per carrier) V SAT networking.

\
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3. DESIGN OF CORRUGATED CONICAL

HORN I I

'I'llc dcsigllr proccdurc ndllptcd hcrc is silllilllr to

that of Clarricoates, el all with a new approach to solve

th~ characteristics equations. A'simple iterative

procedure for, evaluating exact Eigen\ values was

obtained using integral representation for associated
.2 I t

Legendre functions. A software package has been

developed to esti~ate the Elgen values and thereby the
,

radiation patterns. The detailed, analysis is available in
literature3. ,

The design details concerning opti~ally flared

corrugated conical horn were obtained by suitably

selecting its flare angle and arial length to tealise the

desired beam width. Givenl the aperture area, the

selection of the illumi~ation of a reflector antenna for

obtaining the desired amplitude taper at theiperiphery

of the reflector was made possible through a' judicious

choice of feed difensions and distance of ~eparation

between the ape{ture of the horn and the reflector

antenna. The horn diameter required to produce the

desired, beam I width was hbtained using the

relation (RIA) = 2(D/A), where R' is the distance of

separation and D lis the ap~rture dIameter Jf the horn.

The selection of ~he corrugation shal1e (ratio of

corrugation gap width to corruga~i()n period) and

number of corrugations was chosen to realise the

minimum loss. It was found thQt corrugati'on shape of

the order of 0.7 to 0. 85 ahd 6 to 8 corrugations per

waveleng~h leads to minimum V~WR over a wide band

of frequency.

Under the reJource generation programme/ the

Electronics & Ra~ar Development Establishment

(LRDE) took up the task or designillg and developing

this dual-polarised V SAT antenna feed. In the prJsent

paper, the methodology, involving the use of extensive

electromagnetic modelling and suitable CAD

techniques is presented to design and develop a

dual-polarised feed for 2.4 m reflector.

Corrugated conical horns are commonly used as

feeds for reflector antennas because of their good

pattern symmetry 'which offers high gain, low spillover

and low cross-Rolarisation, which is essential in

dual-polarised pystems. Dual polarisation with

frequency filter is required because the antenna has to

work in two different modes, ile., uplink and downlink

modes. An orthomode transducer (OMT) consisting of

a common wavefuide that transmits two orthogonal

dominate modes, for required frequencies and two

branch waveguides corresponding to these modes 'has

been used to feed the corrugated horn.

2 SPECIFICATIONS

The design specifications for the feed are:

Frequency

Receive port; 3.70 -4.20 GHz I

Transmit port; 5.925 -6.425 GHz

VSWR (Maximum)

Receive port: 1.3

Transmit port: 1.3 r

Isolation
4.. DESIGN OF ORTHOMODE TRANSDUCER

The orthomode transducer (OMT) is a key

component for vario~s comm'uni<;:ation systems using

dual-polarised transmission, Electrically, an OMT is a

f~ur-port device with a Common port usua1ly having aI
square or circular wave guide cross-section which

I

provides two electrical,ports with independent

orthogonal dominant mqdes. The other two ports are

constructed by bsing either standard waveguide or

coaxial ports which pickl u~ one of the orthogonal

modes propagating ,in the circular/square waveguide.

In the case under consideration. a multiband OMT
I

was developed having a circular wav,eguide interfaced

with the corrugated horn; a rectang~lar waveguide port

to pick up one polarisation and co-axial port to pick up
,

the other polarisation, This OMT uses both a

<-60 dB

<-60 dB

Better than -30 dB

Better tlWI1 -28 dB

Receive port

Transmit port

Side lobe level

(with reflector)

Cross-polarisation

(with reflector)

GfT ratio

(with reflector)

Port

>18 dB/K

RxPor1-W

TxPort-N

<3.0 kg

Aperture

Total weight

Sealing
uniform

transparent material
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polarisation filter an~ a frequency filter for the transmit

and receive ~odes) This aids in achieving better

isolation betwcen the t~o ports although the design
I

process becomes much more complex.
I

The circu.a~ waveguide port interfaced with the

feed horn has a stepped transformer with a rectangular

aperture betwetn two steps in the circular wave guide

section to act a:s a low frequency cut off. A branching

ridged rectangular wave"uide is introduced in the

second step of the tranfformer to couple the low

frequency component. A circulai waveguide to co-axial

adapter with a suitable aperture Ito act as a high

frequency cut off is introquced in the last circular wave

guide section to couple the high frefluen'cy component.

High frequency struct~re simulator (HFSS), which is an

FEM-based design and an~lysis package, has been u~ed

to design this complex OMT t6 work in the required

frequency bands.

Figure I. V SA T antenna feed
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5. FABRICATION & MEASUREMENTS

The fabrication of th'e horn and the OMT was a

complex task and involved extensive machining. gased

on the -above analysis, a horn and an OMT were made
j

by machining from a si11gle solid block. But this method
,

needed considerable man hours of machining and hence

it was neit¥r easy nor cheap to fabricate. An alternative

approach Jhich was cheap and simple was machining
I

after cast,ng nearly to t~e required shape. Casting

approach was also used to fabricate fhe feed. ~are was

taken to avoid any, kind of blow hdles during casting

which can cause degraded electr(cal performance.

Suitable fixing arrangement was ~ade to cover [he
,

horn with microwave ~ransparent material for

environm~ntal protection. A photograph of the horn is

shown in'Fig. I I
I

The complete asserhbled horn along with OMT

was teste1 using HP-8510 Network analyser for return

loss and isolation. The VSWR less than 1.3 and

isolation ~etter than -60 dB were obtained at both

receive (3.7-4.2 GHz) and transmit (5.925- 6.125 GHz)

ports as shown in Figk 2-5. The far field radiation

pattern andcross-polarisation of'the ho~n were

measured in an indoor aneJoic chamber at LRDE. The

length of this ~hamber was shfficient to make far zone

measurements.\ When, tested with [he 2.4 m rencCf[or a[

LRl)E's outdoor tcst range, thc secondary pa[[crn

showed SLL of thb order of -30 dB (Fig. 6). The side

START 3.700000000 GHz

STOP 4.200000000

Jo1l:lIre 2. l{etllr/1I()!;,~ & V.'i\VI{ lIt r..r.'lv., Iwrt,
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Figure s. Isolation at tra nsmit port.Figure 3. Isolation at receive port.

lobes Were found to be well within the side lobe envelop
calculated us,ing the rel,ation E = 29-25 loglo <I> dBi.

where, E is the gain of the side lobe envelop and <I> is
the off-bore sight angle. A test was also conducted for
Grr ratio and this was found to be better than 19 dB/K
in the present case.
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6. CONCLUSION I ,

.The desi~n, (abrication and testing of a corrugated

conical horn along "1'itl1 an OMT has been presented.

The total prqcess involved design of the components

using software based on fEM techniques, fabrication,

assembly and finally tJning and testing of each piece.1
Testing involvetl Network analyser testing for VSWR

and isolation, primary pattern of the feed in an anechoic
,

chamber, secondary pattern with :Z".4 m reflector at out

door test range facility, and fin~lly orr ratio. Both the

components of the feed were Jested successfully, and

were able to meet all technical'requirements as shown

in Section 2.
,

This is an indigeno¥s effort in the country to

design and c;levelop a feed ;for V SAT antenna~ meeting

, all the desired specification. LRDE has sold a number

fof these V SAT feeds to other organisations on

commercial basis. -r~ese feeds have got ,considerable

START 5.!t25000000 GHz

STOP 6.425000000 GHz

Figure 4. Return loss & VSWR at trammit port.
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SECONDARY PATTERN

OF V SAT FEED WITH

REFLECTOR

REFLECTOR DIA. I: 2.4 m

FREQUENCY 1; 4.0 GHz

market potential in terms of generating resource for the

organisation and to save foreign exchange for the

country.
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