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ABSTRACT KEYWORDS
This work relates to the development of a new family of cementitious BGA stencil;
compositesto be used as the material of permanent stencilsfor the rework Rework;
(removal, repair, and replacement) of BGA (Ball Grid Array) components Semi-elastomeric;
that can be found on a PCB (Printed Circuit Board). The rework involves Crumb rubber;
the use of stencilsto solder an array of new micro-balls arranged in a grid Cement;

manner below the BGA. A stencil is a membrane that consists of arrays of
perforations arranged in agrid manner. The membraneis produced from a
composite that is made by mixing synthetic rubber latex, cement, and crumb
rubber. The thermal conductivity of the composite was measured by a
method also developed in this work. The new family of stencils transfers
knowledge from thefield of compositesto thefield of PCB rework and may
uniquely provide the subsequent development of anew, easier, repeatable,
predictable, low cost, rework method. Other benefits include increase in
thermal conductivity, reinforcement with crumb rubber, inhibition of whisker
formation/growth, no cleaning is necessary, and no need to use adhesives.
© 2014 Trade Sciencelnc. - INDIA

Thermal conductivity.

INTRODUCTION in mobile phones, computers, modems, handheld de-

vices, office environment equipment, trucks and bus-
ses, andinaviation, shipping, and military applications.
A BGA component that isfound to befaulty isremoved

The BGA isan electronic devicethat consists of
copper pads (situated at the bottom side and that are)

arrangedinagrid manner ontowhichmicro-bals(made
from solder) are soldered, hence the name. On the
PCB, onto whichthe 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
eectroniccircuits. BGAsarecurrently used extensively

fromthe PCB, deared of thebdlls, cleaned, and rebdled,
i.e. soldering anew set of matching ballsonto the pads
of theBGA. Rebdlinginvolvestheuseof BGA stencils
to aid with the soldering process. A BGA stencil isa
perforated membrane (of thickness between 0.2-0.9
mm) which consists of arrays of perforations (micro-
holes or apertures) arranged in agrid manner, i.e. a
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mirror imageof thepadsand landspatterns. Findly, the
BGA istransferred to therework areato resolder the
new set of ballsof theBGA ontothe PCB lands. BGA
meta stencilsaremadefrom stainlesssted and arere-
moved after use. Flexiblestencilsarea so used that are
made from a polymer film and are removed after
reballing. Another type of stencil is made from a
polyimidefilmand thisisapermanent stencil™.
Thecongtant evolution of new tools, materias, and
methodsfor rework could makethe processmorere-
liable and repeatable. One should stay abreast of new
developmentsby congtantly seekingfor innovativeways
toimproverework methods. Therefore, thiswork is
concerned withthedeve opment of CEMENSTENCIL,
afamily of new BGA gencilsthat aremadefromasemi-
elastomeric compositematerid that inturnismadeby
mixing synthetic rubber latex used inthe construction
industry, cement powder, and water trested crumb rub-
ber powder. The new stencil ispermanently fixed be-
tweenthesoldered balls, theBGA, andthe PCB. Smilar
methods currently in useemploy stencilsthat are made
from polyimide materialsthat are permanently fixed
between the soldered balls, the BGA, and the PCB.
Thenew BGA stencilsare cut from thin sheets of the
compositeand drilled to form the stencilsand do not
require any cleaning processes. CEMENSTENCIL
may uniquely providethe devel opment of anew, easier,
repeatable, predictable, rework method, and the pos-
ghbility of eliminating the application of theresoldering
process of the new set of solder ballsand thusat | east
onefewer thermal cyclefor the BGA component!*2,
Thestencil could be madeto reducethetemperature of
the BGA by transferring heat from the soldered joints
to the heat-gnk system of thegpplication by monitoring
thethermal conductivity of thematerial of the stencil.
The composite could thereforeinclude up to 67% by
welight of the neat latex materid of commercidly avail-
able ordinary cement powder that can act as ather-
mally conductivefiller to enhancethetherma conduc-
tivity of the stencil. The compositecould alsoinclude
up to 43% by weight of the neat |atex material of com-
mercidly availablecrumb rubber powder reinforcement
produced from discarded car/truck tyresto increase
thetoughnessof the stencil™. A method for measuring
thethermal conductivity of thecompositeinair & room
temperaturewasal so devel oped. The new stencilshave
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the ability to render the use of corner/edge adhesives
unnecessary. Adhesivesare currently being usedinthe
€l ectronicsmanufacturing industry 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 by surrounding the
solder joints. The new semi-dastomeric stencils, inad-
dition, havethe potentia to inhibit whiskersformation
and growthin the solder joints by surrounding and con-
tinuoudy compressing thejoints. No suchwork hasbeen
reportedintheliteraturebefore.

EXPERIMENTAL

Materials

All basic materid sused werecommercidly avail-
able. The semi-elastomeric materia swere madefrom
al-component cold-settingliquid synthetic rubber la-
tex, the type of latex used in construction, namely
Planicrete. The cement powder that was used to in-
creasethethermd conductivity of thelatex materid was
agenera purpose ordinary cement. Thecrumb rubber
powder (produced by an ambient grinding process) was
from car tyres(synthetic rubber) of 0-0.2 mm (200 um
maximum, 60 mesh) particlesize.

Methods

The crumb rubber powder wastreated using the
water activated method prior to mixing to enhancethe
latex/rubber/cement bond™. All mixingwascarried out
in plastic beskersby hand. Thelatex materiad wasmixed
with various amounts of cement powder and water
treated crumb rubber powder without the addition of
water. Thistypeof latex isused in congtruction by mix-
ing it with cement powder and water. Themixturewas
laduponaflat surface. Theflat surfacewasfirst deaned
and then coated with athin layer of release agent. It
was found that a sheet of the composite material of
thickness 0.3-0.4 mmwas easily produced. To mea-
surethethermal conductivity of the sheets, amethod
suitablefor usein eectronicslaboratorieswasdevel -
oped. Findly, inrework tria tests, aBGA component
wasrebaled usngaCEMENSTENCIL. Thereworked
BGA wasthentransferred to arework station, i.e. spe-
cificaly built machines¥, and solderedtoaPCB. The
reworked PCB was next fitted into alaptop computer
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that wasthen switched on and its short-term function-
ality was assessed.

RESULTSAND DISCUSSION

Semi-elastomeric stencils

Figurelisaphotograph of typica semi-elastomeric
stencils produced by mixing thelatex binder with 50%
(by weight of the neat binder) cement powder, (a), and
the same binder with 42% cement powder and rein-
forced with 8% (by weight of the neat binder) of water
treated crumb rubber powder, (b).

.
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concept of measuring thetherma conductivity of asolid
sampleof amaterial. Qisthequantity of heat flowing
through the sampl €’s cross-sectional area A and over a
length AL acrosswhich atherma gradient exists, AT/
AL.T, and T, arethetemperatures measured over the
lengthALand AT=T - T3
Then, thethermal conductivity, K, isgiven by the
ratio of thehesat flux, Q/A, tothetherma gradient, AT/
AL,i.e
K =(Q/A)/(AT/AL) 1)
The heat produced from aheater could be cal cu-
lated by measuring directly the electrical power sup-

(a) (b)

Figurel: Typical CEM ENSTENCIL S(0.4 mmthicknessand cross-sectional area 23x23 mm?) madewith latex 50% cement
powder, (a), and latex 42% cement powder 8% water treated crumb rubber powder, (b).

Itisclaimed that the stencil sproduced here were
made from asemi-elastomeric compositeinthe sense
that the sheet of the materia isableto bend by acon-
siderable amount without cracking. In fact, the sheets
werefound to be so flexiblethat they wereabletofold
over their sidewithout any visual cracking, Figure 2,
thus showing acong derableimprovement intoughness.
This property is more than sufficient for use as new
permanent BGA stencils. However, thematerid appears
to beableto accommodate minimal tensileeongation,
asassessed by visual examination. Thefunction of the
new stencil isto aidtothereballing process by holding
themicro-balsfirmly withinitsapertures. Thestencils
arenot subject to any mechanica stressduring rework-
ing other thanthe possiblesmall amount of bending due
tooperator’s error. The thermal conductivity of the com-
posites produced was measured using amethod devel -
oped here, as described bel ow.

M ethod of measurement of thethermal conduc-
tivity of thin solid samples

Figure 3 shows a schematic representation of the

pliedto the heater®. Figure4 showsthee ectric heater
usedinthiswork that isconnected to aheating gun that
givesout aconstant jet/flow of hot air, Q. Thevalue of
Q was taken to be 600 W, the maximum electrical
power consumption supplied by the manufacturer. It
was not possibleto know therelation of thetempera-
ture of thehot air coming out from thegunto theelec-
trical power consumption of the heater, and the maxi-
mum value of 600 W wasthereforeusedinthecalcula-
tions. Whenthethermal conductivity of asolid sample
ishigh, theamount of heet flowingthroughitishighand
the heat lost fromthesample’s lateral surface is small. A
hightemperaturegradientisestablished inthiscaseand
itispossibleto measureit accuratdy. Whenthetherma
conductivity of asolid sampleislow, thecorresponding
heat flowingthroughit islow and the heat lost from the
sample’s lateral surface, Y/, ishigh. The heat flux was
assumed to be uniaxial. Therefore, the solid samples
produced herefor the purpose of measuring the ther-
mal conductivity of thecompositewerethin enoughto
reduce lateral heat |osses, intherange 0.4-1.45 mm.
That was sufficient to generate ameasurablethermal
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(b)

Figure?2: Typical sheet (0.4 mm thickness) of a composite
latex 42% cement powder 8% water treated crumb rubber
powder, (a), and the samesheet folded over itsside, (b).

gradient. Usudly, thesampleispackedinsdeinsulation
to minimize hesat | osses. Without insta lation of insula-
tion, the heat losses are difficult to control. Commer-
cially available apparatus using plastic/composite
sampleswith thicknessesintherange 3-5 mm provide
good insulation, but comeat arelatively high cost. In
thiswork, the measurementsof thethermal conductiv-
ity of the compositeswerecarried out inair at room
temperature. Therefore, agraphica techniquewasused
to account for thecumul ative heat losses (laterd and/or

AL
N
Q’ 1%
T Q | Q |
| |
1 |
=y ] N

Figure3: Schematicrepresentation of K concept

other possiblehest |osses) during theexperimenta pro-
cedure.

Detailed description of experimental procedure

Figure 4 shows the AOY UE Soldering Station
Heating Gun (dimensions of gun mouth 12x12 mm?)
settogiveout ajet/flow of hot air at 90°C. The station
ispart of standard equipment in el ectronicslaborato-
ries.

Figure 5 showsthe experimenta set-up. ThisFig-
ureshowshow atypica semi-elastomeric thin squared
solid sample (dimensions 35x35 mm? and 0.4-1.45mm
thickness) isplaced at adistance of 10 mm fromthe
mouth of the gun. Next, the heater isturned on and
measurements of thetemperatures at the centre of the
areaA, T, (inner surface, i.e. the face of the sample
next to themouth) and T, (outer surface) aretaken af-
ter 5minutes (to dlow asteady-state of Qto bereached)
and at a1l minuteintervals, using an IR Thermometer
(Figure4). To establish the new method of calculating
K inair, toincludean account for the heat | osses, vari-
ous samples of known K values were used. These
sampleswerein the form of thin squared plates (di-
mensions 25x25 mm?) from copper (K =400W/mC
andthickness AL =0.14 mm), duminium (K =250 W/
mC, AL =0.53mm), stedd (K =16 W/m C, AL=0.45
mm), thermally conductive pad used ineectronicslabo-
ratories(K =1.7W/m C, AL=0.3mm), and glass (K
=1.05W/mC, AL =0.58 mm). A samplewasalso cut
out from the side of afood can with thickness AL =
0.25 mm. Thesampleswere placed infront of thegun
mouth and measurements were taken and recorded.
Next, agraphica techniqueto account for thetotal heat
losseswas used that was aplot of the experimentally
obtained K values, using Equation (1), against the ac-
tual K values, asshowninFigure6.

Notethat theareaA in Equation (1) wastakento
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Gun and gun mouth

Figure5: Method and experimental arrangement showing athin solid samplein front of thegun mouth and at a distance of

10 mm.
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Figure6: Plot of experimentally obtained K valuesagainst
actual K values.

be 12x12 mm?, i..e. thedimensions of themouth of the
gun, Figure 5. Hence, an account for the heat |osses
was made by the use of Figure 7 that isderived from
Figure 6 and can be used for the determination of low
K values.

Fromtheplotin Figure7 anempirica relationship
isderived asfollows:
K experimental =0.5574 (K actual)*“** and therefore
K =0.311 (/K experimental)? 2

Equation (2) wasused to cal culate theK values of
the composites produced here. In order to examine
whether themethod devel oped givesreliableand re-
producible data, the sample cut from the side of the
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Figure7: Experimental K againgt actual K for low K values.
food can was used. Next, the test procedure just de-

scribed wasapplied and typica dataobtainedisshown
inTABLE 1.

TABLE 1: Typical dataobtained using thefood can sample.

T T, AT
53.6 43.8 9.8
53.8 43.2 10.6
56.6 42.6 14.0
57.0 44.0 13.0
58.2 45.2 13.0
58.6 43.8 14.8
58.4 45.6 12.8
58.6 454 13.0
59.0 45.2 13.8

Average AT =13

Thesampleof thickness AL = 0.25 mm and aver-
age AT =13, i.e. thefood can sample, has been found
hereto havean experimentally obtained valueof K in
theorder of 0.081x10°* W/m C, using Equation (1).

Thistogether withthe datain Figure 8, that isde-
rived from Figure 6 and showsaplot of experimentaly
obtained K valuesagainst actua K vauesfor largeK,
yieldsavalueof K between 250-260 W/m C, indicat-
ing that the material of theside of thefood canismost
probably madefromauminium. Theliteraturereveds
that the use of duminiuminfood cansbeganin 1957.
Aluminiumislesscostly thantin-plated sted but offers
the sameresistance to corrosion in addition to greater
mallegbility, resultingin ease of manufacture. Thisgave
riseto thetwo-piece can, whereall but thetop of the
canisstamped out of asinglepieceof duminium. Hence,
thetopistin-plated stedl andtheside of thecanisalu-
minium. However, thebas c materia used for most food
cansintheUK issted™,

Experimetal K
WmC)x 105 E \

y = 156691x25% N
R?=0.9783 AN

(0] 100 200 300 400 500
Actual K (W/mC)

Figure8: Experimental K againg actual K for largeK values

Hence, therangeof K vauesobtainedinthiswork,
using Equation (2), isgiveninTABLE 2.

TABLE 2: K valuesobtained in thiswor k

K (W/m C) Composite
0.362 Latex 29% Cement
1.697 Latex 41% Cement
4.024 Latex 50% Cement
4.053 Latex 60% Cement
5.016 Latex 67% Cement

Theamount of cement inthecompositesin TABLE
2 varied between 29-67% (by weight of the neat latex
binder) and showsamaterid with consderableincrease
inK suitablefor usein electronic applications. It has
been reported that the addition of 30% Boron Nitride
filler toaresnresultstoamateria having atypicd ther-
mal conductivity intheorder of 1.5W/m C®. Thether-
mal conductivity of ordinary cement powder is0.29
W/m C. Thetherma conductivity of ordinary cement
mortar has been reported to be 0.739 W/m Cl. The
conventional lightwel ght concrete hasbeen found to
have aK valuein the range 0.303-0.476 W/m Ci,
Thethermal conductivity of cement pastes has been
reported to liein the range 0.52-0.719 W/m C¥. A
cementitiousgrout that al so contained latex has been
reported to have athermal conductivity intherange
1.5-2.423W/m Cl%, Thethermal conductivity of con-
ductive epoxy based adhesivesused intheelectron-
icsindustry hasbeenreportedto beintherange0.7-
3.5W/mC™, Thethermal conductivity of heat trans-
fer compoundsalso usedintheeectronicsindustry is
reported to lie between 0.9-3.0 W/m C3, Hence, the
range of theva uesof thetherma conductivity reported
herefor thevarious compositesiscomparableto those
reported intheliterature.
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Rework trials

Figure 9 showsareworked PCB inwhichaBGA
was removed and then replaced using a
CEMENSTENCIL.

The CEMENSTENCIL can be seen underneath
the BGA. InFigure9, the stencil waspurposdly cut to
alarger sizeto alow easy viewing to thereader. The
reworked PCB wasthen placed in alaptop and stan-
dard testswere carried out inthe specialized el ectron-
icsrework laboratory. It wasfound that the function of
thereworked PCB was normal. Further testsare en-
visaged to assess the long-term behaviour of there-
worked PCB.

Whisker growth and cor ner/edgebonding

Tin (Sn) whiskersresultinfailurerisksdueto sol-
der bdlsbridging caused by fixed and broken-freewhis-
kers. Whiskersareéd ectrically conductivesinglecrys-
tal structures of Sn and have been found to develop
from the surface of pure Sn and Sn alloy coatingsor
high Sn alloy finished surfaces. They can causetwo
major reliability problems, mechanical and eectrical.
Experimenta results and observations appear to sup-
port the hypothesisthat the driving force for whisker
formationiscompressive stressand that imposed ten-
slestressseemsto s ow down the built-up process of
compressive stress¥. The use of the new permanent
CEMENSTENCIL may giverisetothisintentionally
induced tensile stress by applying acontinuous com-
pressive stressviathe stencil to thesolder joints. Fur-
ther work isenvisaged.

Adhesivesfor bonding of BGA packagesto PCBs
are being used to prevent cracking of the solder joints
dueto therma or mechanical flexing of the PCB. Cor-
ner bondingisoneway of under-fillingthet isa sothought

- R y -~
o N e CEMENSTENCIL™ .
Figure9: Typical reworked PCB showingaBGA on top of the CEMENSTENCIL.
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to provideamechanica shock absorbing systemin case
thedeviceissubjected toimpact stresslike dropping.
Another gpproach, namely edgebonding, isunder-fill-
ing thewholeof the BGA areaby injectingan adhesive

3

under the device after it issoldered to the PCB. The
edge bonding processisthought to havethe additional
advantage of inhibiting whiskersformation/growth by
surrounding the solder joints¥. Another benefit of us-
ing thenew permanent CEMENSTENCIL could come
fromitsnatura ability to absorb flex dueto PCB warp-
ing and mechanical shock dueto dropping, thusren-
dering the use of corner/edge adhesives unnecessary.
Further work isenvisaged.

CONCLUSIONS

Thework reported hererel atesto the devel opment
of CEMENSTENCIL, anew family of cementitious
compositesto be used as the material of permanent
gtencilsduring therework (remova, repair, and replace-
ment) of BGA (Ball Grid Array) componentsthat can
befound onaPCB (Printed Circuit Board). Thenew
stencils could be made from asemi-elastomeric sheet
of acompositematerid that inturn could bemadefrom
synthetic rubber latex used in theconstruction industry,
cement powder, and crumb rubber powder. Theterm
semi-dastomericisused hereinthesensethat the sheets
of thematerid are soflexiblethat they areabletofold
over their sdewithout any visua cracking, thus show-
ing acons derableimprovement intoughness. Thede-
velopment of CEMENSTENCIL transfersknowledge
fromthefield of compostemateridstothefidd of PCB
rework. Thismay uniquely providethe subsequent de-
velopment of anew, easier, reliable, repeatabl e, pre-
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dictable, and with low cost rework method. Other ben-
efitsincludethe dimination of thestencil cleaning pro-
cess, ability toincreasethethermal conductivity, rein-
forcement with crumb rubber, ability toinhibit whisker
formation/growth, and rendering the use of adhesives
unnecessary. In addition, amethod for measuring the
thermal conductivity of thin solid materialsin air has
been developed. The method could be particularly
suited for useby research e ectronicslaboratories. Itis
envisaged that millions-upon-millions of discarded
|aptops could be back from the brink of being hauled
to adump and reused bringing extrabenefitsto own-
ers. PCBsusadin high-risk gpplications(aviation, ship-
ping, and military applications) could bereworked us-
inglow cost CEMENSTENCIL to extend theservice
lifeand offer amorereliable operation.
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