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ontamination from ions such as chloride, bromide,
sodium, and organic acids has been shown to cause
failures in electronic devices.! lonic residues can
cause corrosion, metal migration, and electrical
leakage. The failures caused by these residues may
be hard or soft failures, and may occur several months after

the product has been manufactured and shipped to cus-
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tomers. Upon re-testing the returned product, the failures
can be intermittent or not found, making troubleshooting,

the device for a root cause of the failure difficult.

Contaminants from Processes, Environment
The manufacture of electronic devices is typically a series of
chemical and mechanical operations such as plating, mask-



ing, soldering, rinsing, etching, and
cleaning. Each of these operations,
along with the environment in which
they occur, leaves some effect on the
device or assembly. The processes and
manufacturing environment leave chem-
ical fingerprints on the device that are
unique to the manufacturing process.
In the same way that a forensic scientist
would use fingerprints to trace a crimi-
nal, analytical techniques can be used
to troublesheot a manufacturing pro-
cess or field failure to understand and
correct the root cause.

Ionic contamination can also be found
on materials that come in contact with
electrical devices during manufacture,
e.g. gloves. These manufacturing con-
sumables can transfer contamination to
the manufactured products and need to
be examined for contamination in the same
way that the final product is evaluated.

Types of Ionic Contamination

Potentially corrosive ions found on

printed circuit beards and electronic

devices include:

* Bromide (found in solder masks)

» Sulfate (found in materials such as
oils and release agents)

e Chloride (found in fluxes)

* Organic acids such as adipic or suc-
cinic acid (found in fluxes)

Typically, the higher the concentration
of corrosive ions on a particular assem-
bly, the higher the risk of electrochemi-
cal failure.

Current Test Methods

In the past, electronic component man-
ufacturers, board manufacturers, and
electronic assemblers relied on resistiv-
ity of solvent extract (ROSE) test meth-
ods to assure ionic cleanliness. Several
studies reported by the Contamination
Studies Laboratory (CSL) (Kokomo,
IN) have shown that the ROSE method
is inadequate for true quantitation of
ionic contamination. Recently, a modi-
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fied ROSE method has been proposed
as an Association Connecting Electron-

ics Industries (IPC) standard method,

IPC-TM-650 2.3.25.1. Although this new
technique is an improvement for repor-
ting overall ionic contamination, it too
provides insufficient information to trou-
bleshoot the root cause of electronic
failures caused by ionic contamination.

The technique of ion chromatography
is uniquely qualified for troubleshoot-
ing the root cause of failures due to ionic
contamination on electronic devices and
printed circuit boards. lon chromatog-
raphy can provide information on the
chemical nature of the residue causing
the failure. The output of the ion chroma-
tograph is called a chromatogram, and
it gives the identity and quantity of
each ion found in a sample of a rinse
extract of the device of interest.

How the Analysis Works

Ion chromatography is a form of liquid
chromatography. The technique is based
on the use of specialized column pack-
ings for analytical separation of ions
found in a chemical mixture. In addi-
tion to the fact that ion chromatogra-
phy is the most sensitive detection
technique available for many ionic com-
pounds, other main advantages are its
capacity for multi-component ion anal-

ysis and versatility.

Ion chromatography is an analytical
technique used to separate, identify, and
quantitate ions in a sample matrix such
as a water extract of a printed circuit
board. The simplest ion chromatography
system is composed of a sampling de-
vice, a pump, an analytical column, a
suppressor, and a detector (See Figure 1).

The analysis begins with a sample,
typically a water extract containing
ions of interest, such as chloride, sul-
fate, or nitrate. A portion of the sample
is injected into the ion chromatography
system and combined with an eluent
stream composed of sodium hydroxide
or bicarbonate solution. The eluent
stream carries the sample through the
ion chromatography system to the ana-
lytical column. The analytical column
separates the ions of interest in the
sample into narrow bands within the
stream of the eluent. Thus, by the time
the sample leaves the analytical column,
all of the chloride ions are grouped to-
gether, then all of the nitrate ions, and
then all of the sulfate ions.

The eluent then sweeps these groups
of ions into the suppressor device. This
device electrolytically transforms the
eluent into pure water, leaving just the
ions of interest in pure water to be
swept along to the conductivity detec-
tor. The detector detects the ions based
on their conductivity relative to the




water eluent. At this point all interfer-
ing ions have been removed and the
detector's sensitivity has been maxi-
mized, allowing for the detection of very
low part-per-billion levels of ions.2

This is a very simplified explanation
of ion chromatography, so it is impor-
tant to note that more complex samples
also can be analyzed using this tech-
nique. Examples include cations such
as sodium and magnesium, transition
metals such as iron and copper, and
even certain biological analytes such as
amines and nucleic acids.

Use in Manufacturing/
Assembly Operations
There has been growing interest in the
analysis of ionic contamination on elec-
Eronic components. Absolute contami-
nation level requirements and guide-
lines have not been determined,
however, CSL recommends maximum
levels of chloride ion in the range 1.0
mg/square inch for assembled boards
with sensitive components such as
microBGAs. The level recommended for
bare boards is less than 2.0 mg/square
inch.3

Ion chromatography provides the
unique capability of identifying the in-
dividual ions for a given contamina-
tion issue. Since the source for chloride
contamination can be much different
than the source for organic acid contam-
ination, it is important to know which
ions the manufacturer is dealing with
in order to understand and correct the
root cause of the problem. This is not
possible with ROSE measurements.

The capability to identify and quan-
tify individual ions makes ion chroma-
tography a valuable troubleshooting
tool for process contamination issues
and process monitoring programs. In
addition to being the most economical
analytical technique for monitoring mul-
tiple ions, ion chromatography also
provides the ability to distinguish be-

tween noncorrosive and corrosive ions,
something that is beyond ROSE testing
capabilities.

A number of studies have been pub-
lished to illustrate the use of ion chro-
matography to troubleshoot reliability
issues with electronic products. The CSL
regularly publishes case studies show-
ing the hazards of ionic contamination
to electronic device reliability on its Web
site, wwi.residies.cor

A good explanation of how ion chro-
matography has been used to identify
sources of conductive anodic filament
(CAF) failures can be found in a study
completed by W.]J. Ready and present-
ed at the Materials Research Society
Symposium in 1998.4

Several studies have been completed
on the analysis of ionic contamination
on failed disk drive components. Sited
below are references by Toxen>, Mee®,
and Thompson?.

As mentioned earlier, manufacturing
materials and packaging can be an im-
portant source of ionic contamination.
Two recent studies by Lin® and Bahten?
provide information on the use of ion
chromatography for the analysis of ion-
ic contamination on materials such as
pink poly film and cleaning brushes.

Standard Test Methods

The IPC has standard test methods doc-
umented for ROSE, modified ROSE and
ion chromatography analysis techniques,

as follows:

e [PC-TM-650, TM 2.3.25 Detection and
measurement of ionizable surface con-
taminants by ROSE.

e [PC-TM-650, TM 2.3.25.1 lonic clean-
liness testing of Bare PWBs (modi-
fied ROSE test method).

* [PC-TM-650, TM 2.3.28 Ionic analysis
of circuit boards, ion chromatogra-
phy method.

The International Disk Drive Equip-

ment and Materials Association (IDEMA)
has developed a standard test method
for ionic cleanliness testing, as follows:

o M13-99 Measurement of extractable/
leachable anion contamination on drive

components by ion chromatography.

Conclusion

As electronic devices and assemblies
become smaller and more complex, the
requirements for improved quality con-
trol of product cleanliness will escalate.
lon chromatography, ROSE, and modi-
fied ROSE test methods have been de-
veloped to allow electronics manufac-
turers to identify and control ionic
contamination before it evolves into a
failed component or board. Tracking
ionic contamination requires systematic
troubleshooting and improved cleanli-
ness of the product as it is manufac-
tured. This means cleaner raw mater-
ials and processes that are controlled
by systematic analysis using standard
methods such as those documented by
IPC and IDEMA H
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