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Technically Revisited: Eliminating Tin Whiskers

By Mark Devlin

Tiwo years ago this month in IEN/Finishing World, we interviewed
Don Walsh, Director of Operations at the Uyemura Tech Center in
Southington, CT. One of the interview topics was the problem of tin
whiskers. Heres what Walsh said back then about tin whiskers...

“Theres been a phenomenon in which metals—it can also
happen with silver, which was discovered during WWII—can
grow, and ‘whiskers’ is a good definition. A ‘root’ comes from
the metal and, if that root touches another part that’s con-
ducting electricity, it causes a short. It’s a serious problem. It's
cost us satellites in the past; it's caused big problems.”

According to NASA, the first reports of tin whiskers date
back to the 1940s and 1950s. The space agency states that
whiskers can ‘grow’ from only a handful of metals; the most
common is tin. The phenomenon can also occur with some
tin alloys, zinc, cadmium, iridium, antimony, and silver.

So, why does a little, metal whisker—which can grow up
to 10 mm in length (a bit more than 3/8-in.)—matter? Short
circuiting is one problem, as a single whisker can bridge two
circuits. Whiskers carrying less than tens of mA can be perma-
nent, while those pushing beyond tens of mA can be intermit-

Such failures have actually been reported. Military-related
problems have also been reported, such as in missiles and
systems, radar equipment, and aircraft.

According to the FDA, the electrical resistance of a typical
tin whisker is 50 ohms. Tin whiskers can be a life-threatening
problem in medical devices such as pacemakers. More than
theoretical, such tin whisker problems have already resulted
in recalls. Here’s more from the FDA...

The growth of tin whiskers is not directly related to the sur-
rounding medium. Whiskers will grow in sealed components,
under high vacuum, and in low or high humidity. Temperature
has some effect on the rate of growth, and the thickness of tin
deposits affects whisker density. An obvious factor affecting
whisker growth is pressure. High-compression pressure from
bolts or screws will always produce whiskers in tin deposits.

Are Whiskers and Dendrites
the Same Thing?

No, they're not. Each exhibits different characteristics. Says

NASA... A ‘Whisker’ generally has the shape of a very thin,

single filament or hair-like protrusion that emerges outward (z-
axis) from a surface, ‘Dendrites, on

tent. Either way, the resulting
damage is typically permanent.

Problems Not Isolated

The problem of whiskers isn't
related just to space applications ot Sndeposit
such as ICs on satellites. They also | .

occur, for example, in potentiom- | Stess N
eters and relays, and on IC leads.

A failed relay doesn't typically

the other hand, form in fern-like
or snowflake-like patterns growing
along a surface (x-y plane) rather
than outward from it.

While NASA and the FDA
seem a bit unclear even to-
day about specific causes and
g | solutions, a Uyemura technical
paper, called “The Elimination of
Whiskers from Electroplated Tin,

Sn oxide film

cause a potentially catastrophic

includes discussion of...

situation unless, of course, it's
used in a nuclear power plant.

Here’s how a whisker forms
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...different paths to stress and whisker formation. (See
illustration at bottom of page.)

Uyemura has determined that crystal structure has a
direct impact on tin whisker formation, and that mndifying
that structure is capable of preventing whisker formation by
dissipating and delocalizing the stress that causes whiskers.
(Even press-fit connectors can create such stress.)

Necessary Roughness

Uyemura has determined that, in many applications
involving the morphology of a copper substrate prior

to plating, controlling surface roughness with chemical
etching can greatly reduce whisker problems. (In terms of
common ﬁnishing processes, this would be done between
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etching and pre-dipping.)
As shown in the above
illustration, maximum
whisker length (along with
whisker density) decreased
dramatically as surface
roughness increased.

The Solder Side

While controlled rough-
ness is one way to avert
or reduce the problem of
tin whiskers, one should
also look at the soldering
side of the equation.

Uyemura states...

On the solder side the transition has moved forward and
solutions have been implemented, like the SAC family of LF
solders for paste reflow and tin-copper for HASL (hot air
solder leveling). The industry is constantly making progress
adapting its materials and processes to the higher reflow
temperature profile for these LF solders. Today there is a
much better understanding of the types of solder joints that
are formed; their reliability and the type of intermetallic
compound (IMC) formed.

Complementing their unique knowledge and experi-
ence with tin whisker reduction and elimination, Uyemu-
ra also offers a variety of product solutions such as Miral-
loy, Niphos, Auruna 526, Auruna 8100, and Platinode.

See References below for considerably more technical
and detailed information.
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