








Jyri 'utkonen, OH7. '
jyri.putkonen@ntc.nokia.com

Karl oli sitd mieltd, ettd tehtydmme muutokset ja ollessamme
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Phase 3 ' 10 GHz lihetin hyviksymistesteissi

S: sassa

AMSAT-OH siétdjdt ovat vihdoinkin saaneet koko 10 GHz
lahetinsysteemin kasaan ! Michael OH2AUE ja Harri OH2IMS
kéavivdt marraskuun puolivilissd ndyttimissd puolivalmista
lahetintd Marburgissa Phase 3-D projektin vetdjille Karl
Meinzerille DJ4ZC ja “padinsind6ri” Werner Haasille DJSKQ.
Laitteelle tehtiin ns. hyviksymistestaus (acceptance tests), jossa
todettiin sen mekaanisten ja sihkoisten rajapintojen sopivuus
ja se, ettei laite ole vaarallinen ympérist6lleen. Tavoitteemme
ei aivan toteutunut (kts. edellinen lehti), silld saimme rautamme
takaisin Suomeen ja vield muutama kymmenen kiloa
yliméérdistd - pojilla oli tullessa matkatavaraa 70 kg. Totta
puhuakseni projektin johto oli suomalaisten ldhettimen
toimintaan ja toteutukseen korostetun tyytyviinen. Vierailu osui
tiarkeddn ajankohtaan, silld johto on eldnyt epdvarmuudessa
siitd, missd vaiheessa 10 GHz lidhetin todellisuudessa on.
Kyseessd on siis tyypillinen kansainvilinen projekti, jossa eri
tahot pyrkivit vilttdméddn kommunikointia keskenéén.

Tuliaisina Saksanmatkalta saatiin pitk44n kaivattu 10 GHz
kulkuaaltoputkildhetin (TWTA) powereineen (EPS). Olisi ollut
aika suuri riski olettaa, ettd TWT ldhtee toimimaan yhdessd
AMSAT-OH:n ylgssekoitinketjun kanssa ilman mink#énlaisia
kokeiluja. Saksalaiset olivat myds modifioineet meille
konvertterin, jolla saamme 28 voltin passihkostd paiteasteelle
tarvittavan noin 10 Ampeerin virran 12 voltilla.
Lampokamerakuvauksissa Saksassa havaittiin, ettd muutama
powerin komponentti limpenee liikaa, joten joudumme ne vield
vaihtamaan. Samoin ohjauslogiikkakortin Bipolar-tekniikalla
tehty ohjelmoitava logiikkapiiri kaipaa lisdjdahdytystd, mika
olikin jo arvattavissa. Piiri jouduttiin vaihtamaan viimehetkelld
CMOS-piirien NASA:n testeissd saamien huonojen
sdteilynkestotulosten takia. Saksalaiset olivat erityisen
tyytyviisid 10 GHz ldhettimen suureen ldhtétehoon (noin 10
W), hyviin keskindismodulaatiotuloksiin, AGC:n loistavaan
toimintaan seki ylip4itinsa rakenneratkaisuihin, joihin olimme
pddtyneet.

Jéljelld olevat tyst ovat em. modiksien lisdksi parin liittimen
tekeminen ja kaapeloinnin viimeisteleminen. Lisiksi teemme
kokonaisuudelle (ylossekoitusosa + puolijohdepiditeaste +
TWTA) tiydelliset toiminnalliset testit 1impétiloissa 0...+40
°C. Testeissd pyritddn kdymédn ldpi kaikki normaalit ja
mahdollisimman ep4normaalit toimintatilanteet, jotta voimme
varmuudella kertoa miten lihettimemme kidyttiytyy eri
tilanteissa. Lisdksi pitdd muistaa, ettd timin jilkeen
lisdmittausten tekeminen on Iihes mahdotonta. Toisaalta, jos
mittausten tekeminen parin vuoden kuluttua osoittautuisi
tarpeelliseksi ja sithen avautuisi mahdollisuus, niin ainakin yksi
vapaaehtoinen 16ytyy.

itse tyytyviisid tulokseen, meidin ei valttimittd tarvitse endi
kéydd hyviksymistesteissd Saksassa, vaan voimme toimittaa
ldhettimen suoraan Dickille WA4FAB Orlandoon. Matkan
aikana vahvistuivat myos tiedot, ettd Phase 3-D lentii
seuraavan Ariane 5:n Kyydissd. Laukaisu on todennikdisimmin
huhtikuussa 1997. AMSAT-OH:l1la on helmikuun 1997 alkuun
asti aikaa saattaa padtokseen sddtiminen ja on sovittu, ettd
toimitamme ldhettimen asentajan kera Floridaan helmikuun
puolivilissd. Jokainen hystykuormanrakentajaporukka
nimittdin vastaa laitteen integroinnista satelliittiin ja tekee
(sdhkoiset) integrointitestit.

10 GHz

10 GHz lahettimell4, kuten muillakin Phase 3-D:n ldhettimillad
on kaavailtu olevan kaksi “bandia”: analoginen ja digitaalinen.
Analoginen on vililla 10451,025...10451,275 MHz ja
digitaalinen 10451,450...10451,750 MHz, Majakat ovat
taajuuksilla 10451,00 ja 10451,400 MHz. RX-TX-ketjuissa
el pitdisi olla mit44n niin tiukasti kaistaa rajoittavaa, etteikd
koko 700 kHz aluetta voisi kidyttdd tarvittaessa. Téllaisia
kokeiluja voisivat olla vaikkapa digitaaliset lihetteet.
Esimerkiksi 8-PSK-modulaatiolla saisi siirretettyd pari
megabittid sekunnissa ja ldhetin voisi toimia ldhelld
kompressiopistetti.

ihettimen rakenteesta

Liahetin koostuu neljdstd modulista ja kahdesta antennista.
Nidm4d ja niiden sisdlld olevat toiminteet on selostettu
seuraavassa. Tekstissd on myos nimetty yksikdiden tekijit.
Niiden lisdksi AMSAT-OH:n 10 GHz ldhettimeen on ollut
tekeméss4 protoja ainakin Kaitsu OH6EH, Petteri OH2BYW,
Eero Sarlin, Timo OH2MAT, Matti OH2MQK ja Juha
OH2LVM. Edellisten lisiksi ideoimassa ovat olleet mm. Jarmo
OH2MCU ja Reino OH3MA. Oheisilla sivuilla on esitetty 10
GHz ldhettimen lohkokaavio ja moduulien rakenne.
Tarkoituksena on antaa lukijoille yleiskuva siitd, millainen
lahetin on kyseessd. Mikili kiinnostusta ilmenee ja lehdessa
on vapaita palstamillimetrejd, saatamme julkaista myos
skemoja jossain tulevassa numerossa.

1. Alamoduli (bottom module):

Ylimpénd on DC/DC-konvertteri, joka tekee 28 Voltista 10V/
9A, +12V ja -6V. Se on saksalaisten kisialaa ja perustuu
ratkaisuihin, jotka ovat lentéineet jo monesti aiemmin. Keskelld
on ohjauslogiikka, joka huolehtii 10 GHz lihettimen
telemetrian kerddmisestd ja satelliitin keskustietokoneen
lahettdmien komentojen toteuttamisesta. Piiri on
kokonaisuudessaan Harrin OH2JMS kisialaa. Alimpana on
kolmiasteinen 10 GHz puolijohdevahvistin, jonka pé4teasteena
on balansoituna kaksi 8§ Watin FET:i4. Sisddanmenotasolla +23
dBm siitd on saatu+41 dBm (13 W) ldhtoteho, mutta riittdvin
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EDGE OF C BAND ANTENNA

ANTENNA MOUNTING,
SEE NOTE 1.

15 59-1 GPS PATCH ANTENNA,
1 OF 4, SEE DRAWING 15 58

LIFTING CLEVIS -

e 97 =

P3D95202 V BAND ANTENNA,
1 OF 3 (PARTIALLY SHOWN)
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easy to use and reliable building blocks - Gain is provided by
Monolithic Microwave Integrated Circuits ( MMIC ). The
mixer used has schottky diodes and matching transformers
mounted inside its ceramic case and the filter has four connec-
tions: Input, output and two to ground. A degree in plumbing
is definitely not required!

The first amplifier used at the antenna input largely determines
the overall sensitivity of a receiver. The Low Noise Amplifier
(LNA) used here was introduced by Hewlett Packard in 1996.
The MGA86563 is a high gain, LNA usable within the 500
MHz to 6 GHz frequency range. It is a 3 stage GaAs FET
MMIC constructed using “State of the Art PHEMT technol-
ogy”. The device requires a nominal 5 Volt supply at 14 mA,
but unlike other similar products, can operate from higher
Voltages thanks to an internal bias regulator.

The converter is constructed on a standard 62mil (1.58mm)
double sided FR4 fibreglass PCB. While this material is not
the best choice for use at this frequency, it is more robust and
easier to handle than boards using very thin PTFE substrates.

I also decided early on in the project to use surface mount
components. I realise that this may discourage some potential
constructors but there are two indisputable reasons for doing
so. First, I found that the Local Oscillator section could be
built using four transistors using Surface Mount Devices
(SMD) but needed an extra stage if  used conventional com-
ponents. Second, there are many opportunities for leaded com-
ponents to be incorrectly inserted in the PCB. Long wires
usually equal a non-functioning circuit at S band. With a sur-
face mount component, if it’s in the right place and soldered
correctly, then it’1l work. As a compromise, I’ ve used the larg-
est variety of SMD for ease of handling.

Circuit Descr tion.

The Local Oscillator is based on an excellent design by Sam
Jewell G4DDK. Sam’s original circuit has been adapted in
this application for surface mount construction and optimised
for a frequency range of apx. 1700 to 2000 MHz.

Crystal X1 is a 5th overtone unit with a frequency of 109.333
MHz. Transistors TR1 and TR2 form a Butler oscillator with
L1/ Cl tuned to the crystal frequency. The output at the col-
lector of limiting amplifier TR2 contains a high level of har-
monics and tuned circuits L2 / VC1 and L3 / VC2 select the
third harmonic at 328 MHz. TR1 and the base of TR2 operate
from a 9 Volt supply produced by a 100mA Voltage regulator
IC5. TR3 is a frequency multiplier which triples the frequency
from 328 to 984 MHz. The input is coupled to the base of
TR3 by C10. The value of C10 is only 4.7pF which allows
enough signal through to drive TR3, but is small enough in
value not to degrade the Q factor of L3 /VC2, and to provide
some rejection of any residual 109 MHz. R9 provides a con-
stant load for the drive and sets the bias point for TR3 ensur-
ing the generation of harmonics.

The output of TR3 is a two stage bandpass filter constructed
using microstrip techniques. Z1 and Z2 are inductively coupled,
shortened quarter wavelength lines, etched onto the printed
circuit board. Each line is tuned by a variable capacitor (the
high impedance end) and is AC coupled to ground at the other
(low impedance) end. The transistor is impedance matched

into the filter simply by tapping onto Z1 at the appropriate
point.

The final stage in the Local Oscillator is a frequency doubler,
from 984 to the output frequency of 1968 MHz. The input is
coupled to the base of TR4 by C13. The transistor is biased
to class B by applying apx. 0.6 Volts produced by potential
divider R11, R12. The collector supply is again fed to the
transistor via stripline Z4 with RF decoupling performed by
C14 and C15. During development I found that the standard
InF chip capacitors were not very effective at decoupling fre-
quencies above 1 GHz. The addition of the porcelain Ameri-
can Technical Ceramics capacitor C14 increased power out-
put by 50%. A further increase was achieved by including the
quarterwave high impedance transmission line Z3.

The output at 1968 MHz is taken from the collector and ap-
plied to another microstrip bandpass filter. A three section
filter was selected to allow effective filtering of the local os-
cillator. Any spurious signals will cause unwanted products to
appear at the output of the converter. The filter, Z4 Z5 and Z6,
provides a clean output of 5SmW with unwanted products sup-
pressed by at least 42dB. Each stripline is tuned by a variable
capacitor as in the previous stage, but here the type of trimmer
chosen is important. The green SKY trimmers (1) specified
have a maximum value of 5pF, but more importantly, have a
minimum capacitance of only 0.5pF. Any substitute should
have a minimum capacitance of not greater than 0.75pF. This
will limit the choice to foil or ceramic types which are physi-
cally small, or to piston trimmers as marketed by Down East
Microwave in New Jersey.

he RF Section.

The entire RF section is constructed from modern 50 Ohm
block components. The amplifiers, filter and mixer are all in-
ternally matched to 50 Ohms and consequently there are no
adjustments to be made. The broadband characteristics of the
devices used mean that this converter receives all frequencies
from 2400 to 2500 MHz and converts them to 432 to 532
MHz

The input at 2400 MHz is passed via a low loss ATC capacitor
C18 and matching inductor L4 to the LN.A. IC1. Supplying
voltage to the LNA requires some care as it is only condition-
ally stable at some frequencies. My final solution was to use
RF choke L5 with a series resistor R15 to reduce the Q and
ensure stability. Zener diode ZD1 drops the 12 Volt supply to
6.4 Volts which is within the limits of IC1. The LNA output
feeds bandpass filter F1. This filter has a bandwidth of 100
MHz and is manufactured from the same type of ceramics tech-
nology found in dielectric resonant oscillators. The centre fre-
quency is 2450 MHz providing an ideal response for S band
satellite operation. The manufacturer’s data sheet shows a mid-
band insertion loss of 1.16 dB with a L.O. rejection of -35dB.
Image frequency rejection is off the graph supplied by Toko
but in reality is likely to be limited by coupling between PCB
tracks. IC2 is a standard MAR6 MMIC which has a gain of
10dB and a noise figure of 4dB. This feeds a Mini Circuits
RMS30 double balanced mixer. The RMS30 is specified to 3
GHz and has internal matching on all ports. The output is taken
from the LF. port to a -3dB resistive attenuator. This was in-
cluded because the input of the 432 MHz amplifier IC3 may

not be 50 Ohms at all frequencies emerging from the mixer.
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Construction and Testing.

The PCB is double sided, with the topside used as a
groundplane for all earth connections. Some components are
mounted on the GP side and these are identified in the parts
list. The trackside layout with its component overlay is pre-
sented in fig.2. If you plan to mount the PCB into one of the
popular tin plate boxes (1) trim it to size before you fit the
components. Any flexing of the PCB after assembly may crack
the surface mount devices.

Start the assembly process by identifying and soldering all the
through board earth-grounded connections.(4) These can be
formed by cutting short lengths of 24 SWG tinned copper wire
and then bending 2 -3 mm at 90 degrees. These are inserted
into the groundplane side and soldered. Then, turn the board
over, solder the links on the track side and cut off the excess
wire. The components can be fitted in any order, but leave the
LNA and L4 until last. The best results are obtained using a
minimum quantity of solder; if you use too much, the excess
can be removed with desolder braid.

The LNA is only manufactured in a miniature SM package. I
found that it can be soldered successfully if you hold it in the
correct position and then solder one of its ground connections.
With the device in place, look very carefully at its position. If
it’s not correct then reheat the joint and move the device. When
you are totally satisfied that the LNA is in the right place,
solder the remaining five leads. It is almost impossible to re-
position the device once all six leads have been soldered.

The alignment process is in two stages. You will need an ana-
logue multimeter, a 70cms receiver and a 2.4 GHz signal source
- more on this later.

Start by pre-setting the variable components as follows. Ad-
just the core of L1 to be level with the top of the former and
the turn the core into the former by another 2 full turns. set
VC1/2 to be 40% meshed VC3 / 4 to 15% meshed and VCS5,
6 and 7 to be 5% meshed. Support the board off the work
surface so that the microstrip lines are not detuned and con-
nect 12 Volts. The current should be 60-70mA before tuning
and about 130mA when alignment is complete. First, check
that the crystal is oscillating by listening for the fourth har-
monic near 438 MHz on the 70 cms receiver. If no signal can
be heard, then adjust L1. With the oscillator running we can
now align the three multiplier stages. Set the meter to read 1
Volt full scale and place the probe on the emitter of TR3.
With no drive, the Voltage will be zero. Using a trim tool,
adjust VCI and VC2. As you tune the circuits to 328 MHz,
TR3 will begin to conduct. Just tune for maximum emitter
voltage - it’s as simple as that! Next, move the meter probe to
the emitter of TR4. The voltage should be around 100mV due
to the bias resistors on the base. Repeat the tuning process,
this time adjusting VC3 and VC4 to give maximum emitter
voltage. When correctly tuned, the voltage should increase to
over 750mV. One word of caution is necessary here. TR3 is
designed as a frequency tripler from 328 to 984 MHz. How-

ever, it is possible to tune the striplines to 656 MHz by mis-
take. Fortunately, this is fairly obvious as the trimmers will be
50% meshed at that frequency. The alignment process for the
final doubler is a little different, as we have now run out of
emitters! To adjust the last stage, connect an antenna to the
converters input and your 70cms rig to the IF output. At this
point, you’ll need to generate a weak test signal on 2400 MHz.
The Amsat UK signal source (2) is ideal but your S band
converter is very sensitive and will easily pick up a harmonic
from a VHF / UHF source. Failing that, a few hundred milli-
watts of 28 MHz applied to a signal diode and series 50 Ohm
resistor will suffice. Place the test source 2 metres away, switch
on the receiver and select SSB. As you switch on the con-
verter the noise level will increase. Locate the test signal and
note the S meter reading. The final three trimmers will all reso-
nate close to minimum capacitance. Adjust each one for maxi-
mum S meter reading. This indicates minimum conversion loss
in the mixer and completes the alignment.

And Fin: y......

A tinplate box is available for the converter and is recom-
mended as it has a removable lid and base, giving excellent
access. Being tinplate, the PCB can be soldered to the sides of
the box along with the RF and power connectors. An alterna-
tive solution is to fit the PCB into a diecast aluminium encio-
sure. This will be much easier to waterproof but do keep the
box as small as practical.

The finished converter should be installed as close to the an-
tenna as possible, as coaxial cables have very high losses at
2.4 GHz. The LF. output at 70cms can, however, be run back
to the shack via long lengths of cable without problem. Be-
cause the gain of the converter is 32dB, the coaxial cable can
lose up to 10dB without noticeably affecting overall perfor-
mance. Finally, as most units will be mounted outdoors, local
oscillator stability should be mentioned. The L.O. frequency
can be measured at all times by listening to the crystal’s 4th
harmonic on 438MHz. In most cases any drift in the L.O. will
be minimal compared to the doppler shift from the satellite.
However, a small 12 V clip on crystal heater is available (3)
and will hold the frequency to better than 1 KHz during cold
weather.

Notes.

1) Tinplate boxes model 7754 and 5pF SKY trimmers are dis-
tributed in the UK by Piper Communications. 4, Severn Road,
Chilton, Didcot, Oxfordshire. OX11 OPW

Tel: 01235 834328

2) A Low cost signal source for 2.4 GHz. Amsat UK. Oscar
News No 112.

3) Crystal heaters / Sky trimmers. - Microwave Component
Service.

¢/0 Ms. P Suckling. 314a Newton Road, Rushden, Northants.
NN10 0SY

4) A kit of parts is availiable from the author. The kit includes
a PCB which uses plated through holes for all earth grounded
connections.
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Component List * = Located on groundplane side of PCB

Semiconductors
* IC1 MGAS86563 - (H.P)
* ICS 78L09
IC2 MARG6 - Mini Circuits
Q1 Q2 MPBTHI10 - Philips
IC3 RMS30 mixer
Q3 Q4 BFR93A - Philips
IC4 MAR3 - Mini Circuits
* ZD1 5V6 400 mW
Inductors
*L1 4.5 turn Toko S18 with Alu-
minium core
*L2 L3 3 turns 22 SWG tinned copper.
4mm inside diameter. 2.5mm off
PCB.
* L4 22 SWG T/C. formed into U
shape with .D 4mm. 5Smm high
L5 Toko SM inductor 150nH type
32CS
Capacitors
Cl,6,7 22pF
*C4,8,9 4n7 plate ceramic
C2,5,11,16,17,19,20, InF
*Cl2, 15 InF
C21,24,27,29,30 InF

C22, 28 0.1uF

C3,23,25 27pF (0805)

*C26 10uF Tant

Cl10,13 4.7pF

*VCs, 6,7 Sky 0.5 - 5pF

Cl4, 18 12pF Porcelain ATC 0.1 inch
*VCl1,2,3,4 10pF trimmer 5mm dia. (RS

Components No 125-957)
Resistors (1206)

RL, 3,6 1kO
R11 22k
R2 820R
R10, 13, 15 47R
R4,5,8 470R
R16 680R
R7, 14,21 10R
R17, 19 330R
R9, 12 2k2
R18 18R
R20 220R
Misce neous

Fl Toko chip dielectric filter.

TDF2A-2450-10
Printed Circuit Board with etched microstrip elements.

108 x 36 mm.

A kit of parts for this project will be avaible from
early Feb.97.

The kit comprises of all the components from the
parts list, including a 109.333 MHz crystal, and
the timplate box from Piper Communications
mentioned in the notes. An A4 reprint of the
article with additional constructional information
is also included.

To further simplify construction, the PCB to be
supplied with the kit has been modified to include
plated through holes. This will remove the need
for the wire feedthroughs used for all earth—
grounded connections. The use of a P.T.H. printed
circuit board will significantly reduce construc-
tion time and give a professional finish to the
project.

The kit will be available from the author at the
address below.
Cost £66.80 + Post and Packing

P+P United Kingdom £1.90
recorded delivery.
Europe £3.75

United States, VE, ZL, VK £4.75
All non—-UK orders will be sent by small packet
air mail and include international recorded deliv-
ery. Insured post is available to most destinations
if required.
Cheques/I.M.O. in £ Sterling, to: David Bowman
31 Benson Close,
Hounslow,
Middlesex,
England.
TW3 30QX
Tel / Fax +44 (0) 181 572 8615
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