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ABSTRACT The Square Kilometer Array low (SKAlow) is an outstanding project aiming at building
the world’s largest and most sensitive radio telescope. The Australian Murchison Shire desert has been
chosen as location for the low-frequency antennas because of many reasons, such as the atmospheric
above the site and the radio quietness due to one of the most remote location worldwide. This location is
the optimal choice by a radio astronomy and RF engineering point of views. However, it brings several
drawbacks in terms of system availability due to the high temperature conditions that deeply affect the
electronics reliability, and the difficulties and the costs associated to maintenance tasks performed in
a remote location. Thus, it is fundamental to study the reliability and functional performances of the
auxiliary electronic devices in the antennas array using adequate aging tests under temperature stress
conditions. The experimental activities carried out in this work allowed to investigate the outbreak of
failure mechanisms due to aging and hot temperature conditions in the receiver unit for low-frequency
antennas of the SKA project. The experimental results are intended to better determine the strengths and
weaknesses of the device under test in order to optimize its installation, its maintenance operations and
its functionalities.

INDEX TERMS Antenna arrays, failure analysis, radio astronomy, reliability, temperature control.

I. INTRODUCTION

FAULT diagnosis and reliability analysis are ris-
ing research sectors due to the incessant growth

and enhancements of electronic, mechatronic and IoT
devices [1]–[3]. This is due to the fact that this important
revolution comes along with a critical increase of number
and variety of failures. Consequently, the electronic system
performances are remarkably influenced by such increases
in failure mechanisms in terms of reliability and avail-
ability point of views. As a matter of fact, the analysis
and assessment of component reliability plays a fundamen-
tal and critical role during the first phases of the system
design [4], [5]. Design for reliability of complex systems
is usually carried out following different strategies and
implementing different approaches, such as:

• Reliability prediction by means of handbooks
that contains failure data of multiple devices.

Few examples of common handbooks are the
Telcordia SR332-Issue4 published in 2016 for elec-
tronic and telecommunication equipment) [6], the
Siemens SN29500 for electromechanical and automa-
tion devices (last update published in 2013) [7]
and the NSWC published in 2011 for mechanical
components [8].

• Reliability Importance [9], Reliability Allocation [10]
and other analytical models based on Reliability Block
Diagram (RBD) [11].

• Markov models, Hidden Markov models [12] and
Bayesian networks [13].

The problem with the aforementioned approaches is that
they are usually model-based methods. In other words, they
rely on analytical models, physical degradation models or
simulation scenarios to study the reliability performances of
the device.
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A valid alternative is played by accelerated aging
tests [14], [15], which provides a data-driven approach to
study the performances of a system and predict its wear-
out behavior by a functional and reliability point of view.
Accelerated aging tests allow to achieve information about
the component reliability based on the results of tests per-
formed subjecting a product to conditions above the nominal
service operations [16], [17].
Environmental stress sources (like high temperature, ther-

mal excursion, high percentage humidity, mechanical shocks,
etc.) combined with critical operating conditions (i.e., in
terms of high voltage or high current dissipation) are
able to trigger failure mechanisms of healthy compo-
nents in a shorter time than nominal operating conditions
(considering both environmental and operating nominal con-
ditions) [18]–[20]. When electronic device reliability become
essential in the overall system life cycle management, accel-
erated aging test are particularly useful because of the
following reasons:

• The aging process of electronics is a slow process which
takes several years to induce failures. Accelerated aging
test uses stressful conditions to speed up the test

• Accelerated aging tests are the only method available
in literature to ensure an accurate data-driven functional
and reliability analysis under stressful conditions.

• In case of mission-critical and stressful applications in
terms of both environmental and functional parame-
ters (few examples are military, aerospace, naval, radio
astronomy, nuclear power plant and more generally the
electricity production process, and many others) the
performance of the device shall not be studied only
using analytical and degradation models. In this cases,
experimental aging tests allow to collect data that most
of the times are not appropriate or even not available
in handbooks.

Thus, in this work a functional and reliability analysis of
a RF receiver unit for radio astronomy applications has been
carried out using a temperature-controlled aging test.
The measurement setup implemented along with the tem-

perature test setup allowed to investigate the appearance,
the presence, and the propagation of failure mechanisms
due to aging and overheating conditions. The experimen-
tal results are intended to better determine the strengths
and weaknesses of the device under test in order to
optimize its installation, its maintenance operations and its
functionalities.
The major contribution of the paper is the intro-

duction of an adequate customized measurement setup
for the experimental characterization of the performances
and reliability of a receiver unit for the SKA (Square
Kilometer Array) project. The results of the proposed
test allowed to significantly improve the design of the
receiver unit, studying the aging of the device in an
operating context similar to the real installation on the
field.

II. SYSTEM UNDER ANALYSIS
A. THE SKA PROJECT
The Square Kilometer Array (SKA) [21] project is an inter-
national organization aiming to build the most large and
sensitive radio telescope in the world. In order to do that,
a signal collection area of over 1 km2 has been consid-
ered representing an outstanding step toward the design and
implementation of a unique instrument for radio astronomy
purposes [22].
The SKA project comprises hundreds of high-frequency

dish type antennas (0.35 - 15.5 GHz) deployed in South
Africa’s Karoo region along with a thousands low-frequency
antennas (50 - 350 MHz) installed in Western Australia’s
Murchison Shire desert [23].
Due to size and complexity of the SKA project, it required

a fragmentation of the work into different phases. The
first step consists of the development of a demonstrator
(Aperture Array Verification System, AAVS1) of 256 low-
frequency antennas located in the Murchison Shire region.
AAVS1 is the first of multiple prototype installations whit the
aim of demonstrate and evaluate potential telescope design
solutions [24].
Each station of 256 antennas is called LFAA (Low-

Frequency Aperture Array) and it represents the objective
of this work. LFAA will then constitute a part of the
future overall antennas array (called SKA1-low), consisting
of 512 LFAA stations. Since each LFAA is composed by
256 antennas, the entire SKA1-low will reach a total of over
130’000 antennas. Then, in the following phases, the number
of total antennas is expected to reach up to 1 million [25].
The distribution of the antennas of the SKA project follows

a particular geometry, where 75% of the devices are concen-
trated in a small central area characterized by a diameter of
2 km, while the remaining 15% of theme is distributed over
3 spiral arms reaching up to 75 km away from the center
of the geometry. Using such deployment of the antenna is
possible to achieve high resolution while ensuring the level
of the secondary lobes as low as possible.

B. GENERAL SYSTEM ARCHITECTURE
The SKALA2 antennas included in the AAVS1 project works
in double polarization (horizontal and vertical) in the 50 MHz
÷ 650 MHz band.
Considering an individual AAVS1 station, the antennas

are grouped into cells (also known as tiles) of 16 anten-
nas. Each tile therefore generates a total of 32 signals (due
to the double polarization of each antenna) which is ade-
quately preprocessed, and then digitized and combined to
generate several beams. The various beams coming out from
the 16 tiles are combined together in order to obtain a single
beam for each one of the stations. Subsequently, a correlator
system operates to correlate all the beams of all the stations,
creating the overall response of the entire array.
The signals detected by the antenna are amplified by two

differential Low Noise Amplifiers (LNA) placed at the top
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FIGURE 1. Schematic representation of the acquisition chain contained in a single tile identifying three main blocks: antenna & LNA, receiver, signal processing.

of each antenna. The two signals are then processed by the
following block, called Front End (FE). The FE generates a
single amplified RF signal which is then converted into opti-
cal signal by means of an electrical-optical conversion unit
to allow easy and robust data transmission via analog fiber
optic. The optical signal reaches a TPM (Tile Processing
Module) system, which is processing device basically com-
posed by a PRE-ADU block and an ADU block (where the
abbreviation ADU stands for Analog to Digital Unit) [26].
The entire system is illustrated in a schematic block diagram
in Fig. 1.

C. THE DEVICE UNDER TEST
In this activity the AAVS1 Front End block (SN F-
040/201611) has been tested. The device is a component
of the radio frequency receiver chain located on top of the
receiving antenna, which is arranged vertically on the ground,
as it is possible to see in Fig. 2. The reception frequency of
the signals falls within the 50 MHz ÷ 650 MHz band. The
two signals received by the antenna (related to the horizon-
tal and vertical polarization components) are preprocessed
by two LNA before becoming the input signal of the FE
under test. The tested Front-End elaborates and adapts the
two received signals by means of the WDM (Wavelength-
Division Multiplexing) technique to ensure that both sig-
nals can be transmitted on a unique single-mode optical
fiber.
The optical fiber connects the top of the antenna with the

remote receiving unit located in the control room. A photo

FIGURE 2. Picture of the antennas included in the AAVSI installation highlighting
the positioning of the FE.

of the device under test before starting the test procedure is
shown in Fig. 3. The electronics are enclosed in a protective
plastic casing, called trumpet.
Due to the installation constraints, the electronic

devices included in the FE must endure critical envi-
ronmental conditions in terms of thermal stress (due
to solar radiation) and component overheating (i.e.,
an additional temperature rise due to additional power
dissipation).
Along with these problems, it is important to take into

account the difficulties and the costs associated to main-
tenance tasks performed in a remote location such as the
Australian’s Murchison Shire desert.
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FIGURE 3. The AAVS1 Front-End device (on the right side of the picture) connected
to the wavelength division multiplexer (on the left side of the picture) during the
characterization performed before the test session.

III. DEVELOPMENT OF THE AGING TEST
A. TEST PLAN
According to the operational data collected during the pro-
totype phase, a thermal aging test has been proposed for the
FE device under test. The device, and part of the monitoring
instrumentation, have been provided by the Italian National
Institute for Radio Astronomy and Astrophysics INAF-IRA.
The severity of the test in terms of both duration and

temperature has been studied considering the major critical-
ities arisen in the project. Particular attention has been paid
to the optical components (laser diodes driving the optical
fiber). In this case, the operating temperature characteristics
of the application field significantly affect the system perfor-
mances, strongly limiting the driving current and the optical
power [27], [28].
Thus, the testing temperature has been set equal to 80 ◦C

in order to stress the endurance of the device inducing
an accelerated aging without causing critical failure due to
excessive overstress.
Furthermore, the proposed high temperature condition

allows to overstate the excessively heat operating context that
characterize the environment of installation in the Western
Australia’s Murchison Shire desert. Overall, a testing temper-
ature of 80 ◦C is the optimal choice to age the device under
operating conditions even worse than the ones that charac-
terize the actual installation, without trigger any destructive
failure mechanisms.
To be thorough, a brief note regarding negative temper-

ature conditions is required. Testing the device at a cold
temperature condition is not reasonable and not significant
of the actual operating context in which the receiver unit is
installed. Furthermore, cold temperature has a minor effect
on the aging of electronic devices. These are the reasons that
lead this research only toward hot temperature, neglecting
cold temperature.
The severity of the proposed test plan is summarized in

Table 1, while a schematic representation of the test profile
is shown in Fig. 4.
A preliminary characterization phase (called pretest phase

in Fig. 4) is required in order to characterize the device
under nominal operating conditions. This phase is performed

TABLE 1. Severity of the proposed thermal aging test.

FIGURE 4. Structure of the proposed temperature test plan.

at ambient temperature (Tamb = 20 ◦C) to ensure the acqui-
sition of sufficient amount of data regarding the standard
working operations of the DUT. After that, temperature must
be increased from Tamb up to TH = 80 ◦C with a controlled
increase rate of 1 ◦C/min (Rise time phase in Fig. 4). The
actual aging test begins once the exposition temperature TH
is reached. This phase called test execution lasts 800 h.
Finally, a fall time phase performed decreasing temperature
at 1◦C/min allows to reach again the ambient temperature
before carrying out the final characterization of the test.
This final phase is performed in standard operating con-

dition, after that the external temperature stress has been
removed.

B. FAILURE CRITERIA
Measurements of DC power consumption and RF parame-
ters (Input and Output return losses, Gain, Gain Flatness,
Band Shape, Noise Figure, P1dB compression point and
IP2/IP3) are carried out before (pretest phase in Fig. 4) and
after (final phase in Fig. 4) the test execution.
In this way it is possible to analyze the data acquired in

standard condition and verify if any electrical malfunction
caused by temperature has occurred during the test execution.

IV. EXPERIMENTAL SETUP
In order to implement the proposed test plan, a suitable
experimental setup has been designed and developed. The
aim of the measurement setup is to expose the DUT to
thermal stress and, at the same time, to acquire data regarding
the health state and the correct functioning of the device.
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TABLE 2. Summary of devices used to implement the aging test for the
characterization of the DUT.

A summary of all the devices required to implement the
test is included in Table 2. The DUT has been placed in
the middle plane of a thermal chamber (Test equipment #1),
connected to the power supply source (Test equipment #8).
The selected supply required for the proper functioning of
the DUT is 5 VDC.
An adequate set of N-type thermocouples (Test equip-

ment # 4) has been placed on the top surface and around
the DUT in order to acquire data regarding the device over-
heating and the ambient temperature. The time-interval for
the acquisition data system has been set equal to 1 min dur-
ing the rise (from up Tamb = 20 ◦C to TH = 80 ◦C) and fall
(from TH = 80 ◦C to Tamb = 20 ◦C) phases. Instead, during
the thermal stress exposure at TH the data acquisition system
(Test equipment #2) has been set to acquire data with a time-
interval of 15 min. The sink current has been measured by a
digital multimeter (Test equipment # 7). The output optical
power has been acquired by a dedicated customer equipment
(Test equipment #5 and Test equipment #6).
A picture of the complete experimental setup is illustrated

in Fig. 5 including labels identifying the different devices
according to Table 2. A detail of the optical power measure-
ment (Test equipment #5 and Test equipment #6) is reported
in Fig. 6, while Fig. 7 shows the DUT placed inside the
thermal chamber.

V. EXPERIMENTAL RESULTS
The aging test carried out in this work can be divided into
three separated phases:
1) Rise phase - the chamber temperature passes from

ambient temperature to TH = 80 ◦ C according to

FIGURE 5. Picture of the experimental setup highlighting all the devices. The
numeric labels refer to the device classification a in Table 2.

FIGURE 6. Measurement setup dedicated to the optical power acquisition.

FIGURE 7. Detail of the DUT placed inside the thermal chamber and installation of
the monitoring thermocouples.

Section III. Temperature variation is performed at slow
rate to ensure a gradual heating of the device.

2) Test execution (exposure phase) - it starts when tem-
perature stability at TH = 80 ◦ C has been reached.
The chamber temperature is set and automatically con-
trolled to maintain temperature constant. This is the
actual aging phase of the test, and it involves two
intermediate checks at 400 h and 600 h to verify the
correct functioning of the DUT.

3) Fall phase - the DUT is brought back to room tem-
perature. Temperature variation is performed at slow
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FIGURE 8. Sink current of the DUT measured during the rise phase of the test (left
Y-axis) compared with chamber temperature (right Y-axis).

FIGURE 9. Temperature trend during the rise phase of the test: device temperature
(dashed line) against chamber temperature (solid line).

rate to ensure a gradual cooling of the device avoiding
failure due to thermal shock.

During each phase, the temperatures, the sink current
and the optical power are automatically acquired using the
measurement set-up as described in Section IV. The mea-
surements of the above-mentioned parameters are repeated
considering two different wavelengths that could be man-
aged by the Front-End under test during actual working
conditions (i.e., λ1 = 1270 nm and λ2 = 1330 nm). The
two wavelengths are transmitted at the same time along the
optical fiber, according to the technical constraints of the
entire AAVS1 stations. The external WDM optical splitter
selects the wavelengths, and it allows to feed separately on
the optical power meter instrument the two different signals.
During the pretest measurement at ambient temperature the
optical power measured in case of both wavelength λ1 and
λ2 varies in the range from 3.87 dBm to 4.68 dBm. In
the same condition, a sink current of 155 mA has been
measured by the dedicated setup. During the rise phase the
sink current increases constantly until it reaches approxi-
mately 300 mA when temperature inside the chamber reaches
TH = 80 ◦ C. The detail of the absorbed current dur-
ing the rise phase are shown in Fig. 8. The figure clearly
highlights a significant dependency between the sink cur-
rent and the temperature. When temperature stability has
been reached, also current stability can be obtained. This
current gradient caused by the temperature dependance of
the device lead to an increase of the device’s temperature
that has been monitored and illustrated in Fig. 9. Under
standard operating conditions (pretest phase, sink current of

FIGURE 10. Optical power measured during the rise phase considering two allowed
wavelengths: λ1 = 1270 nm (solid blue line) and λ2 = 1330 nm (dashed blue line).

approximately 155 mA) device and ambient are under ther-
mal equilibrium. During the initial steps of the rise phase
ambient temperature increases, however device temperature
increment proceeds slower due to thermal inertial. However,
when temperature stability at TH = 80 ◦ C is reached within
the chamber, then device temperature continues to increase
due to the growth of the sink current. Overall, this leads
to a component overheating of approximately 5 ◦C. When
the device will be installed in the dedicated deployment in
the Australian Murchison Shire desert, the ambient temper-
ature could realistically reach extremely high values. This
will lead to a significant current consumption and remark-
ably high device’s temperature which could severely affect
the system reliability. The proposed test allowed to discover
this problem, and thus to predict the impact that a possi-
ble excessive heating will have on the probability that the
Front-End will fail.
Fig. 10 shows the optical power for the considered wave-

lengths as a function of temperature during rise phase. The
optical power measured for the wavelength λ2 = 1330 nm
still remains within the range from 3.87 dBm to 4.68 dBm
during the entire rise phase. The device overheating does not
influence the optical power of this configuration, as well as
the measured values remains approximately constant even
during the 800 h of exposition phase at TH = 80 ◦ C.

Quite the contrary, there is a significant variation of
the optical power measured considering the wavelength
λ1 = 1270 nm. When temperature overcomes approximately
50 ◦C the optical power decreases until it stabilizes around
+1.5 dBm.
Basically, considering the 1270 nm acquisition channel,

the constant overcurrent caused by the DUT’s heating lead to
a decrease of the optical power because of the LDO (Low-
dropout regulator) included in the internal power supply of
the FE. In fact, in case of high current condition the LDO
enters in a self-limitation state, and it no longer supplies the
necessary current to maintain constant the optical power.
This behavior is illustrated in Fig. 11 where the optical
power (only in case of λ1 = 1270 nm) and the sink current
during the rise phase are shown.
At exposure temperature of TH (actual aging of the DUT)

the measured optical power for the λ1 wavelength is in the
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FIGURE 11. Trend of the optical power for the channel at 1270 nm compared with
the current absorbed by the FE as a function of time during the rise phase of the test.

FIGURE 12. Optical power measured during the exposition time at 80 ◦C (aging
phase of the test).

FIGURE 13. Sink current measured during the exposition time at 80 ◦C (aging
phase of the test).

range 0.95 ÷ 1.76 dBm (−3 dB loss respect to standard
operating conditions), while the measured optical power for
the λ2 wavelength remains permanently within the range
3.87 ÷ 4.68 dBm (no loss respect to standard conditions).
The complete aging phase (in terms of optical power) is

shown in Fig. 12, where the solid line stands for the opti-
cal channel working at λ1, while the dashed line represents
the optical channel working at λ2. Instead, the trend of the
sink current during the aging phase is illustrated in Fig. 13.
Analyzing both Fig. 12 and Fig. 13 it is possible to note
two spikes in the sink current (Fig. 13) and two spikes in
the optical power of the λ1 channel (solid line in Fig. 12).
In both figures, the spikes are in correspondence with the

two intermediate inspection phases set after 400 h and 600 h.
During these inspections, the temperature of the climatic

FIGURE 14. Optical power measured during the final cooling phase considering
λ1 = 1270 nm (solid blue line) and λ2 = 1330 nm (dashed blue line).

FIGURE 15. Sink current of the DUT measured during the final cooling phase of the
test (left Y-axis) compared with chamber temperature (right Y-axis).

chamber is lowered from TH to ambient temperature to allow
a proper analysis of the device’s health status. The inspec-
tions confirmed the proper working of the device and proved
that no failure mechanisms have been triggered by the test
neither after 400 h, nor after 600 h. Kin fact, during the
inspections, the performance of the receiver unit under anal-
ysis return back to the original values acquired at standard
operating conditions before the test. The decrease of the sink
current due to the lowering phase of the test temperature led
to a temporary increase of the optical power, which then
goes back to the low values around +1.5 dBm when the test
starts again.
The final analysis deals with the characterization during

the final cooling phase (fall phase) of the test. Fig. 14 shows
the trend of the optical power measured during this phase.
To confirm what is shown in Fig. 11, the optical power of
the channel at λ1 = 1270 nm returns to the initial values
similar to those measured for the channel at λ2 = 1330 nm.

Similarly, also the sink current returns to the initial levels
around approximately 170 mA as soon as the test temperature
decreases reaching the ambient condition (see Fig. 15). This
result is extremely important for the characterization of the
device. As a matter of fact, the decrease of the optical power
of the channel at λ1 = 1270 nm, as well as the additional
current flow and the excessive temperature rise could be
interpreted as a symptom of a failed components.
However, since all the parameters return back to their orig-

inal status when temperature is lowered to ambient condition,
it is possible to conclude that the test has induced only an
accelerated aging, without triggering any failure mechanisms.
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VI. CONCLUSION
The research activity carried out in this work falls within
the context of “design for reliability” and uses measures
to optimize and ensure adequate reliability through specific
tests, diagnostics and monitoring of complex systems.
In particular, the thermal aging test performed in this work

has been passed by the device under test without any failure
induced by the stress test. In fact, after the 800 h of thermal
aging tests, the Front-End is still properly functioning. The
major criticalities arisen during the aging of the receiver unit
under analysis are an increment in the sink current absorbed
by the DUT, together with a decrease of the optical power
of one of the two channels. This is due to the operating
temperature that, once a certain threshold has been reached
(approximately 50 ◦C), lead some part of the electronic FE
in a self-limitation state. Thus, the test significantly helps to
improve the design of the receiver since such phenomenon
cannot be neglected due to the zone of the final installation.
The discoveries also allowed to verify the correct sizing of
the components included in the Front-End, with particular
attention to the LDO (Low-dropout regulator).
Finally, the problems that emerged during the proposed

test will led to a specific survey of temperature measurements
on the final installation site in the Australian desert.
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