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ABSTRACT

This paper describe? an advanced 6/4 GHz

satellite receiver developed in order to

meet the extended WARC 79 frequency

allocation needs. The receiver provides

low-noise and very low level of in-band

spurious signals over an extended 750 MHz

bandwidth. This highly reliable recei”{er

utilizes the state of the art packaged

FET space qualified at the present time

and meets very stringent requirements
over a qualification temperature range of

-5 to + 550C. Details of the design and

measured performance is given.

INTRODUCTION

SPAR has been designing and building

communication satellite receiver since
early 1970!s, however due to the extended

WARC 79 frequency allocations, a new

family of receivers had to be developed

in order to cover the future needs in the

WARC 79 frequency plan.

The uplink frequency band (5.75 - 6.5
GHz) the receiver was tuned falls within

the region 1** of the WARC 79 uplink

frequency allocation, but the receiver

front end was designed to cover 1 GHz of

the uplink frequency bandwidth. The

uplink frequencies are down converted to
3.45 to 4.2 GHz covering therefore almost

the entire WARC 79 down link subband.

(8OO MHz B.W.)

Details of the electrical and mechanical

structure of this light weight, easily

reconfigurable receiver designed to

operate over a wide temperature range is

presented.

All components used in the receiver are

space qualified, the test results of an

integrated breadboard un!t that wa~

manufactured and assembled using flight

approved processes is presented.

The recei-?er reconfigurabilit y is

achieved by using a modular approach,

therefore changes in receiver gain can be

met by changing attenuator settings in

the RF slice or by substituting amplifier

stages by section of 50 OHM lines,

changes in frequency plan are accommodated

by retuning the RF slice and replacing

input and local oscillator filters.

RECEIVER DESCRIPTION

The receiver consists of four principal

components: the input waveguide bandpass

filter; the microwave (rf) slice; the

local oscillator (LO) slice; the

waveguide evanescent bandpass filter.

An incident 6 GHz signal passes through
the input bandpass filter and into the rf

slice where it is amplified by a 6 GHz
amplifier chain. The signal frequency is

then converted from 6 GHz to 4 GHz by
combining the input signal with a 2 GHz

LO signal thru a single balanced diode

mixer. The resulting 4 GHz signal is

amplified by a 4 GHz amplifier chain

before passing out of the receiver. The

Local Oscillator signal is obtained by

taking the output of an oven-controlled

crystal oscillator and using a chain of

amplifiers and frequency multipliers to

obtain the correct signal amplitude and

frequency. Regulated voltage supplies

for the active modules are derived from

an electronic power conditioner (EPC)

which operates directly from the space-

craft bus.

The LO slice and rf slice are contained

in separate housings which are bolted

back–to-back to form a single module.

This arrangement gives a compact unit

with good electrical isolation between

the slices whilst giving extra
flexibility in that it allows the rf and

LO slices to be marketed separately, it

allows the rf slice to be used with

different LO slices and vice versa

(subject to mechanical compatibility) and

allows one LO slice to be used for

several rf slices.

The EPC is contained within the LO slit’e

housing and the rails necessary for the
rf slice active module biases pass

483

0149-645W87/00@3-W83 $Ol .00 0 1987 IEEE 1987 IEEE MTT-S Digest



between the two slices in a shielded

channel. The shielded channel i

necessary to ensure that the required rf
susceptibility ratio is achieved. A

gasket is included on both the LO and the

rf slice housing between the respective

chassis covers and bodies. These gaskets

are also for rf protection.

LOCAL OSCILLATOR DESCRIPTION

A block diagram of the Local Oscillator

iS given in Figure 1.0. The signal

source is a 109.5 MHz Colpitts-type

crystal oscillator in which the crystal

is installed in a temperature controlled
oven to minimize frequency variations due

to changes in temperature of the receiver

operating environment. The crystal

oscillator is followed by a broad-band

buffer which ensures that the oscillator

operates into a 50 ohm load. A bipolar

tripler is used to multiply the carrier

frequency to 328.6 MHz. The signal is

then filtered and amplified by a bipolar

class-B amplifier to the level necessary

for correct operation of the step-recover

diode X7 multiplier. At the output of the

SRD multiplier is an isolator which is

necessary to correctly load the SRD

output and thus prevent parametric
oscillations. Following the isolator is

an MIC bandpass filter which removes

unwanted signals at +3.28 MHz from the

carrier.

The output level from the local

oscillator is controlled by a ALC loop.

A PIN attenuator is used to set the

signal level, the attenuation level being

determined by sampling the rf signal
using a coupler/detector and comparing

the detector output with a reference
voltage developed in the ALC comparator.

Spurious signals are removed from the

local oscillator output by use of an

evanescent mode waveguide bandpass filter

and a low pass filter. The low-pass

filter is neces~ary to remove high

frequency spurious responses which would

not be eliminated by the evanescent mode

filter.

INPUT WAVEGUIDE BANDPASS FILTER
DESCRIPTION

The input filter is an Ii–pole Chebyshev
filter with a 0.01 dB ripple factor. It
is a direct-coupled filter which has been

realized using inductive posts in a

rectangular waveguide (WR159). The

filter has a high unloaded Q which

results in a low insertion loss.

ELECTRONIC POWER CONDITIONER (EPC)
DESCRIPTION

The EPC is a push–pull, pulse width

modulated (PWM) converter which operates

at 200 kHz. This configuration is chosen

because it gives the most efficient use

of the power transformer and it yields a

minimum size of input and output filters

because of the frequency doubling

effect.

The PWM syztem gives approximately

constant efficiency for all output levels

and yields a high degree of flexibility

in that the EPC is able to operate over a

wide range of input voltages and output

power levels. A block diagram of the EPC
is given in Figure 2.0.

The PWM controller and protection circuit

are the heart of the power supply. THe

control circuits drives the switching

transistors directly. HEXFET’S have been

chosen for the switching transistors to

achieve optimum drive current levels,

power gain and switching speed together

with a high degree of stability of power

gain and sw!tching speed against

temperature variations.

The output from the power transistors is

transformed to the required secondary

voltage and then rectified by fast

switching diodes. Output LC filters are

included on each rail to achieve the

required ripple levels and to assure the

proper output impedance characteristics.

A feedback loop is icluded at the output

to achieve a regulation of better than

2%.

Other features of the EPC are an

auxiliary power $upply to provide the

voltage and current to the control

circuit prior to turn-on of the unit, and
under–voltage , over-voltage and over-

current protection circuits.

RF SLICE DESCRIPTION

A block diagram of the rf slice, is shown

in Figure 3.0. A wa.veguide to MIC

transition, which is an integral part of

the rf slice chassis, is used to transfer

the 6 GHz input signal from a waveguide

mode to a microstrip mode suitable for

processing by solid-state MIC

component.~ .

The 6 GHz signal is amplified by a

broadband (1 .0 GHz B.W.) two-stage low
noise FET amplifier before being down–

converted to U GHz by combining it with

the 2 GHz local oscillator signal in a

single–balanced diode mixer.

The mixer is followed by a 7-pole notch
filter which removes the second harmonic

of the local oscillator. If this

harmonic were not removed it would be
amplified by the 4 GHz amplifier chain
(2xfL0 = 4.6 GHz) and saturate the
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output stages.

The 4 GHz signal resulting from the

mixing process is amplified to the

required output level by a chain of 4 GHz

amplifiers. There are three 4 GHz

amplifiers: a two-stage FET interstage

amplifier; a two-stage FET drive

amplifier; a one-stage FET output
amplifier. The interstage and driver

amplifiers are identical. All these

amplifiers were tuned over 800 MHz

Bandwidth (3.4 - 4.2 GHz).

Included in the 4 GHz chain is a PIN

diode attenuator. This attenuator is in
three sections with each section

performing a different function. The
three sections are a variable attenuator,

a fixed attenuator and a switched

attenuator. The variable attenuator

allows compensation of receiver gain over

temperature, the fixed attenuator allows
the gain of the receiver to be set to the
required value at ambient temperature

during receiver alignment, the switched

attenuator allows compensation of
receiver gain over life and also allows

the gain of the receiver to be increased

if the input signal level drops. The
switched attenuator is the only section

of the attenuator that can be controlled

remotely. This unit also meets its
module performance requirements over 800

MHz bandwidth.

Isolators are used at the input and

output ports to minimize input and output

port VSWR’.Y. Isolators are also used

between the various modules in the rf

chain to minimize interaction between the

modules and thus reduce gain ripple.

These isolators also help to pre”rent
changes in gain slope and gain ripple

over temperature.

These MIC “drop in” type isolators

exceeds its required specifications over

800 MHz bandwidth.

The amplifiers are biased from individual

bias supplies which are located within

the rf slice housing but in a separate

compartment from the rf modules.

The only connections between the bias

module and rf module compartments are dc

connections which are made via filtercons
to give good isolation between the two

compartments and thus help reduce
spurious outputs from the receiver. The

bias circuits are temperature sensitive

to allow the biases on the various active
components to be controlled over

temperature to allow compensation of the
receiver response.

the test results against the target

performance presented in Table 1.0.

CONCLUSION

The design and measured performance of an

integrated breadboard 6/4 GHz satellite
communication receiver have been
presented, its measured performance

indicates that this recei”~er offer

outstanding transmission characteristics

over the WARC 79/RARC 83 6/4 GHz

frequency allocation.

Its high gain capability (68.0 dB), high

intercept point (+31 dBm), low noise

figure (2.1 dB), low group delay (3.1
nsec.) broader bandwidth (750 MHz) all

achieved with low power consumption (4.6

W) combined with low weight and size,

makes this receiver a very attractive

alternative for future C-Band satellite

transponder usage.
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A photograph of the integrated receiver

is gi-?en in Figure 4.0, and a summary of
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