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“ANIK” SATELLITE COMMUNICATIONS SYSTEM

M. J. HOUTERMAN
Hughes Aircraft Company

Culver City, California 90230

ABSTRACT

The Canadian Domestic Communications Satellite, “ANIK”, which is scheduled for
launch in November 1972, will become the space segment of the first domestic
geostationary satellite system. The satellite communication system consists of an all
microwave 12 channel repeater in conjunction with a 60 in. shaped beam solar transparent
parabolic reflector and associated feed. This paper discusses the “ANIK” satellite
communication system design. Overall system performance parameters, including G/T and
EIRP coverage of Canada, are presented. The repeater is broken down into three major
items; wideband receiver, multiplexers, and channel amplifiers. Typical performance data
is given for each of these items. The antenna design is considered and the receive and
transmit feed networks are presented. Emphasis is placed on the dual mode nature of the
transmit function of the antenna.

Introduction

ANIK, the Canadian Domestic Communications Satellite, was designed for the Telesat
Corporation by the Hughes Aircraft Company. The word “ANIK” means brother in the
Eskimo language. ANIK is a spin stabilized satellite with a despun 60 in. parabolic
reflector and feed. Operating in the 4 GHz and 6 GHz frequency bands allocated for
satellite service, ANIK will provide 12 all microwave repeater channels. Each repeater
channel has a usable bandwidth of 36 MHz. The center-to-center spacing between
adjacent channels is 40 MHz leaving a 4 MHz guard band. The satellite communication
design is optimized for frequency modulated carriers in either single access saturated
channel operation or multiple access semi-linear channel operation. In saturated operation
the channel power amplifier is driven to its maximum output power. When operated in
single access mode, the entire 36 MHz channel bandwidth is used, and each repeater
channel will support 960 one-way voice channels or a color television program. Under
multiple access operation, frequency division multiplexed carriers are located in the center
24 MHz of the channel bandwidth at a total drive up to 10 dB input backoff. These
restrictions limit the intermodulation noise introduced into an adjacent channel to a low 



value and are compatible with the thin route multiple access service requirements of the
Canadian Domestic Satellite system.

Figure 1 is a photograph of ANIK flight 1 spacecraft with its solar panel and sun shield
removed. The despun antenna is connected to the spinning repeater by a noncontacting
rotary joint. Transmit signals are transferred across the rotary joint in circular waveguide,
and receive signals are transferred by a concentric coaxial cable. The minimum receive
G/T of each channel is -7 dB/EK throughout Canada. The illuminating flux density at the -
7 dB/E‘K receive G/T contour necessary to drive a channel to saturation is -80 dBw/M2. In
single access saturated operation each repeater channel provides at least 33 dBw effective
isotropic radiated power throughout Canada. Figure 2 depicts the innermost 33 dBw EIRP
and -7 dB/EK receive G/T contours for ANIK Flight 1. The Canadian earth stations are
shown as viewed from geostationary orbit for satellite locations of 95E and 120E W
longitude.

From the outset the ANIK communication system has been designed to deliver this
communication capability at low weight. This has resulted in a simplified repeater design
employing newly developed 20 mil Invar waveguide filters which provide a large weight
savings. It has also led to the development of a sophisticated antenna design using a solar
transparent parabolic reflector. The repeater and antenna designs will be discussed in the
following sections.

Repeater

Description   The ANIK repeater is an all microwave, fixed gain, multiplexed 12 channel
design. Figure 3 is a block diagram of the repeater and Figure 4 shows the repeater
frequency plan. The repeater consists of three major items: a wideband receiver,
multiplexers, and channel power amplifiers. The wideband receiver establishes the system
noise temperature, translates received 6 GHz carriers to 4 GHz, and amplifies the 4 GHz
carriers to an intermediate power level prior to channelization. The wideband receiver
input is the 6 GHz interface to the antenna. Separation into channels is accomplished by
the input multiplexer. The input multiplexer consists of two banks of six circulator coupled
waveguide filters for the even and odd numbered channels. Following the filters each
channel employs a high efficiency, 5 watt TWT as a channel power amplifier. The outputs
of the 12 TWT power amplifiers are summed by a low loss output multiplexer.

The output multiplexer, analogous to the input multiplexer, consists of two banks of six
wavegiiide filters for the even and odd numbered channels. Each bank of output
multiplexer filters is iris coupled to a waveguide summing manifold. The outputs of the
two summing manifolds are the 4 GHz interfaces with the antenna.



Receiver redundancy is provided since the two chains of active receiver elements are not
powered simultaneously. A measure; of channel power amplif ier redundancy is also
provided since the ANIX power system is sized for ten channel operation at the end of its
7 year mission life. Onboard channel equalization is not included. The required
equalization is provided by the transmit earth stations.

Table I is a summary of overall communication system performance parameters. These
performance parameters are applicable when channel equalization is provided.

Wideband Receiver   The wideband receiver contains the only active repeater elements
common to all channels. Over the received signal levels of interest the active elements of
the receiver are operating nearly linear, and the amount of receiver intermodulation noise
introduced into any channel is small. Receiver intermodulation noise is included as part of
the noise allocated for satellite nonlinearities.

A summary of receiver performance parameters is contained in Table 2. The receiver
design represents a compromise between low noise temperature, linearity, and gain.
Referring to Figure 3, two essentially independent receivers, connected at the input by a
ferrite switch and at the output by a power splitting hybrid, are provided. The two outputs
of the hybrid drive the even and odd input multiplexer filter banks. The eight section
waveguide bandpass filter prior to the input ferrite switch limits the receiver bandwidth.
The input ferrite switch routes received signals at 6 GHz to whichever receiver chain is in
use. Receiver chains may be switched at any time by ground command with an
accompanying 90 second delay before the new receiver chain is fully operational. This
delay is the time required for the cathode of the driver TWT to reach its operating
temperature. This does not present a system operation problem since it would be necessary
to switch receivers only in the event of a failure, in which case normal communications
would already be interrupted.

The receiver has a noise figure of 7.8 dB over its 480 MHz of usable bandwidth and a gain
of 50 dB. Received signals are first amplified by a low noise 6 GHz tunnel diode amplifier.
These signals are then translated to 4 GHz by a single step subtraction of 2225 MHz in a
wideband mixer. The 4 GHz signals are then amplified by a 4 GHz tunnel diode amplifier.
To provide equivalent amplitude linearity at its higher signal levels, the 4 GHz tunnel
diode amplifier uses a higher peak current tunnel diode than the 6 GHz amplifier. The final
stage of receiver amplification is provided by the driver TWT.

To minimize receiver gain change with temperature, 1.5 watt heaters are mounted on the 6
and 4 GHz tunnel diode amplifier housings. The heaters are of the proportional control
variety. To further reduce the temperature excursion, the receiver housing is thermally
decoupled from the electronics shelf to which it is mounted. With these thermal control



provisions in addition to thermal compensation of the tunnel diode bias supplies, the
change in receiver gain due to temperature is less than 1.0 dB peak-to-peak over the
mission lifetime.

Multiplexers   All of the multiplexer filters are fabricated from Invar wave guide stock
chemically etched to 0.020 in. wall thickness. The successful development of these thin
wall filters resulted in large weight savings relative to current design practice. The input
multiplexer filters are mounted on the circular electronics shelf like the spokes of a wheel.

Each input multiplexer filter has eight sections and is tuned for a 36.5 MHz, 0.01 dB
equiripple reflection bandwidth. The input filters are the only source of channel
discrimination and their out-of-band response is nominally 25 dB down 25 MHz from the
channel center. The filter gain slope over the center 24 MHz is less than 0.07 dB/MHz.
Since equalization of the input multiplexer filters’ group delay response is accomplished at
the transmit earth stations with a fixed equalizer, the filters’ group delay response must
remain within a defined envelope. Figure 5 shows the normalized filter group delay
envelope and the normalized equalization response. The input multiplexer filters are
circulator coupled together in two groups of six to form the channel dropping arrangement
shown in the repeater block diagram. The circulators on the inputs to each filter serve a
dual purpose in that they also provide’the filter with a nearly constant input match. The
isolators on the outputs of each filter are employed for this same reason. This allows the
filters to be tuned individually as units and to be integrated into the repeater without
affecting their performance.

Each filter is wrapped with a quarter mil layer of aluminized mylar insulation to provide it
with a low emittance surface to its surroundings. The filters are conductively isolated from
the electronics shelf by thin stainless steel mounting brackets. These thermal design
provisions together with the very low thermal coefficient of expansion of Invar result in
filter performance that is relatively insensitive to temperature, including eclipse transients.
This temperature insensitivity is essential to the system operation.

The output multiplexer is designed to perform the channel summing function with
minimum in-band insertion loss. Each channel of the output multiplexer consists of a
wideband 4 GHz isolator, a harmonic filter, and a four-section channel bandpass filter. The
circulators provide the TWT power amplifiers with a low wideband VSWR. The harmonic
filters have negligible insertion loss over the channel bandwidth and provide approximately
60 dB of attenuation at 8 GHz. The harmonic filters reduce the second harmonics of the
communication signals generated in the TWT power amplifier to an acceptable level. The
four-section channel bandpass filter is tuned to provide 20 dB of attenuation 60 MHz from
the channel center. Only a modest amount of attenuation is provided in the adjacent
channel. The output filter group delay response is negligible in comparison to the input



filter, approximately 5 nanoseconds of delay at the band edges relative to the channel
center. The two waveguide summing manifolds are curved, which allows a spoked wheel
arrangement of channels, thereby reducing interconnecting cable lengths while maintaining
thermal and mass balance. Figure I affords a good view of the output multiplexers.

Channel Power Amplifier   TWT amplifiers with an efficiency of 30.5 percent and a
saturated power output of 5 watts are used as channel power amplifiers. The TWT
amplifiers are over voltaged 6 percent beyond maximum small gain to improve their
efficiency. The average TWT saturated gain is 55 d.B. The TWT as the dominant power
nonlinearity in the channel determines the intermodulation level for multiple access
operation. Figure 6 is a typical power output versus power input single carrier transfer
characteristic normalized at saturation. Also shown is the transfer characteristic for two
equal amplitude carriers and their third order intermodulation products referenced to single
carrier saturation.

Under certain multiple access operating conditions, the intelligible crosstalk ratio between
frequency modulated carriers may limit the channel capacity. The repeater mechanisms
involved in determining the IXTR are the total gain slope up to the TWT input followed by
the AM to PM conversion coefficient of the TWT. At 10 dB input backoff, the AM to PM
conversion coefficient of the TWT is 2.5 deg/dB. The system crosstalk performance under
multiple access operation is defined in Table 1. The IXTR performance may be further
improved by introducing a gain slope at the transmit earth stations to compensate for the
repeater gain slope. Table 3 summarizes the TWT power amplifier performance
characteristics.

Antenna

Description   The antenna supports four satellite systems: communications, despin,
command, and telemetry. From a performance viewpoint the functional support for these
four systems may be considered independently. Only the communication function will be
discussed in detail here. The antenna consists of two sections: a spinning section, which is
mechanically attached to the satellite thrust tube and electrically connected to the repeater
receive and transmit interfaces, and a despun section, which is mechanically attached to
the spinning section by a ball bearing joint and electrically connected to the spinning
section by a noncontacting rotary joint. Most of the antenna equipment is part of the
despun section. The despun section includes the 60 in. reflector, associated feed, and
omnidirectional command and telemetry antennas. The spinning section consists of the
remainder of the feed network. During the transfer orbit both antenna sections are
spinning, and command and telemetry capability is provided by the omnidirectional
antennas. Once positioned on station, the despun section is despun and all antenna
functional support is provided by the 60 in. reflector and associated feed.



The antenna design is optimized to provide maximum 4 and 6 GHz gain throughout the
Canadian contour. The vertically polarized receive signals at 6 GHz and horizontally
polarized transmit signals at 4 GHz utilize a common three-horn feed. The reflector is a 60
in. diameter offset parabola and is tilted 7.85EN to boresight the beam on Canada. The
east-west pointing of the beam is controlled by the despin system. The three feed horns are
arrayed in azimuth and staggered in their common aperture plane to provide a beam
shaped to match the Canadian contour as seen in Figure 2.

The reflector consists of two parts: a skeleton structure onto which an RF reflective
metallic mesh material is stretched and a three-rib support structure for the skeleton. The
mesh material is partially transparent to the solar wind, and its use allows an acceptable
satellite precession rate without the use of a counterbalancing solar sail. The maximum
satellite precession rate is approximately 0.02 deg/day. Both the skeleton and support ribs
are fabricated from an aluminum honeycomb, graphite fiber composite. Graphite was
selected for its strength and low coefficient of thermal expansion. Aluminum is used as the
core material for its light weight and good mechanical properties. The skeleton and support
ribs are formed on a machined mandrel and are oven cured. The skeletal openings are
sized so that the deviation of the stretched mesh surface from a parabolic surface causes
negligible loss of gain. The reflector f/d is 0.5.

Transmit Function   A block diagram, separately depicting the transmit and receive feed
networks, is shown in Figure 7. The transmit feed network has two inputs, corresponding
to the even and odd numbered repeater channels, and three outputs, corresponding to the
three feed horns. The two inputs are labelled odd and even, and the three outputs are
labelled east, center, and west. The transmit function has two modes depending upon
whether the signal originates at the odd or even input. The distinction is based on the
direction of azimuthal phase progression, east to west, or west to east. If a signal originates
at the odd input, it is trisected into equal amplitude vectors at the east, center, and west
outputs. The phase relationship among these vectors is -60, 0, and +60 degrees, and the
phase progression is from east to west. If a signal originates at the even input, it is also
trisected, but the phase relationship at the east, center, and west outputs is +60, 0, and -60
degrees. That is, the signal has the opposite sense of phase progression.

Referring to the block diagram in Figure 6, the magic tee, waveguide squeeze section, and
orthogonal mode transducer comprise the spinning portion of the feed. A signal originating
at the odd input would first be power split by the magic tee and then recombined in the
orthogonal mode transducer, effected in circular waveguide, to produce a left-hand
circularly polarized wave. This wave propagates across the spinning interface through the
rotary joint and is separated into orthogonal components by the despun OMT. The OMT
terminals are orthogonal in angle and spaced axially. The spinning and despun waveguide
squeeze sections compensate for the change in wavelength across the bandwidth and for



the difference in axial path length through the orthogonal mode transducers. The inputs to
the phase converter are ideally equal amplitude and orthogonal. A signal originating at the
even input produces a right-hand circularly polarized wave in the rotary joint, and would
also ideally produce equal amplitude orthogonal vectors at the inputs to the phase
converter. However,the direction of phase progression between the inputs to the phase
converter is reversed. For an ideal feed network, labeling the phase converter inputs left
(L) and right (R), the phase converter relative inputs are:

ODD INPUT EVEN INPUT

where a1 and a2 are the amplitudes of the odd and even signal inputs and arbitrary phase
constants are not included.

The ideal phase converter has the following transformation matrix:

where E, C, and W refer to the east, center and west outputs. The phase converter
produces three equal amplitude vectors spaced 60 degrees, and the sense of azimuthal
phase progression is dependent upon from which input a signal originates.

Narrowband directional filters are used to couple energy at the telemetry frequency to the
omnidirectional antenna. These filters are shown in the block diagram but have no effect at
the transmit communication frequencies. In practice, elliptic rather than circular waves are
produced in the rotary joint. The phase converter inputs deviate from the ideal case and
contain amplitude and phase variations which are functions of the spacecraft spin speed. A
peak-to-peak power variation of 0.4 dB at the phase converter outputs is typical.

Receive Function   The receive feed network has three inputs, corresponding to the east,
center, and west horns, and one output, the 6 GHz repeater interface. The 6 GHz signals,
cross polarized to 4 GHz transmit signals in common waveguides, are received by three
linear balanced dipoles located inside the waveguides. These three inputs then drive a 3 to
I power combiner to form the composite receive signal. As an integral part of its design,



the 3 to 1 power combiner includes a magic tee which derives a difference signal from the
east and center feed horn outputs. This difference signal is recombined with the composite
receive signal at the command frequency by a directional filter. This signal is transferred
across the spinning interface by a 0.141 in. diameter coaxial cable concentric with the
rotary joint. The coax is attached to the despun section of the. antenna, a noncontacting
choke joint is utilized between the coax outer conductor and spinning side. The coax
center conductor forms the probe for the waveguide to coax transducers on the spinning
and despun sides. The probes are circularly symmetric and do not introduce spin ripple.

The two directional filters shown in the block diagram are narrowband and centered at the
command frequency. They have no effect at the receive communication frequencies. One
of these directional filters couples the signal from the command omni antenna into the
6 GHz transmission path. The other directional filter encodes the difference signal onto the
composite or sum signal as part of the despin system. The despin system utilizes an earth
originating track signal at the command frequency for despin control. The track signal is
square wave frequency modulated at approximately 10 kHz and has a peak-to-peak
deviation of 4 MHz. The position of the track earth station relative to the difference pattern
null corresponds to a particular power ratio between the sum and difference signals. The
transmission paths are phased so that the sum and difference signals are orthogonal at their
respective inputs to the directional filter. The track directional filter imposes ±90 degrees
of phase shift on the difference signal relative to the sum signal at ±2 MHz from the track
center frequency. This phase shifted difference signal is then combined with the sum signal
at a known relative loss to form a resultant signal that is both AM and FM modulated. The
magnitude of the AM is proportional to the angular offset of the track earth station from
the difference pattern null. The AM is either in-phase or out-of-phase with the FM
depending upon which side of the null the track earth station resides. This magnitude and
sign information is retrieved by synchronous detection in the despin control electronics and
is used to control the east-west pointing of the antenna.

Coaxial isolators are used at the power combiner inputs to provide a low VSWR for that
device. The waveguide isolator at the repeater interface provides a low VSWR and
interrupts long reflection paths.
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1.  ANIK Flight 1 With Solar Panel and Sun Shield Removed







7.  Antenna Feed Networks




