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(57) ABSTRACT

Solder spheres which can avoid blackening during transpor-
tation have a substantially uniform coating of a lubricant on
the surfaces thereol. They are produced by dipping freshly
prepared solder spheres 1n a lubricant solution with a concen-
tration of from 10 ppm to 1000 ppm followed by collection of
the spheres and drying. The lubricant 1s preferably selected
from an aliphatic hydrocarbon lubricant, a higher fatty alco-
hol or acid lubricant, a fatty acid amide lubricant, a metal soap
lubricant, a fatty acid ester lubricant, a fluoroplastic lubricant,
a silicone lubricant, and a combination thereof.
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COATED SOLDER SPHERES AND METHOD
FOR PRODUCING THE SAME

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

BACKGROUND OF THE INVENTION

The present mvention relates to lubricant-coated solder
spheres suitable for use 1n the formation of solder bumps on a
substrate for connecting electronic components to the sub-
strate. The 1nvention also relates to a method for coating
solder spheres with a lubricant.

As electronic devices have become increasingly light, thin,
short, or compact, e¢lectronic components used in these
devices have been made compact and multi-functional. In
order to produce a multi-functional electronic component, 1t
1s necessary to assemble a plurality of integrated circuits
(IC’s) 1n a single component and form a great number of leads
extending from the IC’s.

Examples of such multi-functional electronic components
include QFP’s (Quad Flat Packages) and SOP’s (Small Out-
line Packages), which have leads projecting from all four
sides or from two opposing sides, respectively, of a square or
rectangular body. These electronic components, however, are
limited 1n the number of leads that can be formed thereon
since the leads project from the sides of the component body
which have limited areas. With a QFP or SOP, the number of

leads 1s normally at most on the order of 200, no matter how
narrow the distance between leads 1s.

More recently-developed electronic components are
BGA’s (Ball Grid Array packages) and CSP’s (Chip Size
Packages). These electronic components comprise a substrate
having IC’s placed on the top surface thereof. On the bottom
or back surface of the substrate, leads are formed 1n the shape
of dots and are connected to the IC’s by passing through the
substrate. The BGA’s and CSP’s (heremnafter collectively
referred to as BGA’s) can be provided with a greater number
of leads than QFP’s and SOP’s, thereby enhancing the multi-
tfunctionality of the components, since the leads are formed 1n
the shape of dots on a wider-area surface of the substrate.

BGA’s are normally mounted on a printed circuit board by
solder bumps which have been formed on the individual leads
of the BGA’s. For this purpose, a BGA 1s positioned on a
printed circuit board with the solder bumps formed on the
BGA 1n alignment and 1in contact with the mating pads (also
called lands or electrodes) of the printed circuit board, and the
resulting assembly 1s heated so as to melt the solder bumps for
soldering. Solder spheres (also called solder balls) are used to
form these solder bumps on the back surface of the substrate
of a BGA.

At present, solder spheres having a diameter of 0.76 mm
are most common for use in BGA’s, but much smaller solder
spheres having a diameter of 0.15 mm or 0.1 mm, for
example, have begun to be used.

Solder spheres manufactured by a solder manufacturer are
packed 1n a glass or plastic container and transported to a user.
The solder spheres are used to form solder bumps on a BGA
substrate by the user in the following manner. First, an adher-
ent soldering tlux 1s applied to the back surface of the BGA
substrate such that only the dot-shaped leads formed on that
surface are coated with the flux. The solder spheres are then
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placed on the flux-coated areas of the substrate by a solder
sphere mounter such that each flux-coated lead receives a
solder sphere and the spheres remain in that position by the
adhesive properties of the flux. The solder sphere mounter
comprises a suction head having suction ports with the same
pattern as that of the leads formed on the BGA substrate on
which solder bumps are to be formed. Each suction port of the
suction head of the mounter can hold a solder sphere by the
action of suction. After the mounter 1s positioned such that the
suction ports of the mounter are 1n alignment with the leads of
the BGA substrate, the solder spheres held by the suction
ports are released for placement on the flux-coated BGA
substrate. Thereafter, the BGA substrate having solder
spheres on the tlux-coated leads formed on its surface 1s
heated 1n a heating device such as a reflow furnace such that
the solder spheres are flattened by melting to form solder
bumps bonded to the substrate by soldering.

The above-described technique for the formation of solder
bumps on a BGA substrate to assemble a multi-functional
clectronic component involves the following problems:
incomplete adhesion of the solder spheres on the flux-coated
leads leading to a loss 1n bonding strength, grime or contami-
nation appearing on the substrate surface in the vicinity of the
leads on which solder bumps are to be formed, and failure to
release all or part of the solder spheres from the solder sphere
mounter.

The present mventors investigated these problems and
found that mncomplete adhesion of solder spheres and the
formation of grime or contamination on the substrate were
due to blackening of the surfaces of the solder spheres by
deposition of black powder thereon. With such solder spheres
having a black appearance, the black powder deposited on the
surfaces of the spheres may interfere with soldering, thereby
preventing the solder spheres from completely adhering to the
leads, or even if the blackened solder spheres can adhere to
the leads, the black powder may drop off from the spheres and
be deposited on the substrate surface 1n the vicinity of the
leads to produce grime.

Freshly prepared solder spheres have clean surfaces. How-
ever, their surfaces may be blackened while they are trans-
ported to a user while packed 1n a container. If a container
packed with fresh solder spheres 1s allowed to stand, the
spheres do not exhibit blackening even after standing for a
prolonged period. However, after transportation of such a
container by a vehicle or airplane, the solder spheres 1n the
container may assume a blackened appearance.

Such blackenming of solder spheres may occur when users
handle the solder spheres to place the spheres on a BGA
substrate using a solder sphere mounter. This 1s because 1n
order to pick up solder spheres by [s] a suction head of the
solder sphere mounter, the mounter may utilize vibration of a
large number of solder spheres 1n a container, flotation of
solder spheres by a compressed gas, or rotation of the con-
tainer or the suction head while they are 1n intimate contact
with each other.

Thus, blackening of solder spheres can take place during
transportation of the spheres or placement thereof onto a
BGA substrate. The mechanism of blackening 1s thought to
be as follows. Shaking, swinging, vibration, rotation or simi-
lar movement of a container receiving solder spheres during
transport or placement causes the solder spheres to rub
against one another or against the container wall, which 1n
turn causes the surfaces of the solder spheres to be scraped off
or otherwise 1njured, resulting 1n the formation of powder of
the solder as scrapings. Due to the large surface area of the
resulting solder powder, the powder 1s readily oxidized and
turns black. Furthermore, the scraped solder spheres have
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new active surfaces, which are also readily oxidized, thereby
providing the solder spheres with a blackened appearance.
Blackening of the solder spheres becomes more conspicuous
if the scraped-oil black powder 1s deposited on the surfaces of
the solder spheres.

Failure to release solder spheres from the suction ports of a

solder sphere mounter may be caused by the mechanism that
the solder spheres are secured in the suction ports of the
mounter by biting into the ports, which interferes with easy
release of the spheres from the suction ports.

SUMMARY OF THE INVENTION

Solder spheres consist of soit metals such as lead and tin,
and hence their surfaces have low slip properties. Therefore,
shaking, swinging, or vibrating of a large number of solder
spheres 1n a container may cause those solder spheres which
are 1n contact with the container wall or with one another to be
rubbed without good slippage, thereby resulting in scraping
ol the surfaces of the solder spheres, which causes blackening
ol the solder spheres. The soit solder spheres tend to be bitten
by the edges of the suction ports of the mounter and such
solder spheres do not readily fall down from the suction ports
by application of a moderate shock or reverse 1njection of air
to the suction head when they are to be released from the
mounter.

It has been found that improvement 1n slip properties of the
solder spheres can eliminate or alleviate these problems.
Thus, solder spheres having improved slip properties can well
withstand injuring or surface scraping when vibrated, swung,
shaken or otherwise moved 1n a container. In addition, they
can fall down more easily from the suction ports when they
are to be released from the mounter.

Thus, the present invention provides solder spheres having,
a substantially uniform coating of a lubricant on the surfaces
thereol to improve the slip properties of the solder spheres.

In another aspect, the present invention provides a method
tor producing solder spheres coated with a lubricant, which
comprises dipping solder spheres 1n a solution of a lubricant
dissolved 1n an organic solvent with a concentration of from
10 ppm to 1000 ppm, removing the solder spheres from the
solution, and volatilizing the solvent remaining on the solder
spheres, leaving lubricant-coated solder spheres.

The present invention also provides a substrate for mount-
ing an electronic component which has solder bumps formed
from the above-described lubricant-coated solder spheres on
the surface thereof.

The solder bumps can be formed by placing the luricant-
coated solder spheres on the surface of a substrate and heating
the substrate to cause the solder spheres placed thereon to
melt and form solder bumps bonded to the substrate. Prefer-
ably, the substrate used for placement has a surface coating of
a soldering flux 1n those areas on which the solder spheres are
to be placed.

BRIEF DESCRIPTION OF THE DRAWING

The sole FIGURE shows the results of a blackening test for
solder spheres performed in the Example.

DESCRIPTION OF EMBODIMENTS OF THE
INVENTION

A lubricant coating according to the present invention can
be applied to solder spheres having any alloy composition.
For example, the solder spheres may be those made of an
Sn—7Pb alloy including an Sn—Pb eutectic alloy (63%Sn—
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Pb alloy). The diameter of the solder spheres may be selected
depending on the distance between the leads formed on a
BGA substrate and 1t may be as small as 0.1 mm or less or as
large as 0.76 mm or greater.

The solder spheres are substantially uniformly coated with
a lubricant according to the present invention. The lubricant
used 1n the present invention 1s preferably selected from the
group consisting of an aliphatic hydrocarbon lubricant, a
higher fatty alcohol or acid lubricant, a fatty acid amide
lubricant, a metal soap lubricant, a fatty acid ester lubricant, a
fluoroplastic lubricant, a silicone lubricant, and a combina-
tion thereof. Typical examples of these lubricants include
decane, dodecane, stearyl alcohol, palmityl alcohol, stearic
acid, palmaitic acid, tin stearate, barium stearate, tin palmitate,
methyl stearate, ethyl stearate, methyl palmitate, polytet-
rafluoroethylene, and dimethylsilicone o1l or resin. It may be
elfective to use a combination of two or more lubricants of
different types.

The lubricant 1s dissolved in an organic solvent to give a
solution having a concentration of from 10 ppm to 1000 ppm.
Solder spheres are dipped 1n the resulting lubricant solution
and then collected or removed therefrom by centrifugation or
filtration, for example. The solder spheres used for dipping
are preferably freshly prepared ones. Alternatively, they may
be subjected to chemical surface cleaning treatment before
dipping. After the solder spheres are dried by volatilizing the
solvent remaining on the solder spheres, either at room tem-
perature or at an elevated temperature, they have a substan-
tially uniform coating of the lubricant formed on the surfaces
thereot. It 1s preferable to dry the solder spheres after dipping
in a moisture-controlled atmosphere 1n order to avoid dew
condensation on the spheres.

The organic solvent used to prepare the lubricant solution
may be any solvent which can dissolve the lubricant. Prefer-
ably, the solvent 1s selected from the group consisting of
HFC’s (hydrofluorocarbons), HCFC’s (hydrochlorofluoro-
carbons), chlorinated hydrocarbons such as methylene chlo-
ride, brominated hydrocarbons such as 2-bromopropane,
alcohols such as ethanol, 1sopropyl alcohol, butanol and
cyclopentanol, and hydrocarbons such as hexane, cyclohex-
ane, and xylene.

When the lubricant solution used for dipping has a concen-
tration of 10 ppm, the solder spheres will be coated with the
lubricant having a thickness on the order of 1 A. On the other
hand, the use of a lubricant solution having a concentration of
1000 ppm will result in the formation of a lubricant coating
having a thickness of approximately 10 A. The thickness of
the resulting lubricant coating may vary also depending on
the intensity of centrifugation 1f the spheres are removed from
the lubricant solution by centrifugation. It the lubricant solu-
tion used for coating has a concentration lower than 10 ppm,
the slip properties of the resulting coated solder spheres will
not be sufliciently improved to prevent the spheres from
blackening. A lubricant coating formed from a lubricant solu-
tion having a concentration higher than 1000 ppm 1s so thick
that 1t may interfere with soldering, which 1s required when
solder bumps are formed from the coated solder spheres on a
BGA substrate. Preferably the concentration of the lubricant
solution 1s between 100 ppm and 500 ppm.

The solder spheres according to the present invention have
a substantially umiform coating with a lubricant on the sur-
faces of the spheres. The lubricant coating can effectively
protect the relatively soft solder spheres against injury or
scraping when they are subjected to swinging, shaking, or
similar motion in a container for a long time during transport
to cause rubbing against the container wall or against one
another.
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Accordingly, the solder spheres can withstand blackening
and prevent the formation of black powder. As a result, when

they are placed on a substrate such as a BGA substrate to form
solder bumps thereon, they can eliminate or minimize the
occurrence of failure of soldering, or production of grime or
contamination of the substrate 1n the vicinity of the solder
bumps.

In addition, the solder spheres have good slip properties
and can be readily released from suction ports holding the
spheres when they are placed 1n position on a substrate using
a solder sphere mounter equipped with a suction head having
suction ports. Consequently, they ensure that all the solder
spheres held 1n the suction ports are transierred onto the
substrate without remaining in the ports, thereby improving
the reliability of the formation of solder bumps on a substrate.

The following examples are presented to turther illustrate
the present invention. These examples are to be considered in
all respects as 1llustrative and not restrictive.

EXAMPLE

Solder spheres of an Sn—Pb eutectic alloy having a diam-
cter of 0.76 mm were dipped 1nto a solution of stearamide (a
fatty acid [amid] amide lubricant) dissolved in methylene
chloride to give a concentration of 50 ppm, 500 ppm, or 1000
ppm. The solder spheres were collected by centrifugation and
dried by volatilizing the solvent in a moisture controlled
chamber, leaving solder spheres having a substantially uni-
form coating of stearamide on the surfaces thereof.

The resulting coated solder spheres and uncoated or bare
solder spheres used as controls were subjected to a blackening
test, a placement test, and a soldering test 1n the following
mannet.

Blackening Test

A 50 cc glass bottle was packed with 40 grams of the solder
spheres to be tested. After the bottle was closed with a plastic
cap, 1t was rotated at a rate of 60 rpm using a horizontal
spindle holding the bottle 1n a vertical position until the num-
ber of revolutions reached a predetermined value. Thereafter,
the lightness of the solder spheres was measured by a spec-
trocolorimeter. The results are shown 1n FIG. 1.

Placement Test

The solder spheres to be tested which had been subjected to
rotation for 10,000 revolutions 1n the above-described black-
ening test were placed, using a solder sphere mounter
equipped with a suction head having suction ports, on a BGA
substrate having flux-coated leads on one surface such that
cach lead received a solder sphere thereon. The placement of
the solder spheres was repeated on ten BGA substrates, and
these substrates were observed visually to determine 1f the
solder spheres were placed in good order.

Soldering Test

The BGA substrates on which solder spheres had been
placed in the placement test were heated 1n an infrared reflow
furnace to melt and flatten the solder spheres and form solder
bumps bonded to the leads of the substrates. The resulting
solder bumps were observed visually to determine 1f their
vicinities were clean.

As shown 1n the accompanying sole FIG. the lubricant-
coated solder spheres according to the present invention did
not undergo blackening after the container had been rotated
for 10,000 revolutions or more in the blackening test. In
contrast, 1n the case of the uncoated solder spheres used as
controls, blackening was observed even at 500 revolutions
and the degree of blackening reached a saturation point at
5,000 revolutions. The lubricant-coated solder spheres of the
present imvention 1 which the lubricant solution used for
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coating had a concentration of 50 ppm began to undergo
blackening at 15,000 revolutions. In this case, the lubricant
coating formed on the surfaces of the solder spheres was
relatively thin. Therefore, it 1s estimated that the coating may
have been removed or injured during the 15,000 revolutions
of rotation and could not completely prevent blackening of
the spheres. However, the conditions of the blackening test
employed herein were very severe, and solder spheres having
resistance to blackening at 10,000 revolutions are considered
to be acceptable for practical use.

In the placement test, all the lubricant-coated solder
spheres of the present invention could be smoothly trans-
ferred from the mounter onto the BGA substrate when they
were released from their respective suction ports holding the
spheres. In contrast, when the control bare solder spheres
were tested, failure of placement was observed 1n two of the
ten BGA substrates used 1n the test.

In the soldering test, the BGA substrates on which solder
bumps had been formed using the lubricant-coated solder
spheres of the present invention had a clean appearance in the
vicinity of the solder bumps. On the contrary, deposition of
black powder was observed on the BGA substrates having
solder bumps formed from the control bare solder spheres,
particularly in the vicinity of the solder bumps.

It will be appreciated by those skilled in the art that numer-
ous variations and modifications may be made to the mnven-
tion as described above with respect to specific embodiments

without departing from the spirit or scope of the invention as
broadly described.

What 1s claimed 1s:

4. [The] A method [according to claim 3] for producing
solder spheres coated with a lubrvicant, which comprises:
dipping solder spherves in a solution of a lubrvicant dis-
solved in an organic solvent with a concentration of from
10 ppm to 1000 ppm,
removing the solder spheres from the solution, and
volatilizing the solvent remaining on the solder spheres to
form a substantially uniform coating consisting of a
[ubricant on the surfaces of the solder spherves, wherein
the lubricant 1s selected from the group consisting of an
aliphatic hydrocarbon lubricant, a higher fatty alcohol or
acid lubricant, a fatty acid amide lubricant, a metal soap
lubricant, a fatty acid ester lubricant, a fluoroplastic
lubricant, a silicone lubricant, and a combination
thereof.
[5. The method according to claim 3 wherein the solder
spheres are freshly prepared solder spheres.]
6. The method according to claim 3 wherein the solder
spheres are removed from the lubricant solution by centrifu-
gation.
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10. A solder spheve composition comprising lubricant
coated solder spheves consisting of solder spheres each hav-
ing the same diameter and a substantially uniform coating
consisting of a lubricant on each of the surfaces of the solder
spheres, wherein the lubvicant is selected from the group
consisting of an aliphatic hydvocarbon lubricant, a higher
fatty alcohol lubricant, a higher fatty acid lubvicant, a fatty
acid amide lubricant, a metal soap lubvicant, a fatty acid
ester lubricant, a fluoroplastic lubricant, a silicone lubricant,
and combinations thereof.

11. The solder sphere composition according to claim 10
wherein the lubricant is stearvamide.

12. The solder spheve composition according to claim 10
wherein the diameter is 0.76 mm.

13. The solder spheve composition according to claim 10
wherein the diameter is 0.15 mm.

14. The solder sphere composition according to claim 10
wherein the diameter is 0.1 mm.

13. The solder sphere composition according to claim 10
wherein the plurality of solder spheves arve each sized and
configured for use on a lead that is on a substrate of an
electronic component.

16. A solder sphere composition consisting of a plurality of
lubricant coated solder spheves consisting of solder spheves
and a substantially uniform coating consisting of a lubrvicant
on the surface of each of the solder spheves, wherein each of
the solder spheres has the same diameter and the diameter is
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sized for placement onto a substrate for use in a ball grid
array package, whervein the lubrvicant is selected from the
group consisting of an aliphatic hydrocarbon lubricant, a
higher fatty alcohol lubricant, a higher fatty acid lubricant, a

SRE S fawty acid amide lubricant, a metal soap lubricant, a fatty acid

ester lubricant, a fluoroplastic lubricant, a silicone lubricant,

and combinations thereof.

17. The solder spherve composition according to claim 16
wherein the diameter is 0.76 mm.

18. The solder sphere composition according to claim 16
wherein the diameter is 0.15 mm.

19. The solder spherve composition according to claim 16
wherein the diameter is 0.1 mm.

20. The solder sphere composition according to claim 16
wherein the lubricant is steavamide.

21. The solder sphere composition according to claim 16
wherein said substantially uniform lubricant coating is pro-
duced by dipping the plurality of the solder spherves in a
solution of the lubricant dissolved in an organic solvent with
a concentration of from 10 ppm to 1000 ppm, removing the
plurality of solder spheres from the solution, and volatilizing
the solvent remaining on the plurality of solder spheves to
form the substantially uniform lubricant coating on each of
the surfaces of the plurality of solder spheves, wherein the
[ubricant coating is dry.

22. A process for forming solder bumps on a BGA substrate
for mounting an electronic component, which comprises
placing the solder sphere composition accovding to claim 11
on a surface of the substrate by using a solder sphere mounter
comprising a suction head having suction ports by which the
plurality of solder spheres ave held and released onto the
BGA substrate and heating the substrate to cause the plural-
ity of solder spheves placed theveon to melt and form solder
bumps bonded to the substrate.

23. The process according to claim 22 wherein the sub-
strate used for placement of the plurality of solder spheves has
a surface coating of a soldering flux in those areas on which
the plurality of solder spheres are placed.
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