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ABSTRACT

Thiswork relatesto the devel opment of anew family of materialsto be used
for therework (removal, repair, and replacement) of BGA (Ball Grid Array)
componentsthat can befound on aPCB (Printed Circuit Board). Therework
involves the use of stencilsto solder an array of micro-balls arranged in a
grid manner below the BGA.. A stencil isamembrane consisting of arrays of
perforations (micro-holesor apertures) arranged in agrid manner. The new
stencils, with the ballsfitted into the apertures, areinitially attached below
the BGA, and finally arefixed between the soldered balls, the BGA, and the
PCB. Similar methods employ polymer stencilsthat areinitially 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, increasein thermal conductivity, inhibition
of whisker formation/growth, no need to use adhesives, and recycling of
discarded stencils.  © 2013 Trade Sciencelnc. - INDIA
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INTRODUCTION

TheBGA isavery different e ectronic devicecom-
pared tothoseusing ping3. Thepinsof theBGA pack-
age are copper (withaNi/Au surfacefinish) pads(situ-
ated at the bottom sideand that are) arrangedinagrid
manner onto which micro-bals(madefrom solder) are
soldered, hencethe name. Onthe PCB, onto whichthe
BGA ballsareresoldered, thereisamatching set of
copper landsto providetherequired connectivity. The

BGA packagesoffer many advantagesover other pack-
agesand asaresult they areincreasingly used for the
manufactureof eectroniccircuits. Inatypica family of
BGASs, the solder balls may be of diametersranging
between 0.4 to 1.0 mm and the total number of balls
couldvary from 30 upto 700. BGAsare currently used
extensively in mobile phones, computers, modems,
handheld devi ces, office environment equipment, and
inaviation, shipping, and military applications.

A BGA component that isfound to befaulty isre-
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moved fromthe PCB by smultaneoudy heatingthe BGA
and the PCB to melt down the solder balls between
them(*3. The BGA isthen removed, deared of thebadls,
cleaned, and rebaled (i.e. soldering anew set of match-
ing balsontothe padsof theBGA). Rebdlinginvolves
the use of BGA stencilsto aid with the soldering pro-
cess of the new set of balls onto the BGA. A BGA
gencil isaperforated membrane (of thickness between
0.2t0 0.9mm) which consstsof arraysof perforations
(micro-holesor apertures) that arearrangedinagrid
manner, i.e. amirror image of the padsand lands pat-
terns. Finally, theBGA istransferred totherework area
and aheat reflow profileisapplied, with apeak tem-
peratureset 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 landg**l.

Rework of BGAs often combinesthree methods
of transferring heat energy into thedevice, i.e. convec-
tion, conduction, and radiation. Successful rework re-
quiresspecia tools, knowledge, and experience. Dur-
ing reballing and reworking, stressesareinduced into
the BGA through multiplethermal cydesthat could dam-
agethe component.

Metd stencilsfor rebdling havebeeninusefor de-
cadesand aretypically madefrom stainless stedl . Af-
ter use, themetal stencil iscarefully removed. Arela
tively new methodistheuse of flexiblestencil§™. These
stencilsarecut and drilled from apolymer filmand are
initially attached to the PCB. The stencil isthen care-
fully removed. Andternative method isto useastencil
that remainsin place onthe PCB"#. Thestencil mate-
rid isapolyimidefilm. After the solder balsareflowed
onto thelands of the PCB, the stencil isnot removed
from the PCB. Solder ball preformsare al so used*9.
Thepreformisanarray of solder ballssuspendedina
removable backing materia . After thesolder balsare
flowed onto the BGA component or onto thelands of
the PCB, the backing material isremoved. Preforms
requiretheuseof very specidized tools Another method
islaser soldering that liminatestwo therma cyclesand
enhancesBGA component reliability!.

The congtant evolution of new tools, materias, and
methodsfor rework could makethe processmorere-
liableand repeatable. Theseimprovementsvary from
being relatively smpleusing polymer stencilsto more
complicated using preformsand laser technology. One
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should stay abreast of new devel opmentsby constantly
seeking for innovative waysto improverework meth-
ods. Therefore, thiswork isconcerned with thedevel -
opment of afamily of new non-metalicstencilsthat are
made from el astomeri c/semi-elastomeric materiasin
which, after theballsarefitted into the aperturesof the
gencil, thestencil/bdlssystemisinitidly attached tothe
lower part (bottom sidethat containsthe pads) of the
BGA, andfindly ispermanently fixed between the sol -
dered balls, the BGA, and the PCB. Similar methods
currently in use employ non-metallic stencilsthat are
madefrom polyimide materid sthat areinitially fixed
between the soldered ballsand the PCB, and finally
arepermanently fixed between theresoldered bdls, the
BGA, and the PCB. The new BGA stencils are cut
fromthin sheetsof thematrix composite materialsand
drilled to form the stencils. The new stencils may
uniquely providethe development of anew, easier, re-
peatable, rework method, and the elimination of the
reflow (resoldering) processof thesolder ballsand thus
at least onefewer thermal cyclefor the BGA compo-
nent. Thestencil materia could include up to 43% by
weight of the neat materia of commercially available
crumb rubber powder reinforcement produced from
discarded car/truck tyres. Thestencil materia coulddso
include up to 30% by weight of the neat material of
commercidly availablethermally conductivefiller that
could bemixed with the materid sto enhancethether-
mal conductivity of thecomposite. A heet transfer com-
pound could al so be mixed with thebindersin cases
wheremixingwith thefiller isnot possible. Thermally
conductive paints could also be used in caseswhere
mixing with thefiller and the compoundisnot possible.
Thepaint could be gpplied over both Sdesof the sheets.
Discarded semi-el astomeric stencilscould be grinded
to flakes and recycled in cement, should the need to
replacetheBGA ariseagain. Thenew stencilsasohave
the ability to render the use of corner/edge adhesives
unnecessary. Adhesivesare currently being usedinthe
€l ectronicsmanufacturingindustry to act asBGA me-
chanica/thermal shock absorbersdueto dropping/hest-
ing and to absorb flex due to PCB warping, and to
inhibit whisker formation/growth. Thenew stencils, in
addition, havethepotentia toinhibit whiskersforma
tion and growth in the solder joints by surrounding and
compressingthejoints. No suchwork hasbeenreported
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EXPERIMENTAL

Materials

All basic materid sused werecommercidly avail-
able. Theelastomeric materialswere madefrom a 2-
component cold-setting liquid silicone rubber and a1-
componenet cold-settingliquidlatex emulsionbased on
naturd rubber concentratethat was pre-vul canized and
reedy for use. Thesemi-dastomericmateria wasformed
by using a2-component cold-setting crystal polyester
resin. Thecrumb rubber powder (produced by an am-
bient grinding process) wasfrom car tyres (synthetic
rubber) of 0to 0.2 mm (200 wm maximum, 60 mesh)
particlesze. Ready-made(i.e., commercidly available)
sheets (of thicknesses0.25 to 0.45 mm) of latex were
also used for comparisons. Thethermally conductive
filler wasBoron Nitride powder with mean particlesize
0.5 um. The heat transfer compound was based on
slicone. Thethermally conducted paint was based on
an epoxy adhesive. The cement powder used for the
recyclingtrid swasagenera purpose quick setting ce-
ment with water/cement = 0.6.

Methods

Thecrumb rubber wastreated using the water ac-
tivated method > prior to mixing with thematrix ma-
terias. It has been reported that the rheol ogical prop-
ertiesof bitumenareimproved with theaddition of water
treated crumb rubber*¥, 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)
drength suiteblefor useasan dl-weather wearing course
inflexibleroadswhilst a thesametimerecydingacon-
siderable amount of waste rubber™. A quantity of de-
ionized water wasadded totheparticlestoformadurry.
Therubber/water ratiowas 1:2. Thedurry washeated
t0 90°C and heating continued for a further 20 minutes
at thistemperature. The addition of water and the el -
evated temperatures caused the particles to expand
which enabled excessails, chemicds andsomeresdud
metalsintheparticlesto bereleased. Thiswasobserved
by thechangein thecolour of thewater. Thedurry was
next dried in an oven and the particleswere ready for
mixingwith thebinders. All mixingwiththematrix ma-
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terialswas carried out in plastic beakers by hand to
includemixing at various crumb rubber concentrations
up to 43% by weight of the neat materia of the matrix.
Perspex moul dswith spacersto therequired thickness
of 0.3— 0.4 mm were used to form sheets of the matrix
materias. For rubber concentrationsgreater than 17%
the sheets could be produced by cutting away layers
from bulk form of the matrix materialsusing aguillo-
tine. The sheetsincluded up to 30% by weight of the
matrix materia of thethermally conductive Boron Ni-
tridefiller to increase the thermal conductivity of the
compositein an effort to reducethetemperature of the
BGA by transferring heat away from the solder balls
viathe stencilsto themain heat-sink system of the ap-
plication. Thesilicone compound wasmixed withthe
materiasat aconcentration of up to 30% by weight of
thematrix materid when mixingwith Boron Nitridewas
found to be not possible. Theready-madelatex sheets
had the potential to be coated over both sidesusing the
thermally conductiveadhesive. All sheetswerecut to
sizeand drilled to form the stencils. The apertures of
samplestencilswerenext manually fitted with micro-
balls and the stencilswere placed on top of thelower
side of aBGA (which was held bottom side up) that
containsthe 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. Inrework trid tests, flux (to
minimizetherisk of oxidation whichisstandard prac-
ticeinéectronicsmanufacturing industry andinrework
|aboratories) was applied over thelower side (that con-
tainsthe pads) of aBGA component (whichwasheld
bottom side up) and the stencil/balls system was at-
tached by gluingit to theflux and making surethat each
ball sited exactly on the designated pad of the BGA.
Thereworked BGA wasthen transferred to arework
dtation, i.e. specificaly built machines**9, and soldered
to aPCB. Thereworked PCB was next fitted into a
Igptop computer that wasthen switched onand itsshort-
termfunctiondity wasassessed. Findly, inrecyclingtrid
tests, semi-d astomeric stencils, containing crumb rub-
ber particlesor Boron Nitride, were grinded by hand
usingamortar and piston and mixed with cement. The
water/cement ratio was 0.83 and themixturesincluded
17% of treated crumb rubber particles and 17% of
flakes(i.e.amix of resn/Boron Nitrideand resin/trested
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crumb rubber). The setting time of the mixtures pro-
duced was | ess than 10 minutes. The surfacesto be
examined were produced by fracturing samplesof the
compositematerial usingahammer. Thesampleswere
then examined under an optical microscope, Moritex
M S-400 at magnifications x20 and x50, which was
connected to amonitor. Images of the microstructures
wereviewed through themonitor and photographswere
taken.

RESULTSAND DISCUSSION

Elastomeric stencils(silicon rubber/latex)

Figure 1isaphotograph of atypical latex stencil of
0.4 mmthickness.
Figure 2 isaphotograph of atypicd latex stencil

g

Figurel: Typical latex stencil.

(0.4 mm thickness) reinforced with 17% by weight of
the neat binder of treated crumb rubber powder (l€eft)
and atypical latex stencil (0.4 mm thickness) rein-
forced with 12% by weight of the neat binder of trested
crumb rubber powder and including 30% by weight
of the neat binder of silicon compound (right). Note
that the latex material could not bemixed with Boron
Nitride.

Thelatex stencil without any reinforcement was
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Figure?2: Typical latex stencil reinforced with 17% water
treated crumb rubber powder (Ieft) and typical latex stencil
reinfor ced with 12% of water treated crumb rubber powder
and including 30% silicon compound (right).

placed on top of the lower side of a BGA and then
placedin an oven and subjected to thermd cyding/cool-
ing from room temperatureto 250°C. Figure 3 shows
that the solid latex stencil wastransformedinto agdl ati-
nouslatex stencil but remained firmly in placeontop of
thelower part of the BGA with theballsin position.
The blue stencil was made from aready-made sheet
and isincluded herefor comparison.

Theobjectiveof work reported intheliteraturg61”

Figure3: Typical gelatinouslatex stencilson top of thelower
side of BGAs at room temperature and showing ballsin
position.

wastoinvestigate theinfluence 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 platesor passing it through rollers) runnability
(thetendency to deposit formation onthe calender sur-
facethat wasameasure of flow). A number of types of
latexeswith different temperature dependent flow prop-
ertieswereinvestigated. The experiments were per-
formed on coated liquid packaging board using an ex-
tended soft nip pilot calender with surfacetempera-
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tures up to 250°C. It was found that some types of
latexeshad high flow ability at elevated temperatures
and others had much lower ability. A type of alatex
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 excessveadhes on to calender surfacewasthedomi-
nant mechanism5%7, Returning to thework carried out
here, itispossiblethat thelatexesused fall withinthe
typesof latexesthat havelow ability toflow at al tem-
peratures. Indeed, the gelatinous latex stencilswere
found to be very sticky and stiff at room temperature
after exposure of the solid latex stencilsto aheating/
cooling cycleupto 250°C and therefore this may ex-
plaintheresults. Hence, thelatexes could be used as
the gdatinousmaterialsof permanent BGA stencils. It
wasfound that thelatex material could not be mixed
with Boron Nitride but only with the s licon compound.
Theuseof the Boron Nitride, the silicone compound,
and thethermally conductive paint, issubject to further
research and will not be discussed here. Reinforcing
thelatex materia with 17% crumb rubber powder re-
sultsto asolid material being formed at all tempera-
tures. Attention wasfocused onto the latex material
becausethe silicon rubber material always produced
solid stencilsat al temperaturesand crumb rubber con-
tent. Another reasonisthe cost of thelatex materid that
ismuchlower compared to thesilicon rubber material.
Theuse of the silicon rubber is subject to further re-
search.

Semi-dlastomeric stencils(Crystal polyester resin)

Figure4isaphotograph of atypical crystal poly-
ester resin stencil reinforced with 17% by weight of the
neat resin of water treated crumb rubber powder.

It isclaimed that the stencil s produced herewere
made from asemi-elastomeric composite material in
thesensethat the sheet of thematerid producedisable
to bend by aconsiderable amount before fracturing,
whereasasheet of theresndoneisvery brittleand will
fracture almost instantly. It has been reported that!®!
theuseof crumb rubber inresinstoimprove someprop-
ertiesispracticaly not feasible. Theresults suggested
that!*® modification of resinswith crumb rubber cannot
achievethe desired toughnessimprovement. However,
researchers still usecrumb rubber inresinsusually to

Figure4: Typical crystal polyester resin stencil reinfor ced
with 17% water treated crumb rubber powder.

target toughnessimprovement. It iswell known that
rubber particleswhen dispersed in micron-scalerange
may improvethefracture toughness and fractureen-
ergy of thecorresponding resin matrix*. Thisholds
alsotruefor treated crumb rubber*¥. Inthis study, the
sheets of thetreated crumb rubber powder reinforced
resinwerefound to have asemi-e astomeric behaviour
duetotheir ability toflex congderably. Infact, thesheets
were found to be ableto fold over their side before
fracture compared to sheets of theresn materia aone
thus showing acong derableimprovement intoughness,
in agreement with resultsreported el sewherd?, This
property is more than sufficient herefor use as new
permanent BGA stencils. Thefunction of anew stencil
isto aid to thereballing process by making the place-
ment of thebaIsinto the apertureseasier and by hold-
ingthebdlsfirmly withinthegpertures. Thestencilsare
not subject to any mechanica stressduring reworking
other than the possible small amount of bending dueto
operator’s error.

Resinson the other hand play animportant roleas
bindersfor crumb rubber in constructionand civil engi-
neering applications. Anindustrialy produced materia
reported intheliteratureisacomposte of two-compo-
nents, i.e. resin and crumb rubber, and it is used for
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filling expansionjointsin bridge decksand other con-
cretestructures?®. Itisclamedthat theflexibility of the
compositematerial can accommodatesufficient tendle
elongation thereby facilitating safe joint movement
caused by thermal cyclesandtrafficloading®. Itisalso
clamedthat thecompositeiscompletdy imperviousand
preventsany ingressof moisture, chlorides, sats, and
other corrosion inducing substances®!. A somewhat
smilar compositematerid hasbeen produced hereun-
der laboratory conditionsthat is subject to further re-
search.

Fgure5isaphotographof atypica (laser cut/drilled
thusshowingusud burns) crystd polyester resin sencil
containing 30% by weight of the neat resin of Boron
Nitridefiller.

Mixing of the polyester resin with 30% by weight
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Figure5: Typical laser cut/drilled crystal polyester resin
stencil containing 30% Boron Nitride.

of theneat resin of Boron Nitridefiller wasfoundto be
possible. It has been reported that!?! the addition of
30% Boron Nitrideto aresinresultsto amateria hav-
ingatypica therma conductivity intheorder of 1.5W/
mk whichintheeectronicsindustry trandatesinto a
materia having agood therma conductivity. It wasnot
possi bleto measurethetherma conductivity of thecom-
posite material produced here, and therefore, it was
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assumed to havingathermd conductivity Smilar tothe
onereported intheliterature?!.

Recyclingtrials

Figure6isatypical image produced from optical
microscopy that showsgrinded semi-dastomericflakes
(black regionsdueto resin/crumb rubber particlesand
whiteregionsdueto resin/Boron Nitride particles) at
magnifications (a) x50, (¢) 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 materid.

Crumb rubber isa so used in cementitious materi-
al9%22 and Figure 7 shows atypica image of micro-
sructure of water trested crumb rubber particles (small
black regions) and flakes (larger whiteregions) within
the cement matrix (grey regions) at magnifications(a)
x20 and (b) x50.

Notethat Sseveandysisor particlesizedistribution
analysisof theflakeswasnot carried out here. These
findings are ana ogousto work reportedinthelitera-
ture of homogeneousmicrostructuresobtainedusnga
metall ographic microscopewith reflecting objective
(Olympus microscope) where crumb rubber particles
appeared asblack regionsin the bituminous (grey re-
gions) matrix?4, and work using scanning electron mi-
croscopy (SEM) that showed micrographs of ho-
mogeneous fibrous microstructures as black/dark re-
gions(fibres) withintheaduminiumaloy (grey regions)
matrix?, Figure 7 showsahomogeneous microstruc-
ture and therefore evidence of strength and hencere-
cycling of the discarded stencils was assumed to be
feasble. Notethat strength devel opment measurements
werenot carried out here sincethe purposeof thiswork
wasto assesswhether recycling of discarded stencilsis
possible. Visual examination of the samples produced
reveal ed that the samples appeared to be rock-solid,
Figure8. Further work isenvisaged.

Anarticleon the uses of recycled glass suggests
that!®® crushed glass could be used as aggregatein con-
struction, in accordancewith EU legidlation that in-
creasestherequired amount of recyclablematerial to
betaken out of thewaste stream. Crashed glasscould
therefore be used to promote the devel opment of in-
dustrial usesof recycled glass. Hence, flakes obtained
from grinded BGA stencils could also be used to pro-
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(a) Flakes x50 (b) Crumb rubber x50

(c) Flakes x20 (d) Flakes x20
Figure6: Typical imagesof flakes(a, ¢, d) and crumb rubber (b) particlesprior to mixing.
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a) Cement fractured surface x20 b) Cement fractured surface x50

Figure7: Typical imagesof flakesand crumb rubber particleswithin thecement matrix.
motethe development of industrial usesof discarded Rework trials
PCB parts. Figure9 showsareworked PCB inwhichtheBGA
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Figure8: Typical cement samplereinforced with 34% re-
cyclablematerials(17% water treated crumb rubber and
17% flakes).

was removed and then replaced using alatex reballed
gendil.

Figure9: Typical reworked PCB showing a BGA (black
region surrounded by thegreen region) ontop of the (yellow)

latex gelatinous stencil.

Thesticky and stiff gelatinous (yellow) stencil can
be seen underneaththe BGA. In Figure 9thelatex sten-
cil waspurposdly cut to alarger szetodlow easy view-
ing to thereader. Thereworked PCB wasthen placed
in alaptop and standard testswere carried out in the
gpecialized e ectronicsrework |aboratory. It wasfound
that the function of the reworked PCB was normal.
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Further tests are envisaged to assess the long-term
behaviour of the reworked PCB.

Whisker growth and cor ner/edgebonding

It hasbeenreported that tin (Sn) whiskersresultin
falurerisksdueto solder balsbridging caused by fixed
and broken-free whiskerd?-2, Whiskersare el ectri-
cdly conductivesinglecrystd structuresof Snand have
been found to devel op from the surface of pure Snand
Sndloy coatingsor high Snaloyfinished surfaces. They
can causetwo maor reliability problems, mechanical
and eectrica. They cangrow without eectricd fidd, in
vacuum, andinamosphere, with unknown growthrates,
anditisbelieved that they may start to grow soon after
soldering or liedormant for years. Itisalso believed
that 50°C is the optimum temperature for whiskers to
grow and it has been reported that 25°C is more
favourable. Oneconcern withwhiskersistheinability
toingpect for whisker risk during manufacturing. Even
though theissueof metal whiskershasbeen studied for
over 60 years, currently thereis no accepted model
and no industry-wi de accepted methodol ogy to quan-
tify whisker risk. Experimenta resultsand observations
appear to support the hypothesisthat thedriving force
for whisker formationiscompressivestress. Theorigi-
nation and magnitude of thiscompressivestressisstill
under extensivestudies. It isreported that imposed ten-
slestress seemsto slow down the built-up process of
compressivestress. Theuse of thenew permanent sten-
cilsmay giveriseto thisintentionally induced tensile
stress by applying acontinuous compressivestressvia
the gtencilsto the solder joints. Further work isenvis-
aged.

Anepoxy or cement based adhesivefor bonding
of BGA packagesto PCBsin order to prevent crack-
ing of the solder joints dueto thermal or mechanical
flexing of the PCB has been reported®. The under-fill
sol ution provides both creegp mitigation and enhance-
ment of thermo-mechanical fatiguerdiability. Corner
bondingisoneway of under-filling. Themain purpose
of acorner bonding adhesiveisto providewithame-
chanical shock absorber, i.e. to promote additiona ad-
hesion to lessen stressinduced to the solder jointsin
casethedeviceissubjected toamechanica stresslike
dropping. Another approach, namely edgebonding, is
under-fillingthewholeof theBGA areaby injectingan
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adhesveunder thedeviceafter itissoldered to the PCB.
The edge bonding process hasthe additional advan-
tage of inhibiting whiskersformation/growth by sur-
rounding and compressing the solder jointg??. Another
benefit of using the new el astomeric/semi-elastomeric
stencilscould comefromtheir natura ability to absorb
flex dueto PCB warping and mechanical shock dueto
dropping, thusrendering the use of corner/edge adhe-
svesunnecessary. Further work isenvisaged.

CONCLUSIONS

The development of anew family of BGA stencils
transfersknowledgefrom thefield of materialstothe
field of PCB rework. Thismay uniquely providethe
subsequent development of anew, easier, reliable, re-
peatable, predictable, and with low cost rework
method®Y. It isclaimed that the corner/edge bonding
process, where part or the whol e of the area between
the BGA and the PCB isfilled using an adhesive that
curestoformasolid body, hasthe advantageto act as
amechanical/thermal shock absorber. Thereisnorea
son to arguethat the new family of permanent elasto-
meric/semi-d astomeric gencilstoincudethegdatinous
stencils, wherethe areabetween the BGA andthe PCB
isfilled by anon-solid shock-absorbing material, does
not havethe potential to actinasimilar way. Another
benefit of using the new permanent stencils, which sur-
round thejoints, may comefrom their additional ad-
vantage of inhibiting whiskersformation/growth by gp-
plying acontinuous compressive stressto the solder
joints. Thiscompressivestressthen may giverisetoan
induced tensile stressin thejoint that resistswhisker
formation/growth. Hence, the new stencilsmay render
the use of adhesives unnecessary. In addition, PCB
waste may be reduced by recycling discarded parts
bringing extrabenefitsto theindustry and the environ-
ment, should oneday most of the partshavethe poten-
tia to berecyclable. It isenvisaged that millions-upon-
millions of discarded |aptops could be back from the
brink of being hauled to adumpwhileinthe EU alone
morethan 10 million |aptops could bereused bringing
extrabenefitsto owners. PCBsused in high-risk appli-
cations (aviation, shipping, and military applications)
could benefit from being reworked usingthe new sten-
cilstoextendthe servicelifeand offer amorereliable

operation.
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