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Abstract-- In early 1997, the Major National Research Facility
(MNRF) funded project to extend the frequency coverage of
the Australia Telescope Compact Array commenced. The new
receivers being built as part of this upgrade will be described
and the use of Monolithic Microwave Integrated Circuits
(MMIC) in the receiver electronics will be highlighted. Three
evaluation receivers, installed on the Compact Array, are
currently being used for test and calibration observations at
frequencies in the 22GHz and 86 GHz bands. An early result
from this receiver system will be presented.

I. INTRODUCTION

A major component of the Australia Telescope Millimetre
Wave Upgrade Project [1] involves the development and
construction of eight new, dual frequency, millimetre
wavelength, dual linearly polarised receivers which will
extend the observing frequency cowgeaf the telescope up
through the 25 GHz region (in the 1 @m wavelength band)

to a frequency of 105 GHz (in ther®8m wavelength band).
The maximum frequency at which the telescope can operate
is limited by site atmospheric conditions and the surface
acairacy of the main reflector.

Il. RECEIVERSYSTEM DESCRIPTION

The two observing bands, which will be covered by the new
system, are 16 to 25 GHz, which is referred to as thenit2
band, and 85 to 105 GHz, which is referred to as therfi
band. Provision ibeing made to extend therBm band to
115GHz and accommodate a third receiving band covering
35 to 50 GHz as future expansions. The system block
diagram, Fig. 1, illustrates how the main ssystems

making up the new receivers are interfaced to the exjsti
Compact Array electronics [2].

Astronomical signals at millimetre wavelengths are first
amplified in the cryogenically cooled, low noise amplifier
(LNA) system. The broadband LNAs, for both receiver
bands, use Indium Phosphide (InP) High Electron Mobi
Transistor (HEMT) Monolithic Microwave Integrated
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Figure 1 Block diagram of the MNRF receiver system.

Circuits (MMIC) as the amplifying elements. The LNAs
operate at 15 Kelvin in a common vacuum dewar and are
cooled by a closed cycle helium refrigerator system.

After amplification, separate mixer ahatal oscillator (LO)
systems down convert the signal from each polarization to
common intermediate frequency (IF) bands. These IF
bands match the 4.5 t0 6.5 GHz and 8 to 11 GHz input
frequencies of the existing Compact Array (CA) receivers.
The signalsare then processed by the existing Compact
Array electronics.
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Figure 2 Line diagram showing a fully assembled LNA
front end.

Ill.  THE CRYOGENICLNA SYSTEM

Figure 3 Photograph of the receiver assembly,
with vacuum dewar removed, showing the 3nm
band horn and low noise amplifiers on the left, and
the 1Z mm band horn and amplifiers on the right.

Fig. 2, a line diagram of the cryogenic LNA sub assembly,
shows in some detail the way the various components of this
system are integrated with the 15 Kelhdryocooler to form
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Figure 4 InP HEMT MMIC low -noise amplifier for ) ) )
the 12 mm band in a cryogenically codable package Figure 5 Noise temperature and gain of the 12nm
band low noise amplifier operating at 15 Kelvin.



Figure 6 InP HEMT MMIC low -noise amplifier for
the 12mm band in a cryogenically coolable package.

a complete thredand front end.

Critical components in this assembly, shown in Fig. 3,
include: corrugated feed horns at &2n and 3mm

wavelength bands (both fully illuminating the Compact

Array (CA) 22 metre telescope surface), widand orthe

mode transducers (OMT) for both of these bands and
broadband MMIC low noise amplifiers. Careful design is
required to minimise signal loss and added noise at the input
to the LNA systems. To achieve this, critical input

elements, such as ti@MTs for both wavelengths and the

3 mm feed horn, are cooled to 15 Kelvin.

The orthemode transducer for theX@m wavéength band,
described in [3], has two orthogonal, stepped, double ridge
waveguide sections. The OMT has an insertion loss of less
than 0.3dB, a return loss better thaB5 dB and isolation of
better than 5@B over the 16 25 GHz band.

The design of the InP HEMT amplifier chips fabricated
using a 0.1 micron gate length process is described in [4].
Fig. 4 shows the 12hm band InP MMIC chip mounted in a
cryogenically coolable package. The package has coaxial
input and output connectors and short lengths of microstrip
transmission line between the coaxial connectors and the
MMIC chip. Each of the three transistors on the MMIC
chipis individually biased, with the bias voltages supplied
to the chip through an external decoupling circuit consisting
of series resistors and shunt capacitors. The decoupling
circuit is critical to the stability of the amplifier, especially

at cryogenimperating temperatures, as the gain of the
active devices increases as the operating temperature is
decreased. The noise temperature and gain of the packaged
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Figure 7 Noise temperature and gain of the 3nm
band low noise amplifier operating at 15 Kelvin.

12 mm band low noise amplifier, operating at 15 Kelvin, is
shown in Fig5.

Fig. 6 shows ta 3mm band InP MMIC chip mounted in a
cryogenically coolable package. The package has
waveguide input and output. Waveguide probes, connected
to short lengths of microstrip transmission line on a GaAs
substrate, are used to couple the input signahftbe
waveguide to the MMIC chip and from the chip to the
output waveguide. Each of the four transistors on the chip
is individually biased and once again the decoupling circuits
are critical to the stability of the amplifier at cryogenic
temperatures.The noise temperature and gain of the
packaged 3nm band low noise amplifier, operating at 15
Kelvin, is shown in Fig7.

IV. DOWN CONVERTERELECTRONICS

The dual frequency down converter system uses
conventional double balanced diode mixers for therif
wawvelength observing band, and will utilise InP HEMT or
HBT image reject MMIC mixers for the Bim wavelength
band. The first IF band is 4.5 to 10BHz.

A lower sideband mixer is used for the frfim conversion.
The 3mm and 7mm band conversions will utiliseage
reject mixers [3], with both sidebands available. This
allows full frequency coverage of the wide RF bands while
using only a small local oscillator (LO) tuning range.

To reduce cost and enhance performance where possible,
commercial Monolithic Micowave Integrated Circuits
(MMICs) will be integrated into sulassemblies along with
ATNF developed filters, power dividers, couplers etc.
CSIRO designed GaAs MMIC amplifiers, doublers and
triplers will be used in the system where commercial
devices are ot available.

The local oscillator will be generated from the photonic
high frequency reference distribution system [5] available at
each antenna. This system will provide a variable, 11.6 to



Figure 8 Block diagram of the down converter
module.

15.2 GHz, reference tone which can be doubled to provide
therequired variable LO from 28 to 30 GHz for the t2m
receiver, and multiplied by 8 times (8x) to provide 96 to
104 GHz for the 3mm receiver.

For the 3mm receiver, InP doublers will provide the
frequency multiplication whilst GaAs and InP power
amplifiers will provide the amplification through to the final
LO drive to the mixers.

The high RF frequencies from the receiver fremid require
that the first frequency conversion system be located on the
receiver package. The system has been designed to keep
the reference for the Local Oscillator and its harmonics out
of the 12mm observing band. Interference will be
minimised by integrating all of the conversion and LO
components into a single shielded enclosure.

Fig. 8 is a block diagram of the down comter module.

The entire conversion system must have a high degree of
gain and phase stability. To achieve this stability, the final
down converter system will be realised in a microwave
printed circuit format (microstrip), integrating MMIC
devices such aamplifiers, mixers, switches, etc. to
minimise the use of connecters, size and cost.

V. LOCAL OSCILLATORDISTRIBUTION

The original coaxial cable based local oscillator reference
distribution system, which distributed a 160d51z signal

Figure 9 Single sideband phase noise.

Figure 10 Compect Array round -trip phase
variation.

to each antenna, l&ing replaced by a system using single
mode optical fibre [5]. As well as distributing the
160.05MHz reference signal, the new system is able to
carry a high frequency reference signal, tunable over the
range 11.6 to 15.2 GHz. ltis this high freqey reference
signal which is used to produce the first LO for the new
mmwave receivers and whose stability determines the
overall phase stability of the array at these wavelengths.

The short term stability of the distributed reference is
determined P noise added by various components in the
system. The largest contributor is extremely broad band
noise due to the 1318m laser source. A narrow band

filter, in the form of a phase locked YIG oscillator, is
employed at each antenna to reduce this nimis®
acceptable level. Fig® compares the output phase noise of
the phase locked oscillator using a direct microwave
reference signal and the same reference signal distributed
through 2km of fibre. In both cases the total phase noise is
less than 0.8legrees with a negligible contribution from the
fibre distribution system. After including the phase noise of
the high frequency reference signal source in the central
control building, a final short term phase noise of less than
0.6 degrees at 15GHz ixpected. This translates to less
than 4 degrees at 100GHz.



Figure 11 Receiver monitoring and control rack.

The long term stability of the distributed reference signals is
determined largely by thermal effects. These are accounted
for by direct measurement using a roundtrip phase
measurement procedurd. An example of results

obtained with this roundtrip phase measurement system is
shown in Fig. 10. This shows the phase differences between
a 13.6GHz reference signal at the central control building
and the same signal after being distributed toah&nnas

and returned. The phase at the antenna is assumed to be
half of the measured roundtrip value.

VI. MONITORING ANDCONTROLELECTRONICS

The monitoring and control sukystem, shown in Fig 11,
provides extensive and comprehensive local (Front Panel)
and remote (Control Building) monitoring and control of
the critical and sensitive parameters associated with the
front-end package. Analog and digital information is
collected via a Dataset, digitized and sent through optical
fibre to the Control Building.

To achieve the optimal performance of the receivers, the
bias of each MMIC LNA amplification stage can be
independently adjusted and the bias continually monitored.
Monitoring of the cryogenic system measures temperatures
down to10Kelvin along with thedewar vacuum pressure

and the helium supply and return pressures to the
refrigerator. The status of all DC power supply systems is
also continuously monitored.
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Figure 12 Measured system temperature of the
12 mm receiver.
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Figure 13 Measured system temperature of the
3 mm receiver.

Throughout the Frontend LO and Conversion systems there
is control and monitoring of the sighpath, signal level and
RF switches directing the IF output. The receiver
calibration systems, either calibrated noise injection or
room temperature load, can be locally or remotely
controlled and their status monitored.

VII. CURRENTRECEIVER STATUS

In October 1999, two evaluation receivers operating at
22 GHz with a 3 GHz bandwidth, were installed on the
Compact Array as a prototype interferometer system to
evaluate the performance of many of the prototype sub
systems. The LNA modules used in therfrends at that
time were hand built hybrid amplifiers, using commercial,
packaged, GaAs pHEMTs.

In November, 2000, the two evaluation receivers were
upgraded with the installation of InP MMIC LNAs in both
the 12mm and 3mm bands. In July, 2001, a tdireceiver
was installed, giving a threlgaseline interferometer system.



The 12mm band down converters, installed in the receivers
at present, use 13@Hz oscillators, phase locked to the
reference tone transmitted to the antennas on optical fibre,
to provide an LO source. The 13@Hz is then doubled to
give 26.8GHz as the final LO. The conversion system,
used for 3mm evaluation receiver, has a dousideband
mixer and an image rejection filter. The LO is supplied by
a Gunn oscillator that iocked to the 13.4 GHz reference
signal. The IF system uses conventional connectorised
components, and wide band amplifiers covering the 4 to

11 GHz range, to provide the correct spectral power density
at the input to the existing Compact Array electronics.

The system noise temperatures of therir® band and
3 mm band receiver systems are shown in Figs. 12 and 13
respectively.

The receiver bands currently available are :618.9GHz,
20.1-22.5GHz, 84.9-87.3GHz and 88.5-91.3GHz. It
is anticipaed that by December, 2002, the wholerhth
band (16- 25 GHz) will be available on six antennas, and
that that by April, 2003, the &1m band (85 105 GHz) will
also be available on five antennas.

VIII. INITIAL RESULTS

The first detection of the supernovamnant SN1987A [6],
in the 12mm band, is shown in Fig. 14. The supernova
remnant was observed for bdurs with three antennas,
simultaneously at two frequencies: GHz and 19GHz.

The supernova peak flux is 18J and the noise in the map
is about ImJ per beam. The source is slightly extended.
The beam is shown in the lower right corner of the figure.

Figure 14 First detection of the supernova remnant,
SN1987A, in the 1. mm band.
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