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ABSTRACT KEYWORDS
The aim of this paper isto investigate the structure of a BGA/Stencil/PCB BGA;
interconnect, i.e. the structure produced when a permanent semi-elastomeric PCB;
stencil isformed or placed withinausua BGA (Ball Grid Array) / PCB (Printed I nterconnects;
Circuit Board) interconnect. A permanent semi-elastomeric BGA stencil isa Semi-elastomeric;
membrane that consists of arrays of perforations arranged in agrid manner. Crumb rubber.

The membrane is produced from a thermally conductive material that is
made by mixing synthetic rubber latex or styrene acrylic emulsion binders,
conductive filler, and crumb rubber. The development of the new family of
stencils transfers knowledge from the field of materials to the field of PCB
manufacture/rework and may provide benefitsto includeincreasein thermal
conductivity, reinforcement with crumb rubber, inhibition of whisker
formati on/growth, protective coating to prevent the formation of corrosion
products, and no need to use adhesives. The BGA/Stencil/PCB interconnects
havethe potential to extend the servicelife of aPCB and offer amorereliable
operation, especially for PCBs used in high-risk applications (aviation,
shipping and military applications). It isthefirst timethat such materialsare
being used in highly sensitive electronic hardware applications.
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INTRODUCTION electroniccircuits. BGAsarecurrently used extensively

in mobile phones, computers, modems, handheld de-

TheBGA isan electronic devicethat consists of
copper pads (situated at the bottom side and that are)
arrangedinagrid manner ontowhich micro-bals(made
from solder) are soldered, hence the name. On the
PCB, ontowhichthe BGA ballsareresoldered, there
isamatching set of copper lands. The BGA packages
offer many advantages over other packagesand asa
result they areincreasingly used for the manufacture of

vices, office environment equipment, trucks and bus-
ses, andin aviation, shipping and military gpplications.
A BGA component that isfound to befaulty isremoved
fromthe PCB, cleared of theballs, cleaned and reballed,
i.e. soldering anew set of matching ballsonto the pads
of theBGA. The BGA isthen transferred to arework
(i.e. removal, repair and replacement) station and
resoldered to the PCB!™. Inthiswork, theresoldering
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process could be carried out using arework station
and apermanent semi-elastomeric BGA stencil that is
placed between the component and the PCB*3, Al-
ternatively, thestencil could beformed by casting after
theresoldering processis completed, i.e. by thegrav-
ity-assisted liquid-gtencil infiltrationinto theinterstice of
an ordinary BGA/PCB interconnect!¥. A BGA semi-
elastomeric stencil isaperforated membrane (of thick-
ness between 0.3-0.4 mm) which consistsof arraysof
perforations (micro-holes or apertures) arrangedin a
grid manner, i.e. amirror image of thepadsand lands
patterns. The membraneis made from asemi-el asto-
meric materia that inturnismadeby mixing synthetic
rubber latex or styrene acrylic emulsion binders, con-
ductivefiller and water treated crumb rubber powder.
Thegtendll ispermanently fixed betweenthemicro-bdls
of theBGA and the PCB. The stencil can be produced
fromthemembrane(i.e. thin sheetsof the materid) by
laser cutting/drilling and does not require any cleaning
processes. Alternatively, the stencil can beformed by
cadting, i.e. by thenaturd infiltration of theliquid-stencil
between the BGA and the PCB. The stencil could be
madeto reducethe temperature of the BGA by trans-
ferring heat from the soldered jointsto the heat-sink
system of the gpplication by monitoring thetherma con-
ductivity of thematerid of thestencil. Thematerid could
thereforeincludeupto 67% by weight of the neat binder
of commercidly availablethermally conductive pow-
der that can act asaconductivefiller to enhancethe
therma conductivity of thestencil. Thestencil coulddso
includeupto 43% by weight of the neat binder of com-
mercidly avallablecrumb rubber powder reinforcement
produced from discarded car/truck tyresto increase
thetoughness. Thestencil hasthe ability to render the
useof corner/edge adhesives unnecessary. Adhesives
arecurrently being used in the e ectronics manufactur-
ingindustry to act asBGA mechanical/thermal shock
absorbers dueto dropping/heating and to absorb flex
dueto PCB warping, and toinhibit whisker formation/
growth by surrounding the solder joints¥. Thestencil,
inaddition, hasthe potential toinhibit whiskersforma:
tion and growth in the solder jointsby surrounding and
continuously compressing thejointg*®l. Thestencil can
also act asacoating to prevent (or at least minimize)
degradation of theinterconnect by preventing corro-
son.
Woatevialy Science Commm—

EXPERIMENTAL

Materials

All basic materid sused werecommercidly avail-
able. The semi-elastomeric materia swere madefrom
al-component cold-settingliquid synthetic rubber la-
tex binder or a1-component cold-setting styreneacrylic
emulsion binder. Thefiller wasathermaly conductive
fine powder. The crumb rubber powder (produced by
an ambient grinding process) wasfrom car tyres(syn-
thetic rubber) of 0-0.2 mm (200 pm maximum, 60
mesh) particlesize.

Methods

The crumb rubber powder wastreated using the
water activated method prior to mixing to enhancethe
binder/rubber/filler bond™. All mixingwascarried out
in plastic beakers by hand. The binders were mixed
with various amounts of conductivefiller and water
treated crumb rubber powder. Themixtureswerelad
up on aflat surface. Theflat surfacewasfirst cleaned
and then coated with athin layer of release agent (paste
wax). It was found that sheets of the composites of
thickness 0.3-0.4 mm were easily produced. It is
claimed that the sheets produced herewere madefrom
asemi-elastomeric material inthe sensethat they are
ableto bend by acons derable amount without crack-
ing. Infact, the sheetswerefound to be soflexiblethat
they wereabletofold over their sdewithout any visua
cracking®. Inlaboratory rework tria tests, BGA com-
ponentswerereballed using flux™3. Then, they were
transferred to arework station, i.e. specifically built
machines¥, to be soldered to a PCB. The soldering
processwascarried out in aninfrared rework station
using flux and a soinvolved theuse of astencil that was
placed betweenthe BGA and the PCBE. Alternatively,
the soldering processwas carried out in ahot-air re-
work station using acontinuousflow of anitrogen-con-
taining gas during the cooling stage’?. Thestencil was
then formed by casting after the soldering processwas
completed. Factory produced (i.e. standard) BGA/PCB
interconnectswere modified by casting. Typica inter-
connectswere split open using the hot-air rework sta-
tionto produce cutsfor sructureexamination. Thesten-
cil-reworked PCBswere next fitted into alaptop com-
puter that wasthen switched on and its short-term func-
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tionality wasassessed. Followingthis, stencil-reworked
PCBswere put into the production lineand their long-
term functionality isbe ng continuoudy monitored.

RESULTSAND DISCUSSION

Figure 1(a) isaphotograph of atypica (laser cut/
drilled) stencil (cross-sectiond area34x34 mm?, 0.4
mm thicknessand 0.6 mm aperture) produced by mix-
ing the binder with 42% by weight of the neat binder of
conductivefiller and reinforced with 8% by weight of
the neat binder of water treated crumb rubber powder.

= Fyl] Paper

eredwiththematerid (binder 46% conductivefiller 4%
water treated crumb rubber powder) formed by cast-
ing, onthe BGA side(a) and onthe PCB side (b).

Figure 5 are cuts from typical factory produced
BGA/PCB interconnectsthat show cross-sectionscov-
eredwiththematerid (binder 42% conductivefiller 8%
water treated crumb rubber powder) formed by cast-
ing, onthe BGA side (aand c) and onthe PCB side (b
and d).

Figure6 arecutsfrom typical |aboratory produced
BGA/Stencil/PCB interconnects made using flux and
an infrared rework station that show cross-sections

@

(b)

Figurel: Typical stencil madewith binder 42% conductivefiller 8% water treated crumb rubber powder (a) and typical
rewor ked BGA/PCB inter connect showingthe BGA on top of thestencil (b).

Figure 1(b) is a photograph that shows atypical
reworked BGA/Stencil/PCB interconnectinwhichthe
BGA (32x32 mm? and 1 mm thickness) wasremoved
and then replaced using astencil that can be seenun-
derneath the BGA. Notethat the stencil was purposdy
cuttoalarger sizeto alow easy viewing to thereader.

Figure 2 arecutsfrom typical |aboratory produced
BGA/Stencil/PCB interconnects made using acon-
stant flow of anitrogen-containing gasand ahot-air
rework station that shows cross-sections covered with
the materia (binder 50% conductivefiller) formed by
casting, on the BGA side (aand c) and on the PCB
side (b and d).

Figure 3 are cuts from typical factory produced
BGA/PCB interconnectsthat show cross-sectionscov-
ered with the material (binder 50% conductivefiller)
formed by casting, onthe BGA side (aand c) and on
the PCB side (b and d).

Figure4isacut from atypical factory produced
BGA/PCB interconnect that shows cross-sections cov-

covered withthe (laser cut/drilled) stencil (binder 42%
conductivefiller 8% water treated crumb rubber pow-
der), onthe BGA side (aand c¢) and onthe PCB side
(band d).

Figures 2-6 are photographsthat show the struc-
tureof BGA/Stencil/PCB interconnectsand confirmthe
function of the stencil, whichisto surround and hold
themicro-balsfirmly withinitsapertures. Thesefigures
confirm the clamsmadethat the stencil hasthe poten-
tid toinhibit whiskersformation and growthinthesol-
der jointsby applying acontinuous compressive stress
viathe semi-elastomeric stencil to the solder joints.
Thesefiguresdemonstrate the good adhesion and ro-
bustness (i.e. the materia appearsto be compact) of
the stencil and confirm claims made that another ad-
vantage of using the new stencil could comefromits
natural ability to absorb flex dueto PCB warping and
mechanical shock dueto dropping, thusrendering the
use of corner/edge adhesives unnecessary!Y.

The method of measurement of thethermal con-
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Figure2: Typical home produced BGA/Stencil/PCB inter connects made using a nitrogen-containing gasand a hot-air
rework station showing cr oss-sectionscover ed with thematerial (binder 50% conductivefiller) formed by casting on the
BGA side(aand c) and onthe PCB side(b and d).

Figure3: Typical factory produced BGA/PCB inter connects showing cross-sectionscovered with the material (binder
50% conductivefiller) formed by castingon theBGA side (aand c) and on the PCB side (b and d).

Woatevioly Secience mmm—
ﬂnVMW




MSAIJ, 10(10), 2014

‘qv.r\-

l’ )

A
S
e R B

“- v
’

TR E R
. s, °

StaNevre Vo
b

“naa

BB RN SRS R

Panagiotis Frantzs et al.

435

N

scetnanny

..

S T W TR e

L ]
*
e
L
¢
o
.
L
LR

“~

S5 \c'.'

T,

RLAANTF SN v,y
+WrrTenes

t 249>

EE L A

EEagBNAmns o

78 Qe

NEaTgem

RLTEFART AN LA AN

TP ERTEPOreT e ®
.x-..‘vrnow's-.w‘et*!
retece Arcesre
eTe

-
L]
»

e b R g

2PeP eBTIY
mAPSBIBa™

-4
L

ancgir
FEE B

SO VAN PN 3 9
R L g

(a8 W R

Hhde BoR 99

%)
., e R¥e s

g

iy T ae g

+
-

(21}

PR

an s »

¥

>

~

o

= Fyf] Paper

®)

Figure4: Typical factory produced BGA/PCB inter connect showing cr oss-sectionscover ed with thematerial (binder 46%
conductivefiller 4% water treated crumb rubber powder) for med by casting on the BGA side(a) and on the PCB side (b).
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Figure5: Typical factory produced BGA/PCB inter connects showing cross-sections cover ed with the material (binder
42% conductivefiller 8% water treated crumb rubber powder) formed by casting on the BGA side(aand c) and onthe PCB

sde(bandd).
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Figure6: Typical home produced BGA/Sencil/PCB inter connectsmadeusing flux and an infrared rework station showing
cross-sections covered with the (laser cut/drilled) stencil (binder 42% conductivefiller 8% water treated crumb rubber
powder) ontheBGA sde(aand c) and onthe PCB side (b and d).

ductivity (K) of the materia developed previoudy™®
yielded asmilar rangeof va uesof thethermal conduc-
tivity of themateria of the stencil developed hereand
showed amaterid with consderableincreaseinK suit-
ablefor useineectronic applications.

Nitrogen (N,) is often used to reduce the metal
oxidesformed during the soldering of the BGA onto
the PCB. In thiswork, some solder joints were pro-
duced (i.e. a successful electrical connection was
achieved) inthelaboratory by the application of acon-
tinuousflow of anitrogen-containing gasduring the
cooling stageusing ahot-air rework station. The con-
tinuousflow of the nitrogen-containing gasisachieved
inambient air conditionsfrom asupply tubeviaata

pered nozzle across the width of the PCB area that
containsthelandsat arateapproximately 0.02 m® sec
12 Theflow of thenitrogen-containing gasismaintained
for avery short period (2 minutes). The use of acon-
trolled continuousflow of the nitrogen-containing gas
inambient air conditionsprovidesan environment that
virtualy resultsin the deposition of agasfilmontop of
the PCB areathat containsthelandsthat displacesthe
ambient air and henceresultsin theestablishment of N,
conditionsthat alow the bonding of the solder balls
onto thelands3. Similar techniques of forming bonds
under special conditions have been reportedinthelit-
erature®d, Thestencil wasthen formed by casting. The
stencilswere found to adhere well to both the BGA
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and the PCB surfaces and therefore they can also act
asaprotective coating preventing degradation of the
interconnectsby preventing corrosion. Preliminary wa:
ter diffusontestd”® indicated that themateria absorbed
nowater at any time, contrary toresing®. Most metals
corrodewithtime(i.e. recombinewith corrosive agents
intheenvironment likeoxygen, chlorine, sulfur, fluorine
etc.) inanattempt to returnto their natural state. Since
these corrosion productsinterfere with the passage of
electrica current acrossan interconnect, then the con-
tact surfaces can be coated to prevent or at least mini-
mizetheformation of corrosion products?.

CONCLUSIONS

Thework reported hererel atesto the devel opment
of permanent stencils, i.e. afamily of materialsthat can
be used for the production of BGA/PCB interconnects
during themanufacture of aPCB (Printed Circuit Board)
or therework (removal, repair and replacement) of a
BGA (Bdl GridArray) component that can befound on
aPCB. Thestencilscould be madefrom asemi-elasto-
meric sheet of amaterid that inturn could bemadefrom
synthetic rubber latex or styreneacrylicemulson bind-
ers, thermdly conductivefillersand crumb rubber pow-
ders. The stencilsare then produced by laser cutting/
drilling. Alternatively, thestencil can beformed by cast-
ing after the BGA issoldered onto the PCB. Visual ex-
amination of the structure produced whenthestencil is
formed or placed withinacommon (i.e. standard or re-
work [aboratory produced) BGA/PCB interconnect con-
firmsthefunctionsof thestencil whichare(i) tosurround
and holdthemicro-ballsfirmly withinitsapertures, (ii) it
hasthepotentid toinhibit whiskersformatiorn/growthin
the sol der jointsby the gppli cation of acontinuouscom-
pressive tressviathe semi-el astomeric stencil tothe sol-
derjoints, (iii) itsnatural ability to absorb flex dueto
PCB warping and mechanica shock dueto dropping,
and (iv) it can act asacoating to prevent or minimize
degradation of theinterconnect by preventing corrosion.
Other benefitsindude(v) thediminationof encil deaning
processes, (vi) ability toincreasethetherma conductiv-
ity that givesthe advantage of temperature balance un-
derneath the BGA in addition to reducing thetempera-
tureof the BGA by transferring heat from the soldered
jointsto the heat-sink system of theapplication, (vii) re-
inforcement with crumb rubber, (viii) non-toxicandthus

= Fyf] Paper

environmental friendly, and (ix) low cost. A disadvan-
tage may bethe setting time of the material withinthe
interconnects (about 24 hours). Thedeve opment of the
family of stencilsand the subsequent BGA/Stencil/PCB
interconnects, transfers knowledge from the field of
materidstothefield of PCB manufacture/rework. Itis
envisaged that millions-upon-millions of discarded
laptops could be back from the brink of beinghauled to
adump and reused bringing extrabenefitsto owners.
PCBsusedin high-risk gpplications (aviation, shipping
and military applications) could be manufactured/re-
worked usingthelow cost permanent stencilsto extend
theservicelifeand offer amorereliable operation.
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