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Introduction

This report summarises the results of an analysis into the degradation of LNA performance which has
recently come to light, within approximately the most recent six months of operations. In short, we
believe that the conformal coating that protects the LNA circuit boards has failed allowing moisture to
degrade the electronics and affect primarily the X-polarisation signals from the dipole antenna
elements.

Detailed discussion

The Murchison Wide-field Array (MWA) Telescope consists of 128 antenna “tiles”, each of which is
constructed on a 5m x 5m steel mesh grid. Sixteen dual-polarisation, active, “bat-wing” dipole antenna
assemblies are attached to the mesh plane in a 4 x 4 regular array with 1.1m centre-to-centre spacing.
These dipole assemblies operate between about 80MHz and 300MHz. The (32) resulting analogue RF
signals are fed to a co-located analogue RF beam-former, which allows individual signals to be delayed
by small integer multiples of ~0.5nSec before being combined into two final output signals representing
the full tile response in X- and Y-polarisations. These signhals are amplified further before being driven
down 75-ohm dual-coaxial cables to the receiver units where they are digitized and further processed.

Within the dipole plastic hub support structure, a dual-polarisation Low Noise Amplifier (LNA) provides
the first level of gain after the electromagnetic reception process, delivering approximately 19dB of mid-
band gain with a fairly flat response within the active antenna bandwidth.

Physically, these LNAs are two electrically independent circuits built from discrete components, and
assembled on opposite faces of a multi-layer circular printed circuit board assembly (PCBA)
approximately 35mm in diameter. The input terminals are four solder tags (two for each polarisation)
which are screwed directly to the individual bat-wing elements that are themselves aligned (true) North,
East, South and West. The X-polarisation circuitry, corresponding to the East-West antenna orientation,
exists on the top layer of the PCBA, and is therefore facing upwards when installed in the antenna hub.
(Sown as-installed as “Item 12” in Ref 1, and in detail in Ref 2)

For each polarisation, the ~5V DC power supply bias and the single-ended RF output are supported on
an independent SMA connector on the lower side of the board, again, maintaining complete electrical
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isolation between the two polarisations, by virtue of having separated power and ground-planes for
each polarisation.

During manufacture, the entire PCBA, with solder tags attached, is coated with a conformal coating
equivalent to HumiSeal® 1B73 to the manufacturer’s recommended coating thickness between 25 and
75 micro-metres. This is an acrylic based formulation designed to protect from general atmospheric
humidity (Ref 4 for HumiSeal® data, and Ref 5 for the actual product used in the factory).

This conformal coating however, is specifically NOT rated for continuous immersion or solutions
significantly acid or alkaline (i.e. much different from pH 7.0).

It is our belief that due to a compounding set of circumstances, the conformal coating is being attacked,
and failing, allowing the underlying circuitry to be (at least initially) temporarily, but ultimately
permanently affected. This in turn is causing the LNA circuits to fail well before their intended lifetime.

Chain of causality
We believe that the following chain of causality has resulted in the failures described above.

Firstly, the horizontal orientation of the LNA PCBA allows the top surface to accumulate a layer of fine
dust and sand particles, this being wind-blown and deposited inside the LNA.

Note that originally, the LNA plastic hub was deliberately designed with external air-paths in anticipation
of a cooling requirement, which has subsequently been deemed unnecessary. Unfortunately this air-
path has probably contributed directly to the unexpectedly high dust deposit problem.

In turn, this layer of dust and sand absorbs atmospheric moisture during humid times of the year, both
with, and without corresponding rain-fall. We believe that there is little direct moisture ingress, but the
possibility of dew deposits cannot be excluded, on top of direct absorption from a humid atmosphere.

Laboratory testing (Ref 3) has revealed that the moistened dust creates an acidic environment of around
pH 4.3 and possibly even lower, which is kept in close contact with the conformal coating until the dust /
sand mix dries out again.

Initially, the moist dust may form a direct medium-impedance path between the differential input solder
tags of the LNA, immediately reducing the RF power input to the LNAs and possibly resulting in a
temporary increase in cross-polarisation coupling.

Furthermore, after an unknown period the conformal coating begins to break down, allowing the acid
environment to begin attacking the solder, components, and even the copper traces of the underlying X-
polarisation circuitry.

This results in permanent changes to the LNA circuit operation, including ultimately a complete failure of
the signal path.



Immediate resolution and potential further treatments for prevention.

Once the LNA PCBA has been corroded to the point of failure, it is difficult and expensive to attempt to
repair the boards, and even then it is difficult to predict how long the repaired board will survive in the
field due to undetected corrosion continuing to cause damage after the repairs. Furthermore, the act of
unsoldering and re-soldering components, and flux cleaning, further compromises the conformal
coating, which would require a proper stripping and re-application to fully restore.

Therefore, boards which are showing permanent signs of damage (either visually or electronically) must
be replaced in the field to restore the antenna tile performance.

We have instigated a process whereby new LNA PCBAs are pre-coated with two or more layers of
PlastiDip®, which is a spray-on coating that is entirely impervious to moisture and able to tolerate a
wider pH range than the underlying conformal coating (see Ref 6). This coating is applied in the field,
after all the mechanical/electrical connections are made to the SMA cables and bat-wing elements and
on top of the factory conformal coating.

It is our hope that this extra top-coating will prevent accumulated dust from attacking the underlying
conformal coating, and thereby preserve the operating life of the LNA PCBA.

Future design considerations include modifying the LNA plastic hub components to prevent dust
migrating inside the hub, thereby reducing the amount of dust gathering on top of the PlastiDip coating.

Conclusions

Based on our experiences we make the following strong recommendations to designers of equipment
destined to exist and operate outdoors in environments similar to the semi-arid Murchison Radio-
astronomy Observatory.

Serious consideration should be given to aligning all circuit assemblies vertically, to minimise the area on
which dust may collect. Also, the enclosures should be at least partially sealed to prevent dust ingress in
the first place (i.e. vents on the bottom-most surfaces only). Multiple nested enclosures should be
considered where it is necessary to encourage convective or natural wind-assisted air-flow for cooling
purposes, with circuitry protected inside a heat-conductive, but otherwise sealed, inner-most enclosure.

When circuitry must be aligned horizontally, consider placing ALL components on the lower side, and
fully sealing the upper side with an insulating material capable of withstanding continuous immersion /
exposure to acidic environments at least as low as pH 3.5. All vias and other circuit board penetrations
should be fully sealed to prevent corrosive solution weeping to the lower side of the board.

Lastly, if despite all the above, components must be placed on the top side of horizontal circuit boards,
serious consideration should be given to a complete encapsulation, or a similar hermetic seal, as well as
serious dust-ingress prevention to prevent dust settling on top of the seal.



References
Ref 1: Drawing for entire dipole element, showing installation of LNA (Source MWA-AQOQ.pdf)
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Ref 2: Mechanical drawings for LNA PCBA (source MWA-A03.pdf)
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Ref 3: Laboratory Analysis of MWA dust/sand sample. (source Analysis.pdf)

Fwd: Fwd: MRO Dirt Analysis about:blank

Hi Brian,

| have completed analysis of your top soil sample. | have completed a pH analysis
required on mine sites where 5¢g of soil is added to a bottle with 50mL of filtered
water. The sample is mixed for 1.5 hrs and allowed to settled for a further 1.5hrs.
The pH is then measured with a calibrated pH meter. The pH of your soil was 4.32.
Any soil below a pH of 5.5 is considered acidic. Additionally, | have tested the
sulphur and carbon content by induction furnace fitted with an infrared detector. The
sample came up with <0.01% sulphur and 0.16+0.03% carbon.

Let me know if you want to know anything else about the sample.

Cheers,

Chenoa Tremblay
Technical Manager
E: chenoa.tremblay@minanalytical.com.au

MinAnalytical ®

50 Baile Road T: {08) 6258-9600

Canning Vale WA 6155 F: (08) 6258-9696 www.minanalytical.com.au
PO Box 1540

Canning Vale WA 6970

AN ¢ AUSDRILL COMPANY

lofl 22/06/15 12:19



Ref 4: HumiSeal® 1B73 technical data sheet (source 1B73-TDS.pdf)

Electronic Coatings

We make a material difference

HumiSeal® 1B73 Acrylic Conformal Coating
Technical Data Sheet

HumiSeal® 16873 is a Slngle component, fast drying, acrylic conformal coating intended for use on printed circuit
assemblies. HumiSeal™ 1873 demonstrates excellent ﬂex|b|llty and electrical properties, fluoresces under UMW light
for ease of inspection and is easiy repaired. HumiSeal™ 1673 coating is MIL--46058C qualified, IPC-CC-330 and
RoHS Directive 2002 85/EC compliant, and recognized under UL File Mumber E105653.

Properties of Hum iSeal® 1B73

Denstty, per ASTH 01475 0.92 £ 002 gfcm®

solids Content, % by weight per Fed-5td-141, Meth, 4044 9512 %

Yiscosity, per Fed-3td-141 |, Meth. 4287 260 £20 centipoize
YoC 661 gramsditre

Drying Time to Handle per Fed-5td-141, Meth. 4061 30 minutes
Recommended Coating Thickness 25 - 75 microns
Recommended Curing Conditions 24 hrs @ RT or 2 hre @ 7B°C
Time Required to Reach Optimum Properties 7 days

Recommended Thinner HumlSeaI Thinner 73
Recommended Stripper HurmiSeal™ Stripper 1080, 1080EU
helf Life at Room Temperature, DOM 24 months

Thermal Shock, 50 cycles per MIL-1-46053C B5°C to 125°C
Coefficient of Thermal Expansion - ThA 67 ppmi°C

Glass Transition Temperature - DSC 42°C

Maodulus - DA 11.1 MPa

Flarmmability, per LIL 94 %[

Dielectric Withstand Voltage, per MIL-1-4B055C =1500 valts

Dielectric Breakdown Yoltage, per ASTM D149 G300 v olts

Dielectric Constant, at 1MHz and 25°C, per ASTh D150-98 2B

Dissipation Factor, at 1MHz and 25°C, per ASTK D150-93 0.010

Insulation Resistance, per MIL-1-460538C 55 %10 ohms [B50T)
Maisture Insulation Resistance, per MIL--46058C 7.0 % 10" ohms FOGQ)
Fungus Resistance, per ASTM G21 Passes

Application of HumiSeal® 1B73

Cleanliness of the substrate is of extreme importance for the successful application of a confarmal coating.
Surfaces must be free of moisture, dit, wax, grease, flux residues and all other contaminants. Caontamination
under the coating could cause problerns that may lead to assembly failures.

Dipping

Depending on the complexity, densny and configuration uf compaonents on the assembly, it may be necessary to
reduce the viscosity of HumiSeal™ 1B73 with HumiSeal™ Thinner 73 in order to obtain a uniform film. COnce
optimum viscosity is determined, a contralled rate of immersion and withdrawal (5-15 cmimin) will further ensure
even deposition of the coating and ultimately a uniform film. During the application, evaporation of solvent
causes an increase in wiscosity that should be adjusted by adding small amounts of HumiSeal® Thinner 73.
Yiscosity in the dip tank should be checked regularly, using a simple measuring device such as a Zahn or Ford
wiscosity cup.
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Electronic

We make a material difference

HumiSeal® 1B73 Technical Data Sheet

Spraying

HumiSeal® 1673 can be sprayed using conventional spraying equipment. Spraying should be done in an
environment with adequate ventilation so that the vapour and mist are carried away from the operator. The
addition of HumiSeal® Thinner 73 is necessary to ensure a uniform spray pattern resulting in pinhole-free film.
The amount of thinner and spray pressure will defip%end on the specific type of spray equipment used and operator
technique. The recommended ratio of HumiSeal® 1673 to HumiSeal®™ Thinner 73 is 1:1 by volume; however the
ratio may need to be adjusted to obtain a uniform coating.

Brushing
HurniSeal™ 1873 may be brushed with 3 small addition of HumiSeal® Thinner 73. Uniformity of the fim depends
on compaonent density and operator's technique.

Storage

HumiSeal™ 1E73 should be stored away from excessive heat or cold, in tightly closed containers. Humiseal™
products may be stored at temperatures of O to 35°C. Prior to use, allow the product to equilibrate for 24 hours
at a room temperature of 18 to 32°C.

Caution
Application of HumiSe al® Conformal Coatings should be caried out in accordance with local and Mational Health
and Safety regulations.

The salvents in HumiSeal® Sonformal Coatings are flammable. Material should not be used in presence of open
flare or sparks. Use anly in welbventilated areas to avoid inhalation of vapours or spray. Avoid contact with skin
and eyes.

Consult MSDS/SDE prior to use.

Contact HumiSeal®

HumiSeal Horth America HumiSea Europe HumiSeal S.ARL

20 Zeta Drive 505 Eskdale Road, 1G Winnersh 46 Averue Eitil
Pittburch, P& 15235 Berkshire RG41 STU TH20 Cameres-Sur-Seine
Usa France

Tel +1 412-828-1500
Toll Free (S only), S66-825-5470
salesEhumised com

HumiSed Technica Center
285 University &venue
Wesbwood, WA, 02090

sa

Tel: +1 781-3320734

Fax +1 ¥81-3320703
techsuppoat@humiseal com

Tel +44 (07159 442 333
Fax +44 (071189 335799
suoreansdesfchasecorncom

HumiSeal Europe Support
Tel +44 (071189 442 333
Fae +44 (071189 335 799

eLropetectEunport Fchase cop com

Tel +33 (001 30 0986 56
Fax +33 (011 30 098657

HumiSeal Asian Support

Tel: §52-9451 5434

Fax: 8592-24135289
adiatechsuppothumizeal .com

The information contaired here iz provided for product selection purposes only and is not 1o be considered spediication or perormance da@. Under mo circumstance will the
seller be liable for any loss, damage, expenss or incidental or consequential darmage of any kind anising n conredtion with the use or inability to use its produdt. Speciic
condtions of sale and Chase's imited wamanty are =&t out in detail in Chase Corpordtion Terms and Cordiions of Sale. Those Temmes and Conditiors are the onby source that
contain Chase's limibad wamranty and other termes and conditiors.

04413 Page 2 of 2



Ref 5: RX-1321 conformal coating, manufacturer’s product info (source RX-1321-Conformal-Coat.pdf)
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Ref 6: PlastiDip® manufacturer’s product information (source PlastiDip _UVTechDataSheetBc.pdf)

7= Performix Plastidip.net.au

PLASTI DIP.

MULTL-PURPOSE RUBBER COATING

DESCRIPTION:
PLASTI DIP ® is an air dry, synthetic rubber coating that can be easily applied by spraying, brushing or dipping.
PLASTI DIP ® resists moisture, acids, abrasion, weathering, electrical shock, skidding/slipping, corrosion; coats and
gives a comfortable, controlled, color coded grip to all types of tools; lawn and garden, mechanical, electrical,
woodworking and masonry. PLASTI DIP ® can also be applied to:

Wood: seals and protects from weathering and prevents splinters.

Metal; reduces vibration, deadens sound, prevents corrosion, insulates electrically and

from extreme temperatures.

Glass: shatterproofs glass objects (available in clear).

Rope/Fabrics; weathemroofs, prevents rofting and fraying.

Plastics: protects delicate surfac es from scratches.

Rubber: weatherproofs, wear resistant.

Maps: weatherproofs, tear resistant (available in clear).

SPECIFICATIONS:

Solids: (wt.) 24% Durometer: shore A (ASTM D -2240) 70
Tensile: (ASTM D-638) 3,740psi Salt spray: (ASTM B -117) passed 1,000 hours
Elongation: (ASTM D -638) 430% Weatherability: (ASTM G -53) 3-5 years: PLASTI DIP
Cut resistance: (ASTM D -1044) very good 7 -10 years: PLASTIDIP U.V. Stable
Stone abrasion: (ASTM D -3170) excellent Temperature us e range: -30°F to 200°F.
Shelf life: 1 yearat 77°F Viscosity range: 80 =100 K.U. @ 77 °F (+/- 2°F)
Chemical resistance: Permeability: (ASTM E -96) .03 grains/sq. ft./hr.

acids, alkalines, pollutants: excellent Dielectric: (ASTM D-149) 1,400v/mil

petroleums: limited
Coverage: 30 sq.ft. per gallon at 15 mils. An application of Plasti Dip is normally between 6-8mils, so that is two
coats. Metric: 3.78litres covers 2.787 sq mtrs at .3810mm

ALTERNATIVE PRODUCTS:
For a water base alternative see HCFeccs® technical data sheet

SURFACE PREPARATION:

MIX WELL BEFORE USE.

All surfaces to be coated must be free of all oils, grease, dirt, wax and loose rust. A sandblasted or rough surface
improves adhesion. Use PLASTIDIP ® PRIMER on all metals for best results.

USE ADEQUATE VENTILATION.

plastidip.net.au

PLASTIC DIPS & COATINGS
527 Bakers Creek Rd, BUNDOOK NSV 2422
Phone: (02) 6550 2656
Fax: (02) 6550 2657
E-mail: sales@plastidip.net.au



SPRAYING: Pressure pot may be used (siphon cup not recommended).  Dilute with recommended thinners up to
50% as needed. Gently mix before spraying. Apply wet overlapping coats, holding gun 6"- 12" from surface, using
a 4"-6" pattern. Allow 10 -20 minutes dry time before applying additional coats to desired thickness.

RECOMMENDED EQUIPMENT AND SETTINGS:

Gun: Binks® model 95

Nozzle: 63B

Needle: 663A

Material: 20-25psi

Atomization: 15-25psi

Dilution: as needed

Cap: 63PB (up to 50% dilution) or 66S D (up to 50% dilution) for heavier build up.
Clean up: see recommended thinners.

SPRAYING: Airless equipment may be used. Use as described above.
Tip size: .011 - 019

Pressure: as needed

Dilution: up to 50%

DIPPING: Dilute with recommended thinne rs up to 25% as needed. Gently mix before each use. Do not infroduce
air bubbles. Insert item 1" every 5 seconds. Remove at same rate. Allow 30-40 minutes (dry to the touch) dry time
before applying additional coats to desired thickness.

BRUSHING: Dilute with recommended thinners up to 25% as needed. Gently mix before each use. Apply wet
overlapping coats using a soft natural bristle brush. Allow 10-20 minutes (dry to the touch) dry time before applying
additional coats to desired thickness.

HINTS:

Recommended thinners: PLASTI DIP ® THINNER, Toluene or VM&P Naphtha. A dry film thickness of 12 -15 mils is
recommended for best results. Approximate dry mil thickness per coat, dipping 6-8 mils;  brushing 4 -5 mils;
spraying 2-5 mils. Allow 4 hours dry time per coat before use. Allow overnight drying whenever possible. VWhen
using a dip tank, allow 6" minimum from fluid surface to tank top to avoid "skinning over". Avoid excessive air
movement, heat or humidity. Always use proper ventilation and protection.

ADDITIONAL APPLICATION TDEAS

Tranformers Cables / Straps
Rope Wood

Joy Sticks Circuit Boards
Electrical Boxes placed on the ground Magnets
Stove/Oven handles Fabric
LaCrosse Sticks/Nets Astro Turf
Food Grade Barrels Crutch Handles
Control Boxes Relay Electric Wench
Metal Grates Sharp edges
Pumps Hand Tools
Valves / Actuators Curtains
Pulleys & Rings Clips

Poles Glass
Underground tanks Pipes

Hardware & Metal surfaces to prevent electrical discharge & sparks

We cannot anticipate all conditions under which this information and our products, or the products of other manufacturers in combination with our products, may be used. ¥Ve accept no
responsibility for results obtained by the applications of this information or the safety and suitability of our products, either alone or in combination with other product combination for their own
purposes. Unless otherwise agreed in writing, we sell the products without warranty, and buyers and users assume all responsibility and liability for loss or damage arising from the handling
and use of our products whether used alone or in combination with other products. Ever changing V.O.C. regulations in your area may require you to contact local authorities for proper use
andfor disposal of this product. Shouldyou need further assistance, please contact PLAST DIP INTERNATIONAL technical service

PLASTI DIP, HCF, Perfarmix and logo are registered trademarks of PLASTI DIP INTERNATIONAL
BINKS is a registered trademark of BINKS M FG. CO_, Franklin Park, IL

TECHNICAL DATA SHEET #5
REVISED 1/22/02DR
PD



Gallery of images showing various board issues

This first image shows a relatively clean board that has still had some exposure to corrosive dust. Note
the completely transparent nature of the conformal coating, as well as the shiny metallic solder joints
and clean shiny component metallisation.




This next image shows a partially cleaned board returned from the field, showing that areas where the
dust has started to breach the conformal coating are also where the dust adheres even after gentle air
and soft-brush cleaning. A metal pick would be required to further clean this board.




This image shows a board that has been cleaned using a metal pick, and clearly shows that the
conformal coating has gone milky in places, as well as the solder and various component parts have

become powdery and corroded. Of particular note, the trace leading away from resistor R12 (marked
with arrow) has been completed eroded and is no longer connected.




The images on this and subsequent pages are zoomed-in views from the corroded circuit board on the
previous page. The first shows a zoom in on resistor R12. It is clear that the top end of the component
has been corroded, most of the solder reacted away, and the underlying copper pad completely
dissolved, isolating the trace leaving the top and turning right, from the component pad. During the
pick/scraping procedures crumbled black powdery deposits were removed to expose the top end of R12

and associated copper pads and tracks, which we believe to be the corrosion products left over from the
solder and copper metals.

Note also the damage apparent to the copper tracks connected to R3, immediately above R12.



This next picture shows similar damage to capacitor C16, where it is seen that the entire metallisation at
both ends of the capacitor has corrode, resulting in a complete open circuit at both ends of the
component. Note also the damage apparent to the top end of resistor R11 just to its right.




The next two images show views of the rear side of the SMA connectors for both X and Y polarisations.
Note the corrosion evident on the centre pins of both connectors, the solder joints, and in all likelihood
the copper pads underneath.




This next image shows a bad case of dust build-up on an LNA in a tile near a regularly used access track.

It seems fairly obvious that the dust enters under the top of the hub during windy conditions and is
deposited inside the hub as the air velocity falls. Note the circular dust patterns in the lower left
qguadrant which would appear to correspond with the twenty circular air-path mouldings deliberately
cast into the rim of the hub lid, as shown in the drawing over the page.



Mech drawing of the plastic lid that covers the LNA.
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This last image shows that even tiles located relatively far away from access tracks, and in areas more

secluded from the winds, still suffer dust build-up, albeit at a lower rate.
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