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ABSTRACT

This paper describes the main features and
components of a class of OutDoor Units
(ODUs) for user terminds for interactive
data communications as wel as for TV
reception via the new 12/30 GHz ASTRA
sadlite launched lagt year, and future
sadlites with smilar parameters. The firgt
prototypes of these units were firg
repoted & the 5" Karband Utilisation
Conference in Teormina, Itay (Ref. 1).
Since then, the units underwent further re-
design and are now in regular production.

The ODUs use block converson from S-
band (25 —3 GHZz) for the transmitter and
to sandad L-band (095-215 GHz) for
the recaver, and interface with an Indoor
Unit (IDU) with the the corresponding S/L
—band modem. Ther EIRP, G/T and
Soectrd  purity dlow trangmittting a
maximum daa rates from 144 kb/s to
about 2 Mb/s usng the above sadlites
with sufficient margin, and reception of
sgnas with high data rates (such as 40
Mb/s or even higher). Three ODUs with
different Tx power levds and antenna
Szes have been desgned to cover the
above range of data rates.

The configuration, man characteridics
and technology of the ODUs are described
and their performance daa reported in this

paper.

OVERALL DESCRIPTION

Each ODU is physicdly composed of an
dud offsstfed (Gregorian)  parabolic
antenna and a transcelver. The antenna
boom is equipped with a dud 12/30 GHz
feed/diplexer. This assembly contans two
waveguide flanges (C120 and WR28) to

which a typicd Kuband LNB and the
transmitter can be attached. The LNB
ataches directly while the trangmitter is
atached by means of a flexible waveguide,
with the transmitter mounted lower down
on the boom. The three antennas fesature
the same f/d so that the same feed/diplexer
can be usd for dl of them. The Tx input
and Rx output (& S-band and L-band
respectively) interface with the IDU via an
Interfacility Link (IFL),

The main requirements on the two ODUs
are summarised in Table 1 below:

Tablel: Main ODU Parameters

Parameter ODU 1/2/3

Tx frequency range 205-30GHz
Rx frequency range 10.7 12.75 GHz

Tx polarization (s=) Linear, V or H,
Rx pol. (switched) Linear, V or H,
EIRP, nomina 40/45/50 dBW
Max. antennadia 76/92/122 cm
Min G/T 15dBrK

Tx IF freg. range 25-3GHz

Rx IF freg. range 095 - 2.15GHz
DC power (max) 30/40/60W

Fig. 1 shows an assembled ODU.

The above requirements result in the
faollowing breskdown of the required
antenna and transceiver performance;

Table2: Antenna/transc. performance

Parameter ODU 1/2/3
AntennaTx gan | 44/46/480B
Min. Tx power 26/29/32 dBm
AntennaRx gain | 35/37/39 dB
Rx NoiseFigure | 1.3 dB max
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Fig. 1: Complete ODU

BLOCK DIAGRAM

The functiona block diagram of the ODU
is shown in Fg 2 The transcaver is
interconnected  with  the  corresponding
IDU via an IFL congging of one Rx
coaxid cable and one Tx coaxid cable on
which  the fdlowing dgnds ae
multiplexed: Tx IF, reference sgnd, a 22
kHz tone for Monitor, Alaam & Control
Functions (MAC) and the DC power for
the tranamitter. The Rx cable caries the
Rx IF dgnd as wel as the DC voltage for
the LNB and the 22 kHz tone for band
switching. The block diagram shows a
sngle output LNB but a Twin or Quad
Universa LNB can aso be used.

Note that dectricdly, the feed/diplexer is
part of in the antenna subsystem.

Fig. 2: RF Front End Block Diagram

TRANSMITTER

The input S-band (25 — 3 MHz) Tx sgnd
from the IDU is trangmitted to the ODU on
the RF cable of the IFL. The Tx sgnd is
sepaaied in the multiplexer pat of the
trangmitter from the other sgnds on the
cable and upconverted in the UPC unit to
the 295 — 30.0 GHz range. The sgnd then
pases through a filter (not shown) to
remove any resdud LO dSgnd as wdl as
other unwanted signds. The filtered signd
from the UPC is amplified in the SSPA to
the desred levd and connected to the
feed/diplexer. The trangmitter contains a
10 MHz reference oscillator used to lock
the LO for the UPC. This dgnd is dso
sent back, through the multiplexer and IFL
RF cable, to the IDU to be compared with
a received bescon for the purpose of
frequency corrections for the terminad by
adjusing the Tx IF. In case of a PLL
dam, the connection to the IDU is
interrupted as shown in the diagram.

The MAC drcuitry is responsble for
controlling and monitoring the trangmitter
from the IDU. As shown in the dagram,
the MAC circuitry interfaces with the IDU
through the multiplexer. This is done using
a 22 kHz PWM sgnd. It monitors and/or
controls the power supply adarm, reference
disconnect switch and the PLL darm and
Tx endble/disable switch.

RECEIVER

The dgnd recedved by the feed is
sepaated from the Tx dgnd in the
diplexer pat of the feed and brought to a
dandard flanged universdl LNB which can
then sdect between two orthogondly
polarized sgnds. The two dgnds are fed
to two input dages, the outputs of which
can be switched to sdect the desred
polaization by the DC supply voltage
brought from the transmitter to the output
connector. The sdected sgnd is then
goplied to the mixer to downconvert to the
950 — 2150 MHz L-Band IF. This is done
in two bands converting the Ku low band
(10.711.7 GHz) to the range 950-1950
MHz and the high band (11.7-12.75 GHz)
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to 1100 — 2150 MHz. The output is
connected to the IDU via the Rx coaxid
cable A typicd sandard universd LNB
has gpproximatdy 55 dB of gain. It can be
a sngle TWIN or QUAD LNB. Its
outputs would be controlled from the IDU,
via separate cables, in the same way as in
standard Ku-band DTH receivers.

ANTENNA SUBSY STEM

Reflector and M ount

The antennas for the three ODUs use
upgraded Ku-band reflectors,  with  the
dud-offset Gregorian geometry for the
feed. usng an f/d ratio of 0.6. The reflector
diameters are 76 cm, 92 cm and 122 cm. A
fine adjust AZ/El mount is atached to the
dish and to a “caniger assembly” which in
turn rotates on the mast. The mast is
atached to a non-penetrating roof mount.
The 76 cm reflector can adso be attached to
awadl.

Feed Support (Boom)

The feed support system uses a rectangular
crosssction boom further supported by
two sde gruts to account for the weight of
the transmitter and subreflector.
Feed/Diplexer & Transceiver Mounting
The Feed diplexer is a commercidly
avaldble unit featuring a Kuband horn
with a polyrod radiator for 30 GHz, and
with a built-in diplexer section featuring a
C120 flange for the atachment of an
LNB, and a WR28 flange to connect the
transmitter to. Fig. 3 shows the detal of
the feed, LNB and transmitter mounting..
The transmitter is connected to the feed by
flexible waveguide.

TRANSCEIVER MECHANICS AND
ELECTRONICS

The transceiver consgs of two pats, a
commercidly avaldble LNB, and the
NORSAT-designed transmitter. These two
patsarevishlein Fgure 3.

Fig. 3: ODU Transceiver and Feed

As for the dectronics of the transmitter,
the folowing ae some of the
Characterisic  aspects of the dedgn
goproach taken and of the technology
used:

a) In the LO for the UPC, an SPD
(Sampling Phase Detector) is used in
the the LO PLL circuit. This provides
better phase peformance as it does
avay with the syntheszer threshold
noise typicd for the “divide down and
synthesize schemes.

b) The SSPA, which has a gan of

goproximately 55 dB, uses modly
internadly matched MMICs, both for
the low-levd drivers and the find
sage. The required output power for
SIT 1 and 2 (29 dBm) is obtained from
one MMIC chip. No off-chip
combining was therefore necessary for
ODU 1 and 2. However, combining is
required for ODU 3.
An dectronicaly controlled variable
atenuator was used in conjunction
with a temperaure sensing circuit to
compensate for amplitude vaiaions of
the Tx chan caused by temperature
changes.

c) The technology used in the redisdion
of the above circuits and units is SMT-
packaged devices on softboard, except
for the SSPA sages where aumina
insarts ae used in the packages into
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which the MMIC chips ae die-
attached and wire-bonded.

PERFORMANCE

A summay of Al

rdevant ODU

parameters and the measured results is

givenin Table 3.

Table 3: ODU Performance
Parameter Performance
RF Tx Band: 295- 30 GHz
RF Rx Band: 10.7-12.75 GHz
EIRP. Nomina 42/45/50 dBW
(-20 dBc regrowth)*

Antennasize 76 /92/122cm

AntennaTx gan 44.5/46/48.5 dB

Tx Gain Pattern ETS Compliant

Cross-Pol. Isolation:

Tx(in /10 dB cont.) >30dB

Rx (in 1 dB contour) >20dB

Nomina Tx power* 28/29/31.5 dBm

Tx IF Input freg. range | 25-3.0 GHz

Tx IF levd for -33t0 —23 dBm

nomind EIRP

AntennaRx gain 36/38/40 dB

GIT (equipment only) 16/18/20 dB/K

Rx noisetemperature | 100K

Rx Output freq. range: | 950- 2150 MHz

Recelver gain 56 dB

ODU Reference 10 MHz(++ 20
ppm)

Temperature range -P°Cto+50°C

CMF protocol/ link SIMP, 22 kHz
PWM

* |t istobenoted that the* nominal” Tx
power is not defined at the 1 dB
compression point as is customary, but
rather at a specified level of spectral
regrowth caused to the actual
modulated signal. Based on dudies
conducted by the author, operation & 1 dB
compresson point results in very different
actud digortion, depending on whether
the compressng device (typicdly the
power dage) has a soft or  had
compression characteristics ( Ref. 2).

SUMMARY

Three 12/30 GHz ODUs (antenna and
transceiver)  for  Sadlite  Interactive
Teminds have been desgned and
prototyped, and thelr performance verified
in bench tegting as well as in antenna tests
on an antenna range. The 76cm ODUs
arenow in regular production.

The ODUs use dua-offsst parabolic
antennas with a specid dud 12/30 GHz
feed. The tranamitter technology used is
“clasdcd” SMT except in the SSPA
module where the thin film on dumina and
“chip and wire’ techniques are employed.
In the recaiver, commercidly avaldble
Ku-band LNBs are used.

The ODUs are characterised by EIRPs of
42/45/50 dBW, G/T of 16 dBlK and
better, and by an L/S band Rx/Tx IF
interface with the modem in the IDU.
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