a9y United States

US 20050145502A1

12 Patent Application Publication o) Pub. No.: US 2005/0145502 Al

Schetty, 111 et al.

43) Pub. Date: Jul. 7, 2005

(54) MINIMIZING WHISKER GROWTH IN TIN
ELECTRODEPOSITS

(76) Inventors: Robert A. Schetty III, Ft. Salonga, NY
(US); Winnie Vickers, Lynbrook, NY
(US)

Correspondence Address:

WINSTON & STRAWN LLP
1700 K STREET, N.W.
WASHINGTON, DC 20006 (US)

(21) Appl. No.: 10/973,706

(22) Filed: Oct. 26, 2004

Related U.S. Application Data

(63) Continuation of application No. PCT/US03/10541,
filed on Apr. 8, 2003.
Continuation-in-part of application No. 10/136,858,

filed on Apr. 30, 2002, now Pat. No. 6,860,981.

Publication Classification

(51) Int. CL7 oo C25D 3/58; C25D 3/30
(52) US.Cl oo 205/253; 205/302; 205/300
(57) ABSTRACT

The present invention relates to a method for reducing tin
whisker formation in tin deposits by plating on an underly-
ing metal tin deposits which are essentially free of compres-
sive stress or are predominantly 1in a predetermined crystal
orientation that essentially matches that of the underlying
metal 1n order to mhibit tin whisker growth. The deposits
preferably exhibit no compressive stress or exhibit a tensile
stress. Also, the most preferred crystal orientation 1s one that
1s the same as that of the underlying metal. The deposit
preferably contains at least 95% tin and optionally at least
one alloying element of silver, bismuth, copper or zinc 1n an
amount of 5% or less.



US 2005/0145502 Al

MINIMIZING WHISKER GROWTH IN TIN
ELECTRODEPOSITS

CROSS-REFERENCE TO RELATED
APPLICATTONS

[0001] This application 1s a continuation of International
application PCT/US03/10541, filed Apr. 8, 2003, and 15 a
continuation-in-part of application Ser. No. 10/136,858 filed
Apr. 30, 2002, the entire content of each of which 1s
expressly mcorporated herein by reference thereto.

BACKGROUND

[0002] The present invention relates to a method and
plating solution for depositing tin 1n a manner to reduce,
minimize or prevent tin whisker growth from such deposits.

[0003] The use of a tin or tin alloy deposit has become
increasingly 1mportant 1n fabricating electronic circuits,
electronic devices and electrical connectors because of the
benefits that such deposits provide. For example, tin and tin
alloy deposits protect the components from corrosion, pro-
vide a chemically stable surface for soldering and maintain
ogood surface electrical contact. There are many patents that
disclose how to apply tin or tin alloy deposits using a variety
of plating solutions and methods. Such deposits are typically
produced by electroless plating or electroplating.

10004] Regardless of the deposition process employed, it
1s desirable to form smooth and level deposits of tin on the
substrate 1n order to minimize porosity. It 1s also desirable to
form a coating having a relatively constant thickness in
order to minimize etching problems. Furthermore, other
problems must be avoided 1n order to obtain an acceptable
deposit. When pure tin 1s used and 1s applied to a copper or
copper alloy substrate, the resulting deposit suffers from
interdiffusion and formation of copper-tin compounds.
While these copper-tin compounds can be brittle and may
impair the usefulness of the tin coated component, their
presence also adversely affect subsequent soldering opera-
tions due to the generation of metal filaments known as tin
whiskers which sometimes grow spontaneously from these
tin deposits. These whiskers are hair-like projections extend-
ing from the surface and may be either straight or curled or
bent. The presence of such whiskers 1s undesirable due to the
very line line definition required for modem circuitry, since
these whiskers can form both electrical shorts and electrical
bridges across 1nsulation spaces between conductors.

[0005] The mechanics of the tin whisker problem are not
clearly understood. The filaments can begin to grow within
days of the application of the coating or even several years
thereafter. There 1s speculation in the literature that the
whiskers grow from stress concentration sites, such as those
created 1n many electrodeposition techniques, as tin extru-
sions which are dendritic in nature. There 1s also speculation
that temperature and humidity affect whisker growth. The
article “Simultaneous Growth of Whiskers on Tin Coatings:
20 Years of Observation,” by S. C. Britton, Transactions of
the Institute of Metal Finishing, Volume 52, 1974, pp.
95-102 discusses the tin whisker growth problem and offers
several recommendations for reducing the risk of whisker
formation.

[0006] One approach for handling the tin whisker problem
has been to specity short storage times for tin coated
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materials. However, this approach does not fully address or
necessarily avoid the problem. Another approach has been to
mildly strengthen the tin matrix to prevent extrusion of the
whiskers. The formation of an intermetallic compound and
diffusion of solute copper nto the tin plate have served this
purpose but at prohibitive performance cost in the final
product.

[0007] Another approach is to treat the surface of the
substrate before applying the tin deposit. Ultrasonic agita-
tion of the plating solution and/or alternating the polarity of
the electrodes during plating have been suggested to reduce
the amount of hydrogen absorbed or occluded in the struc-
ture of the plating metal. Alternatively, one or more barrier
layers or metals such as palladium, gold, silver, nickel,
and/or copper can be used to prevent metal 1on migration
from the substrate into the tin deposit, thus reducing the
stress on the deposit. Theses processes are undesirable due
to the additional process steps required as well as due to the
high cost of precious metals when they are used. Further-
more, the plating solutions for the barrier layer can some-
fimes contaminate or otherwise interference with the tin
plating process.

[0008] Recent publications have indicated that tin depos-
ited from methane sulfonic acid (MSA) solutions over
copper/copper alloy substrates in the as-plated condition
generally start out with no or slightly low compressive stress
but during deposit aging compressive stress Increases Sig-
nificantly. It 1s theorized that this increase 1n compressive
stress 1s due to the formation of copper-tin intermetallic
compounds, due to diffusion of copper from the base mate-
rial into the tin deposit, and that this compressive stress
generates tin whisker formation.

[0009] Additional approaches for dealing with this prob-
lem have generally involved a whisker inhibiting addition to
the tin coating solution. A number of different tin-alloying
metals 1ncluding antimony, cobalt, copper, germanium,
oold, lead and nickel have been suggested to reduce the
orowth of tin whiskers in the resulting deposit. In order to
avold the high cost of precious metals, the most common
approach has been to deposit an alloy of tin and lead. This
alloy 1s also compatible with the solders that are later used
to make electrical connections to wires or other electrical
components. Unfortunately, lead and a number of other
alloying elements are undesirable due to their toxicity and
related environmental 1ssues.

[0010] Thus, an effective solution to the tin whisker prob-
lem still remains, and one 1s provided herewaith.

SUMMARY OF THE INVENTION

[0011] The present invention relates to a method for
reducing tin whisker formation in a tin deposit by providing
upon an underlying metal a plated tin deposit that 1s essen-
fially free of compressive stress. Preferably, the tin deposit
cither exhibits no compressive stress or exhibits a tensile
stress. In addition, the tin deposit 1s preferably provided in
a crystal orientation that 1s compatible with that of the
underlying metal 1n order to further inhibit tin whisker
growth 1n the deposit.

[0012] The underlying metal can either be a substrate or a
metal deposited on a substrate. A preferred underlying metal
1s copper or a copper alloy. It 1s preferable for the crystal
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orientation of the tin deposit to essentially match that of the
underlying metal. Also, the tin deposit preferably contains at
least 95% tin and optionally at least one alloying element of
silver, bismuth, copper or zinc in an amount of 5% or less.
Advantageously, the tin deposits are provided during elec-
troplating from a plating solution.

[0013] Another embodiment of the invention relates to a
method for reducing tin whisker formation in plated tin
deposits, which comprises plating tin or tin alloy deposits
onto an underlying metal, preferably from one of the solu-
tions disclosed herein, so that the deposits are essentially
free of compressive stress and have crystal orientations that
are compatible with the underlying metal 1in order to inhibat
tin whisker growth.

[0014] Yet another embodiment of the invention relates to
a method of manufacturing an electronic component which
comprises plating tin or tin alloy deposits, preferably from
one of the solutions disclosed herein, onto metallic portions
of the electrical component so that the deposits are essen-
tially free of compressive stress and have a crystal orienta-
tion that 1s compatible with that of the underlying metallic
portions 1n order to 1nhibit tin whisker growth.

[0015] And yet another embodiment of the invention
relates to a method of reducing environmental contamina-
fion resulting from plated components which comprises
plating components with a tin or tin alloy deposit, preferably
from one of the solutions disclosed herein, so that the
deposits are essentially free of compressive stress in order to
inhibit tin whisker growth, thus avoiding the need to plate
the components with a metal or alloy that comprises envi-
ronmentally harmful element(s).

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0016] The plating solutions that are useful in the present
mvention include an acid, a tin salt, and a surfactant. The
acid 1s preferably a sulfonic acid, sulfuric acid, a halide 1on
acid, a fluoborate or mixtures thereof. The solution can also
include an alkylol sulfonic acid or solution soluble salt
thereof 1n an amount sufficient to 1improve deposit appear-
ance. The surfactant preferably comprises a solution soluble
organic compound having 2 to 4 joined rings, a total of 6 to
24 ring members, and at least one oxygen or nitrogen atom
present 1n or attached to at least one of the rings. More
preferably, the solution soluble organic compound has 2 to
3 fused rings, a total of 6 to 14 ring members, and at least
one nitrogen atom present 1n each of at least two rings.
Alternatively, the solution soluble organic compound can be
a condensation compound of an alkylene oxide or block
copolymer. The most preferred surfactants are biquinolines,
dialkyl phenanthrolines, block copolymers, or ethoxylated
naphthols.

[0017] The basis solutions can be used to form the plating
solutions of the present mvention include the following:

[0018] FLUOBORATE SOLUTIONS: Tin fluoborate

plating baths are widely used for plating all types of
metal substrates including both copper and 1ron. See

for example, U.S. Pat. Nos. 5,431,805, 4,029,556
and 3,770,599. These baths are preferred where
plating speed 1s important and the fluoborate salts are
very soluble.
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[0019] HALIDE SOLUTIONS: Tin plating baths
with the main electrolyte being a halide ion (Br, CI,
F, I) have been used for many decades. See for
example, U.S. Pat. Nos. 5,628,893 and 5,538,617.
The primary halide 1ons i1n these baths have been
chloride and fluoride.

[0020] SULFATE SOLUTIONS: Tin and tin alloys
are commercially plated from solutions with sulfate
as the primary anion. See for example U.S. Pat. Nos.
4,347,107, 4,331,518 and 3,616,306. For example
the steel industry has been tin plating steel for many
years from sulfuric acid/tin sulfate baths where phe-
nol sulfonic acid 1s used as a special electrolyte
additive which improves both the oxidative stability
of the tin as well as increasing 1its current density
range. This process, known as the ferrostan process,
1s usable 1n the present invention but 1s not preferred
because of environmental problems with phenol
derivatives. Other sulfate baths based on sulfuric
acid but without environmentally undesirable addi-
tives are preferred.

[0021] SULFONIC ACID SOLUTIONS: In the last
decade the commercial use of sulfonic acid metal
plating baths has increased considerably because of
a number of performance advantages. Tin has been
electroplated from sulfonic acid (See for example
U.S. Pat. Nos. 6,132,348, 5, 4,701,244 and 4,459,
185. The cost of the alkyl sulfonic acid 1s relatively
high, so that the preferred sulfonic acid used has
been methane sulfonic acid (MSA) although the
prior art includes examples of other alkyl and alkanol
sulfonic acids. The performance advantages of alkyl
sulfonic acid baths include low corrosivity, high
solubility of salts, good conductivity, good oxidative
stability of tine salts and complete biodegradability.

[0022] These solutions can be used alone or in various
mixtures. One of ordinary skill in the art can best select the
most preferred acid or acid mixture for any particular plating
application.

[10023] Alkali metal, alkaline earth metal, ammonium and
substituted ammonium salts of one to five carbon alkyl and
alkanol sulfonic acids have been found to improve the
performance of these plating solutions. Especially preferred
are salts of 2-hydroxy ethyl sulfonic acid, and particularly
the sodium salt (sodium isethionate or “ISE”). These salts
generally 1increase the plating range so that the solutions can
be used at much higher current densities. The solutions can
also be run at greater speeds. Further improvements are seen
in the quality of the deposits, as well as 1n the oxidative
stability of the tin.

[0024] The amount of tin (as tin metal) in the plating
solutions of the present invention may be varied over a wide
range such as from about 1 to about 120 grams of metal per
liter of solution (g/l), or up to the solubility limit of the
particular tin salt 1n the particular solution. In one embodi-
ment, the tin 1s present in the range from about 5 g/1 to about
80 g/1. In another embodiment, the tin 1s present in the range
from about 10 g/l to about 50 g/I. In another embodiment,
the tin 1s present in an amount from about 20 g/1 to about 40
o/l. In another embodiment, the tin 1s present in an amount
of about 30 g/1. In another embodiment, the tin 1s present in
an amount of about 20 g/I. Higher levels of tin may be
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included 1n the plating solutions, but economics suggest, and
solubility may dictate, that the metal levels be maintained at
lower levels. It should be understood that the foregoing
quantities of tin 1n the plating solution are disclosed as
metallic tin, but that the tin may be added to the solutions in
the form of tin compounds. Such compounds may 1nclude,
for example, tin oxide, tin salts, or other soluble tin com-
pounds, 1ncluding formates, acetates, hydrochlorides and
other halides, carbonates and the like.

[0025] Any one of a number of alloying elements can be
added to the solution. These are primarily added in an
amount such that less than 5% of the alloying element is
present 1n the deposit. Preferred alloying elements include
silver (up to 3.5% of the deposit), Bismuth (up to 3% of the
deposit), copper (up to 0.7% of the deposit) and zinc (up to
2% of the deposit). While other alloying elements can be
used, 1t 1s generally not preferred to use those that may have
an adverse effect on the environment, 1.€., antimony, cad-
mium, and particularly lead.

10026] A wide variety of specific surfactants may be used
in the present invention. One suitable surfactant i1s an
alkylene oxide condensation compound of an aromatic
organic compound or solution soluble derivatives thereof,
wherein the compound has 2 to 4 joined rings, a total of 6
to 24 ring members, and at least one oxygen or nitrogen
atom present 1n or attached to at least one of the rings. This
aromatic compound may preferably contain two or three
fused rings, preferably containing between 10 and 12 carbon
atoms and 2 to 4 oxygen or nitrogen atoms. Also, the
aromatic organic compound may include an alkyl moiety of
six carbon atoms or less, and one or more hydroxyl groups.
Preferably, the aromatic organic compound includes rings of
benzene, naphthalene, phenol, quinoline, toluene, bisphenol
A, styrenated phenol, or an alkylated derivatives thereof.
Other surfactants, such as those based on block copolymers
having a molecular weight between about 1000 and 4000,
can 1nstead be used.

[0027] The surfactant(s) to be added to the plating bath in
accordance with the invention will not only 1mprove the
dispersibility of the components 1n the solution but will also
ensure excellently adhesive, dense and smooth deposits.
Especially, 1t has also been found that a cationic surfactant
1s markedly effective 1n preventing the dendrite growth 1n
the high current region, whereas a nonionic surfactant
improves the throwing power of the plating solution 1n the
low current region. Preferred nonionic surfactants are
selected from condensation products of ethylene oxide and/
or propylene oxide with aryl ethers, alkyl ethers, quinolines,
phenanthrolines, alkyl quinolines, alkyl phenanthrolines,
phenols, styrenated phenols, alkyl phenols, naphthols, and
alkyl naphthols. A combination of surfactants can be used
depending on the current conditions to be adopted. For
example, the combined use of the two different surfactants
makes possible plating under a wide range of current con-
ditions, rendering the invention applicable to all plating
techniques, including the barrel, rack, through-hole, and
high-speed continuous plating methods.

[0028] The alkylene oxide compound may be ethylene
oxide wherein between about four and 40 moles of ethylene
oxide, and preferably between six and twenty-eight, are used
to form the condensation compound. Some of the moles of
ethylene oxide, 1.e., up to 50%, may be replaced with
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propylene oxide. One skilled in the art can easily determine
the preferred amount of propylene oxide by routine testing.

[10029] The most preferred surfactants for use in combi-
nation with a sulfuric acid solution that also contains ISE 1n

order to provide the preferred crystal orientation which
hinders tin whisker growth are as follows:

[0030] 2,2'-biquinoline—a heterocyclic compound

[0031] 2,9-dimethyl-1,10 phenanthroline—a hetero-
cyclic compound

[0032] Jeffox WLL1400—a EO/PO copolymer having
a molecular weight of 1400

10033 ]
[0034] Ethoxylated beta-naphthol with 15 moles EO

Noigen EN—a polyoxyethylene aryl ether

[0035] More generic ethoxylated aromatic ethers can also
be used.

[0036] Electroplated tin deposits are poly-crystals. From
the crystal growth perspective, internal stress can be gener-
ated 1f the crystal lattice of the deposited metal as well as 1ts
orowth direction do not follow certain preferred orienta-
tions. During the deposition process, the first few atomic
layers are characterized as epitaxial; with the crystal lattice
of the coating attempting to match that of the substrate.
However, as layers build, the epitaxial behavior may change
to a structure dictated by the electrolyte and additive com-
position.

[0037] In addition, during the deposition process, if the
orowth direction of the tin coating 1s completely random, the
orowth rate should be the same 1n all the crystallographic
facets and directions. However, 1in practice, the growth
directions of the tin crystals are not completely random, and
they usually exhibit one or more preferred orientations. This
means that the growth of the tin grains with the preferred
orientations are kinetically more favored (1.e., more stable)
compared with other orientations. In other words, other
orientations eventually are replaced by the preferred crystal
orientations during the nucleation and crystal growth pro-
cess. The present bath chemistries are intended to produce
fin coatings with strong preferred orientations.

[0038] It is known that whisker growth is a phenomenon
which 1s driven by compressive stress in the tin coating.
However, if the deposit crystal lattice 1s orderly and desir-
able, there will be less stress to 1nitiate whisker growth.
Theretore, the growth of whiskers requires the existence of
imperiect grains and lattice defects that result 1n dislocations
of the grains. In practice, there are always some crystal
defects generated during deposition; however these defects
do not necessarily have the crystallographic orientation to
influence deposit growth. In the present electroplating solu-
tions, the organic additives preferably suppress certain crys-
tal growth directions, and concurrently, facilitate the crystal
growth 1n other directions.

[0039] It has been found experimentally that when tin
coatings possess certain strong preferred crystal orienta-
tions, the whisker growth propensity 1s greatly reduced even
under the most rigorous accelerated whisker test conditions
when compared with tin deposits that do not contain these
preferred orientations. Examples of such “beneficial” pre-
ferred crystal orientations include <220>, <200>, <420> and
others. Similarly, 1t has been 1dentified that when tin deposits
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possess certain other types of “detrimental” preferred crystal
orientations the whisker growth propensity 1s increased.
Examples of such “detrimental” preferred crystal orienta-
tions 1nclude <321> and <211>, and others.

[0040] It is believed that a tin deposit which contains the
“benedicial” preferred crystal orientations, or alternately a
tin deposit which lacks the “detrimental” preferred crystal
orientations, will have a lower propensity toward tin whisker
orowth. Conversely, a tin deposit which lacks the “benefi-
cial” preferred crystal orientations identified herein, or alter-
nately a tin deposit which contains the “detrimental” pre-
ferred crystal orientations, will have a higher propensity
toward tin whisker growth. A recent synchrotron radiation
micro-diffraction study of tin whiskers confirmed that the
preferred tin whisker growth direction 1s <100> and the tin

deposit which produced these whiskers had a preferred
orientation of <321 >. (see W. J. Choi, T. Y. Lee, K. N. Tu,

N. Tamura, R. S. Celestre, A. A. MacDowell, Y. Y. Bong, L.
Neuyen, and G. T. T. Sheng, “Structure and Kinetics of Sn
Whisker Growth on Pb-free Solder Finish”, 52nd Electronic
Component & Technology Conference Proceedings (IEEE
Catalog number 02CH3734-5), San Diego, Calif., 628-633
(2002).)

[0041] The organic additives of the present electroplating
solutions preferably suppress certain crystal growth direc-
tions, and conversely, facilitate crystal growth in other
directions. Although preferred crystal orientation may be a
significant factor for explaining the tin whisker growth
phenomenon, deposit stress 1s also a factor and more spe-
cifically, compressive stress 1n the deposit has now found to
be the primary driving force for tin whisker growth. The tin
deposits produced by the process of the present invention are
essentially free of compressive stress and consistently pos-

sess a tensile stress rather than a compressive one. These
deposits have been found to be much less prone to generate
whiskers than those that possess or exhibit compressive
Stress.

[0042] As noted above, compressive stress in tin deposits
due to the formation of intermetallic compounds appears to
generate tin whisker formation. In general, pure tin or tin
alloys that contain small amounts of alloying elements
generally exhibit a <211> crystal orientation when deposited
upon a substrate from an MSA solution that contains con-
ventional additives. As 1s known to one of ordinary skill in
the art, the <211> designation 1s that of a crystal plane with
the numbers referring to Miller indices. This particular
orientation has been found to be one that 1s subject to high
stress and from which whisker growth 1s facilitated. For that
reason, this crystal orientation 1s not desirable. In contrast,
tin deposits produced from mixed acid/non-MSA electro-
lytes combined with the specific additives of the mmvention
do not show an increase 1n compressive stress over time. The
results shown 1n Table I below were obtained for a 10 micron
thick pure tin deposit over a brass substrate. Further insight
into the mechanistic behavior of this system can be found by
examining the preferred crystal orientation of the deposits
over copper alloy substrate by X-ray-diffraction (XRD)
below:
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XRD Comparison

Deposit Type Preferred crystal orientation
MSA Tin <211>

Mixed Acid/Non-MSA Tin <220>

Tin-lead 60-40 <220>, <200>

Tin-silver 97-3 <220>

Reflowed Tin <220>, <321>

[0043] As these results indicate, tin deposits produced
from the MSA eclectrolyte and the non-MSA electrolyte
possess radically different preferred crystal orientations that
essentially matches that of the underlying substrate, 1.e.,
<211> vs. <220> respectively, which may help to explain
their fundamentally different tin whisker growth behavior.
The tin deposits from the mixed acid/non-MSA process with
specific additives have a consistent <220> preferred crystal
orientation which 1t shares in common with known base
metals such as copper or a copper alloy (e.g. brass) as well
as other known “non-whiskering” deposits such as tin-lead,
tin-silver, and reflowed tin.

|0044] Additional investigations show that the preferred
crystal orientation of the most commonly used copper alloy
substrates 1n the electronics industry also have a preferred
crystal orientation of <220>. Thus, this orientation 1s pre-
ferred when minimization of tin whiskering 1s desired for tin
deposits that are plated on copper or copper alloy substrates.

[0045] In the present specification, the term “essentially
the same” or “essentially matches” 1s used to include the
crystal orientation of a deposit that 1s sutficiently close to
that of the underlying substrate such that the degree of
whiskering, 1f any, 1s less than that which would adversely
affect the performance of the electroplated components.
Also, “essentially free” of compressive stress means that the
clectroplated deposits exhibit so little compressive stress
that, 1n use, parts plated with such deposits do not form a
sufficient amount of tin whiskers to interfere with the normal
operation of the parts. Preferably, these deposits possess no
compressive stress and actually exhibit a tensile stress. The
most preferred crystal orientations are those which are
identical to that of the underlying metal. However, this 1s not
always possible to achieve and improved performance can
be obtained by providing crystal orientations that are as
close as possible to the orientation of the underlying metal
while at the same time minimizing or eliminating compres-
sive stress 1n the deposit.

[0046] 'To assure that the tin deposits are those that do not
contribute to tin whisker formation, routine testing can be
performed on sample deposits to assure that the deposits are
free from compressive stress. The same can be done for
confirming that the crystal orientation is i1dentical or sub-
stantially identical to that of the underlying metal. Crystal
orientation can conveniently be determined by X-ray dif-
fraction. These tests can be routinely performed by skilled
artisans to assure that any particular bath chemistry i1s
acceptable for providing the desired tin deposits that will
avold whisker formation.

[0047] In support of the present finding that the deposits
should be free of compressive stress or of a matching crystal
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orientation, it 1s noted that the following prior art reference
sources teach that tin whiskers grow from grains whose
crystal orientation 1s different from the major orientation of
the underlying grains:

10048] W C Ellis, et al, “Growth and Perfection of
Crystals”, Wiley & Sons, NY, N.Y. 1958, p. 102

[0049] B D Dunn, European Space Research & Tech-
nology Centre, ESA STR-223, September 1987

[0050] By correlation, the converse has been found to hold
true, 1.¢., tin whiskers do not grow from grains whose crystal
orientation 1s essentially the same as or preferably 1s 1den-
tical to the major orientation of the underlying grains. Thus,
by proper orientation of the crystal structure, tin whisker
orowth and formation can be minimized, reduced or even
eliminated.

[0051] Another important factor in the production of tin
deposits that exhibit reduced whiskering or preferably no
whiskering at all, 1s the type of stress within the deposit. As
noted above, 1t 1s highly desirable to have as low a level of
compressive stress as possible, since the greater the amount
of compressive stress 1n the deposit, the greater the amount
of whiskering will occur. The present solutions enable
deposits with no compressive stress to be produced. Fur-
thermore, these deposits exhibit a tensile stress and no
evidence of whiskering. Of course, for certain applications,
whiskering can be reduced to a sufficiently low level that it
does not interfere with the proper operation of the plated
part, such that a low level of compressive stress 1n the
deposit can be tolerated. In most applications, however, it 1s
preferred that no compressive stress be present for optimum
avoldance of whiskering.

[0052] The invention minimizes or further reduces tin
whisker growth or formation by matching the crystal orien-
tation of the tin deposit to that of the underlying metal. As
one of ordinary skill in the art would recognize, the under-
lying metal can be a base metal substrate or a metal deposit
that 1s plated or otherwise provided upon the substrate. The
important consideration of the invention 1s to match as close
as possible the crystal orientation of the tin deposit to that of
the underlying metal that it contacts. Where multiple metal
deposits are made upon a substrate, the crystal orientation of
the upper most layer 1s that which should be considered. For
example, 1n chip capacitors, a nickel deposit 1s routinely
provided prior to tin, and the tin deposit should have a
crystal orientation that matches that of the nickel deposit.

[0053] The mixed acid/non-MSA chemistry combined
with speciiic additives consistently produces a preferred
crystal orientation which 1s often identical to that of the
underlying substrate. It 1s believed that this phenomenon
reduces compressive stress and imparts tensile stress in the
deposit, therefore eliminating a major driving force for tin
whisker growth. Of course, one of ordinary skill in the art,
having this disclosure before them, can conduct routine
testing to determine the preferred solution chemistries and
specific additives that will provide the preferred crystal
orientations of the deposit during electroplating to avoid or
minimize tin whiskering problems.

What 1s claimed 1s:

1. A method for reducing tin whisker formation 1n a tin
deposit by providing upon an underlying metal a plated tin
deposit that 1s essentially free of compressive stress.
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2. The method of claim 1, wherein the tin deposit either
exhibits no compressive stress or exhibits a tensile stress.

3. The method of claim 1, wherein the tin deposit is

provided 1n a crystal orientation that 1s compatible with the
underlying metal 1n order to further inhibit tin whisker
orowth.

4. The method of claim 3, wherein the crystal orientation
of the tin deposit essentially matches that of the underlying
metal.

5. The method of claim 3, wherein the underlying metal
1s present as a substrate or as a deposit upon a substrate.

6. The method of claim 1, wherein the underlying metal
comprises copper or a copper alloy.

7. The method of claim 1, wherein the tin deposit contains
at least 95% tin and optionally at least one alloying element
of silver, bismuth, copper or zinc 1n an amount of 5% or less.

8. The method of claim 1, wheremn the tin deposit 1s
provided during electroplating from a solution comprising
an acid, a tin salt, and a surfactant.

9. The method of claim 8, wherein the acid 1s a sulfonic

acid, sulfuric acid, a halide 10on acid, a fluoborate or mixtures
thereof.

10. The method of claim &, wherein the solution includes
an alkylol sulfonic acid or solution soluble salt thereof 1n an
amount sufficient to 1mprove deposit appearance.

11. The method of claim 8, wherein the surfactant com-
prises a solution soluble organic compound having 2 to 4
joined rings, a total of 6 to 24 ring members, and at least one
oxygen or nitrogen atom present 1n or attached to at least one
of the rings, a condensation compound of an alkylene oxide,
or block copolymer.

12. A method for reducing tin whisker formation in a
plated tin deposit, which comprises plating the tin deposit
onto the underlying metal from an electroplating solution
comprising an acid, a tin salt, a surfactant in an amount
sufficient to assist 1n providing a tin deposit directly on an
underlying metal such that the deposit 1s essentially free of
compressive stress 1n order to mhibit tin whisker growth 1n
the tin deposit, and, optionally, a solution soluble salt of at
least one alloying element, wherein stress of the tin deposit
1s determined to confirm that it 1s essentially free from
compressive stress, thus reducing tin whisker formation 1n

the deposit.

13. The method of claim 12, wherein the underlying metal
1s a substrate or a deposit upon a substrate.

14. The method of claim 12, wherein the tin deposit either
exhibits no compressive stress or exhibits a tensile stress.

15. The method of claim 12, wherein the tin deposit 1s
provided 1n a crystal orientation that 1s compatible with the
underlying metal 1n order to further inhibit tin whisker
ogrowth.

16. The method of claim 12, wherein the crystal orienta-
tion of the tin deposit essentially matches that of the under-
lying metal.

17. The method of claim 12, wherein the underlying metal
1s present as a substrate or as a deposit upon a substrate.

18. The method of claim 12, wherein the underlying metal
comprises copper or a copper alloy.

19. The method of claim 12, wherein the tin deposit
contains at least 95% tin and optionally at least one alloying
element of silver, bismuth, copper or zinc in an amount of
5% or less.
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20. The method of claim 12, wherein the tin deposit 1s
provided during electroplating from a solution comprising,
an acid, a tin salt, and a surfactant.

21. The method of claim 20, wherein the acid is a sulfonic
acid, sulfuric acid, a halide 10on acid, a fluoborate or mixtures
thereof.

22. The method of claim 20, wherein the solution includes
an alkylol sulfonic acid or solution soluble salt thercof 1n an
amount sufficient to 1mprove deposit appearance.

23. The method of claim 20, wherein the surfactant
comprises a solution soluble organic compound having 2 to
4 joined rings, a total of 6 to 24 ring members, and at least
one oxXygen or nitrogen atom present 1n or attached to at least
one of the rings, a condensation compound of an alkylene
oxide, or block copolymer.
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24. A method of manufacturing an electronic component
which comprises plating a tin deposit onto metallic portions
of the electrical component so that the tin deposit 1s essen-
fially free of compressive stress in order to inhibit tin
whisker growth thereon.

25. A method of reducing environmental contamination
resulting from plated components which comprises plating
metallic portions of the components with a deposit of tin or
a tin alloy containing at least 95% tin and that 1s essentially
free of compressive stress 1n order to mnhibit tin whisker
orowth, thus avoiding the need to plate the components with
metals or alloys comprising one or more environmentally
harmful elements.
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