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EMPF PROJECT TO BRING
BATTERY PROGNOSTICS TECH-
NOLOGY TO THE WARFIGHTER

The ability to quickly evaluate the
remaining charge in a fielded battery and
to reliably identify batteries that have
reduced capacity with the potential for
failure are the hallmarks of battery prog-
nostics applications. Modern war fight-
ers depend heavily on the availability of
reliable battery power for their commu-
nications, night vision, fire control, and
perimeter security systems. Any uncer-
tainty concerning the present energy
capacity or the state of charge in a battery
adds to the risk of any mission. The
uncertainty of a battery's state-of-charge
(SOC), its state-of-health (SOH), or its
state-of-life (SOL) can lead to premature
disposal by the war fighter causing a cost
and a supply logistics nightmare. This
same uncertainty prevents the transition
from primary batteries to the less robust
but less costly rechargeable batteries due
to the inability to assess future power
source degradation. The Navy MAN-
TECH challenge is to greatly reduce this
uncertainty in the field by transforming
proven battery prognostics technology
from the laboratory into an affordable,
reliable, and manufacturable package
acceptable for wide-scale deployment in
DOD applications.  

During Operation Iraqi Freedom, the
usage rate of the main primary battery
(BA-5590) reached 6000 batteries per
day, according to the U.S. Central
Command during actions in April of
2003 [1]. Demand for primary batteries
exceeded the supply and taxed the logis-
tics system to the point that a joint staff
battery power desk was established to
deal solely with this critical item. The
battery shortage was in fact among the
top briefing points made to Gen. Tommy
Franks at his daily briefings and was
even elevated as a briefing item to the
Commander-in-Chief [1]. At an acquisi-
tion and disposal cost of over $109 for
each battery, both the availability and
affordability of this critical item demand
an alternative solution. Battery prognos-
tics can reduce acquisition costs and
increase critical supply levels by making
the alternate rechargeable battery more
attractive and prevent the unnecessary
disposal of primary batteries already in
use. 

Making the transition from primary bat-
teries to rechargeable batteries offers the
opportunity to realize significant finan-
cial savings in addition to relieving a
huge burden on the logistics system of
supplying a huge number of primary bat-
teries to the field. War fighters in the
field need confidence that the recharge-
able batteries are as reliable as their dis-
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posable equivalents [2]. Despite the financial attractiveness
of using rechargeable batteries, primary batteries are pre-
ferred because they are a known entity and their respective
energy density is higher than a rechargeable. The uncertain-
ty in battery life coupled with the extra combat load, carry-
ing a charger, and the logistics support needed to support the
use of rechargeable batteries are factors that have made
rechargeables unattractive in the past [2]. Technology
advances are needed to reduce the maintenance levels asso-
ciated with using rechargeable batteries. The ability to know
the battery SOC and the SOH at any given time is a corner-
stone issue.  The benefits of rechargeable batteries will not
be realized until these obstacles are addressed.

PROJECT OBJECTIVES: 
The EMPF staff will utilize their resident electronics manu-
facturing expertise at the Center to develop the electronics
packaging and manufacturing processes needed to manu-
facture a high density, configurable, and affordable battery
prognostics tester using commercial off-the-shelf compo-
nents that will: 

(1) Estimate the remaining charge in a battery that will
enable the secondary battery user to know how much ener-
gy is available;  

(2) Identify batteries that have reduced capacity, impending
failures, or poor health;

(3) Meet the harsh environmental military requirements;
and  

(4) Mitigate component obsolescence. 

To reach these goals, a high degree of accuracy must be
attained in the measurement of the applicable electrical
parameters, which need to be determined. This accuracy
will increase the user's confidence in a battery's health and
capacity and thus prolong the usage of each battery. This
technology has wide-scale application across all of DOD
and may also have commercial usage in police departments,
fire departments, and wireless communications applica-
tions.

TECHNICAL APPROACH: 
The measurement methodology has been developed [3] to
determine the SOC, SOH, and the SOL of primary and
rechargeable batteries ranging from small primary single
cells to large banks of rechargeable batteries [4].
Unfortunately, these parameters are not directly measurable.
To determine theses parameters, several techniques must be
utilized. Penn State's Applied Research Laboratory
(PSU/ARL) in conjunction with the EMPF has developed
the electronics algorithms and an impedance measuring
technique and has related the measurements to the specific
battery chemistry. The algorithms are based on electric cir-
cuit models of the battery that include Randles circuit
behavior with a Warburg  (diffusion) element inserted into
the model (see reference 6 for a more detailed explanation

of impedance measurements and Warburg impedance). 

The flow chart used to make the predictions is shown in
Figure 1-1. The impedance is measured at several frequen-
cies and is compared against the knowledge base which has
been established. Theses parameters are then placed in the
ARMA (aggressive moving average) algorithms which are
used to determine the SOC of the battery. 

Fuzzy logic is also used to find the SOC and SOH of the
battery. Fuzzy Logic is a departure from classical two-val-
ued sets and logic that uses "soft" linguistic (e.g. large, hot,
tall) system variables and a continuous range of truth values
in the interval [0,1], rather than strict binary (true or false)
decisions and assignments. The SOC and the SOH of the
battery can be determined by using the fuzzy logic com-
bined with the use of an expert database system.  

An artificial neural network (ANN) is an information-pro-
cessing paradigm inspired by the way the densely intercon-
nected, parallel structure of the mammalian brain processes
information. This application uses the ANN after it has been
trained to respond in the proper manner. This response is
determined after an expert database is installed. 

Finally, all three estimates are input into a decision fusion
algorithm to increase the confidence in the assessment of
the SOC, SOH, and SOL of the battery.  This decision
fusion also has access to the raw data which was used to
make the previous estimates and the results are displayed to
the user. 

PRELIMINARY RESULTS:
The technology has been tested successfully on several
types of batteries. The investigations on a wide array of bat-
tery chemistries and capacities on both primary and
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lectronics Manufacturing Boot Camp courses are
designed to provide students with the knowledge and the
understanding of all the steps involved in the manufacturing
of electronic assemblies.  This program is ideal for those in
the electronics manufacturing industry that need a thorough
understanding of through-hole surface mounted electronic
assemblies, and all the processes involved in the manufac-
turing of these technologies. The classroom lectures are
reinforced during the unique hands-on lab exercises in
which students have the opportunity to  utilize state-of-the-
art electronic manufacturing equipment to build an elec-
tronic assembly.  The core curriculum consists of 40% in-
class lecture accompanied by 60% hands-on laboratory
experimentation. Participants will acquire a clear under-
standing of the many steps involved in electronic assembly
process.  The primary areas of focus covered in the two
week program are discussed below.

Boot Camp teaches students the basics of circuit board fab-
rication and general considerations in the Design For
Manufacturability (DFM) module.  Students are introduced
to the applicable industry specifications currently used in
various circuit board designs.  Future design considerations
such as flip-chip, chip on board, wire bonding, micro-vias,
and component embedding are discussed as well.  Students
gain an important and basic understanding of proper circuit
design. This enables them to improve current or future
designs, and to reduce the amount of wasted time.  

The Bare Board Fabrication module teaches students the
specific details of board fabrication.  Students learn about
the variety of board materials commonly used in today's
industry, the different chemical processes used during fabri-
cation, the solder resist application, and drilling processes.
The lecture is enhanced by an excursion to a nearby bare
board fabricator. Here students have the opportunity to ask
questions, and to witness many of the in-process steps as
they are being performed.

The Component ID module introduces students to the com-
monly used components in manufacturing. Component
marking, polarity, and orientation are just a few of the
lessons taught.

The Materials module addresses the common materials
used in industry such as adhesives, solder paste, flux, and
solder.  Students learn the different classifications and test
methods related to some of the more commonly used mate-
rials.

In the Inspection/Specifications and Standards module, stu-
dents are introduced to industry consensus specifications
IPC-A-610C and J-STD-001C. They discover how these
documents relate to inspection and process control methods.
Students also receive a copy of IPC J-STD-001C to be used
for future reference.

The importance, understanding, and need to control ESD
(Electrostatic Discharge) is demonstrated using some of the
more commonly used ESD test equipment. Students will
witness the emission of damaging, electrostatic charges
from sources commonly found at workstations.

The Design of Experiment module promotes the need for
modern methods of experimentation.  Lectures are coupled
with hands-on laboratory sessions in which students con-
duct simplified experiments. Students gain the ability to
identify areas of opportunity within processes for the use of
designed experimentation. They will plan and organize
experiments, select appropriate designs for various scenar-
ios, conduct the analysis of those designs, and draw conclu-
sions while confirming their results.

Students are provided with an opportunity to acquire hands-
on experience using state-of-the-art manufacturing equip-
ment in the demonstration factory. With this equipment, stu-
dents will build their own electronic assemblies. This will
entail dispensing solder paste, printing, and using compo-
nent placement equipment, along with thermal profiling,
reflow, and wave soldering machines. 

Hands on Laboratory Examination

EE

The EMPF Materials Laboratory

continued on page 4

Boot Camp
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In addition to learning about the automated processes, stu-
dents spend one day in a hand soldering and rework lab.
These exercises unify many key points learned throughout
the lecture, and instill a clear understanding of the lessons
presented.

The Process Control Tools module presents the unique
devices used to ascertain the effectiveness of x-ray equip-
ment, inspection equipment, and PCB test systems.

In the Reliability module, students learn the long-term
effects these conditions can have. The identification of
Surface Mount Technology (SMT) packaging reliability
issues, failure mechanisms of SMT packaging, and the
introduction of reliability testing equipment methods and
models are taught.

In the Cleanliness Testing module, some other areas of
focus include the proper cleaning of assemblies, cleanliness
testing, and the use of no-clean fluxes.  Various cleaning
methods and common test methods are presented in class,
and precede demonstrations of the frequently used equip-
ment in today's manufacturing facilities. Mechanical and
thermal stress, corrosion, and contamination all have a
major impact on electronic assemblies. 

Who Should Attend?
BOOT CAMP is beneficial to many in the workforce.
Design engineers, new hires, technical sales representatives,
process engineers, and technicians can greatly benefit from
the lessons taught.  BOOT CAMP is designed to provide
electronics manufacturing personnel with two weeks of
intense, hands-on training in every aspect of electronics
manufacturing. Upon successful completion, students are
able to demonstrate a working knowledge of the electronics
manufacturing process.

How to Register
For more information and details on registration, please
contact the EMLC Registrar by phone (610-362-1320) or e-
mail (registrar@empf.org).  Electronics Manufacturing
BOOT CAMPS are scheduled for February 2-6, 9-13,  May
10-14, 17-21, July 26-30, August 2-6, and October 4-8, 11-
15. Please also see the entire class schedule on the last page
of this publication for additional classes at the EMPF
Learning Center.

The EMPF Demonstration Factory Floor

Author of article: Tracy Clancy- Tracy is an
instructor at ACI. Comments or questions per-
taining to this article can be sent to tclan-
cy@aciusa.org.

The EMPF Wet Chemical Laboratory

The EMPF Hand Soldering Re-Work Laboratory

Boot Camp (continued from page 3)
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ecently, counterfeit electronic components and sub-
strates have come to the attention of both military and com-
mercial electronic assemblers and producers. Counterfeit
electronic components and boards are defined as:

substitutes or unauthorized copies of a product; 

a product in which the materials used or the 
performance of the product has changed without
notice; or 

a substandard component misrepresented by the 
supplier.

Often the inadvertent use of surrogate counterfeit compo-
nents results in unexpected premature failure. 

The Status of Electronic Product Counterfeiting 
Statistics that define the extent of the counterfeit problem
are not available. However, both commercial producers
and government programs are reported to be affected.
Counterfeit components affect systems utilizing a variety
of different technologies. The systems and components that
are impacted include integrated circuits (ICs), transform-
ers, fuses, resistors, capacitors, relays, motor controllers,
heaters, DC power supplies, AC inverters, and transmitters.
Of these, chip components and ICs have become an area of
large concern, particularly in the personal computer sector
where PC motherboards and power management systems
are suffering premature deaths from faulty parts. In fact, a
number of top-tier computer makers are so concerned
about failure that they have begun testing their mother-
boards [1]. 

The severity of the problem for key commercial and DOD
supply chains still needs to be investigated and assessed. A
suitable assessment will include an examination of pro-
curement programs for multiple government and commer-
cial agencies, and a report on the frequency of occurrence.
The report should also include the documentation methods
utilized by various organizations and their effectiveness for
screening multiple component types. 

The Source of Counterfeit and Substandard
Components
There are numerous documented and undocumented caus-
es for the counterfeit and substandard component issue.
Reports have shown that the growing presence of Asian
producers in the electronics manufacturing market place
has had a direct impact on a recent increase in the circula-
tion of counterfeit parts. The frequency of cloning and
other illegal activities performed on ICs and passive
devices is expected to rise alongside the demand for
devices. Another cause for the release of suspect compo-
nents has been traced to poor inventory control and dispos-
al methods of OEMs. This practice has unfortunately
resulted in "back door" trading of rejected substandard
components thus providing an entry point into a complex
component supply chain. The component supply chain
includes a number of parts manufacturers, authorized dis-
tributors, parts brokers, and independent distributors.

Substandard Components
Unspecified changes in component architecture or materi-
als have also been known to produce substandard device
performance. This is often driven by high material cost or
the inability to produce base metals or polymer products.
Some manufacturers and subcontractors use inferior mate-
rials and processes to make substandard items whose prop-
erties can vary significantly from established standards and
specifications.

The EMPF’s failure analysis laboratory has witnessed first
hand the effects of undisclosed material changes in chip
capacitors, inductors and resistors (Figures 2-1 and 2-2). In
one case, the removal of a specified nickel plated diffusion
barrier at the inductor's terminals resulted in premature
reliability problems. Cross sections of these components
revealed separation of the solder from the side of the induc-
tor. This separation was caused by the dissolution of the Ag
plating layer into the solder. The vendor did not report the
change in the terminal metallization until the customer

R

continued on page 6

Figure 2-1: Exterior view of 
Substandard Component Failure

Figure 2-2: Cross Section of 
Substandard Component Failure
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received several units returned from the field. Without the
diffusion barrier, the silver plated inductors were considered
to be a high reliability risk for their intended environment.
This change in the internal metallization could not be detect-
ed by the assembler's normal vendor qualification methods,
inspection after assembly, or burn-in testing. 

The production of bare circuit boards is not immune to the
counterfeit issue.  A number of circuit board assemblers and
manufacturers have recently reported the use of substandard
or unspecified materials in the fabrication of substrates, con-
ductors, laminates, and surface finishes. The EMPF's failure
analysis laboratory has observed an increase in the number
of cases involving substandard printed wire board (PWB)
manufacturing practices. The use of unspecified gold plating
has recently come to the forefront of board solderability
issues. Changes in laminate and substrate manufacturing
have resulted in boards that have increased moisture sensi-
tivity, decreased flexural rigidity, poor adhesive properties,
and dielectric properties that are below specifications. 

Of particular concern is the use of unspecified materials for
the assembly of lead-free and leaded circuit cards.  Concerns
have grown about the formation of tin whiskers, lead-free
material compatibility, and increased processing tempera-
tures. With narrow process windows and ever increasing
reliability concerns, the use of specified materials is para-
mount for improving the transition to environment friendly
alloys. As manufacturers experiment with die attach materi-
als and surface finishes, the changes in material specifica-
tions often outpace the developed product. These changes
often go unnoticed until product failure occurs.

Effective Detection and Protective Measures 
The detection of counterfeit components has become
increasingly difficult. The majority of parts have the same or
similar markings as their qualified counterpart. In many
cases, the identification of major manufacturers is applied
despite manufacturers’ efforts at product differentiation.
Strategically placed logos, alphanumeric marks, and bar
codes were tools that manufacturing companies utilized to
distinguish their products from the competitors. Now these
markings are being reproduced on substandard components
and sold as original equipment.  Substandard components
may have identical exteriors but the internal materials and
performance of the components may be misrepresented by
the supplier, vendor, distributor or manufacturer.

Standardized practices for identifying counterfeit and sus-
pect components are not readily available to the public.
However, many organizations have established internal pro-
cedures for identifying, quarantining, and reporting. Recent
EMPF Helpline calls have brought to light that the methods
for dealing with counterfeit and substandard components are
not universal and may even involve techniques that affect
component reliability. 

Many leading OEMs and contractors are doing extensive
testing to determine the overall quality of locally and inter-

nationally purchased parts. The Department of Energy
(DOE) has their own recommended approach for the resolu-
tion of suspect counterfeit semiconductors through their pro-
curement process. These practices are a combination of opti-
cal inspection, supplier tracking, physical and electrical test-
ing, and record keeping [4]. Other organizations utilize both
procurement and performance based screening methods.
Universally, components and PWBs should be quality
screened and tested on a lot by lot basis.

References:
1. “Substandard Electronic Parts”, CALCE staff
http://www.calce.umd.edu/whats_new/2002/China.pdf

2."Counterfeit Wave rises in the East", Electronic News
Staff, 9/02 Electronic News 
http://www.reed-electronics.com/electronicnews 

3."China Seen as Key to Counterfeiting Problem", Graham,
J and Sullivan, L, Electronics Design News and
Technology Network,
http://www.edtn.com/story/biz/OEG20010216S0069-R

4. “Policy and Procedure for Controlling Suspect/
Counterfeit Items”, Ernest Orlando Lawrence Berkely
National Laboratory, 
http://www.lbl.gov/ehs/oap/html/counterfeit.htm
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Author of article: Blaine Partee- Blaine is an
engineer at ACI. Comments or questions per-
taining to this article can be sent to bpar-
tee@aciusa.org

Contact the EMPF helpline for 
any of the above laboratory services

at: 610-362-1320

Scanning Electron
Microscopy (SEM)

Bulk Cleanliness   
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Ion 
Chromatography  

Failure Analysis

Thermal Cycling

Thermal Shock 
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Shear Testing

Vibration Testing

Metallurgy

Ultraviolet-Visible
(UV-Vis) 
Spectroscopy

Analytical Laboratory
Services
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t is crucial for Electronics Manufacturers and assemblers
to have an efficient and cost effective method of inspect-
ing Printed Circuit Boards during and after the manufac-
turing process. There are several different types of inspec-
tion systems in today's market that perform a variety of
inspection functions. There are systems capable of inspect-
ing paste, component placement prior to reflow, post-
reflow component conditions, and post-reflow solder
joints. These inspection devices all have some common
attributes that affect capability, accuracy, and reliability.
The purpose of the following technical tips is to help with
the selection of the proper type of Automated Optical
Inspection (AOI) system.

1. Light source
The decision to use a LED or fluorescent light for inspec-
tion of an assembly is dependent upon the area to be
inspected. LED light measures post-print solder brick
height more accurately than a fluorescent light source.
This accuracy also makes LED light a good tool for post-
reflow solder joint inspection. Fluorescent light is excel-
lent for inspection of component placement pre-reflow but
is typically used for location inspection only.

2. Image cameras
There are several types of image cameras used today.
Streaming video 2D frame grabbers are common.  They
utilize a motion capture video camera that extracts one
frame from a streaming video and creates a still image.
However, the system sacrifices image quality for speed
and efficiency. 

A second type of camera imaging system is the Line Scan
Still Image Camera. In this system, a still camera is placed
relatively close to the target. Because of this, this system
requires a very good lighting system. Unfortunately, the
image can be distorted by subsystem imperfections such as
transporter movement. This makes obtaining precise posi-
tioning and measurements difficult when compared to
other types of systems. A benefit of the Line Scan Still
Image Camera is the image acquisition speed, which is
faster than a CCD camera.

The least common type of camera imaging system is the
2D Charged Coupling Device or CCD. The CCD is used
for high-end and special applications such as space and
military technologies. This system creates high precision
still images in color that are more accurate than other sys-
tems.

3. Programming
Today's systems can be programmed offline using CAD
data or golden board methods. This reduces production
downtime and allows the programmer time to enter accu-
rate parameters without stopping an assembly line. These
systems also have a component database that saves data so
that it does not have to be entered every time a new board
is produced.

4. Data collection
3D software imaging or LED light measurements are com-
mon methods for measuring solder joint parameters.
Typical systems use both methods to obtain accurate mea-
surements. These systems use a directed light source or
refracting light to measure height, area, and volume. They
also use software to analyze data and calculate statistical
process control (SPC) results in these areas.

5. Ball Grid Array (BGA)
Today's AOI systems have the capability to inspect visible
solder joints on caps, resistors, and other components
including toe fillets on gullwing devices (Figure 3-1).
However, without additional capabilities such as x-ray
inspection, BGA and "J" leaded components are limited to
polarity, missing, and placement error detection.  
6. Memory and Speed
System memory is important. Upgradeable systems that
have the capacity for expanded memory are desirable.

Databases expand every day particularly with the increase
in lead-free components, solders, boards and assemblies
that are rapidly entering the industry.

System speed is influenced largely by the size and com-
plexity of the boards being inspected and the level of
inspection. Control over the pace of your production line
can be influenced by your AOI system. Since one hundred
percent inspection is not always necessary, you can save
valuable time by dialing in the appropriate inspection
level.

7. System accuracy
The accuracy for finding defects such as missing compo-
nents, skewed components, reversed components, or
wrong valued components depends not only on the capa-
bility of the inspection system but also on the program
accuracy supplied by the user.

II

Figure 3-1

Tech Tips...

Author of Article: Joe Kelly- Joe is a Technician
and Instructor at ACI. Comments or questions
pertaining to this article can be sent to
jkelly@aciusa.org.

ACI American Competitiveness Institute
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s many through-hole components are being replaced by
their surface mount counterparts, printed circuit boards
(PCBs) are still being designed with both technologies.
Manufacturers are pressed with process issues to build these
PCBAs (printed circuit board assemblies). When designers
are applying mixed technology on PCBs, the challenge is to
determine the optimal method manufacturers can use to deal
with the populated boards. One piece of equipment manu-
facturers may want to invest in is a selective solder
machine.

Some of the selective soldering methods are selective wave
soldering [1], selective fountain soldering [1], programma-
ble selective soldering [1], miniwave soldering [2], laser
soldering [2], round-table soldering [2], and hot-gas solder-
ing [2]. The advantages and disadvantages of each method
are described below.

The Selective wave soldering process is similar to that of  a
regular wave solder machine, where the board is soldered
from the underside of the PCBA (printed circuit board
assembly). Using this process is one way a manufacturer
can deal with mixed technology on a PCBA if they already
have a wave soldering machine. The process involves using
fixtures that are specific to the PCBA, so the cost and stor-
age of the fixtures are a consideration for the manufacturer.

Selective fountain soldering is also performed from the
underside of the PCBA, and is a capability for those who
would like to work with the same process as wave solder-
ing. A manufacturer may consider this equipment for the
rework or additional soldering of multiple through-hole
components. As with selective wave soldering, fixture cost
and storage add to the cost of purchasing this type of
machine. The PCB designer will need to create a manufac-
turable PCB that will accomodate the process and capabili-
ties of the machine. Additional operator time may add to the
cost of operation when a semiautomatic machine is consid-
ered. 

Programmable selective soldering is a growing process that
deals with mixed technology on PCBAs. In this type of sol-
dering, the build process is flexible, hence the manufactur-
ing is likely to increase. A benefit of these machines is that
they do not require fixtures. However, the programming and
training of the operator increases set up time. It is important
to realize that cycle times will vary by machine and signifi-
cantly affect production costs. The acquisition costs of these
machines are higher than those utilized by the previous two
methods.

Selective miniwave soldering falls into two basic variations:
robot handling [2] and pass-through systems [2]. The robot
handling system is flexible and is customized to the buyer
with upgradeable options. The pass-through system is not as
flexible as the robot handling system, but offers higher vol-
ume with shorter cycle times during production [2].
Selective laser soldering is a desirable process where the
machine can solder areas that are difficult to access. The
machine can solder temperature-sensitive components, and

is repeatable. The power to the laser can be adjusted to suit
the requirements of individual tasks. Hot-gas soldering can
be an alternative to laser soldering when using temperature
sensitive components. 

Round-table selective soldering can be configured to the
needs of the customer. Up to six stations can be implement-
ed in the machine to perform the various processes needed
during the production run. Its flexibility is what may attract
buyers to this machine.

Taking into account the variety and flexibility of available
machines, users should be able to locate one that suits their
individual needs. The cost of the machine is a consideration
when deciding to improve the manufacturing process con-
trol of the PCBA with mixed technologies. Ultimately, the
reliability of the process will most likely increase with the
implementation of a selective soldering machine. Future
machines will most likely be more versatile due to the trend
towards lead-free manufacturing. 

The EMPF utilizes the Beamworks Spark 100 to satisfy its
selective soldering needs. If you would like a demonstration
of this machine, please contact the author of this article or
call the helpline at (610) 362-1320. 

References:
1. "Selective Soldering", Robert Rowland, SMT Magazine,
March, 2002.

2."Automated Selective Soldering of Mixed Technology PCBs",
Robert Rowland, SMT Magazine, May 2002.
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Author of article: Ron Macapagal- Ron is an
engineer at ACI. Comments or questions per-
taining to this article can be sent to rmacapa-
gal@aciusa.org.

The BeamWorks Spark 100
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Manufacturers’ Corner...
Essemtec

nefficiencies exist in electronics assembly, as in every
other production environment. Exposing and dealing with
those inefficiencies are key to profitable production. The
EMPF works with equipment manufacturers, in this case
Essemtec, to define how their equipment is used to identify
and control waste in manufacturing. 

Some production waste factors to consider and examples of
manufacturing equipment solutions follow. 

Redundancy reduces waiting times
A company producing many different products may have
difficulties with bottlenecks (often on the Pick and Place
machines) on one of their high speed production lines. A
more efficient concept consists of setting up many redun-
dant production cells, which can be used flexibly to create a
variety of products.  

Waiting times are the waste factor
Modern machines such as the production systems from
Essemtec are built for simple operation and quick
changeover. The EMPF utilizes the new automatic pick and
place CLM9000. It can be programmed completely offline,
and its function can be switched to accommodate various
products with little or no downtime. Programming is simple
because CAD data can be imported directly and presented
graphically. The use of modern technologies such as this can
make a major difference in your production organization,
and allow you to create your product in a more timely man-
ner. Additionally, the CLM 9000 has a management infor-
mation system (MIS) which aids in the planning, steering,
and controlling of highly flexible production lines.

Aging methods of production are becoming increasingly
less effective. Today’s decreased batch sizes and greater
variety call for a more flexible environment. That flexibili-
ty requires the following actions:

I. Simplify setup and changeover; 

II. Change from a serial to a parallel task (changeover duri-
ng running production/ offline setup);     

III. Save process parameters in programs instead of setting
up the process multiple times; and

IV. Use modern technologies such as intelligent feeders or  
barcode.

In the United States the production trend is favoring high
variety, high tech, and low volume production. Facilities
can minimize expense and optimize logistics by taking
advantage of the latest techniques and solutions. 

The EMPF utilizes the Essemtec CLM9000 Pick and Place
system for all of its electronic assembly requirements. The
Management Information System (MIS) platform of the
Essemtec greatly assists the EMPF with the planning, rout-
ing, and control of its highly flexible production line. 

If you would like to see a demonstration of the Essemtec
CLM9000 Pick and Place system, please call Jeff Stong at
610-362-1200, extension 224.

II

Author of article: Jeff Stong- Jeff is the EAB
coordinator at ACI. Comments or questions
pertaining to this article can be sent to
jstong@aciusa.org.

Essemtec CLM9000 Pick and Place system
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rechargeable batteries yielded very impressive results. The
accuracy of the prognostics has been verified to be within
5.5% of the actual value in all cases. The hardware is cur-
rently in prototype status and is actively being tested for
reliability and effectiveness in simulated field conditions. 

DEFINITIONS:
1) State of Charge (SOC) is the ratio of remaining battery
capacity to rated battery capacity. SOC is used to estimate
Battery Power Time (BPT), which is the remaining electri-
cal power supply time based upon the power demands of the
equipment in use. SOC can also be used to estimate the time
required to fully charge a battery using a particular charging
station.

2) State of Health (SOH) is the physical condition of a bat-
tery. SOH is used to estimate losses in rated capacity, as
well as predicting impending failures such as shorts or
severe corrosion.

3) State of Life (SOL) is the remaining life of the battery.
SOL is used to estimate the number of remaining
charge/discharge cycles for a battery.

REFERENCES:
[1] Geoff S. Fein, "Battery Supplies Ran Dangerously Low
in Iraq,” National Defense Magazine, September, 2003.

[2] Penn State ARL staff, "Using Battery Prognostics maxi-
mize the efficient use of rechargeable batteries by special
operations forces.” 

[3] J. D. Kozlowski, U.S. Patent No. 6,307,378 B1,
"Method and Apparatus for Measurement of
Electrochemical Cell and Battery Impedances," granted
October, 2001.

[4] J. D. Kozlowski, T. Cawley, and C. S. Byington,
"Model-Based Predictive Diagnostics for Primary and
Secondary Batteries: Phase II Report," Technical
Memorandum, File No. 01-164, Applied Research
Laboratory, The Pennsylvania State University, January,
2001.

[5] J. D. Kozlowski, "Electrochemical Cell Prognostics
using Online Impedance Measurements and Model-Based
Data Fusion Techniques," Proceedings of the 2003 IEEE
Aerospace Conference, March, 2003.

[6] Bard & Faulkner, "Electrochemical Methods:
Fundamentals and Applications, Second Edition.”

Author of article: Les Shimanek- Les is a
Program Coordinator at ACI. Comments or
questions pertaining to this article can be
sent to shimanek@aciusa.org.

Battery Prognostics ( continued from page 2)

For 
complimentary  

Electronics
Manufacturing 

support, 
contact the
Helpline!

(610) 362-1320

An electronics
manufacturing
expert will be 

able to address
any of your
questions or

concerns.



American Competitiveness Institute 610-362-1200
11

Case I: Plating Issues- The EMPF recently received an email from a customer looking for help with plating issues. The customer assembles hybrid
microelectronic components used solely in electronic controls. However, some of these hybrid packages have gone unused for a long period of
time, and have become oxidized. The customer  wanted to know if these packages can be saved by stripping and replating the surface. 

Ask the EMPF Helpline!

dditional information was given to the EMPF on the
packaging materials, structures, original plating process-
es, and final surface finishes. After reviewing the infor-
mation, the EMPF’s expert team made some suggestions
and recommendations to the customer. The first observa-
tion was to confirm that the top coating material is strip-
pable. The action that the customer needed to take was to
determine the oxidation layer thickness by Augar analy-
sis. If the base material was not affected by the surface
oxidation, a stripping process could be established by
using suitable chemical solutions. Secondly, the customer
was advised to consult the original plating vendor for
possible sources for stripping the top layer coating with-
out damaging the base material. The EMPF also contact-
ed several plating companies and made recommendations
on the solutions that could be used for stripping the top
coating.  

Case II: Process ceramic column grid array packages
A customer was under a contract to assemble hardware
for an aerospace application that involves the use of
BGAs (Ball Grid Arrays), uBGAs (micro Ball Grid
Arrays), other gull wing devices, and ceramic column
grid array packages. When the customer was assembling
the ceramic column grid array packages on the boards,
some concerns were raised. Specifically, the recommend-
ed volume of solder paste to be used was 20% greater
than the actual volume that should have been applied.
When the recommended volume on the customer
designed pads was applied, the excess amount of solder
pushed the column off of the pad (Figure 4-1).  When the
solder paste amount was reduced to two thirds of the rec-
ommended amount, the solder joints showed  insufficient
coverage (Figure 4-2).  

The EMPF agreed with the customer that the insufficient
amount of solder paste would be a concern for the long
term reliability of their solder joints. Their proposed solu-
tion was to file down the bullet shaped points of the
columns to prevent the part from moving so much. The
EMPF recommended against this for two reasons. First,
the bullet shape of the column end is specifically intend-
ed to aid in self-centering during re-flow. Secondly, exter-
nal stress might be introduced into the solder joints by
using this method, and could affect its long term reliabil-
ity. The EMPF’s recommendation was to reduce the sol-
der paste amount by 20%. That  proposed solution should
reduce or eliminate the solder push-out, while still allow-
ing enough solder volume to provide a properly wetted
joint. 

The volume reduction also compensated for coplanarity
variance, a state where one or more parts of a component
rests higher or lower than another. The even deposition of
solder paste on the stencil would allow the component
planes to line up, thus producing an even component seat-
ing.

If you have any questions about this article or any of the
topics, please contact the EMPF helpline at (610) 362-
1320. A manufacturing expert will be able to offer tech-
nical insight and appropriate advice regarding your con-
cerns.

AA

Author of article: Charlene Yao- Charlene is
an engineer at ACI. Comments or questions
pertaining to this article can be sent to
cyao@aciusa.org.
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Figure 4-2

Figure 4-1
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EMLC Upcoming Course Schedule 2004

Lead Free Manufacturing
January 15-16
March 8-9
June 17-18
November 1-2

Design for Manufacturability
February 19-20
May 3-4
August 30-31
December 6-7

Failure Analysis and
Reliability Testing
March 15-17
November 29-December 1

Characteristic Properties of
Materials
March 29-31
October 25-27

Continuing Professional
Advancement in

Electronics ManufacturingSMT Manufacturing
February 23-27
May 24-28
August 23-27

BGA Manufacturing,
Inspection & Rework
January 26-27
April 12-13
July 19-20
November 30 - December 1

Chip Scale Manufacturing
January 21-23
June 21-23
November 15-17

IPC J-STD-001
Instructor Certification 
January 5-9
March  1-5
April 19-23
June 7-11
August 9-13
September 13-17
October 18-22

IPC-A-610 Instructor
Certification
January 12-16
March 8-12
April 26-30
June 14-18
August 16-20
September 20-24
October 25-29

IPC Challenge
January 28
March 24
May 5
September 1
December 8

WHMA-A-620 Wire
Harness Manufacturing
(Operator)
January 21-23
June 21-23
November 15-17

J-STD-001 Instructor
Recertification
January 26-27
March 22-23
May 3-4
August 30-31
December 6-7

IPC-A-610 Instructor
Recertification
January 29-30
March 25-26
May 6-7
September 2-3
December 9-10

IPC-7711/7721 Rework,
Repair & Modification
of Printed Boards and
Electronic Assemblies
(Operator)
March 15-26
July 12-23

CertificationsSkills

For more 
information, please
call (610) 362-1320 

or e-mail:
registrar@empf.org

Boot Camp A - Week 1 
February 2-6
May 10-14
July 26-30
October 4-8

Boot Camp B  - Week 2
February 9-13
May 17-21
August 2-6
October 11-15

Electronics
Manufacturing

member


