
he EMPF recently initiated a Thermal
Battery Development Project in conjunction
with Alliant Techsystems (ATK). This U.S.
Navy ManTech program formed in
response to military demand for batteries
with longer shelf lives. The program goals
are to demonstrate thermal battery manufac-
turability and facilitate the entry of a new
company into the thermal battery market.
The focus of this plan is to use the DSU-33
Proximity Sensor’s thermal battery
(Figures 1-1 and 1-2) as an initial test
platform. The DSU-33 has been identified
as having an immediate need and will
benefit from having an alternate U.S.-
based supplier. Additionally, the battery
designed for the DSU-33 can be imple-
mented into other applications because
of common size and power requirements.

The objectives of the Thermal Battery
Development project include:

1. Identification and documentation of 
manufacturing processes that pose
challenges to new thermal battery
suppliers

2. Identification and documentation of
a baseline test process to use as a
reference for the interested new market
entrants

3. Demonstration of thermal battery
prototypes that meet mechanical,
electrical, and environmental require-
ments for the targeted application

Expected benefits include:

1. An alternative U.S.-based source
2. Increased competition to drive

productivity and cost improvements
3. Increased domestic production

capacity to address DoD needs 
4. Access to basic thermal battery

technology information to assist
market entrance of additional
DoD suppliers

Thermal batteries belong to the reserve
battery class – single-use batteries with
over ten years of shelf life. Other important
reserve battery characteristics include
hermetic seals, inert storage state, and
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Figure 1-1 – (left) Thermal Battery (courtesy of Alliant Techsystems, Inc.)
Figure 1-2 – (right) DSU-33 Proximity Sensor, a typical application

for the thermal battery (courtesy of Alliant Techsystems, Inc.)
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rapid activation. Thermal batteries perform well in hot and
cold environments and are capable of withstanding adverse
storage conditions without performance degradation. The
battery’s electrolyte is a solid at room temperature.
Activation involves pyrotechnically heating the battery to
operating temperature (400ºC to 600ºC). At operating
temperature, the electrolyte melts and activates the electro-
chemistry. After use, the temperature falls below 400ºC, and
the battery becomes inactive. Thus, used batteries can be
stored safely prior to disposal.

Thermal batteries are used for high power applications
requiring runtimes from a few seconds to a few hours. These
batteries are almost exclusively used by the military and
are typically used to provide power for sonobuoys, mines,
missiles, guided artillery, countermeasure devices, and
guidance systems. In contrast to batteries used in commercial
applications, thermal battery production volumes are low.

Historically, thermal batteries have been notoriously difficult
to manufacture in large quantities. Processes such as powder
formulation, electrode pellet formation, and cell stack assembly
have proven difficult to implement in a cost effective manner.
Production quantities remain low, and occasional yield issues
further exacerbate the supply problem. The fact that there is
no commercial demand for thermal batteries further reduces
the market attractiveness to new suppliers. Low volume orders
discourage new entries into the market, reducing competition
and limiting industrial ramp-up capability for Navy and DoD
needs; therefore, current domestic manufacturing infrastructure
does not meet the Navy’s cost and volume requirements.
This limits the number of thermal battery powered weapons
systems that can be purchased and deployed by the Navy.

This U.S. Navy ManTech project was initiated in order to
expand the thermal battery industrial supplier base. ATK
was chosen as an initial participant because of the expertise
found at the ATK Power Sources Center (PSC) and the ATK
Thiokol division’s expertise in material properties and
powder processing techniques.

Experience in thermal insulation and heat management of
rocket motors will be transferred to optimizing the thermal
battery’s heat management and ignition designs. Experience
manufacturing lithium batteries for military and aerospace
applications at high volumes will assist the design of the
thermal battery production line.

The EMPF’s Thermal Battery Development Project will
take the thermal battery prototype from hand fabrication to
a production-ready battery. This project is the next step to
design, develop, and test a production battery. The process
includes defining the standards, tooling, and equipment
requirements for a future high-volume production line.
An expansion of the industrial base would reduce the
current gap between capacity and demand, driven by
the needs of the Navy’s thermal battery powered systems.

The Thermal Battery Development Project is an example
of how the EMPF leverages its electronics manufacturing
experience and its partnerships with industry to dynamically
service DoD needs. Specifically, this program showcases
the EMPF role in the identification and solution
of manufacturing technology issues affecting batteries
and power electronics systems used in DoD applications.
Other battery and power system projects the EMPF has
conducted include development of the SDV battery,
the PRC-112 survival radio battery pack, the MOFA reserve
battery, and the Integrated Power System (IPS).
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format at http://www.empf.org/empfasis .



he EMPF offers a popular one-day Design for
Manufacturability (DFM) training course for design and
manufacturing personnel. This course is based on the
IPC-2220 series of design documents (“Design Standards
for Printed Circuit Boards”). It deals with the attributes of
a printed circuit board (PCB) design which determine
whether it will be relatively easy or virtually impossible
for the factory to build. This course reveals the many
issues that can account for this difference.

The EMPF’s DFM course reviews the natural progression
of a design from initial concept to final design
to production. Within this sequence, the ability to influence
product costs related to manufacturability is greatest
during the conceptual stage and highly limited after
design completion (Figure 2-1). It is critical to apply
DFM principles at the earliest possible stage of design
before the process builds inertia.

Two primary principles are discussed during the course –
Design for Manufacture (DFM) and Design for Assembly
(DFA). DFM is defined as design for ease of manufacture of
each of the collection of parts that will form the product
after assembly. DFA is defined as the design of the product
for ease of assembly of the individual parts which were
manufactured using the DFM approach. Neither can stand
alone. The combination of the two principles is referred
to as Design for Manufacture and Assembly (DFMA).

The DFA methodology stressed in the EMPF course is the
Boothroyd-Dewhurst method of analysis, which evaluates
the producibility of each process step. This is combined
with DFM principles to create the DFMA process.

The modern DFMA principles taught in this course have
been adopted by major manufacturers worldwide.
Specific examples are cited to show classical as well
as modern methods used to grapple with the complex
problems of product manufacturability. Such an example
appears in Figure 2-2, where the classical approach
to design (popular in the 1970s) can lead to erroneous
conclusions. In this case, the “wrong” part is actually
less than half the cost of the “right” part.

In addition to these classical manufacturability concerns,
risk management is also dealt with in the course. Risks
are quantified by the probability of a failure and the
consequences of that failure. Several case studies,
“lessons learned”, and risk management tools are explored.
Design for Manufacturability is included in the EMPF
Boot Camp training program, but it can also be taken
separately. For more information about this EMPF course,
please contact the Helpline at (610) 362-1320.

References
1. Geoffrey Boothroyd, Peter Dewhurst, Winston Knight,
“Product Design for Manufacture and Assembly,”
Copyright 2002, Marcel Dekker Inc., New York, Basel.
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Figure 2-1 – Product Design Sequence
(courtesy of the U.S. Navy)

RIGHTWRONGGuideline

Avoid complex bent
parts (material waste);
split and join instead

Figure 2-2 – Classical (but potentially erroneous)
“producibility” or “design for manufacture” guideline

that ignored the Boothroyd-Dewhurst DFA methodology.
The “wrong” component can be shown to be half the

cost of the “right” component by DFMA analysis.1



ith the selection of lead-free solder alloy replacements
for SnPb (tin-lead) coming into focus, much of the recent
discussion about the lead-free transition has been about
demonstrating compliance with the legislation that initiated
the conversion. The European WEE and RoHS directives
define specific amounts of toxic materials allowed for use
in electronic equipment. These include lead (Pb), cadmium
(Cd), mercury (Hg), hexavalent chromium (Cr6+), and
multiple forms of bromine (Br). Conforming to the legisla-
tion may require quantifying the amount of these banned
substances in solder joints, components, connectors, board
materials, and the completed assembly.

The need to efficiently identify banned substances in
plastic, ceramic, and metallic materials has led to an
increase in interest in elemental analysis techniques such as
X-ray fluorescence (XRF). This non-intrusive and
non-destructive measurement method has been in use in
electronic manufacturing facilities for years, primarily
to measure the composition and thickness of surface platings
and coatings. Recent strides in XRF technology have
improved the equipment’s efficiency, precision, and cost
of ownership, making elemental analysis by X-ray
fluorescence a popular tool for detecting the presence
of banned metals.

X-ray fluorescence defined
Unlike the more common transmission X-ray imaging,
X-ray fluorescence analyzers are used strictly for obtaining
elemental information. XRF analyzers do not use X-rays
for imaging. XRF uses the X-rays from an excitation source
(either an X-ray tube or radioactive source) to produce an
incident beam. As the X-rays contact the sample surface,
they are either absorbed by or dispersed through the surface
atoms. A photoelectric effect occurs when the X-rays are
absorbed into the atoms. The X-ray transfers its energy to
the inner shell electrons of each atom, thereby ejecting the
electrons and creating a vacancy in the atom’s inner
electron shell. Electrons from the atom’s outer shell then
stabilize the atom by filling in the inner shell. This electron
movement results in energy differences that produce
X-rays.

XRF detectors absorb these X-rays and measure their
energies. Each individual element produces X-rays with
a unique set of energies. XRF spectrometers use X-ray
detector elements (Si-PIN, Si(Li), or Ge) to create
a spectrograph that shows all the elements detected. This
technique is similar to energy dispersive spectroscopy
(EDS), an elemental identification technique commonly
coupled with scanning electron microscopy (SEM). Unlike
EDS, however, XRF can be performed in normal
atmospheres and does not require an expensive vacuum
pump system.

X-ray fluorescence applications
Much like transmission X-rays, XRF has an equal number
of production and analytical applications. XRF can be used
to precisely identify and quantify the presence of all of the
European Union’s (EU) banned substances. However, its
use is by no means limited to this function. One of the more
traditional uses for XRF is the measurement of plating
thickness. XRF has a proven track record of efficient and
precise measurement of surface finish thicknesses. It can
also be used for process control, incoming material quality
control, and qualification of components, assemblies, and
processes. Additional uses include measurement of metal
films using plating, deposition, sputtering, and ion plating, etc.

One side effect of the transition to lead-free products has
been unexpected changes to component surface finishes.
More and more frequently, manufacturers will alter
component finishes without notification. In some cases,
changes in component surface finish composition were
identified from one lot to the next. Such variations can
result in changes in wetting performance, storage life,
process efficiency, and solder joint reliability. Technical
assistance from the manufacturers and distributors
to identify the surface finish on a lot-by-lot basis can be
difficult to obtain. Quite often, data sheets do not include
surface finish information. Using XRF to screen
incoming lots of components for surface composition can
prevent the detrimental effects of unknown changes
to the surface finish.

Some DoD and NASA contractors are using XRF
to mitigate tin whisker risk by mandating at least 3 wt. %
lead in their tin-finished components. Studies have shown
that tin-based finishes with approximately three percent
lead or more have a significantly reduced risk of forming
tin whiskers compared to pure tin finishes. This has
prompted DoD contractors and other companies that are
traditionally exempt from the EU directives to require at
least 3% lead finishes from their component suppliers. XRF
has been used to screen their incoming product finishes
for lead levels. In the case of one contractor, the EMPF
laboratory evaluated every metallic surface on the assembly,
including discrete components, ICs, transistors, screws,
connectors, nuts, bolts, and eyelets.

Wave solder contamination is another issue associated with
the lead-free conversion. Solder pots that contain high-tin
alloys such as tin-silver, tin-silver-copper (SAC), and
tin-nickel-copper must be monitored for solder pot corrosion.
This corrosion can occur due to the solder pot lining
composition, copper dissolution from the board and
components, or cross-contamination of lead and lead-free
solders. The elemental analysis capability of XRF is well-
suited for analyzing solid samples of wave solder alloys.
Similarly, elemental analysis of through-hole and SMT

continued on page 6
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MPF staff evaluated the adhesion failures. The
components were bonded to a gold-plated ceramic
substrate. Adhesion failure was observed after the device
was hermetically sealed and operating in the field. Failures
were also observed on devices that were not in service. Two
assemblies were provided for analysis. Both experienced
adhesion failure where the chip component separated from
the board, as seen in Figures 3-1 and 3-2.

Top-down scanning electron microscopy (SEM) with
energy dispersive spectroscopy (EDS) was performed on
the pad surface and the conductive epoxy surface. Scanning
Auger analysis was performed on two areas of the failed
gold surface. Scans were performed in the as-received
condition as well as after a 30-second ion etch.

Top-down SEM analysis of
the pad surface in the areas
of adhesion failure did not
show evidence of contami-
nation. There were small
areas of conductive epoxy
present and a number of pin
holes in the gold surface.
Elemental analysis of the
pad surface showed the
presence of gold and trace

amounts of carbon on the surface. The carbon levels were
low (less than 10 wt. %) and were not considered to be
a source of contamination. There was no contamination
found in the pin holes. The conductive epoxy that
remained on the pad after separation was composed
mainly of carbon and silver. Figures 3-3 and 3-4 show
high magnification images of the gold surface in the area
where the epoxy failed.

SEM surface examination of other gold-plated areas on the
substrate revealed pin holes similar to what was observed
in the pad areas. No evidence of surface contamination
was present. Like the pad areas, small amounts of carbon
were also detected. An SEM image of the gold surface

away from the pad is shown in Figure 3-5 below.

No contamination was detected on the surface of the
conductive epoxy from the separated chip component.
Elemental analysis detected only carbon and silver.

Auger analysis revealed the
presence of carbon, gold,
oxygen, silver, nitrogen, and
chlorine on the gold pad
surface before ion etching.
Gold, oxygen, and trace
amounts of silver were
detected after etching. All the
elements detected are common
components of conductive
epoxy. No abnormal elements
were found.

Conclusions
The epoxy failure was likely caused by improper epoxy
application or poor epoxy performance. No evidence
of surface contamination was detected on the failed gold
pad surface or in other areas of the gold plating.

Surface analysis of pads also showed traces of the
conductive epoxy materials remaining on the pad after
failure. This may indicate epoxy that was not fully cured.

Many of the other components on the board, including wire
bonded components, did not display adhesion failures.
The other components were smaller and possessed a lower
thermal mass. The higher thermal mass of the chip
components may contribute to an insufficient epoxy cure.
In addition, if contamination was present on the board,
wire bond adhesion failure would also be likely.
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A customer contacted the EMPF Helpline after observing adhesion failure of chip components that
were bonded with conductive epoxy.
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solder joints can be achieved. This is particularly useful
when investigating the possibility of excessive gold in a
solder joint (which could result in gold embrittlement).

As the lead-free transition initiates the demise of SnPb board
finishes, it simultaneously promotes interest in alternative
board surface finishes. Electroless nickel immersion gold,
immersion tin, immersion silver, and organic solderability
preservative (OSP) have been the market leaders in terms
of a SnPb replacement. While each has its own set of
advantages and disadvantages, none of these surface finishes
will perform properly if the thickness of the plating is not
well controlled. With the exception of OSP finished boards,
the plating thickness of incoming lots of bare circuit boards
can be recorded prior to the first run build using XRF.

XRF vs. other elemental analysis techniques
XRF has many advantages over other elemental analysis
techniques. One main advantage is that it is non-destructive.
The relatively low energy X-rays have no damaging effects
on electronic components, circuit boards, or assemblies, and
components can be used immediately after testing. If static
sensitive devices are to be tested using XRF, special
grounding precautions can be implemented to ensure
electrostatic discharge (ESD) protection.

Unlike other elemental analysis techniques, no additional
sample preparation is required to examine the test samples.
For example, energy dispersive spectroscopy (EDS) often
requires applying a conductive coating to the samples as
part of SEM preparation. Auger Electron Spectroscopy
(AES) and Atomic Absorption (AA), two highly precise
elemental analysis techniques, require dissolution of the
samples into a solvent.

XRF also has a speed advantage over other elemental
analysis techniques. Analysis can be completed in as little as
30 seconds, making XRF practical for the time-sensitive
manufacturing environment. The short analysis time
reduces the overall cost of analysis, particularly if samples
are sent to an outside laboratory. Cost for elemental
analysis of a sample using the X-ray fluorescence
technique is typically less than half the cost of analysis
using SEM and EDS.

Most XRF analyzers will create precise quantitative
elemental measurements without the use of expensive
standards. For plating thickness measurement and general
elemental composition analysis, standardless measurements
are sufficient. For instance, DoD manufacturers requiring
3% Pb in their tin-based surface finishes are typically
supplied components with 10, 15, 37, or 40% lead. Rarely
are components finished with 97% tin and 3% lead finishes.

A standardless reading of tin and lead over copper may yield
as low as 0.25% error; therefore, a standardless reading that
returns 5% lead with 0.25% error has sufficient precision to
ensure that the risk of whisker formation is reduced. The
precision of the standardless measurement is highly depend-
ent on the quality of the equipment, the consistency of the
measurement parameters, and the material being analyzed.
For years, many environmental agencies have been using
XRF to detect lead in soil down to the parts per million
(PPM) level. Using XRF to detect PPM levels of lead in
electronic materials such as solder, ceramics, and plastic
encapsulates is best performed with the help of a certified
calibration standard.

If excessive levels of chromium are detected by XRF,
additional analysis will be required to confirm whether
the chromium is in the hexavalent form banned by the
directives. XRF cannot account for the form in which
the substance is present, and the directives set limits
specifically for the hexavalent form of chromium (Cr6+).
Distinguishing the banned substances polybrominated
biphenyl (PBB) from polybrominated diphenyl ether
(PBDE) presents the same challenge.

As with any other analysis technique, knowledge of the
sample can increase the precision of the result. XRF
operators are at a severe disadvantage when attempting to
gather quantitative data from an unknown system with
multiple layers. XRF is known as a surface technique, but
the XRF incident X-rays can penetrate through multiple
layers. This can lead to imprecise, exaggerated results. The
EMPF laboratory has witnessed cases where lead in the
terminal metallization underneath the surface finish
exhibited a false positive lead (Pb) reading in what was
a pure tin finish. XRF is also ineffective at measuring lighter
weight elements, so using this technique for organic
contamination analysis is not possible.

Conclusion
There has been a recent surge in interest in XRF caused
by the European WEE and RoHS legislation. XRF has
been recognized as a quick and efficient tool for ensuring
compliance to the legislation. However, for precise levels
of Pb, Hg, Cr6+, and other banned substances, the use
of standards and additional analysis techniques may
be necessary.
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IL-STD-461 establishes the requirements for the control
of electromagnetic interference (emission and susceptibility)
characteristics of electronic, electrical, and electromechani-
cal equipment and subsystems designed or procured for use
by activities and agencies of the Department of Defense
(DoD).

Table 4-1 shows the emission and susceptibility require-
ments listed in MIL-STD-461. The type of test required is
dependent upon the platform. Conducted Emissions tests
(CE101, CE102, CE106) are used to verify that electromag-
netic emissions conducted via the wiring and antenna
terminal from a device under test (DUT) do not exceed the
specified requirements.

Conducted Susceptibility tests (CS101, CS103, CS104,
CS105, CS109, and CS114-116) are used to verify that the
DUT can withstand radio frequency (RF) signals coupled
onto the leads (cables, wires). These include intermodulation
products and spurious responses that may cause
undesired signals at the DUT. RE101, RE102, and
RE103 are used to verify that electric field
emissions from the DUT, electrical interface,
associated cabling, and radiated spurious/harmonic
output do not exceed specified limits. RS101,
RS103, and RS105 are used to verify the ability
of the DUT and its associated cabling to withstand
radiated magnetic, electric, and transient electro-
magnetic fields. These are to be tested in a range
of frequencies which can be as low as 30 Hz to as
high as 40 GHz. Table 4-2 shows the frequency
ranges for susceptibility scanning.

General test preparation tips
1. Create a test plan for each test required,
including details on how to collect the data.

2. Determine the amount of time needed to
conduct the test and schedule the appropriate lab
time. Because of the limited number of U.S. labs
which can perform EMI testing to MIL-STD-461,
reserving lab time can be challenging. Demand
for this service is high.

3. Forward a copy of your test plan to the lab so
that they have a better idea of what you are trying
to accomplish. The lab will review your test plan
and provide valuable feedback regarding their
capabilities and how your test plan may be
improved. You may need to make revisions.

4. Confirm with the lab if the equipment you need
is available. The lab may not have special test/mounting

fixtures, test cables, or data recording equipment. You may
need to bring your own.

5. Avoid the unexpected at the lab by simulating and testing
as much as possible beforehand. This will give you a rough
idea of whether your equipment will pass, allowing time for
adjustments.

Each individual test can take as little as a half day or as much
as several months. Some labs charge per day rather than by
the hour. Costs of $1500/day are typical. When scheduling
your lab service, try to group together similar tests or tests
which use the same lab equipment. This will reduce setup
and calibration time. Setup itself can take several hours, so
be sure to include adequate setup time in your schedule.
In conclusion, always plan ahead so that your test can run as
smoothly as possible without unexpected delays or the need
to return to the facility for re-testing.

Preparation for MIL-STD-461 Testing
(Electromagnetic Interference)

Tech Tips...

C
ut here and save!
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Requirement Description
CE101 Conducted Emissions, Power Leads, 30 Hz to 10 kHz
CE102 Conducted Emissions, Power Leads, 10 kHz to 10 MHz
CE106 Conducted Emissions, Antenna Terminal, 10 kHz to 40 GHz
CS101 Conducted Susceptibility, Power Leads, 30 Hz to 150 kHz

CS103
Conducted Susceptibility, Antenna Port, Intermodulation, 
15 kHz to 10 GHz

CS104
Conducted Susceptibility, Antenna Port, Rejection of Undesired 
Signals, 30 Hz to 20 GHz

CS105
Conducted Susceptibility, Antenna Port, Cross-Modulation, 
30 Hz to 20 GHz

CS109 Conducted Susceptibility, Structure Current, 60 Hz to 100 kHz
CS114 Conducted Susceptibility, Bulk Cable Injection, 10 kHz to 200 MHz
CS115 Conducted Susceptibility, Bulk Cable Injection, Impulse Excitation

CS116
Conducted Susceptibility, Damped Sinusoidal Transients, Cables 
and Power Leads, 10 kHz to 100 MHz

RE101 Radiated Emissions, Magnetic Field, 30 Hz to 100 kHz
RE102 Radiated Emissions, Electric Field, 10 kHz to 18 GHz

RE103
Radiated Emissions, Antenna Spurious and Harmonic Outputs,
10 kHz to 40 GHz

RS101 Radiated Susceptibility, Magnetic Field, 30 Hz to 100 kHz
RS103 Radiated Susceptibility, Electric Field, 2 MHz to 40 GHz
RS105 Radiated Susceptibility, Transient Electromagnetic Field

Table 4-1 – Emission and susceptibility requirements

Frequency Range
Analog Scans 

 Maximum Scan Rates
Stepped Scans 

 Maximum Step Size
30 Hz - 1 MHz 0.0333   f /sec 0.05 f

1 MHz - 30 MHz 0.00667  f /sec 0.01 f
30 MHz - 1 GHz 0.00333  f /sec 0.005 f
1 GHz - 8 GHz 0.000667 f /sec 0.001 f
8 GHz - 40 GHz 0.000333 f  /sec 0.0005 f

Table 4-2 – Susceptibility scanning

Author of article: Thuan Dinh – Thuan is an
Engineer at ACI. Comments or questions
pertaining to this article can be sent to
tdinh@aciusa.org.



urvival radios are the lifelines for warfighters placed
in critical situations. By increasing the energy capacity and
allowing for replacement and recharging of the battery
cells, these lifelines can literally be extended. By giving the
warfighter extended energy capability, this gives them a higher
chance of survival and recovery. The sustainment redesign
of the battery packs (Figure 5-1) for the AN/PRC-112D
survival radios required clear definition of and adherence
to interface requirements and specifications. In addition,
significant cost and logistics benefits were achieved by
incorporating several commercial off-the-shelf (COTS)
components into the redesign.

COTS design elements included the use of AA battery cells
within a reusable battery case (Figure 5-2), while ensuring
that new battery pack performance met or exceeded the
functional criteria of the original battery. Additionally,
a major “pass-through” (no redesign required) benefit was
gained due to the ongoing improvements incorporated by
the COTS suppliers (i.e., the AA battery cell manufacturers)
as they continuously enhance their products in the
competitive commercial business environment.

For example, recently developed rechargeable nickel-
metal hydride battery cells now have twice the energy
density (1600 mAh vs. 700 mAh) contained within the
same AA cell dimensions of the older NiCd batteries.
Also, the newer non-rechargeable lithium photo/
electronic AA battery cells at 2900 mAh are greater than
40 percent higher in capacity than alkaline battery cells.
Each of these benefits will now be reaped automatically
by the redesigned radio.

Additional COTS battery cell characteristics presently
being improved include:

• Number of possible recharge cycles
per cell is approaching 1000

• Decreased charging times
• Expanded temperature performance

range from -40°C to 95°C
• Extension to a 10-year storage life
• Higher discharge rates for heavier load conditions

As long as the redesigned AN/PRC-112 battery case
adheres to the functional requirement of loading eight
AA batteries, per the industry standard cell dimension
specification, it can readily reap any and all of these
ongoing enhancements.

Per DoD specifications, another COTS connector
component was chosen to interface the battery pack to an

optional external charger. This component had to meet
the following additional requirements:

• Two-pin female connector
• Waterproof to a depth of 50 feet
• Recessed installation beneath the surface

of the main battery pack housing

continued on page 9
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Figure 5-2 – AN/PRC-112D survival radio
now operates on standard AA batteries

Figure 5-1 – Rechargeable battery power pack for the
AN/PRC-112D survival radio



Based on these requirements, a LEMO model HGG
series 00 connector was selected. This connector provided
additional features of being both self-keying and self-
locking upon insertion.

After qualification testing to ensure compliance with the
environmental conditions (Table 5-1), several other COTS
parts were approved for the battery terminal O-ring and the
gasket sealing material (between the lid and housing when
replacing battery cells). Also, the AA cell battery contact
springs and pressure vent were selected from standard
commercial parts.

One feature of the battery pack that could not be handled
by a COTS component was the unique mechanical and
electrical interface between the battery pack and the
AN/PRC-112 radio (Figure 5-3). It is specified to be in
accordance with MIL-PRF-4947/10A(CR), which requires a
custom-molded part with tightly-dimensioned alignment /locking
tabs centered around two gold-plated, beveled terminal pins.

The production tooling for the new custom battery case
housing and three other custom subparts was contracted for

only after the design was confirmed by a thorough
evaluation of the 3D design model documentation and
several mechanical mock-ups. This phase represented both
the longest lead-time and the most expensive portion of
the R&D effort, which emphasized the premium paid
for the use of custom-designed components vs. COTS.

Summary
The original technical requirement of 12 hours mission time
(assuming a 90% receive, 10% transmit mode of operation)
for the legacy AN/PRC-112 survival radio / battery pack
combination has now been increased to a minimum
of 20 hours for the upgraded version of the radio / battery
pack. This increase in performance significantly improves
the uptime of communication equipment which the
warfighter relies upon.
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Author of article: Paul Beshenich – Paul is an
Electronics Manufacturing Engineer at ACI.
Comments or questions pertaining to this article
can be sent to pbeshenich@aciusa.org.

Temperature
Altitude 40,000 feet above Mean Sea Level (MSL)

Immersion 50 ft for 15 minutes, and 2 ft for 24 hours
Fungus Per MIL-STD-810, test method 508.4
Salt Fog Salt-Sea per MIL-STD-810, method 509.3

Shock Per MIL-STD-810, Method 516.4

Table 5-1 – Design environmental conditions Figure 5-3 – Unique mechanical and electrical
interface between the battery pack

and the AN/PRC-112 radio
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onformal coating technology has
become a vital part of many electronics
manufacturing operations. Coatings
ensure reliability and long-life operation
of the finished electronic assembly under
adverse conditions. A conformal coating
(a dielectric material) protects the circuit
assemblies against contamination. These
coatings provide a secure envelope
around a circuit board and its compo-
nents while acting as a barrier against
moisture, fungus, dust, salt spray, and
other environmental contaminates. The
coating materials also act to immobilize
various types of particulate on the surface
of the PCB assembly and function as a
protective barrier. When applied properly,
conformal coatings also enhance
a circuit’s reliability by elimination of
detrimental conditions (such as leakage
from high impedance) while allowing for
the tighter spacing of circuit traces
required by high component densities.

The EMPF Demonstration Factory uses the Concoat
Systems DC 2002 Dip Coater (Figure 6-1). Concoat
Systems is a British company which has specialized
in application engineering chemical compounds for the
electronics industry for nearly 20 years.

Conformal coatings are applied over electronic circuitry
in a thin layer (typically a few mils). They are usually
applied by dipping, spraying, or simple flow coating.
Conformal coatings prevent corrosion of conductors and
solder joints, and they minimize dendritic growth and the
electromigration of metal between conductors. The use of
conformal coatings protects circuits and components from
abrasion and solvents. Also provided are stress relief and
protection of the insulation resistance of the circuit board.

In the past, due to the cost of the coating material and its
application to the board, only the most expensive boards
or those with especially demanding needs for reliability
were coated (mostly for military use). With advances in
application and process abilities, the cost of using conformal

coatings has come down. Additionally, as circuit sizes
decrease and components become increasingly delicate,
the demand for protective coatings has increased.

Types of conformal coatings
The physical and chemical properties of various coating
materials differ and thereby offer varying degrees
of protection. There are five basic types of conformal
coatings:

1)  Acrylic
2) Epoxy
3)  Urethane
4) Paraxylene
5) Silicone-based materials

Acrylic
Acrylic coatings are typically solvent-based and easily
repaired. They are usually low cost, tough, hard, and
transparent. Along with good pot life, they exhibit low
moisture absorption and have short drying times.
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Figure 6-1 – Concoat Systems DC 2002 Dip Coater

continued on page 11



However, this type of coating does not demonstrate
resistance to either abrasion or chemicals.

Epoxy
Epoxy coatings are very hard, usually opaque, and good
at resisting the effects of moisture. Epoxy is usually
available as a two-component thermosetting mixture.
It possesses excellent chemical and abrasion resistance
but can cause stress on components during thermal
extremes. Epoxy is fairly easy to apply but nearly
impossible to remove without damaging components.

Urethane
Urethane coatings are tough, hard, and exhibit excellent
resistance to solvents. Along with excellent abrasion
resistance and low moisture permeability, they offer
good low-temperature flexibility; however, their limited
high-temperature capability and lack of reparability often
prevent their use.

Paraxylene
Paraxylene coatings are highly uniform and yield
excellent pin coverage. Their limitations include high
cost, sensitivity to contaminants, and the need for
a vacuum application technique.

Silicone
Silicone coatings range from elastoplastic (tough,
abrasion-resistant) to soft, elastomeric (stress-relieving)
materials. Silicones are typically used in high-temperature
environments. Silicone coatings are easy to apply; have
low toxicity; offer good resistance to moisture, abrasion,
and humidity; and can withstand a wide range of
temperatures. Although their dielectric strength is less
than that of other types of coatings, the ease of
application and excellent adhesion to previously-applied
coatings allows for the build up of a thicker film, which
improves dielectric strength. They possess the following
characteristics:

• Heat cure or RTV cure
• Useful over a wide range of temperatures
• Good moisture and humidity resistance 
• Processing versatility 
• Easy reparability 
• Low toxicity 

Coating process
Before coating a PCB assembly, it must be cleaned and
de-moisturized within 8 hours of conformal coating.
De-moisturizing may be accomplished by an oven bake at
93°C +/- 5.5°C, for a minimum of 4 hours. The coating
material is applied using a method that will yield
complete coverage without excessive filleting or runs.
Common coating methods include spraying, brushing,
dipping, or a combination thereof. Chemical vapor
deposition is used to coat with paraxylene.

The Concoat Systems DC 2002 Dip Coater extracts
the PCB assembly from the conformal coating dip at a
controlled rate. The entire PCB assembly is dipped into
the holding tank. Controlled removal from the conformal
coating dip provides a uniform thickness.

The EMPF has used the DC 2002 to conformal coat
a communications module for military aircraft. The
coating protects the assembly against condensation from
humidity and other fluids (hydraulics, water coming in
from an open cockpit window, etc.) which could cause the
communication unit to fail. The unit is part of an
intercom system which is used in utility helicopters,
enabling the crew to communicate within the aircraft,
with the ground crew, and with other aircraft through
radio interconnections.

For more information about the Concoat Systems
DC 2002, please contact Jeff Stong at the EMPF
at (610) 362-1200, extension 224 or jstong@aciusa.org.
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Author of article: Jeff Stong – Jeff is the
Equipment Advisory Board Coordinator
at ACI. Comments or questions pertaining to
this article can be sent to jstong@aciusa.org.
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