
new EMPF project – Manufacturability
of Bumped RF Devices for DoD
Applications – will build on the results of
an earlier “MMIC Flip Chip ManTech”
project. The new project will further
refine the manufacturing process of
bumped RF devices for the next genera-
tion of Navy radar and DoD airborne
programs, which require microwave sub-
assemblies that are costly and difficult to
assemble. This project began in
December 2004 and will conclude at the
end of 2005.

If the Navy radar and DoD airborne pro-
grams are to meet their cost and schedule
targets, it is critical that new processes be
developed to manufacture the required
microwave assemblies. A critical technol-
ogy in these programs is the direct attach 
of Monolithic Microwave Integrated
Circuits (MMICs). The direct attach or
flip-chip approach has been developed
but has limited production capability and
device availability. The technology used
to form the attachment bumps on the flip-
chip die is critical, especially for the radio
frequency (RF) signals required.

To meet this demand, automated process-
es must be put in place to allow for
increased volume. This can be accom-
plished by increasing the supplier base of
bumped devices, which will reduce risks
during production by providing addition-
al sources. The commercialization of this
bumping technology is critical to ensure
the support and long term affordability of
this technology for critical Navy RF
applications.

The development of microwave MMIC
bumped devices has enabled highly inte-
grated microwave functions, packaged to
fit the lattice of high performance, active,
electronically-scanned array radars.
Typically, components are mounted onto
an interconnect medium or substrate
using epoxy or gold/tin based solders, and
then standard gold wire bonds are used to
connect the MMIC inputs and outputs
(I/Os) to the substrate. This process has
been the preferred approach for many
years. More recently, the commercial
microwave electronics sector began using
surface mount techniques that combine
device attach with interconnect in one
process. The advantage of using this flip-
chip surface mount technique is reduced
cost and space usage. This permits high-
er component density with higher
performance than wired devices and
improves yields. The silver bump materi-
al offers increased thermal management
advantages as well as increased reliability
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Figure 1-1 – F-18 AESA radar using die
with flip-chip bumps
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for certain applications.

Currently, bumped flip-chip devices are being assembled in
MMIC Transmit / Receive (T/R) modules in the F-18 Active
Electronically Scanned Array (AESA) radar for a major mil-
itary aircraft platform (Figure 1-1). MMICs are a key cost
driver for the T/R modules, and this is directly impacted by
the attachment of these devices using bump technology.
Additional capacity and an alternative, second source of
devices will provide cost advantages and the needed volume
for aggressive Navy radar projections.

The first MMIC Flip Chip ManTech project began in
September 2002 and will conclude in March 2005. This first
project has focused on transition of MMIC bumping from a
“development” wafer fabrication facility to “production”
fabrication. The project has also focused on initial transfer
of key characteristics of the bumping process to an addition-
al supplier.

The transition of MMIC bumping to production has reduced
cost and increased throughput at the Raytheon RF
Components (RRFC) facility in Andover, Massachusetts.
This transition to a high volume RRFC production line has
also reduced cost through reduced labor and increased
yields. The RRFC production line has increased throughput
to handle some of the projected increases in bumped MMIC

demand. Reliability is also improved due to less equipment
downtime and fewer single points of failure.

Bumped devices have been shear tested to demonstrate
process robustness. Multiple bumped daisy chain test
coupons containing four die and also live devices have been
qualified through thermal cycle testing. This led to the
development of a more stable process with less variability.
Insertion of silver bumped flip-chip MMICs into the T/R
module production line for the F-18 AESA radar is in
progress, with other platforms due to benefit as well. Finally,
a second supplier fabrication foundry has been established,
providing the U.S. Navy with multiple sources of silver
bumped MMICs.

The Manufacturability of Bumped RF Devices for DoD
Applications project will provide transition and validation of
a bump process for MMIC devices intended for microwave
modules and assemblies. The objectives are to transfer the
process from the first project and validate the key character-
istics of the board-level manufacturing process, followed by
electrical, material, and reliability analysis to verify process
robustness.

In addition, the EMPF and TriQuint Semiconductor will
work together to develop a flip-chip bumping attachment
manufacturing process for MMIC die and perform thermal
cycling and failure analysis. The key characteristics of this
attachment process will be validated and publicized to assist
the qualified second supplier foundry to develop a produc-
tion-worthy process. The EMPF and TriQuint
Semiconductor will support efforts for ongoing work in
Navy radar applications in addition to supporting the needs
of other DoD, US Government, and commercial entities.

TriQuint Semiconductor is a leading supplier of products in
the RF and MMIC markets. In addition to completing Navy
ManTech development work on plated bump technology,
they are collaborating with Amkor Technology, Inc. to com-
mercialize a low-cost flip-chip assembly process for MMIC
gallium arsenide (GaAs) semiconductors based on TriQuint
CuFlip™ bumping technology. The high-density intercon-
nect capability of CuFlip™ enabled a 40% size reduction
and improved RF performance compared to its predecessor.
The direct thermal connection to the surface of the substrate
provided by CuFlip™ bumps is especially valuable in
MMIC and high power amplifier integrated circuit die
design. It enables smaller die sizes and improved long-term
reliability due to lower operating temperatures.

2

Module substrate (Ceramic, LTCC, etc.)

Flipped GaAs MMIC

Silver
bumps

Electroplated
silver bump

Gold MMIC pad

GaAs MMIC die

Figure 1-2 – Top: Flipped MMIC as used in ACI/Raytheon
program; bottom: detail of an electroplated silver bump

on gold pad of MMIC ready for flip-chip mounting
(Images courtesy of Valtronic USA)
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Rework and Repair of Electronic Assemblies

or those who work in the electronics industry, particular-
ly in the arena of printed circuit board assembly, there are
two words - rework and repair - which continue to elicit
worry and fear. In the past, when most printed wiring assem-
blies (PWA) were less complex and the components
relatively inexpensive, rework was mostly a touch-up
process, and repair was an unlikely choice over scrapping.
One of the factors driving these disposition decisions was
the cost of having the engineering department develop sep-
arate rework and repair procedures for seemingly endless
configurations and applications. The other factor was the
need to identify particular technicians who could perform
these tasks.

IPC, the Association Connecting Electronics Industries, his-
torically published documents which recommended rework
and repair procedures. However, with the publication of
IPC-7711 and 7721, these procedures became standardized
and universally accepted. IPC-7711 addresses acceptable
methods for performing rework processes, while IPC-7721
addresses acceptable methods for repair and modification.
With the development and implementation of the IPC-
7711/7721 Instructor and Specialist Certification Program,
managers began to rely on these standards as part of the
process procedure and use them to train a group of techni-
cians as IPC-7711/7721 Certified IPC Specialists.

The EMPF Learning Center offers an essential training pro-
gram - IPC Rework, Repair, and Modification Training and
Certification for Assembly Operators. The course provides
participants with the information and hands-on experience
required to successfully complete the operations detailed in
IPC-7711/7721. The IPC-7711/7721 Certified IPC
Specialist (CIS) certification is valid for two years upon suc-
cessful completion of the course.

The success of any training course depends on the ability of
the instructor to customize the training based on an individ-
ual company’s needs and applications. The EMPF’s module
concept yields direct application to the process involved,
whether it be through-hole, surface mount, or mixed tech-
nology, or specific component configurations.

In Module 1, students will learn the general requirements and
basic terminology of IPC-7711/7721, which includes basic
considerations used in analyzing rework and repair, tool and
material considerations and selection, proper PWA handling
techniques, and basic cleaning procedures. The duration of
Module 1 is approximately eight classroom hours, and
Module 1 is a prerequisite for Modules 7, 8, and 9.

Module 2 details methods of splicing wires and is referenced
in IPC/WHMA-A-620 – “Requirements and Acceptance for
Cable and Wire Harness Assemblies.” Students will learn
four types of splices and how to determine which to use
based on application, wire type and configuration, soldering,
and requirements for tinning. The duration of Module 2 is
approximately five hours.

Module 3 addresses through-hole technology. The student
will learn the acceptable methods for removing axial-lead-
ed, radial-leaded, and multi-leaded components from PWAs,
the proper methods of land/through-hole preparation, and
the proper reinstallation of the components. The duration of
Module 3 is approximately eight hours.

Module 4 details the techniques, methods, and various tools
the students will learn in order to properly remove, prepare
the lands, and replace rectangular- or square-end compo-
nents and cylindrical end cap terminations (e.g., Metal
Electrode Leadless Face (MELF) components). The dura-
tion of Module 4 is approximately six hours.

Module 5 focuses on the removal, land preparation, and
replacement of Small Outline Integrated Circuit (SOIC)
components. Students will learn methods of replacement
which involve the use of hand-applied solder paste, as well
as individual lead hand soldering methods. The duration of
Module 5 is approximately six hours.

Module 6 concentrates on the removal, pad preparation, and
reinstallation of multi-leaded components varying from 50
mil pitch to 25 and 20 mil pitch (fine pitch). Students who
successfully complete this module will be capable of
demonstrating their skill at the advanced level. The approx-
imate duration of Module 6 is eight hours.

In Module 7 of IPC-7721, students will learn methods of
printed wiring board (PWB) circuit repair, including proce-
dures applicable to repairing/replacing lifted pads/lands,
damaged circuit traces, edge contacts, and the installation of
eyelets as a replacement for damaged plated through-holes.
The installation of jumper wires for circuit repair/modifica-
tion is also included in this module. The approximate
duration of Module 7 is eight hours.

Module 8 focuses on PWB laminate repair. Students will
learn the techniques for repairing damage to substrate, such
as burns from failed components and improperly applied
soldering irons. The duration of Module 8 is approximately
six hours.

The procedures and processes for removal and replacement
of conformal coating are covered in Module 9. Here, students
will learn details of various conformal coating removal tech-
niques, including mechanical, thermal, and solvent methods.
The approximate duration of Module 9 is five hours.

Please contact the EMPF Helpline at (610) 362-1320 to dis-
cuss your specific needs for rework and repair training. Be sure
to inquire about multi-student discounts and on-site training.

Author of article: Riley Northam – Riley is a
Technician/ Instructor at ACI. Comments or
questions pertaining to this article can be sent
to rnortham@aciusa.org.
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ince its introduction by IBM four decades ago, bumping
technology has reached the point where it can be a cost-
effective packaging alternative for many advanced,
high-volume applications. To support the demands of a
diverse number of applications, eutectic SnPb and high Pb
alloys are the most prevalent bump materials used today. In
addition, several new solder alloys, such as Pb-free, silver,
and gold, have recently been introduced to the market.

Production-ready Pb-free systems are currently available
from a few bumping providers. Some reliability studies have
shown that the bumped SnAgCu alloy system results in sig-
nificantly improved reliability. These alloys can be
processed as Pb-based or Pb-free materials, depending on
the demands of the application. Other, custom features, such
as non-collapsible bumps or flux-less alloy systems to sup-
port RF and optical requirements are also being targeted.

There are five basic bumping processes in use today:

1.) Solder stencil printing
2.) Solder screen printing
3.) Solder or gold electrolytic deposition
4.) Gold stud bumping
5.) Sputtering 

Each of these five processes are wafer-level operations in
which wafers are bumped after the conclusion of the fabri-
cation process. The solder bump or ball serves as the
interconnection point between device, substrate, and board.
If the system is designed properly, failure should occur with-
in the solder as predicted by known reliability models.  

Extensive research has been conducted in the areas of
bumped device reliability. Several potential failure modes
have been identified. These failure modes include silicon
chip failure, bump metallization/die passivation failure,
bump fatigue, delamination of underfill from the chip or
substrate (when an underfill process has been used), and
electro-migration.

Delamination of cured underfill material from the die inter-
face is considered one of the most serious failures, even if it
does not cause an immediate electrical failure. It is the nature
of delaminations to grow with repeated thermal cycling, and
even a small delamination has the potential to expand until
it encounters and breaks a solder bump. However, most fail-
ures were found to be related to bump fatigue, which is
caused by mechanical and thermal stresses due to the differ-
ence of the thermal coefficients between the chips and the
substrates. Figure 2-2 shows a cross-section of a typical
bump fatigue failure.2

The location of the failure in the bump is an important con-
sideration when evaluating cross-sections, as in Figure 2.
Breaks that occur in the under bump metallization (UBM)
or in the solder joint are considered more severe. These
attachment areas on either side of the bump can be affected
by environmental conditions over time and must survive for
long term reliability of the bump. A failure that occurs
through the bump itself reveals the material limitations of
the bump, and usually requires more stress over a longer
period to develop than attachment failures.

Thus, the UBM and solder joint formation are an integral
part of flip chip bump reliability. The UBM metal stack up
includes diffusion barrier layers to contain intermetallic for-
mations that weaken the joint, as well as solder layers and
perimeter masking to contain solder flow. The solder taper
connection to the bump is also important to give added
mechanical strength to the flip chip assembly. The underfill
material (if used) can also lead to failure of the bumps if
voids are present which allow the bump to move during
vibration or thermal stress. Acoustic microscopy can be used
to look for delamination or voids in the underfill material to
ascertain if this is the root cause of a bump failure.

continued on page 6
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Figure 2-1 – Typical Sn/Pb solder bump array
of a standard flip chip (photo courtesy of K&S) Figure 2-2 – Cross-section of a typical bump fatigue failure
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he sensor (Figure 3-1) measures the gas flow rate in a
sensing tube using the thermal conductivity of the gas. The
tube is heated with a very thin resistance wire. This wire is
made of a polyimide-insulated Nichrome (74% nickel, 20%
chromium, and 6% manganese or aluminum/copper mix).
The resistance wire windings are done at 3 grams tensile
force (18 grams specified maximum for the wire) using a
semi-automated winding process. The temperature is moni-
tored with a thermocouple sensor wire, which is wound at
either end of the tube (Figure 3-2). The sensor wire is made
of polyimide-insulated wire with a 70% nickel and 30% iron
composition.

The customer observed fraying and breakage of the heater
wire on the sensor (Figure 3-3). Although most of the fail-
ures had been caught through resistance measurements and
Hi-Pot testing at the factory, a small number of field failures
were observed. The failures were not attributable to a par-
ticular lot of wire, sealant, or potting compound. 

The wire failure mode (fraying) is accompanied by a drift in
the wire resistance, followed by the wire breaking. The cus-
tomer expressed that the end-use environment should be
within the thermal operating range of the sensor; however,
humidity varies. The gas flow acts as a heat transfer mech-
anism, cooling the wire and tube as it flows. Operating
temperatures of the resistance wire could reach 170°C if the
unit was in a “no-flow” situation.

Test methods
Three of the failed sensor assemblies were provided to the
EMPF for investigation. Depending on the sample provid-
ed, the sensor was removed and sputter-coated with either
gold or carbon to allow for SEM/EDS (Scanning Electron
Microscope/Energy Dispersive Spectroscopy) analysis
(Figure 3-4). If visual confirmation of a wire break was not
evident, X-ray analysis was performed to confirm any elec-
trical opens caused by the breakage.

Results of broken wire failure mode analysis
Optical, SEM, and EDS analyses performed by the EMPF
indicated that the wire break failures were tensile rather than
fatigue related. This indicates a single cycle of stress caus-
ing tensile failure of the fragile wire rather than chronic
stress.

Upon examining the material data sheets for the compo-
nents, the EMPF noted the following:

1. The Aremco-Seal™ 529 silicone sealant that is brushed
onto the wrapped sensor wires has a dry film thickness
(DFT) that is approximately 50% less than the wet film
thickness (WFT). This suggests a significant volume reduc-
tion on drying, which could apply significant stress on those
areas where the sealant is applied.

2. The Dymax® 3094T polyurethane potting compound
applied at the tube ends has a high water absorption charac-
teristic (20%). This could be a problem if the sensor

continued on page 9 
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Ask the EMPF Helpline!
A customer called the EMPF Helpline regarding repeated failures of a mass(gas)-flow thermal sensor. 

Figure 3-1 – Gas flow sensor Figure 3-3 – Typical fine wire breakFigure 3-2 – Close-up of sensing tube

Figure 3-4 – Scanning Electron Microscope image
and EDAX scan of wire at break point
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Several techniques have been used to perform device failure
analysis. Normally, both mechanical and electrical tests
would be conducted to determine the device reliability.
Thermal cycling, thermal and mechanical shock, and humid-
ity tests have been used. Bump and die shear testing are very
common methods to test for bump strength after reliability
testing. The force in grams required to shear the die is meas-
ured and can be analyzed and plotted using statistical
process control (SPC) to determine the reliability and
repeatability.

As mentioned previously, the location of the shear in the
bump is also very important and should be recorded. Daisy
chain test assembly structures can also be used to form a
long line of connected bumps that can be measured electri-
cally at read points during reliability testing. In this fashion,
the degradation or change in resistance of the bumps can be
monitored over time, plotted, and compared to other devices
or structures to chart the accelerated reliability robustness.
The lifetime of the bump can then be evaluated using vari-
ous means, including the popular Weibull Statistical
Analysis.

For additional information regarding the failure of bumped
devices, please contact Charlene Yao at the EMPF
at (610) 362-1200, ext. 268.
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At the EMPF, the Demonstration Factory is used to test the
latest equipment for component placement and to develop
processes for component attachment including flip-chip.
Two different pick and place machines are currently in use
for attachment of surface mount devices including flip-chip
die. The “Advantage1” surface mount device (SMD) place-
ment machine from MIMOT has a SMD placement rate of
6,000 components per hour with fast-flash and parallel-pro-
cessing for fast component centering. It contains a vision
on-the-fly system for die and fine pitch components with
sizes from 0201 to 55mm square. The CLM9000 pick and
place system from Essemtec is used for production of small
runs and prototyping. It is highly flexible, placing devices
from tape, stick feeders, and palettes, using laser centering
for device sizes from 0402 to 32x32mm. Both machines
have been used to complete commercial customer flip-chip
placement prototyping jobs.

In previous military projects, the EMPF has also performed
flip-chip placement for redesigns of electronic boards. In

particular, the Electronics Miniaturization for Missile
Applications (EMMA) Program developed processes
including four flip-chip devices that were assembled onto a
customized test vehicle.

The future of MMIC flip-chip technology relies on new and
novel development of process technologies that will address
the high power, performance, parasitics, cost, size, and fea-
sibility considerations required for successful products.
State of the art investigations like this Manufacturability of
Bumped RF Devices for DoD Applications project, involv-
ing military programs, commercial technology, and
equipment suppliers are vital to the success of RF MMIC
based electronics.

Failure of Bumped Devices
(continued from page 4)

Manufacturability of Bumped RF Devices
for DoD Applications

(continued from page 2)

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.

Author of article: Mark Allemang – Mark is a
Failure Analysis Engineer at ACI. Comments
or questions pertaining to this article may be
sent to mallemang@aciusa.org.



xpensive and complex custom ASICs (Application-
Specific Integrated Circuits) and even some “off the shelf”
BGA components can be cost-effective to reball and reuse.
To ensure a successful reballing procedure, the following
tips should be considered.

Package specifications
It is important to know the component package specifica-
tions before attempting a reballing process. These
specifications include maximum thermal limits for the com-
ponent materials, alloy type (either eutectic or high
temperature), ball size, moisture sensitivity level (Figure 4-1),
and, most importantly, the manufacturer’s recommendations
for the maximum number of reflow cycles the component can
withstand. This information can be obtained from the compo-
nent data sheets or directly from the component manufacturer.

Component substrate preparation
Before attaching the new component interconnects, the com-
ponent substrate must be carefully prepped by removing all
remaining residual solder. The most efficient method is to
use solder braid and a wide blade soldering iron tip (Figure
4-2). The use of flux during this process will increase the
effectiveness of the solder braid in wicking the residual sol-
der from the component substrate. Care must be taken to
avoid “scrubbing” the substrate surface with the solder braid
and iron tip during the process, because this can increase the
risk of component substrate damage.

Once all of the residual solder has been removed from the
component substrate, it should be thoroughly cleaned using
isopropanol alcohol to remove any remaining flux residues.
The component substrate should then be inspected for any
evidence of damage.

Reballing process options for eutectic interconnects
Once the component has been properly prepared for attach-
ment of the new interconnects (balls), a process for
accomplishing this task must be selected. The three main

options available when reballing with eutectic balls are the
screen method, the preform method, or a relatively new
method based on the screen method, which employs a vac-
uum pick-up for holding the alloy spheres in place.

The screen method (Figure 4-3) requires the application of
water-soluble tacky flux and a specialized fixture. Individual
solder balls are placed over the corresponding component
substrate land pattern. Once
all of the lands have a new
ball in place, the entire fix-
ture is sent through the
reflow process to melt the
solder balls onto the com-
ponent.

An alternate method is to use
solder preforms (Figure 4-4)
in conjunction with a sim-
ple frame which has been
sized to match the outside
dimensions of the compo-
nent. This method has
proven more efficient and
reliable than the screen

Ball Grid Array (BGA) RepairTech Tips...

C
ut here and save!

continued on page 9 
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JEDEC Moisture Sensitivity Levels

Level

1

2

3

4

5(A)

6

Floor Life

Conditions

<30˚C / 90% RH

<30˚C / 90% RH

<30˚C / 90% RH

<30˚C / 90% RH

<30˚C / 90% RH

<30˚C / 90% RH

Time

unlimited

1 year

168 hours

72 hours

48 (24) hours

6 hours

Figure 4-1 – Moisture sensitivity levels of a typical BGA

Site Preparation

Solder Braid

Advantages

• Simple
• Inexpensive

Disadvantages

• Pad lifting
• Time (200+ I/Os)
• Possible board damage

Figure 4-2 – Advantages and disadvantages of solder braid

Figure 4-3 – Solder reballing screen and fixture

Figure 4-4 – Solder preform material and fixture
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he EMPF is working with both military and commercial
OEMs to introduce modern commercial materials which are
lighter and less expensive into military RF packaging. This
effort is in keeping with the DoD goal of integrating com-
mercial off-the-shelf (COTS) solutions wherever possible
without sacrificing reliability and durability.

To date, the commercial sector has designed a limited num-
ber of high-end RF solutions suitable for DoD applications.
The EMPF seeks to ensure the continued application of these
commercial technologies across the complete spectrum of
DoD needs.

Traditional military RF applications utilize heavy, costly
ceramic materials for their RF devices. These materials are
too heavy and expensive for most RF applications in the
commercial sector, where lightweight, inexpensive plastics
are predominant. Typical commercial uses include cell
phones, wirelesss modems, RF ID tags for the retail indus-
try, Bluetooth modules for electrical appliances, and
automotive radars.

Hermeticity is the major barrier to the transition from ceram-
ics to plastics in the defense industry.  Hermeticity is the
exclusion of water or corrosives. Military components
which are exposed to environmental extremes demand this
characteristic. This imposes a limit on which military appli-
cations can benefit from these newer, lighter, less expensive,
yet less watertight, organic materials.

Traditional, ceramic RF materials
Alumina (Al203) is used extensively as the substrate for
“hybrid” or integrated circuit chips, which are mounted to
the Alumina substrate and interconnected with wire bonds
and traces that have been screen-printed using thick film
inks and then fired.

Hybrid circuits can be made on either a single-sided
Alumina ceramic or a multilayer High Temperature Cofired
Ceramic (HTCC) or Low Temperature Cofired Ceramic
(LTCC) substrate material. These multilayer circuits provide
additional routing trace length per square inch of circuit.

The greatest advantage of these ceramic materials is that
they are very low RF loss. This means that minimal RF ener-
gy is lost as heat during signal transmission through the
materials. The disadvantages of ceramics are the high cost
and heavy weight. Besides adding to the weight of the end-
application unit, the heavy weight and density of ceramic
material means it cannot be formed into large sheet sizes like
organic, plastic materials. This adds significantly to the ini-
tial cost and labor expense of ceramic fabrication and
assembly.

Organic RF materials
Getek is an epoxy-glass laminate similar to FR-4 in its ease
of fabrication. It has a highly consistent RF property known
as dielectric constant (Dk). This uniformity of Dk is a high-
ly sought after RF design characteristic.

R/T Duroid, marketed by the Rogers Corporation, is a flex-
ible, fluopolymer, glass-fiber reinforced laminate with very
low Dk and relatively low RF loss. Duroid is commonly
used in high frequency RF applications. It is more expensive
than FR-4 but less expensive than ceramic. Duroid is also a
flexible material, affording wider design applications.

There are hundreds of commercial laminates available, each
with a specific Dk and corresponding RF loss characteris-
tics. These materials are made from woven or non-woven
glass cloth with varied weave styles and glass fiber sizes.

Thermoplastic bonding materials are used to produce multi-
layer PTFE circuit boards or to bond PTFE boards to
heatsinks or FR-4 boards. FoamClad is a material which is
suitable for conventional PCB print and etch processing. It
has a low Dk and low RF loss.

Although organic materials tend to have higher RF losses
than ceramics, the advantages outweigh the disadvantages
for many applications.

RF materials that have been considered for use in military
systems:

1. LTCC (Low Temperature Cofired Ceramic)
• Lower RF loss
• Better thermal conductivity; better power dissipation
• Better for operation above 2 GHz
• Can integrate passive elements
• More brittle; limits to overall size
• More costly

continued on page 11
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Figure 5-1 – Commercial RF circuit board material
undergoing testing for applicability to a military system
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experiences a thermal excursion, as the absorbed water
would be released, placing stress upon the wire. In addition,
urethanes tend to be hard materials, which with temperature
changes could stress the wire. The coefficient of thermal
expansion (CTE) for this product was 98.4 x 10-6 in/in (or
ppm)/°C, which is very high for an electronic material. Most
electronic epoxies, for instance, have CTE values around 20
ppm/°C.

EMPF recommendations
To deal with the existing stock of sensor inventory, temper-
ature and humidity cycling should be included as part of the
quality control screening. This should help to reduce the fre-
quency of field failures.

Long term objectives should include identification of an
alternate potting material to replace the Dymax 3094 potting
compound due to its excessively high CTE and moisture
absorption. An electronic grade material with low CTE
and/or low modulus (mechanical stiffness) is preferable. If
possible, selection and use of a higher tensile strength wire
would also help to minimize this type of failure. 

Ask the EMPF Helpline!
(continued from page 5)

Author of article: Fred Verdi – Fred is an
Engineer at ACI. Comments or questions
pertaining to this article can be sent to
fverdi@aciusa.org.

method. The solder ball preforms are available in literally
thousands of package configurations and are very easy to
use. The preform consists of precisely spaced balls sand-
wiched between a lamination of cardboard that has been
impregnated with a water-soluble flux. Simply apply a
water-soluble tacky flux to the component substrate, place
the preform onto the component, and then place the compo-
nent into the frame. Next, reflow the component in the frame
to melt the solder balls onto the component substrate.

Once the solder preform balls have wetted to the component
substrate and resolidified, the cardboard can simply be
peeled away from the component and cleaned using deion-
ized (DI) water. This method, although more efficient, does
require a bake out cycle of the reballed components for
approximately 24 hours prior to placement of the compo-
nents onto an assembly.

Reballing options for high temperature interconnects
When attaching high temperature interconnects to a compo-
nent, the only viable option is to first screen solder paste
onto the component substrate using a solder paste stencil,
then place the high temperature preform into the screened
solder paste. The use of a split-vision rework station will
assist with alignment of the preform to the component.

The thermal profile requirements for reflow are more criti-
cal when working with high temperature interconnects as
opposed to eutectic. It is critical that the thermal profile
remains within the maximum component temperature rating
and ensures sufficient heat to fully reflow the eutectic sol-
der paste without also reflowing the high temperature
interconnect.

Cleaning options dependent on flux chemistry
The cleaning process of the reballed component will depend
upon the type of flux chemistry used during the reballing
process. If using a no-clean or rosin-based flux chemistry,
isopropanol alcohol will do a good job of removing flux
residue. When using the solder preform method, which
requires the use of water-soluble flux, cleaning in DI water
is necessary. Because of possible water absorption by the
component during the DI water cleaning process, it is nec-
essary to perform an additional process step of a bake-out
cycle of the component prior to use. The recommended
bake-out for standard BGA packages is 24 hours at 125° C.
Other component configurations may have different recom-
mendations, which can be obtained from the component
data sheet.

When properly performed, the reuse of BGA components
can be practical and cost-effective. Understanding and
adhering to the component and process specifications is crit-
ical to success. With experience, reballing and reuse of BGA
components can be easily achieved.

The EMPF offers a two-day curriculum on BGA processing
and rework which covers all aspects of BGA reballing meth-
ods. If you would like additional information, please contact
the EMPF Helpline at (610) 362-1320, or log onto the
EMPF website at www.empf.org.

Ball Grid Array (BGA) Repair
(continued from page 7)

Tech Tips...

Author of article: Joe Cannella – Joe is a
Technician/ Instructor at ACI. Comments or
questions pertaining to this article can be sent to
jcannella@aciusa.org.
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he EMPF utilizes SonoTek’s SonoFlux 9500 ultrasonic
spray fluxing system in the Demonstration Factory for
prototyping and preproduction runs of printed circuit board
(PCB) assemblies. The EMPF uses an ultrasonic spray flux-
ing system (as opposed to conventional pressure spraying
methods) as it provides the following benefits:  a clog-free
system; reduced liquid usage; reduced flux waste; and more
precise, uniform, and thin film coatings.

Ultra-low flow rate capabilities
Since the ultrasonic atomization process does not rely on
pressure, the amount of liquid atomized by a nozzle per unit
time is primarily controlled by the liquid delivery system
used in conjunction with a nozzle.

The flow rate range for ultrasonic nozzles can vary from a
few micro liters per second to approximately 6 gallons per
hour. However, these rates will differ among manufacturers.
Depending on a specific nozzle and the type of liquid deliv-
ery system employed (gear pump, syringe pump,
pressurized reservoir, peristaltic pump, gravity feed, etc.),
the technology is capable of providing an extraordinary vari-
ety of flow/spray possibilities.

Drop-size range selectivity
In general, the drops produced by ultrasonic atomization
have a relatively narrow size distribution. Median drop sizes
range from 18-68 microns, depending on the operating fre-
quency of the specific type of nozzle. As an example, for a
nozzle with a median drop size diameter of approximately
40 microns, 99.9% of the drops will fall in the 5-200 micron
diameter range.

Ultrasonic spray nozzles
One feature that distinguishes pressureless, ultrasonic atom-
izing nozzles from most other spray nozzles is a soft,
low-velocity spray, typically on the order of 3-5 inches per
second. Other common atomization techniques, which use
pressure in order to generate a spray, generally produce
drops with velocities well over 100 times that generated by
ultrasonic atomization. This velocity differential means that
pressure sprays generate on the order of 10,000 times as
much kinetic energy as ultrasonically atomized sprays. This
striking contrast in spray energy has the following practical
implications:

• In coating applications, the unpressurized, low-velocity
spray significantly reduces the amount of overspray, since
the drops tend to settle on the substrate, rather than bounc-
ing off of it. This translates into substantial material
savings and reduction in environmental emissions.

• The spray can be controlled and shaped precisely by
entraining the slow-moving spray in an ancillary air

stream. Spray patterns from as small as 0.070 inches wide
to as much as 1-2 feet wide can be generated using special-
ized types of spray-shaping equipment.

As their name implies, ultrasonic nozzles employ high fre-
quency sound waves beyond the range of human hearing.
Disc-shaped ceramic piezoelectric transducers convert elec-
trical energy into mechanical energy. The transducers
receive electrical input in the form of a high frequency sig-
nal from a power generator and convert it into vibratory
motion at the same frequency. Two titanium cylinders mag-
nify the motion and increase the vibration amplitude at the
atomizing surface.

Nozzles are configured such that excitation of the piezoelec-
tric crystals creates a transverse standing wave along the
length of the nozzle. The ultrasonic energy originating from
the crystals (located in the large diameter of the nozzle body)
undergoes a step transition and amplification of the standing
wave as it traverses the length of the nozzle.

The nozzle is designed such that a nodal plane is located
between the crystals. For ultrasonic energy to be effective
for atomization, the atomizing surface (nozzle tip) must be
located at an anti-node, where the vibration amplitude is
greatest. To accomplish this, the nozzle’s length must be a
multiple of a half-wavelength. Since wavelength is depend-
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Manufacturer’s Corner
SonoTek SonoFlux 9500 Ultrasonic Spray Fluxing System

Figure 6-1 – Spray assembly of the SonoTek
SonoFlux 9500 ultrasonic spray fluxing system
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ent upon operating frequency, nozzle dimensions are gov-
erned by frequency. In general, high frequency nozzles are
smaller and create smaller drops. Consequently, they have
lower maximum flow capacities than nozzles that operate at
lower frequencies.

Liquid, introduced onto the atomizing surface through a
large, non-clogging feed tube running the length of the noz-
zle, absorbs some of the vibrational energy, initiating wave
motion. For the liquid to atomize, the vibrational amplitude
of the atomizing surface must be carefully controlled. Below
the so-called “critical amplitude”, the energy is insufficient
to produce atomized drops. If the amplitude is excessively
high, the liquid is literally ripped apart, and large “chunks”
of fluid are ejected, a condition known as cavitation. Only
within a narrow band of input power is the amplitude ideal
for producing the nozzle’s characteristic fine, low-velocity
mist.

Precision control of input energy distinguishes ultrasonic
atomizing nozzles from other ultrasonic devices such as
welders, emulsifiers, and ultrasonic cleaners; these other
devices rely on cavitation with input power on the order of

hundreds to thousands of watts. For ultrasonic atomization,
power levels are generally under 15 watts. Power is con-
trolled by adjusting the output level on the power supply.

Since the atomization mechanism relies only on liquid being
introduced onto the atomizing surface, the rate at which liq-
uid is atomized depends solely on the rate at which it is
delivered to the surface; therefore, every ultrasonic nozzle
has an inherently wide range of flow rates. In theory, the
“turn down” ratio (ratio of maximum to minimum flow) is
infinite. In practice, this ratio is limited to approximately
5:1, as a result of design constraints.

If you would like a demonstration of the SonoFlux 9500
ultrasonic spray fluxing system, please contact Jeff Stong at
(610) 362-1200, extension 224 or jstong @aciusa.org.

Manufacturer’s Corner
SonoTek SonoFlux 9500 Ultrasonic Spray Fluxing System

(continued from page 10)

Lighter, Less Expensive
Radio Frequency (RF) Packaging Materials

(continued from page 8)

2. Organic (commercial composites)
• Can integrate capacitive and resistive passives
• FR-4 is used in most cases up to 2.4 GHz
• Does not require change in current PCB manufacturing
• Limited commercial availability (but improving)

Also on the horizon of organic RF material options is Liquid
Crystal Polymer (LCP). This material combines the positive
characteristics of organic and ceramic materials, providing
a lightweight, less costly solution with low RF loss. LCP is
based on the molecular structure of Polyester. It is naturally
hydrophobic, providing “near hermetic” or “functionally
hermetic” enclosure for electronic components. LCP mate-
rials are also thermoplastic rather than thermoset, making
them much more economical to process than epoxies.

Although some applications of LCP technology already
exist within the DoD, the ability of the material to provide a
functionally hermetic enclosure has not been fully exploit-
ed. A lower cost, lighter weight material supplying sufficient
hermeticity could revolutionize many military RF applica-

tions. Currently, the EMPF and major defense contractors
are looking into applications of LCP technology for phased
array radar (T/R modules) and avionics for use within the
DoD. 

Summary
The EMPF will continue to serve the DoD’s interest by
leveraging its partnerships and capabilities to provide func-
tional solutions which integrate commercial materials with
their less costly and lighter weight advantages, without sac-
rificing DoD-specific needs for assured ruggedness and
reliability. For further information regarding RF packaging
materials, please contact Fred Verdi at the EMPF
at (610) 362-1200, ext. 201.

Author of article: Fred Verdi – Fred is an
Engineer at ACI. Comments or questions
pertaining to this article can be sent to
fverdi@aciusa.org.

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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