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KEYWORDSABSTRACT

This work relates to the development of a new family of materials to be used
for the rework (removal, repair, and replacement) of BGA (Ball Grid Array)
components that can be found on a PCB (Printed Circuit Board). The rework
involves the use of stencils to solder an array of micro-balls arranged in a
grid manner below the BGA. A stencil is a membrane consisting of arrays of
perforations (micro-holes or apertures) arranged in a grid manner. The new
stencils, with the balls fitted into the apertures, are initially attached below
the BGA, and finally are fixed between the soldered balls, the BGA, and the
PCB. Similar methods employ polymer stencils that are initially fixed between
the soldered balls and the PCB, and finally are fixed between the resoldered
balls, the BGA, and the PCB. The development of the new stencils may
uniquely provide a new, easier, repeatable, predictable, low cost, rework
method eliminating resoldering of the balls that also gives the benefit of
one fewer thermal cycle for the BGA component. Other benefits include
reinforcement with crumb rubber, increase in thermal conductivity, inhibition
of whisker formation/growth, no need to use adhesives, and recycling of
discarded stencils.  2013 Trade Science Inc. - INDIA
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INTRODUCTION

The BGA is a very different electronic device com-
pared to those using pins[1-3]. The pins of the BGA pack-
age are copper (with a Ni/Au surface finish) pads (situ-
ated at the bottom side and that are) arranged in a grid
manner onto which micro-balls (made from solder) are
soldered, hence the name. On the PCB, onto which the
BGA balls are resoldered, there is a matching set of
copper lands to provide the required connectivity. The

BGA packages offer many advantages over other pack-
ages and as a result they are increasingly used for the
manufacture of electronic circuits. In a typical family of
BGAs, the solder balls may be of diameters ranging
between 0.4 to 1.0 mm and the total number of balls
could vary from 30 up to 700. BGAs are currently used
extensively in mobile phones, computers, modems,
handheld devices, office environment equipment, and
in aviation, shipping, and military applications.

A BGA component that is found to be faulty is re-
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moved from the PCB by simultaneously heating the BGA
and the PCB to melt down the solder balls between
them[1-3]. The BGA is then removed, cleared of the balls,
cleaned, and reballed (i.e. soldering a new set of match-
ing balls onto the pads of the BGA). Reballing involves
the use of BGA stencils to aid with the soldering pro-
cess of the new set of balls onto the BGA. A BGA
stencil is a perforated membrane (of thickness between
0.2 to 0.9 mm) which consists of arrays of perforations
(micro-holes or apertures) that are arranged in a grid
manner, i.e. a mirror image of the pads and lands pat-
terns. Finally, the BGA is transferred to the rework area
and a heat reflow profile is applied, with a peak tem-
perature set at 220°C giving a local maximum tempera-

ture of 250°C, to resolder (reflow) the new set of balls

of the BGA onto the PCB lands[4-6].
Rework of BGAs often combines three methods

of transferring heat energy into the device, i.e. convec-
tion, conduction, and radiation. Successful rework re-
quires special tools, knowledge, and experience. Dur-
ing reballing and reworking, stresses are induced into
the BGA through multiple thermal cycles that could dam-
age the component.

Metal stencils for reballing have been in use for de-
cades and are typically made from stainless steel[7]. Af-
ter use, the metal stencil is carefully removed. A rela-
tively new method is the use of flexible stencils[7]. These
stencils are cut and drilled from a polymer film and are
initially attached to the PCB. The stencil is then care-
fully removed. An alternative method is to use a stencil
that remains in place on the PCB[7,8]. The stencil mate-
rial is a polyimide film. After the solder balls are flowed
onto the lands of the PCB, the stencil is not removed
from the PCB. Solder ball preforms are also used[4,5].
The preform is an array of solder balls suspended in a
removable backing material. After the solder balls are
flowed onto the BGA component or onto the lands of
the PCB, the backing material is removed. Preforms
require the use of very specialized tools. Another method
is laser soldering that eliminates two thermal cycles and
enhances BGA component reliability[9].

The constant evolution of new tools, materials, and
methods for rework could make the process more re-
liable and repeatable. These improvements vary from
being relatively simple using polymer stencils to more
complicated using preforms and laser technology. One

should stay abreast of new developments by constantly
seeking for innovative ways to improve rework meth-
ods. Therefore, this work is concerned with the devel-
opment of a family of new non-metallic stencils that are
made from elastomeric/semi-elastomeric materials in
which, after the balls are fitted into the apertures of the
stencil, the stencil/balls system is initially attached to the
lower part (bottom side that contains the pads) of the
BGA, and finally is permanently fixed between the sol-
dered balls, the BGA, and the PCB. Similar methods
currently in use employ non-metallic stencils that are
made from polyimide materials that are initially fixed
between the soldered balls and the PCB, and finally
are permanently fixed between the resoldered balls, the
BGA, and the PCB. The new BGA stencils are cut
from thin sheets of the matrix composite materials and
drilled to form the stencils. The new stencils may
uniquely provide the development of a new, easier, re-
peatable, rework method, and the elimination of the
reflow (resoldering) process of the solder balls and thus
at least one fewer thermal cycle for the BGA compo-
nent. The stencil material could include up to 43% by
weight of the neat material of commercially available
crumb rubber powder reinforcement produced from
discarded car/truck tyres. The stencil material could also
include up to 30% by weight of the neat material of
commercially available thermally conductive filler that
could be mixed with the materials to enhance the ther-
mal conductivity of the composite. A heat transfer com-
pound could also be mixed with the binders in cases
where mixing with the filler is not possible. Thermally
conductive paints could also be used in cases where
mixing with the filler and the compound is not possible.
The paint could be applied over both sides of the sheets.
Discarded semi-elastomeric stencils could be grinded
to flakes and recycled in cement, should the need to
replace the BGA arise again. The new stencils also have
the ability to render the use of corner/edge adhesives
unnecessary. Adhesives are currently being used in the
electronics manufacturing industry to act as BGA me-
chanical/thermal shock absorbers due to dropping/heat-
ing and to absorb flex due to PCB warping, and to
inhibit whisker formation/growth. The new stencils, in
addition, have the potential to inhibit whiskers forma-
tion and growth in the solder joints by surrounding and
compressing the joints. No such work has been reported
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in the literature before.

EXPERIMENTAL

Materials

All basic materials used were commercially avail-
able. The elastomeric materials were made from a 2-
component cold-setting liquid silicone rubber and a 1-
componenet cold-setting liquid latex emulsion based on
natural rubber concentrate that was pre-vulcanized and
ready for use. The semi-elastomeric material was formed
by using a 2-component cold-setting crystal polyester
resin. The crumb rubber powder (produced by an am-
bient grinding process) was from car tyres (synthetic
rubber) of 0 to 0.2 mm (200 ìm maximum, 60 mesh)
particle size. Ready-made (i.e., commercially available)
sheets (of thicknesses 0.25 to 0.45 mm) of latex were
also used for comparisons. The thermally conductive
filler was Boron Nitride powder with mean particle size
0.5 ìm. The heat transfer compound was based on
silicone. The thermally conducted paint was based on
an epoxy adhesive. The cement powder used for the
recycling trials was a general purpose quick setting ce-
ment with water/cement = 0.6.

Methods

The crumb rubber was treated using the water ac-
tivated method[10,11] prior to mixing with the matrix ma-
terials. It has been reported that the rheological prop-
erties of bitumen are improved with the addition of water
treated crumb rubber[10], and that the addition of 10%
(by weight of the neat binder) of water treated crumb
rubber to bitumen results to a binder with (fatigue)
strength suitable for use as an all-weather wearing course
in flexible roads whilst at the same time recycling a con-
siderable amount of waste rubber[11]. A quantity of de-
ionized water was added to the particles to form a slurry.
The rubber/water ratio was 1:2. The slurry was heated
to 90°C and heating continued for a further 20 minutes

at this temperature. The addition of water and the el-
evated temperatures caused the particles to expand
which enabled excess oils, chemicals, and some residual
metals in the particles to be released. This was observed
by the change in the colour of the water. The slurry was
next dried in an oven and the particles were ready for
mixing with the binders. All mixing with the matrix ma-

terials was carried out in plastic beakers by hand to
include mixing at various crumb rubber concentrations
up to 43% by weight of the neat material of the matrix.
Perspex moulds with spacers to the required thickness
of 0.3 � 0.4 mm were used to form sheets of the matrix

materials. For rubber concentrations greater than 17%
the sheets could be produced by cutting away layers
from bulk form of the matrix materials using a guillo-
tine. The sheets included up to 30% by weight of the
matrix material of the thermally conductive Boron Ni-
tride filler to increase the thermal conductivity of the
composite in an effort to reduce the temperature of the
BGA by transferring heat away from the solder balls
via the stencils to the main heat-sink system of the ap-
plication. The silicone compound was mixed with the
materials at a concentration of up to 30% by weight of
the matrix material when mixing with Boron Nitride was
found to be not possible. The ready-made latex sheets
had the potential to be coated over both sides using the
thermally conductive adhesive. All sheets were cut to
size and drilled to form the stencils. The apertures of
sample stencils were next manually fitted with micro-
balls and the stencils were placed on top of the lower
side of a BGA (which was held bottom side up) that
contains the pads. The BGA was next placed into a
heater/cooler and heated from room temperature to
250°C (i.e. the heat reflow profile maximum tempera-

ture) followed by cooling. In rework trial tests, flux (to
minimize the risk of oxidation which is standard prac-
tice in electronics manufacturing industry and in rework
laboratories) was applied over the lower side (that con-
tains the pads) of a BGA component (which was held
bottom side up) and the stencil/balls system was at-
tached by gluing it to the flux and making sure that each
ball sited exactly on the designated pad of the BGA.
The reworked BGA was then transferred to a rework
station, i.e. specifically built machines[13-15], and soldered
to a PCB. The reworked PCB was next fitted into a
laptop computer that was then switched on and its short-
term functionality was assessed. Finally, in recycling trial
tests, semi-elastomeric stencils, containing crumb rub-
ber particles or Boron Nitride, were grinded by hand
using a mortar and piston and mixed with cement. The
water/cement ratio was 0.83 and the mixtures included
17% of treated crumb rubber particles and 17% of
flakes (i.e. a mix of resin/Boron Nitride and resin/treated
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crumb rubber). The setting time of the mixtures pro-
duced was less than 10 minutes. The surfaces to be
examined were produced by fracturing samples of the
composite material using a hammer. The samples were
then examined under an optical microscope, Moritex
MS-400 at magnifications x20 and x50, which was
connected to a monitor. Images of the microstructures
were viewed through the monitor and photographs were
taken.

RESULTS AND DISCUSSION

Elastomeric stencils (silicon rubber/latex)

Figure 1 is a photograph of a typical latex stencil of
0.4 mm thickness.

Figure 2 is a photograph of a typical latex stencil
placed on top of the lower side of a BGA and then
placed in an oven and subjected to thermal cycling/cool-
ing from room temperature to 250°C. Figure 3 shows

that the solid latex stencil was transformed into a gelati-
nous latex stencil but remained firmly in place on top of
the lower part of the BGA with the balls in position.
The blue stencil was made from a ready-made sheet
and is included here for comparison.

The objective of work reported in the literature[16,17]

Figure 1 : Typical latex stencil.

(0.4 mm thickness) reinforced with 17% by weight of
the neat binder of treated crumb rubber powder (left)
and a typical latex stencil (0.4 mm thickness) rein-
forced with 12% by weight of the neat binder of treated
crumb rubber powder and including 30% by weight
of the neat binder of silicon compound (right). Note
that the latex material could not be mixed with Boron
Nitride.

The latex stencil without any reinforcement was

Figure 2 : Typical latex stencil reinforced with 17% water
treated crumb rubber powder (left) and typical latex stencil
reinforced with 12% of water treated crumb rubber powder
and including 30% silicon compound (right).

Figure 3 : Typical gelatinous latex stencils on top of the lower
side of BGAs at room temperature and showing balls in
position.

was to investigate the influence of temperature depen-
dent flow properties (thermal flow) of (paper) latex
(binders) on calender (a machine that smoothes or
glazes/glosses over paper or cloth by pressing it be-
tween plates or passing it through rollers) runnability
(the tendency to deposit formation on the calender sur-
face that was a measure of flow). A number of types of
latexes with different temperature dependent flow prop-
erties were investigated. The experiments were per-
formed on coated liquid packaging board using an ex-
tended soft nip pilot calender with surface tempera-
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tures up to 250°C. It was found that some types of

latexes had high flow ability at elevated temperatures
and others had much lower ability. A type of a latex
investigated showed comparatively high ability to flow
in the 20°C to 50°C range and rather low ability to

flow over 80°C. The results suggested that sticking due

to excessive adhesion to calender surface was the domi-
nant mechanism[16,17]. Returning to the work carried out
here, it is possible that the latexes used fall within the
types of latexes that have low ability to flow at all tem-
peratures. Indeed, the gelatinous latex stencils were
found to be very sticky and stiff at room temperature
after exposure of the solid latex stencils to a heating/
cooling cycle up to 250°C and therefore this may ex-

plain the results. Hence, the latexes could be used as
the gelatinous materials of permanent BGA stencils. It
was found that the latex material could not be mixed
with Boron Nitride but only with the silicon compound.
The use of the Boron Nitride, the silicone compound,
and the thermally conductive paint, is subject to further
research and will not be discussed here. Reinforcing
the latex material with 17% crumb rubber powder re-
sults to a solid material being formed at all tempera-
tures. Attention was focused on to the latex material
because the silicon rubber material always produced
solid stencils at all temperatures and crumb rubber con-
tent. Another reason is the cost of the latex material that
is much lower compared to the silicon rubber material.
The use of the silicon rubber is subject to further re-
search.

Semi-elastomeric stencils (Crystal polyester resin)

Figure 4 is a photograph of a typical crystal poly-
ester resin stencil reinforced with 17% by weight of the
neat resin of water treated crumb rubber powder.

It is claimed that the stencils produced here were
made from a semi-elastomeric composite material in
the sense that the sheet of the material produced is able
to bend by a considerable amount before fracturing,
whereas a sheet of the resin alone is very brittle and will
fracture almost instantly. It has been reported that[18]

the use of crumb rubber in resins to improve some prop-
erties is practically not feasible. The results suggested
that[18] modification of resins with crumb rubber cannot
achieve the desired toughness improvement. However,
researchers still use crumb rubber in resins usually to

target toughness improvement. It is well known that
rubber particles when dispersed in micron-scale range
may improve the fracture toughness and fracture en-
ergy of the corresponding resin matrix[19]. This holds
also true for treated crumb rubber[19]. In this study, the
sheets of the treated crumb rubber powder reinforced
resin were found to have a semi-elastomeric behaviour
due to their ability to flex considerably. In fact, the sheets
were found to be able to fold over their side before
fracture compared to sheets of the resin material alone
thus showing a considerable improvement in toughness,
in agreement with results reported elsewhere[19]. This
property is more than sufficient here for use as new
permanent BGA stencils. The function of a new stencil
is to aid to the reballing process by making the place-
ment of the balls into the apertures easier and by hold-
ing the balls firmly within the apertures. The stencils are
not subject to any mechanical stress during reworking
other than the possible small amount of bending due to
operator�s error.

Resins on the other hand play an important role as
binders for crumb rubber in construction and civil engi-
neering applications. An industrially produced material
reported in the literature is a composite of two-compo-
nents, i.e. resin and crumb rubber, and it is used for

Figure 4 : Typical crystal polyester resin stencil reinforced
with 17% water treated crumb rubber powder.
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filling expansion joints in bridge decks and other con-
crete structures[20]. It is claimed that the flexibility of the
composite material can accommodate sufficient tensile
elongation thereby facilitating safe joint movement
caused by thermal cycles and traffic loading[20]. It is also
claimed that the composite is completely impervious and
prevents any ingress of moisture, chlorides, salts, and
other corrosion inducing substances[20]. A somewhat
similar composite material has been produced here un-
der laboratory conditions that is subject to further re-
search.

Figure 5 is a photograph of a typical (laser cut/drilled
thus showing usual burns) crystal polyester resin stencil
containing 30% by weight of the neat resin of Boron
Nitride filler.

Mixing of the polyester resin with 30% by weight

assumed to having a thermal conductivity similar to the
one reported in the literature[21].

Recycling trials

Figure 6 is a typical image produced from optical
microscopy that shows grinded semi-elastomeric flakes
(black regions due to resin/crumb rubber particles and
white regions due to resin/Boron Nitride particles) at
magnifications (a) x50, (c) and (d) x20, and particles
of water treated crumb rubber (black regions) at mag-
nification (b) x50, prior to mixing with the cement ma-
trix material.

Crumb rubber is also used in cementitious materi-
als[22,23] and Figure 7 shows a typical image of micro-
structure of water treated crumb rubber particles (small
black regions) and flakes (larger white regions) within
the cement matrix (grey regions) at magnifications (a)
x20 and (b) x50.

Note that sieve analysis or particle size distribution
analysis of the flakes was not carried out here. These
findings are analogous to work reported in the litera-
ture of homogeneous microstructures obtained using a
metallographic microscope with reflecting objective
(Olympus microscope) where crumb rubber particles
appeared as black regions in the bituminous (grey re-
gions) matrix[24], and work using scanning electron mi-
croscopy (SEM) that showed micrographs of ho-
mogeneous fibrous microstructures as black/dark re-
gions (fibres) within the aluminium alloy (grey regions)
matrix[25]. Figure 7 shows a homogeneous microstruc-
ture and therefore evidence of strength and hence re-
cycling of the discarded stencils was assumed to be
feasible. Note that strength development measurements
were not carried out here since the purpose of this work
was to assess whether recycling of discarded stencils is
possible. Visual examination of the samples produced
revealed that the samples appeared to be rock-solid,
Figure 8. Further work is envisaged.

An article on the uses of recycled glass suggests
that[26] crushed glass could be used as aggregate in con-
struction, in accordance with EU legislation that in-
creases the required amount of recyclable material to
be taken out of the waste stream. Crashed glass could
therefore be used to promote the development of in-
dustrial uses of recycled glass. Hence, flakes obtained
from grinded BGA stencils could also be used to pro-

Figure 5 : Typical laser cut/drilled crystal polyester resin
stencil containing 30% Boron Nitride.

of the neat resin of Boron Nitride filler was found to be
possible. It has been reported that[21] the addition of
30% Boron Nitride to a resin results to a material hav-
ing a typical thermal conductivity in the order of 1.5 W/
mk which in the electronics industry translates into a
material having a good thermal conductivity. It was not
possible to measure the thermal conductivity of the com-
posite material produced here, and therefore, it was
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a) Cement fractured surface x20 b) Cement fractured surface x50

Figure 7 : Typical images of flakes and crumb rubber particles within the cement matrix.

(a) Flakes x50 (b) Crumb rubber x50

(c) Flakes x20 (d) Flakes x20
Figure 6 : Typical images of flakes (a, c, d) and crumb rubber (b) particles prior to mixing.

mote the development of industrial uses of discarded
PCB parts.

Rework trials

Figure 9 shows a reworked PCB in which the BGA
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was removed and then replaced using a latex reballed
stencil.

Figure 8 : Typical cement sample reinforced with 34% re-
cyclable materials (17% water treated crumb rubber and
17% flakes).

Figure 9 : Typical reworked PCB showing a BGA (black
region surrounded by the green region) on top of the (yellow)
latex gelatinous stencil.

The sticky and stiff gelatinous (yellow) stencil can
be seen underneath the BGA. In Figure 9 the latex sten-
cil was purposely cut to a larger size to allow easy view-
ing to the reader. The reworked PCB was then placed
in a laptop and standard tests were carried out in the
specialized electronics rework laboratory. It was found
that the function of the reworked PCB was normal.

Further tests are envisaged to assess the long-term
behaviour of the reworked PCB.

Whisker growth and corner/edge bonding

It has been reported that tin (Sn) whiskers result in
failure risks due to solder balls bridging caused by fixed
and broken-free whiskers[27-29]. Whiskers are electri-
cally conductive single crystal structures of Sn and have
been found to develop from the surface of pure Sn and
Sn alloy coatings or high Sn alloy finished surfaces. They
can cause two major reliability problems, mechanical
and electrical. They can grow without electrical field, in
vacuum, and in atmosphere, with unknown growth rates,
and it is believed that they may start to grow soon after
soldering or lie dormant for years. It is also believed
that 50°C is the optimum temperature for whiskers to

grow and it has been reported that 25°C is more

favourable. One concern with whiskers is the inability
to inspect for whisker risk during manufacturing. Even
though the issue of metal whiskers has been studied for
over 60 years, currently there is no accepted model
and no industry-wide accepted methodology to quan-
tify whisker risk. Experimental results and observations
appear to support the hypothesis that the driving force
for whisker formation is compressive stress. The origi-
nation and magnitude of this compressive stress is still
under extensive studies. It is reported that imposed ten-
sile stress seems to slow down the built-up process of
compressive stress. The use of the new permanent sten-
cils may give rise to this intentionally induced tensile
stress by applying a continuous compressive stress via
the stencils to the solder joints. Further work is envis-
aged.

An epoxy or cement based adhesive for bonding
of BGA packages to PCBs in order to prevent crack-
ing of the solder joints due to thermal or mechanical
flexing of the PCB has been reported[30]. The under-fill
solution provides both creep mitigation and enhance-
ment of thermo-mechanical fatigue reliability. Corner
bonding is one way of under-filling. The main purpose
of a corner bonding adhesive is to provide with a me-
chanical shock absorber, i.e. to promote additional ad-
hesion to lessen stress induced to the solder joints in
case the device is subjected to a mechanical stress like
dropping. Another approach, namely edge bonding, is
under-filling the whole of the BGA area by injecting an
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adhesive under the device after it is soldered to the PCB.
The edge bonding process has the additional advan-
tage of inhibiting whiskers formation/growth by sur-
rounding and compressing the solder joints[27]. Another
benefit of using the new elastomeric/semi-elastomeric
stencils could come from their natural ability to absorb
flex due to PCB warping and mechanical shock due to
dropping, thus rendering the use of corner/edge adhe-
sives unnecessary. Further work is envisaged.

CONCLUSIONS

The development of a new family of BGA stencils
transfers knowledge from the field of materials to the
field of PCB rework. This may uniquely provide the
subsequent development of a new, easier, reliable, re-
peatable, predictable, and with low cost rework
method[31]. It is claimed that the corner/edge bonding
process, where part or the whole of the area between
the BGA and the PCB is filled using an adhesive that
cures to form a solid body, has the advantage to act as
a mechanical/thermal shock absorber. There is no rea-
son to argue that the new family of permanent elasto-
meric/semi-elastomeric stencils to include the gelatinous
stencils, where the area between the BGA and the PCB
is filled by a non-solid shock-absorbing material, does
not have the potential to act in a similar way. Another
benefit of using the new permanent stencils, which sur-
round the joints, may come from their additional ad-
vantage of inhibiting whiskers formation/growth by ap-
plying a continuous compressive stress to the solder
joints. This compressive stress then may give rise to an
induced tensile stress in the joint that resists whisker
formation/growth. Hence, the new stencils may render
the use of adhesives unnecessary. In addition, PCB
waste may be reduced by recycling discarded parts
bringing extra benefits to the industry and the environ-
ment, should one day most of the parts have the poten-
tial to be recyclable. It is envisaged that millions-upon-
millions of discarded laptops could be back from the
brink of being hauled to a dump while in the EU alone
more than 10 million laptops could be reused bringing
extra benefits to owners. PCBs used in high-risk appli-
cations (aviation, shipping, and military applications)
could benefit from being reworked using the new sten-
cils to extend the service life and offer a more reliable

operation.
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