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ELECTROPLATING SOLUTION FOR ELECTROPLAT]NG LEAD AND
LEAD/TIN ALLOYS

Field Of The Invention

This invention relates to an aqueous electroplating solution for high speed

electroplating bright tin and tin-lead alloy solder coatings, and in particular, to an

electroplating solution having a simplified chemistry that minimizes the influence of organics

~ in the solder coating. -

Background Of The Invention

Electroplated tin and t1n/lead alloy solder coatmgs are used extensively in the

electronics industry in the manufacture of printed wiring boards (PWB) electrical contacts
and connectors, semiconductor packaging, electrical conduit, and other related parts. T_hese
plated solder coatings must be pore free or corrosion resistant, display long term solderability

and be free from solderability failures such as non-wet'tihg and dewetting.

Tin and tinflead alloy solder coatings are typically .deposited_ using high speed
electroplating equipment in-order to maximize productivity and hence, profitability. _High
spéed electroplating is achieved with high current densities that tend to incbrporate signiticant
quantitieé of organics into the pléted solder cdatings. When these organic quantities become

too large, solderability failures can occur.

Bright plated solder coatings produced in high speed electroplating processes using

conventional electroplating solutions, usually have undesirably large quantities of organics

incorporated into them. This is because conventional electroplating solutions typically

“include ‘many organic additives or agents which brighten the plated surfaces These _'
'brightening agents producé electro-chemical and chémical by-products’ which are

incorporated in the deposit during electroplating thus, increasing the organic content of the

solder coating. Dunng hlgh speed electroplatmg, these by-products accumulate n the

electroplatmg solution at a fast rate. The accumulation of these by-products m the

electroplatmg solution increases the organic content of the solder coatings thus. leading to an '

-

“This'Shéet Has Beep

'Hllllll Wi

0 1 FEB 2000



10

20

25

Abys37-12 - 2

-unacceptable number of sollder'ability failures. Therefore, in PWB and semiconductor

'pa.Ckaging applications, such as leadﬁ'ameé, where solderability and productivity are l/ery
critical, plated solder coatings having ma_tte'or satin bright ﬁnishes are .utilized because they
can be pfoduced in l'ligh'speed electroplating processes with tolerable quantities of organics.
Thid is -unfortunate because_ bright plated solder coatings have some distinct '
advantages over plated solder coatings with matte and satin bright finishes in certain areas
other than solderability. On-line automatic inspection is easily implemented when bright
plated solder coatmgs are used. Bnght plated solder coatmgs are also less llkely to have |

plating stains and are cosmet1cally superior.

Bright plated solder coatings with satisfactory solderability can only be achieved at
low current densities with conventional electroplating solutions. The use of low current
densities reduces the plating speed of the electroplating process. .This in turn, significantly

reduces productivity and thus, the profitability of the parts.

Accordingly, there is a need for an electroplating solution that produces bright plated
solder coatings with low organic content at the high current densities employed in high speed

electroplating processes.

Summary Of The Invention -

In accordance with the present invention, an electroplating solution for’
electroplating bright tin, lead, or tin-lead alloy solder coatings in high speed
electroplating applications. The electroplating solution comprises a sultonic acid

electrolyte, a non-ionic surfactant, a grain refiner, and brightening agents consisting

'~ essentially of an aromatic aldehyde and a carboxylic acid.

In one embodiment of the electroplati_ng solution, the sulfonic acid electralyvte, non-
ionic surfactant, grain refiner. aromatic aldehyde, ‘and carbbxylic acid respectively
comprise methane sulfonic acid, octylphenoxy(10)polyethoxy ethanol phenolphthalein,

chlorobenzaldehyde and methacrylic dCld
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Brief Description Of The Drawings

The advantageous nature and various additional features of the invention will
appear more fully upon consideration of the illustrative embodiments now to be

described in detail in connection with the accompanying drawings wherein:

FIG. 1 is a graphical plot showing current efficiency vs. current density for an’

electroplating solution made according to the present invention;

_ FIG. 2isa graphical pldt showing the percent tin in the coating vs. current density tor

a 'coating produced by the electroplating solution of the present invention;

FIG.3isa grap_hi'ca'l plot showing cufre_nt eﬂicienéy vs. current density fora

prior art electroplating solution;

- FIG. 4 is a graphical plot showing the percent tin in the coating vs. current density for

a coating produced by a prior art electroplating solution;

FIG. 5 isa SEM photograph of a bright tin-lead alloy solder coating produced by
the-electroplating solution of the present invention after thermal bake or reflow testing:

and

FIG. 6 is a SEM photograph of a'bright tin-lead alloy solder coating produced by

a typical prior art electroplating solution after thermal bake or reflow testing.

- Detailed Description Of The Invention

~ The .Table below illustrates how the organic content in plated solder coatings
influences their solderabilify and reﬂo_wabiﬁty. The satin plzited solder coatings listed in the
Table below were produced with conventional plating formulations that do .. not contain’
brighténers These coatings have very low oraanic' content which enable them to achieve'

excellent reflowability and solderability as ewdenced by "the thennal bake test results

-However, these conventional plating formulations are not capable of producing bright, p|dled

solder coatings. ThlS is unfortunate. as bright plated solder coatings provide some distinct

advantages over plated solder coatings with satin bright finishes in terms of on-line automatic
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- and cosmetics as discussed earlier. If converitiohal brighteners afe added to the satin bright
plating formulations to obtain a bright formulation, the fesulting bright plated solder 6oatings
| contain undesirable in'crea'sesl in ‘organic content as s_hown in the Table. However, in the
present invention, bright plated solder coatings are obtained without significantly elevating the

organic content of the coating as will be explained further on.
~ CARBON CONTENT VS. DEWETTING

Finish - | - Carbon Content, %  Thermal Bake Test
Satin bright tin - 0004 o pass

(produced using - conventional
. electroplating solution)

~ Satin bright 90/10 tin/lead 001 - pass

(p_roduced' using conventiohal
electroplating solution)

Bright 90/10 tinflead | 002 . pass

(produced  using electroplating
solution of the present invention)

* Bright 90/10 tin/lead 0.07 Dewetting no
' _ discoloration

- (produced using electroplating :

solution of the present invention

with  additional prior art

brightening agent added)

Bright 90/10 tin/lead 0.1 -~ Dewetting slight
o § . ' ' K ~ discoloration
(produced using conventional
electroplating solutions)

Bright tin g L 02 ~ Dewetting severe
' : . ' discoloration

(produced using conventional ' '
electroplating solution)
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Bnght plated solder coatmgs are achieved in the present mventlon usmg a‘tin or
t1n/lead electroplatmg solution based upon an alkane or alkanol sulfonic acid electrolyte which
mcludes certain bnghtemng additives that ‘interact synergistically during electroplatmg to
produce bright tin or tin-lead alloy solder coatings having very low organic (c'arb‘on) content

at current densities as high as 1300 ASF. As should be apparent, the low organic content in

. the bright plated solder eoatings is critical in providing the coatings with excellent

reflowability and solderability.

The very low organic content in bright plated solder coatings produced using the

. electroplating solution of the present invention makes them very useful in high speed

continuous electroplating applications such as connectors, IC lead frames and other electronic

components. The ability to achieve such low organic content at high current densities

advantageously permits use of the electroplating solution in these high speed electroplating

-applications where high throughput and high productivity are possible.

The brightening additives used in the inventive electroplating solution consist of an

aromatic aldehyde and a carboxylic acid. The aromatic aldehyde also functions as a Ie\ eling

~agentto 1mprove the smoothness of the plated surface The synerg1st1c interaction ot these

two addmves produces bright tin or tin-lead alloy solder coatings with very low organic

content at relatively high current densities as shown in the above Table.

Some of the aromatic aldehydes which are useable in the electroplating solution _
include chlorobenzaldehyde, methoxybenzaldehyde, the allyl ether of 2-hydroxybenzaldehyde.
and the deﬁvatlves of benzaldehyde which contain an electron donating group on the benzene

ring. Some of the carboxyllc acids which are useable in the electroplating solution of the

“invention mclude methacrylic acrd acrylic acrd and therr derivatives. In one .

‘embodiment, the aromatic aldehyde comprises chlorobenzaldehyde and the carboxylic acid

comprises methacryllc acid.

To improve the dlsperslblllty of the solution and suppress the uromh of
dendrrtes a non—romc surfactant and a grain refiner are added to the solution. l"he non-

ionic surfactant improves the dispersibility of the solution and also ensures that the plated
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solder coatings adhere well to the underlying substrate. The grain refiner suppresses the .

growth of dendrites. Examples of suitable non-ionic surfactants include aromatic

- compounds such as substituted and unsubstituted phenyl and phenol .compounds.

'Examples_ of suitable grain're'ﬁners include heterocyclic compounds such as substituted

and unsubstituted lactones, cyclic imides, and oxazolines. In one embodiment, the non-
ionic  surfactant comp'rifses' a polyalkoxylated alkyl phenol, such as

octylphenoxy(10)polyethoxy ethanol and the grain refiner comprises phenolphthalein.

The alkane or alkanol sulfonic acid electrolyte used in the solution should be water -

" soluble or soluble in the soiution. Suitable sulfonic acids include the lower_a.lkan’e or alkanol

sulfonic acids containing 1-5 carbon atoms. In one embodiment, the sulfonic acid electrolyte

comprises methanesulfonic acid.

The tin and/or lead compounds typically used in the solutlon are those which are
soluble in alkane or alkanol sulfonic acxds and form an alkane or alkanol sulfonic acid salt.
However, the tin and/or lead metals can be added to the baths in various forms and do not
have to be added as a soluble alkane or alkanol sulfonate salt. Lead, for example can be
added as lead acetate. Thus the solution can contam ions other than sulfonate ions as long as
sufficient sulfonate ions are present to produce the advantageous results of the invention. The

metals should predominate as sulfonates in the baths.

A solution for electroplating a tin-lead alloy is typically prepared by adding about
70-90 g/l of the stannouﬁ sulfonate and about 8-12 g/l of the leéd sulfonate to about 175-
225 ml of methanesulfonic acid. (A solution for elecfroplaf_ing e_:ithef tin or lead can be
prepared in the jsé.me manner by respectively omit.ting the lead or stannous sulfonate) To

this solution are added about 2-2. 5 gl of octylphenoxy(10)polyethoxy ethanol, about

0.08-0.12 g/l of phenolphthalem about 0.1-0.25 g/l of chlorobenzaldehyde and about 0 8-

1.2 g/l of methacryllc acid.

After _the solution H prepared. it can then be used in a high speed electroplating

'procéss for electroplating tin-lead alloy onto a metal substrate by placing the metal

substrate in a electroplating solution equipped with a conventional electrode used to
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plate tin or tin-lead alloy onto a metal substrate. The electroplating solution is maintained
ata temperature in the range of about 50 °C to about 60 °C. The current densmes used

for electroplating are typically between about 300 and about 1300 ASF.

The substrate_ is maintained in the solution under the above conditions for a

~ period of time that is sufficient to plate the substrate with a tin coating of a desired

thickness. Typlcally, it is advantageous if the t1n coating has a thickness of about 3 pmto

about 6 pm.

Example

A solution was prepared by adding 80 grarne of stannous methane sulfonate and
10 grams of lead methyl sulfonate to a one liter of an aqueous solution containing 200 ml
of a70 percent methane sulfonic acid. To this solution wa.s added about 2 g/l of
o_ctylphenoxy(lO)poiyetho;iy ethanol (commercially available under the tradename Triton |
X-100® from Union Carbide), about 0.08 g/l of phenolphthalein (commerciaily available
from Fisher Scientific Co., about 0.25 g/ of chlorobenzaldehyde (available from Aldrich);

and -about 1 glof met.hacrylic acid (available from Aldrich). The resulting solution was

then used to plate a layer of tin-lead alloy on a substrate of copper, copper alloy or steel.

FIG. 1 graphically depicts the current efficiency of the electroplating solution of
the above example. As can be seen, the current eﬂicienc_y was high at about 80°5 and

remained substantially constant between current densities of about 400 and about 800 ASF.

FIG. 2 graphically shows that the alioy composition of the coating produced by the |
électroplating solution of the above example was stable over a wide o_perating' range and was

not sensitive to agitation. The carbon content in the coating was lower than 0.02 5" 0

FIG. 3 graphically ahous the current efficiency of a typical comentional

'electroplatmg solution and FlG 4 uraphlcally shows the alloy composmon of a coating

produced by same. As can be seen, the comentional electroplatmg solution was not t.i;mble
of plating well in the current den:.llv range that was used for electroplatmp wnh the salution

of the present mventlon. Moreover, the coating produced by the conventional electroplating
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~ solution contamed a much higher organic content (greater than 0.1%) as compared to the

coating produced by the electroplatmg solution of the present 1nvent10n

The mlcrostructures of the reﬂowed tin- lead alloy coatings produced by the
electroplating solutlon of the present invention and a conventronal bright electroplatmg
solution are displayed in the optical photographs of FIGS. 5 and 6. The photographs
were t_aken'aﬁer subjecting the coatings to thermal bake or reflow tests. FlG. 5
illustrates the superior performance of the coating produced from the electroplating
solution of the present invention when compared with FIG. 6. As can be discerned from
FIGS. 5 and 6, there is no dewetting in FIG. 5 whereas there is a gross dewetting in FIG.
6. The dewetting phenomenon is exemplified by the “bl_ist'er's" or “bubbles” seen on the _
coating surfac,‘e. Dewetting can be detrimental because it weakens the interface between
the substrate and the tin/lead layer. Peelmg or adhesion problem is likely to be
experienced by the parts. In this regard, the coating produced from the present invention

is superior to the coating produced from the conventlonal bright plating solution.

While the foregoing invention has been described with reference to the above
embodiments, varioas modifications and changes may be made without'departin.g from
the spirit of the present invention, Accordingly, modifications and changes such as those
suggested above but not limited thereto are considered to be within the scope of the

claims.
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Claims
1. An electroplatiﬁ_g ‘solution useable for plating tin, lead, or tin-lead alloy' solder
coatings, the electroplating solution corriprising: R

oiicwionrse |

5 at least one of a tin sulfonate salt and a lcad sulfonat_e salt;
a non-ionic surfactant; - _ ' o :{Thll‘slslliietlliiiﬂs elciTiﬁiiCCd
a grain refiner; and _ _
brightening agents consisting essentially of an aromatic aldehyde and a carboxylic
acid.
10 2 The electroplating solution of claim 1, wherein the surfactant is an aromatic
- compound.
3. The electroplating solution of claim 2, wherein the aromatic compound is
selected from the group consisting of substituted and unsubstituted phenyl and phenol
compounds.
15 4 The electroplating solution of claim 2, wherein the aromatic,.coinpound is a'

polyalkoxylated alkyl phenol.

5. . The electroplating solution of claim 2, wherein the afom_atic compound is.

octylphenoxy(10)polyethoxy ethanol.

6. . The electroplating solution of claim 1, wherein the grain refiner is a heterocvelic

20 compound.

7. The electroplating solution of claim 5, wherein the heterocyclic compound 1s
selected from the group consisting of substituted and unsubstituted lactones. cvelic

imides, and oxazolines.
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8. The electroplating solution of claim 5, wherein the heterocyclic compound“i's
- phenolphthalein. | |
. 9. The electroplating solution of claim 1, wherein the aromatic aldehyde is selected

from the group 'gonsisting of chlorobenzaldehyde, methoxybenzaldehyde, the allyl ether of 2- .

hydroxybenzaldehyde, and derivatives of benzaldehyde which. contain an electron donating

group on the benzene ring.

- 10. The electroplating solution of claim’ 'l,. wherein the aromatic aldehyde is

" chlorobenzaldehyde -

11.  The electroplating solution of claim 1, wherein the carboxylic acid is selected from

the group consisting of methacrylic acid, acrylic acid, and their derivatives.

12.  The électroplating solution of claim 1, wherein the carboxylic acid is methacrylic |

acid.

13.  The electroplating solution of claim 1, wherem the sulfonic acid electrolyte s

selected from the group consisting of alkane sulfonate and alkanl sulfonate

14.  The electroplating solution of claim 1, wherein the at least one of a tin sulfonate salt

and a lead sulfonate salt comprises a tin sulfonate salt and a lead sulfonate salt.

T 0l -+
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