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S-BAND ANTENNA DESIGN AND CONSTRUCTION
FOR_AMSAT PHASE 3C

Hans van de Groenendaal ZS6AKV*
Hennie Rheeden ZS6ALN**

SUMMARY

In 1981, SA AMSAT took the decision to become involved in
satellite construction. Various projects were considered and
practical experiments were carried out using balloon flights.
When Phase 3C projects were discussed, SA AMSAT was allocated
the design and construction of the S-band antenna. Several
designs were considered, built and tested:

1, Planar antenna.

2. Combination helix with S-band helix inside
L-band helix.

I . Broad-band helix for both § and L-band.
4, Single S-band helix.

The paper discusses each design, construction and test results.

INTRODUCTION

At the Annual General Meeting of SA AMSAT held in Cape Town in
October 1981, it was decided that SA AMSAT should get involved in
the development of amateur satellites. The then President, Greg
Roberts ZS1BI, approached various universities and industry for
support of the idea. The main interest in the project came from
members of the Amateur Radio Club at the University of Pretoria,
ZS6TUK, and the Head of the Department of Electronic Engineering,
Prof. Louis van Biljon.

In July 1984, Gordon Hardman ZS1FE/KE3D produced a memorandum
setting out proposals for SA AMSAT's involvement in the PACSAT
project. He proposed that SA AMSAT be responsible for the
development of the ground station.

After some initial ground work, VITA, the sponsors of the project
decided that, for control purposes, it would be better if the pro-
ject was contained within the confines of North America.

SA AMSAT was without a satellite project!

*President SA AMSAT, P.0. Box 13273, Noathmead 1511, South Af{rica.

**Satellite Projfect EngdLneen, SA AMSAT, P.O. Box 13273, Nontmead 1511,
South Africa.
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To keep enthusiasts occupied and involved, the BACAR project was
developed by Dave Woodhall ZS6BNT. BACAR is the acronym for BALLOON
CARRYING AMATEUR RADIO. Radio amateurs from all over Southern
Africa were and still are involved in the BACAR project.. Various
transponders were developed and tested at 70 to 80 thousand feet
above sea level. Mode A, reverse Mode A, Mode B and a Store and
Forward Mode (Parrot - 2 metre FM) units were built and tested.

The major effort with these launches is in the recovery of the
equipment. We are not always lucky!

BACAR is an ongoing project, the current plan is to fly Packet Radio.

CHELTENHAM, ENGLAND 1984

In June, 1983, a meeting of various satellite groups was held
in Cheltenham, England.

At the meeting it was agreed that South Africa would contribute
the S=-band antenna and the electronics for the control of the
propulsion motor.

Once a full analysis was carried out, it turned out to be im=-
practical to develop electronics 10 OO0 km from where the motor is
manufactured. Finally, it was agreed that SA AMSAT would be re-
sponsible for the S=band antenna.

SPECIFICATIONS

At first little specifications were available, so the design
team under the leadership of Hennie Rheeder ZS6ALN agreed to work
to the following specification:

S-band Antenna Specification

Centre frequency : 2,4 GHz

Gain s To match an 8 turn helix.

Size : As small as possible.

Position on SC 3 Around the 145 and 435 MHz omni
antennas in the centre of the
spacecraft.

THE PLANAR ANTENNA

The design team discussed several ideas. The helix was reviewed
in detail, but as it is a standard antenna, the team decided to
look for something more unusual.
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The planar antenna was agreed on. The planar antenna is a
microstrip constructed from high quality printed circuit board.
By mounting two to four antennas flat on the satellite surface
and interconnecting them with a suitable matching harness, the
required gain and a circular polarization pattern could be
achieved.

The first planar antenna built measured 280 x 100 mm. A second
model measured 205 x 100 mm.

Fig. 1 shows the design.

. _Ao
1) L = 5
Where Ao = wavelength taking velocity factor

into account.

. . 0,9 x 8W W >4
2) Gain = - for Yl 1

Where the 0,9 factor represents 90% efficiency.

Gain dB = 10 Log 10 (Gain)

Fig. 1 - Planar Antenna
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TEST RESULTS

10,2 dBi at 2,33 GHz

LL]

Max. gain

VSWR : 1,42:1 at 2,32 GHz

-3dB bandwidth 3 60 MHz

]
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The antenna performed well. We were not concerned with the
slightly higher resonant frequency, as with experimentation the
design parameters would be modified'to meet the correct specifi-
cation. '

The S-band team in Boulder reviewed the concept and tabled one
major area of concern: Would the micro-strips adversely affect
the spacecraft's thermal constraints?

An extensive search was instituted for materials with high heat
transfer conductivity. No suitable material was found; generally

no test results to determine the PC board's influence on temperature
control were available.

It was agreed to shelve the idea and to change direction. Work

on the planar antenna will, however, continue as part of the BACAR
project.

DESIGN OPTION 2

S-band helix inside a L-Band helix

After careful discussion and consideration of the various factors
involved, it was decided to design a combination S-band and L-band
antenna, two helices, one inside the other.

The idea sounded simple and logical. Despite an extensive litera-
ture search, no reference to two helices, one inside the other,
could be found. The team set to work and produced a design. From
a theoretical point of view the antennas should meet the required
specifications. The construction of this configuration was further
complicated by the omni-directional antenna, which is mounted in
the centre of the two helices. It was decided to first build a
model of the two helices.

A test model was made using the following materials:

= Two rectangular pieces of fibreglass material 80 mm
in width and 500 mm in length 2 mm thick with slots
cut lengthwise, epoxied together, offering a figure x
coil-former with diameter of 80 mm.

- Two rectangular pieces of polycarbonate 15 mm by 6 mm
by 10 mm thick epoxied to the x coil-former as base.

- 10 turns of copper wire with diameter of 1 mm to form two
helices with diameters of 40 mm and 75 mm and elngths of
250 mm and 480 mm respectively, wound through pre-
drilled holes.

- Two SMA connectors offer separate feedpoints for the
exponential pitch matching sections of the first copper
wire turns respectively.

- 300 mm square sheet aluminium offers the ground plane attached
to the polycarbonate base tapped for 3 mm diameter bolts.
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Fig. 2 shows the design formulae:
o D
/
S
- =
4
———— INPUT
Ao
h_”""””f/, Exponential taper
Ground plane.
1) Input impedance = 150 ohm
2) Tapered line is used for matching to 50 ohm
on first turn length of Ao.
3) TID = AO.
. _ ™D \? N.S .
4) Gain = 15 AO) X5 N = Number of turns
6°L /£ 12°
P 2?;1 = 1 for ciruclar polarisation
5) - 52

- b idth =
Half-power beam wi ( =5 =3
AO A O

Where o = wavelength taking velocity factor into
account.
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TEST RESULTS

L-Band

e

14 dBic at 1,18 GHz
(£ 1dB ripple with antenna checked
against a rotating linearly polarised

Max. gain

antenna)

Gain : 12,3 dBic at 1,27 GHz

VSWR % 1,37:1 at 1,269 GHz

-3dB bandwidth - > 300 MHz

S-Band

Gain $ The gain measurement was interrupted
by unexpected rain and prevented
readings.

. ) . Vertical Horizontal

Relative gain : Exequency Polarisation Polarisation
2,45 GHz + 8,3 dB + 9,6 dB
2,4 GHz O dB O dB
2,34 GHz + 9,5 dB + 8,9 dB

VSWR : 1,66:1 at 2,4 GHz

-3 dB bandwidth 5 Not definable.

The antenna gain at frequencies representing best performance
appears to be adequate, as does the majority of sidelobe levels,
which are generally suppressed 10 dB or more. The problem, however,
is the wvast fluctuation found mainly on the S-band helix. It is
suspected that this is due to interaction between the two antennas
at resonant and near resonant frequencies. The effect is like that

of a transformer.

The fact that the two helices were wound in the opposite direction,
did not seem to make any difference.

The coupling between the two helices was less than 20 dB, as
measured with a network analyser.

DESIGN OPTION 3

At this stage, time became a major factor. After reviewing the
option, it was agreed to tackle the project on a parallel basis:

(a) Continue with experiments to construct a combination
antenna.
(b) Construct a single S-band antenna.



S—-Band Helix

As this is our first attempt at building an antenna to fly

in space (BACAR 60 000 feet flights cannot be regarded as space),
extensive investigations were carried out to select the core
material. For the main core Tufnol (whale brand) was selected.

A solid block of material was machined. The grooves were accurate-
ly determined to a close tolerance of 10 micron. The base was
machined from B51S aluminium and treated with an alodyne finishing
process. Bolts and nuts were used to attach the base to the core
and the final turn of the winding are stainless steel. The winding
was done with 1 mm diametre copper wire.

The connectors are gold-plated SMA, forced crimped and soldered.

TEST RESULTS

S-Band only Helix

Gain : 11,3 dBic at 2,41 GHz
VSWR : 1,3:1 at 2,4 GHz
Frequency/gain

variation: 10 dBic for both 2,31 GHz and 2,45 GHz

See attached polar diagram.

Although the S-band antenna performed well, it was felt that
optimum results were not achieved. The antenna was shipped to
the Boulder team for evaluation and as a possible standby, should
an urgent requirement arise.

Favourable comments were received and suggestions noted for
consideration in the construction of the final S-band antenna.

The Boulder team's main concern was the weight and suggested that

the core be constructed in a honeycomb fashion. This could be
achieved by drilling a series of holes in the structure.

L-Band and S-Band Single helix

Because of the tremendous bandwidth of a helix antenna, it was
decided to design and build one helix capable of resonating at
both S-band and L-band.

The practical results were disastrous. The radiation pattern was
totally useless.

VSWR : 1,7:1 at 1,269 GHz
: 1,3:1 at 2,4 GHz
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CONCLUSION

Although the S-band antenna project was a relatively small

one, it has created new enthusiasm and has led to the establish-
ment of committees of excellence. Meetings will primarily be
arranged on the air.

Some of these committees of excellence will be dedicated to
the Phase 4 projects.
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AMSAT MODE-S TRAMSFONMDER
by
WILLIAM D. McCAA Jr., FEHRZ
October 11, 1986

Background
It is hoped that the addition of an S5-band transponder on Fhase—
ZC will help the transition of the average amateur satellite
user inte the microwave frequencies. The ready availability of
good low cost crystal controlled receiving equipment in the MDS
(215@-21468 MHz.) service can find immediate application in
receiving a Phase-3IC transponder in the 248@-2456 MHz. band.

Introduction

The S band output, Mode-S., transponder described herein has been
developed for flight in the AMSAT Phase-3C satellite which is
scheduled for launch in Mid 1987, on the first flight of the
Arienne 4 launcher. Since this transponder is an add on to a
Fhase-3 type satellite, the power consumption and physical size
had to be held to the constraints of the satellite’s origional
design. Thus power efficiency and size became major design
considerations. The transponder®s current drain from the
satellite’s 14.4% VDC buss is #.54 Amps.

The transponder will operate either in the FSE (4488 baud) beacon
mode or transponder mode, 3% kHz. bandwidth, usable for both NEFM
and SSB and have an EIRF of +17 dEW. The spacecraftt S band
antenna i1s a left hand circular 15 twn helix.

The Mode-S transponder uses a portion of the Mode-RB transponders
receiver. A buffered output at S35 MHz. is taken from the Mode—E
receivers first IF after AGC. The Mode-S transponder thus can be
operated only when the mode-B receiver is active, while the Mode-
S beacon can be operated at any time. The uplink power at 435
MHz. required for access will be the same as that reqguired for
mode~E (about 1#@# Watts EIRF maxu.).

Transponder Construction Status

The Mode-S transponder is completed. It has undergone Thermal-
vacuum testing in the Fhase-2C spacecratt in May, 1986, and has
completed over 189@@ hows operation and burn-—in.

Fath Calculations at Z.4 GH=z.

Transmitter output power at antenna +3 dBW

Spacecratt antenna gain (13 tuwrn heli:x) +17 dBic
Spacecratt EIRF +17 dEW
Free space path loss (48,8688 km @ 2.4 GHz.) 192 dR
Signal level at receive antenna —17% dBW
Receive antenna gain {1 meter dish & 3E%) +25 dBRic
Signal level at receiver —15@ dBW
RFeceiver sensitivity (73K, 2@ kHz.BW —1&8 dEW
Feceived signal to noise ratio +1@ di
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INFUT AND OQUTFUT FREQUENCIES

The following details the frequencies used in the Mode-S
transponder.

INFUT FREGQUENCY TO THE S EBAND TRANSFOMDER (Fin) 435,625 MH=z.
Input frequency from Mode—B transponder O3 305 MHz.
Local crystal controlled ocscillator (LO1) 42,65 MHz.
Local crystal controlled oscillator (LOZ) 41.933 MH=z.
IF frequency including filter (IF=Fin-LO1-382.32) 10, 786 Mz .

IF FILTER EBANDWIDTH 3 EHz.
Beacon injection oscillator (BD) 1. 63 MH=z.
ZXLOZ injection freguency 125.79@ MHz.
lst upconversion frequency (FI=3ZXLO2+IF) 136.49@ MHz.
18X3XL02 injection frequency 2264 .,22¢8 MH=z.
2nd upconversion frequency (Fout=S4XLOZ2+FI) 24343, 7 148 MHz .

OUTFUT FREQUENCY FROM THE S BAND TRANSFONDER 2468 . 718 MHz .

(Fout=Fin+34&XL0O2-382. 32=07XL02+1IF)
BEACON OUTPUT FREQUEMCY (FE=S7XL0Z+R0) 2406 . 648 MHz .

Modulation

The transponder is a soft limiting type that will be suitable for
use by one or two NEFM signal or four simultanecus SSE signals.
The nonlinearity introduced by the amplifier and limiter does not
limit its usefulness to CW or FM only. Since the received signal
to noise ratio will be less than 2¢ dE, SSE can be used thru the
transponder as the intermod products are generally below 20 dB
and thus below the received noise level. This technique is being
used sucessfully in the Mode-L transponder on 0SCAR-1#@.

General Comments On The Transponder Use

It is necessary to point out that this transponder is intended
for purely experimental and educational puwposes. Through using
it, it is hoped that the satellite users will gain operational
and technical experience in receiving microwave freguencies from
an amateuwr radio satellite.

The transponder can be used for normal voice and data
communications via narrow band FM, CW or S5R modulation. Doppler
zhifts can be guite significant, up to 5S¢ kHz. depending where
the satellite is in its orbit. Doppler should be a minimun at
apogee, and it is planned that the transponder or beacon will
cperate only at apogee.

Receiving S8B and CW regquires less receiver bandwidth than NBFM.
With reduced bandwidth, the reguired receiver sensitivity or
antenna size decreases for a given signal to noise ratio.
However, S8R and CW reception at 2441 MHz. requires excellent
receiver freguency control via a crystal controlled converter.
With NEFM modulation, the ground station receiver could use AFC
to overcome receiver drift and doppler.
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Mechanical Fackaging

The transponder is packaged in two separate housings.

FACEAGE 1 5-TX

Thizs module contains the following:

S-Rand mixer, S-Rand amplifier, and 18X multiplier. It is mounted
at the arm end next to Mode-B receiver. Fackage size is 148.@" X

223" X 3.8,
FACEAGE 2 S-IF

This module contains the following:
VHF stages, 16VDC converter, Beacon generator, 42 MHz.
oscillators, 33X multiplier, and IHU interface. It is mounted on

top of the Mode-R transmitter. Fackage size is 13.83 X 4.12" X

1,5"

Development Team

The development of this Mode-5 transponder has been shared among
. many amateurs. The specific task leaders are listed below:

TASE. AREA RESFONSIRLE FERSONS
1 Froject Coordination, Construction BHill McCaa, EERZ
S—-Band Housing Ray Uberecken, AAGL
S-Rand Miltiplier, and Mixer Steve Ernst, WEEHWED
- Local Oscillators and 3X Mulitplier Chuck Hill, EY @S
VHF Mixers, IF Amp., Control, Gordon Hardman, EEZD
Flacement, Spacecraftt Intertace Jan King, WIGBEY
- S—HBand RF Fower Amplifier Chip Angle, N&CA
3-Band Antenna Hans Van de G. Z8HAEN
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HADIATION PATTERN

CHARACTERISTICS

QUARTER-WAVE
MONOPOLE OVER
SMALL GROUND

POLARIZATION

i

Linear
PLANE
\-/‘\—/ TYPICAL HALF-POWER
) X BEAMWIDTH
e AR 50° v 3607
TYPICAL GAIN
A 548
;
BANDWIDTH
. T
Z
DIPOLE i m
Y POLARIZATION
ﬁ o Liraar
» TYPICAL HALF-POWER
Eio atoon Z-Y } BEAMWIDTH
L S 2OV x 3R
e

TYPICAL GAIN
248
BANDWIDTH
10%

HORN

-~

i

Elevation
Azimuth

(Z-Y)
(X-Y)

X

POLARIZATION
Linear

SYMMETRIC TYPICAL
HALF-POWER BEAMWIDTH
40° x 4Q°

ASYMMETRIC BEAMWIDTH
20° x 60°

TYPICAL GAIN

51w 2098

BANDWIDTH

HORNS
WITH
POLARIZER

Cievaiion
Azimi;th

1Z-Y)
(X=-Y})

POLARIZATION
Circular

TYPICAL HALF-POWER
BEAMWIDTH

a0 « 4g”

TYPICAL GAIN

510 10d8

BANDWIDTH

21

CAVITY 7
BACKED
Y

SPIRAL
X

Elevation
Asimuth

(Z-Y)
(X-Y)

Z, X

POLARIZATION
Circular

TYPICAL HALF-POWER
BEAMWIDTH

80°

TYPICAL GAIN

-3to +4 dB
BANDWIDTH

LIV
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ANTENNA TYPE

RADIATION PATTERN

CHARACTERISTICS

BICONICAL

'

’

POLARIZATION
Linaar

TYPICAL HALF-POWER
BEAMWIDTH
200 1007 « sk

TYPICAL GAIN

BANDWIDTH

BICONICAL
WITH
POLARIZER

POLARIZATION

TYPICAL HALF-POWER
BEAMWIDTH

a0k

'._,;\ x Znf

TYPICAL GAIN

'_,"--.F:;

BANDWIDTH

3
S 1

CONICAL
SPIRAL

(Z-X)
(Z-Y)

Elevation

Anivagth

X Y

POLARIZATION
Circutar

TYPICAL HALF-POWER
BEAMWIDTH

602 x 60°

TYPICAL GAIN

5105 dB

BANDWIDTH

4-ARM
CONICAL
b SPIRAL

<

4
<

POLARIZATION

C,re .57

TYPICAL HALF-POWER
BEAMWIDTH

50% « 360"

TYPICAL GAIN

Oce

BANDWIDTH

41

SURFACE
WAVE
ANTENNA ]l
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—
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(X-Y}
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POLARIZATION

Linegsir

TYPICAL HALF-POWER
BEAMWIDTH

[¢] .
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Quasi-Optical Apertures

OPTICAL
TYPE RAY DIAGRAM ELEMENTS PERTINENT DESIGN CHARACTERISTICS
Reflective 1. Free from spherical aberration.

2. Suffers from off-axis coma.
PARABOLOID ln_i:rc_)r_ e 3. Available in small and large diameters
axis M= Paraboloidal and f/numbers.
mirror 4. Low IR loss (Reflective).
5. Detector must be located in front of optics.
Reflective 1. Free from spherical aberration.
i 2. Shorter than Gregorian,
Mirror =P loidal
EREEEEAMN i #‘ M, :iar?gr()'dd 3. Permits location of detector
axis . behind optical system.
M_= Hyperboleide s y
s
- 4. Quite extensively used.
Reflective 1. Free from spherical aberration.
M, = Paraboloidal 2. Longer than cassegrain.
GREGORIAN mirror 3. Permits location of detector
behind optical system.
My » E”'Pm'dal 4. Gregorian less common than cassegrain.
mirror
Reflective 1. Suffers from off-axis coma.
Mirror M= Paraboloidal 2. Central obstruction by prism or mirror,
NEWTONIAN | e, mirror
axis

M_ = Reflecting prism
or plane mirror

HERSCHELIAN

Reflective

M, = Paraboloidal
mirror inclined

1. Not widely used now.

. No central obstruction by auxiliary

lens.

3. Simple construction,

axis 4. Suffers from some coma.
Refractive 1. Free of spherical aberration
2. Inherently lighter weight.
3. Small axial space.
FRESHK — . . . o
FaNEL Ly~ Special 4. Small thickness reduced infrared
LENS fresnel lens absorption,
5. Difficult to produce with present
infrared transmitting materials.
M- Refractive: 1. Suitable for IR Source systems.
flect
FERsEnE 2 Free of spherical aberration
MANGIN 3 Mostsuitable for small apertures,
. S M_= Spherical
o f
MIRROR Axis P —— 4. Covers small angular field
3 ar 2 1 X
M, Spherical 5. Uses spherical surfaces
reflector
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..? i PR R e __3_-_;. _‘; PATTERN 7: 2. Find feed angle usirtg '/D'.

- = =11 CALCULATED ﬂé_: : e 3. Find space attenuation using feed angle.
HEESIETE 4. Subtract space ottenuation from desired
oot —- edge illumination to get feed taper.

16 = ; : 'Ll' = 5. Find feed 10 db beamwidth using feed taper.
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»
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g
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