A C-band low aoise downconverter for satellite TV racestion

A complete Ku-bamd (11 - 12 GHz) satzllite TV receiver was
described im bwo previous articles [11. [2]1. The C-band low
rioise downcorverter described in this article completes the
receiving set enabling the reception of the 4 GHz satellite
bard usina the same indoor IF receiver described in [2]. since
TV trarsmissions in the 4 GHz band use similar modulation
Formats: widebard FM modulation with & spectrum spreading
waveform and FM audio subcarrisrs.

Althougkh the techinical problems Tike the profile accuracy
of the parabolic reflector or the sensitivity/ noize figure
af the RF front end are sasier to solve at 4 GHz than at
11 GHz., only & few TV programs can be received in Europs with
reasonably sized anternas. The easiest is certainly the
Soviet Gorizont satellite at 14 degress west. Each Gorizont
catellite carriss & transponders with an output power of 42 W
sach ard usually ore of them. connected to a hiah gain spot
beam anterwra. i used for television broadcast. The latter can
provide a nodise fres TV picture with an antenna as small as
99 cm diameter. Unfortunately the spot beam antennas of other
Gorizont satellites at 53 degresss east and 70 degress east
are nriented to the eastern parts of the Soviet Undon and
only provide weak signals to Europe. A1l the other
aeostationary communications satellites visible from Europe,
Tike the Intelzat series. Arabsat or Telecom and obther
transponders onbosard Gorizont satellites use Tow gatitn wide beam
antennas to cover wide areas including the complete hemisphers
vizible from their gecstatiorary orbit. The sianal levels are
15 to 20 dE below the Gorizont spot beam transmizssion and
evern a 3 m diameter dish will only provide a rather poor
quality pictura.

The black diagram of the C-band ocutdoor unit s shown on
Fig. 1. A1l the satellits sianals baamed to Europe in the 4 HEH=
band are circularly polarized, either RHCF or LHCOP. Since most
TV transmissions are RHD polardized, includina the sthrona
Gardizont bransmission. it s converient to wuse a short, two
turt helix azs the feed for the parabolic dish reflesctor.

The satellite sdgrnal s first amplified +im a two stage low
foise anpldifizgr eguipped with GaAs FETs. The downconverber
uses & S.1 GHz fiszed tuned Tocal oscillabtor to make image
redection easy and avoid spurious responses. The 4 GHz
satellite band, 3.6 Ghz to 4.2 GHz, s thus converted Lo

SP2 MHz to 15@Q MHz., compatible with the published indoor unit
arnd most commercially available ready built bdindoor receivers.
Note however that the polardity of the FM video zigrnal will ba
imverted compared to a 11 GHz downcorverter with a 1@ GHz LO!

The block dowrnconverter moduls is followad by an IF ame
to overcomse the lossez in the cable feeding the indoor wumit.
The IF amplifiar iz Hddentical to that used i the Ku-band
LNC (YURUMY 219 modulez), therefore its descoription will not be



rapaated here.

2. 4 GHz helix primary fead

The construction of a helix primary fesed for 4 GHz is
showr o Figa. 2. A two turn healix with a pot shaped reflector
has a suitable radiation pattern to i1lTumdinate a paraboldic
reflactor with the /D ratio around 8.4, The baldix iz made of
brass (or copper) tape supported by an dinsulating structure.
In practice, pieces of polyethilerne diglectric of diffarent
size coaxial cables were used azs support rods and spacers
kept toasther with plastic (mvlon) scraews. Thse reflaector s
made of thinm brazsz shest. Its diameter, expraessed in
wavalaernabths, is @.7 lambda and the rim is B.2 Tambda hiah.

The heldix has a relatively high inpedance at the feaedpoint
and a guarterwave coaxial transformer +is used Lo match it Lo
rowghly S8 olhms. A frine match can be parformed inside the Tow
noise amplifier if required. The matching travsformer iz
mardfactured from a pisce of 3@ obm senmirigid cable. To raise
its characteristic dmpedarnce Lo around 2@ ohmz the original
ober conductor (Copper tube) s removed. A dielactric sleeve
i pushed on bthe ordiginal teflon [dinsulation of the semirdigid
cable and the assembly iz pushed +in a & mm internal diameter
copper bubs. the copper tube i soldaersed to the reflector at
one end arnd to a brass nut, scrawed on the semirigid cable, at
the obhemr and.

Considering the velocity factor of teflon insulated
coaxial cablezs., the trarsformer should be around 14 mm long.
SHrze it e difficult to find a teflon slasve of the required
intarnal and external diameters. polysthilene can also be used
in spite of dits slightly Hhaher dielectric constant. In
practice, a piegce of RE-214 coax cable dielectric is used.

The copper btube iz heated by the solderding Hdron to the melting
point of polyethilers ard the dielectrdic iz forced into the
tubee. Whaen the tube cools back to room temperature,. the central
hole i the dielechric is carefully enlarged using a series

of sharp drill points at Tow speed to matckh the diameter of the
teflon insulation.

The parabolic reflector 43 a mirror and it reverses the
sanse of a circularly polarized wave., If thae satell-ita
transmiszion i RHCF, the polarization at the focal point of
the reflactor s LHCF and a LHCP primary feed +is reqguived.

It iz easy to determine the polarization of a helix anternas
a RHCF helix i wourd THikse a right harnd screw and a LHOP el
is worid in the opposite direction, Tike a left hand screw.

2. Low nodise amplifier for 3.6 - 4.2 GHz

Considering the noise figures of available mixers. a
gair of roughly 20 dB is required from the low roise ampltifier
to avoid that its rnodise fiaure is degraded by mixer noize.
At 4 GHz, two amplifier stages equipped with GaRs FETs are
sufficient to provide the gain reguired.



The circuit diagram of the 4 GHz Tow nodise amplifier s
showrn on Fig. 3. The matchbing of the transistors iz very
gimpla: two inductive stubs at the irput and two capacitive
stubs at tha output. The interstage match iz acheived
seleckting the correct Tength of the 5@ ohm microstrip. OFf
course, additional turning stubs can be added Lo improve the
per formance of the amplifier on a particular frequency, to
compensate for the tramsistor tolerarnces or antenmna mismatch,
Tike described in [11.

Except for the ocbvious changes due to the differsent
freguency rarnas, thse biaszs network iz ddentical to that used
qire bl 11 GHz amplifbier. Each of the two sowce Teads of
zsach FET iz bypassed to ground by a Tsadless csramic disc
capacitor arnd the current through sackh transistor hazs to be
adiusted selecting the source resistor. In the prototyvpe. a
CFY18 was used in the first stage and a CFY19 in the second.
Since the S-parametars of bhase trangistors are similar at
4 GEHz., a cheaper CFY19 could be used dn the first stage and an
svert cheapar CFYL13 90 the second with a Jdust slightly degraded
averall rnoisae figurea.

The microstrip civrouit 92 etched on & 3.79 thick, Er = Z.6&
glassfibar-taflon printad circuit board (Fig. 5. The circudit
is installed inm a custom made caze with a pisce of microwave
absorbaer foam attached to the cover Lo prevent resonances, Jjust
Tike the 11 GHz ampe.

The amplifizr reguires Tittle if any tumring. A comporent
that may cause problems are the 6.8 pF coupling capacitors.

In the prototyee, the snallest available ceramic capacitors
(MTead zpacing 2.9 mm) ware installed with the shortest possible
Taads.

4, Block downconverter 3.6 - 4.2 GHz o 8.9 - 1.5 GHz

Tha circuit diagram of the block downconverter iz shown
o Fige 4. It dncTuuadss a Hafs FET mixer. a local oszcillator
at 5.1 GHz armd an IF ampl+ifier stage.

The mixer is built with a sinale FET (T4). Both the RF and
LO sdianals are applied to the gate of T4 and the IF =zHignal =
taker from the drain. The RF and LO sigrals are combined in
a selective network irncluding Tambda/4 traps, followad by a
mabchirg retworkfeeding the qate of T4, The dradin stub operateaes
Tike a lambda/4 short cirouwit at RF and LO frequencies and as
& capacitor at IF freaguencies forming a lTow-pass. matching
rebwork with L1 fesding the first IF amplifier stage (TH).

The S.1 GHz local oscillator uses a cheap silicon
bipolar transistor BFRE? (T3). The frequency of the latter Hs
mainly determined by the base ard emittaer stubs. The collector
stub iz used to adiust the amount of power delivered to the
mizer stage. A bipclar bransistor oscillabor at microwave
fraquarncies requires a bias reaulator (T&) to stabilize the
current bthrougbh the oscillator trangsistor and dimprove the phase
roise parfornance.

The microstrip cirouit of the block downoonvertar module
iz alzo etched on & @.7% mm thvick Er = 2.6 @lassfiber-teflon
Taminate (Fig. &). The ozcillator tranzsistor (T3) s installed



A& Somm diameter bole deilled 40 the laminatse although it
does ok make any cormechion bo bthe ground elane. The hols
should be then tapped with a piece of copper foil to provide

a arourd plane for bthe bransistor. Thraese low dinductivity 479 pF
Teadlezs ceramic dizc capacitors are used +in bhe chircuit: on
aach =ource Tead of T4 armd on the smitter stub of T3, The

2.2 pF capacitor iz special toor it g made of a small piscs

of Lhcire (.15 mm thhick) glassfiber teflom laminate. L1 s
ddentical to the egutivalent drduchHivity im0 the 11 GHz converter
[11 and L2 s a Tambda/4 choke for the IF freguernocy.

The block downconverhber microshrip printed circuit board
is also dinstalled in & custom made case including & rim of
thinm brass shest soldered around the PCB arnd & cover of
atuminium shast with & piace of microwave abzorber foam.

Tz block downconverter module reguires a few adiustments.
As fHirst, the freguerncy of the Tocal oscillator (T3 should be
checkad, To tune the oszcillator the length of the baszse stub
should be adiusted actbinmg on the opern snd. The lanbda/4 traps
usually do ot reguire adiustments. To match the input of T4
a turing stub (& piacse of copper foil) has to be added and
adiusted to ophimize the conversion gain. The mixer test point
car be used to morcitor the LD siganal lavel suepplised to thea
mi e .

S CoreTusion

The converter described in thizs artHicTle was mainly used
o receive bthe Soviet Gorizonh satell+ite at 14 degrees weasth.
The EIRF of thHiz trarmsmizzsion iz estinated arcund 46 dBW.
Ugdrmg am 1.2 m diameter dish reflector many other TV siganals
cold be detected dn the 4 GHz zatellite band down to an EIRF
Tavel az Tittle as 22 -~ 24 dBW. 0Of courss, no TV pbdcture cowld
be obtaired from zuck weak sigrals, but the characterdistiic
fiald fraguency bum wasz heard conrmecting an audio amplifier to
the receiver video output. Synchrondzation of the picture on
the TV monditor was possible at sianal laevels around 3@ - 33 dBW
EIRF, corresponding to Gordizont @lobal armd bhemispheric beam
traremnissions and Intelsat zons beam transmissions. A laraer
antenrE,. bebwesn 2.4 ard 3 om odiameter, could provide useable
kgt pot yet nodize free pichtures from thess Lransmizssions.

Uszdrma the described downconvertsr with the dndoor undih
dezscribed im [21, two zmall problams ware wobed. First, one of
the harmonics of the Tocal ozcillator of the second tuanable
dowrcorverter (YUIUMV 220 module) may fall in the recedived
zatellite barnd cauzing an interference. Thiszs can hardly be
obzarved receiving Ku barnd satellites at 11 GHz, bubk at 4 GHz
the harmondos are mnuckh stronaer. Fortunately the dnter ference
cart only be observed when the bdndoor wumit dise very close to the
arbenng, during adivstments and experiments. When the distances
babtwaasn the dindoor recsiver ardd the antanna excossds 10 m oor
wharn therse s & concrete wall [irn betwesn any inter ferencs
disappears suggesting that additional shialding of the Hdndoor
Fecsiver second tunable downconverber T8 URnRIesSEary.

Secorud, Bhe Gordizont FM auwdio subcarriars have a muach



widar deviatior tharn most Eu-band TV transmissions and the
audio subcarrier demodulabor skowld be modified Lo avoid
digtortion. Finally, the Gordizont audio signal s companded and
requires an awdio expander to obtadn a good audio quality.

The 4 GHz barnd actually offers much laszs than the 11 GHz
bard in Europe, yet it iz very bdnteresting for the TV Di-er.
sspacially if a largsr parabolic anterwva s available. Arother
Frequency band has yet to be explored: the sagment between 2.5
ard .69 GHz iz also allocated to satellite TV distribution at
Feigher TH power levels. Some satellites are already operating
im o bbe 2.6 GHr band, Tike Insat or Arabsat whilse other third
world rations are planrcireg thedir own TV broadcast satellites
ir bhis Frequency band. In particular, the Arabsat satell+ites
carry & 50 W transmitter Hin the 2.6 GHz band and the anterna
Ffoobterint dncludes southern Europs.

[11 M. Vidmar. "A Ku-barnd Low Noize Downconverter for Satell-ite
TV", VHF Communications 4/86

(21 M. Vidmar. "Satellite Televizion Recediver Indoor Unit”,
VHF Commurications 1/87
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