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WO 2004/ 023111 PCT/ S&002/ 000216 -1 APPARATUS AND
METHOD FOR BONDI NG STRENGTH TESTI NG FI ELD OF THE

wo NVEMBIGAN 5 The present invention relates to PIT/SG2002/000216
apparatus and nethod for testing material properties
and in particular, it rel atgsl_to an apparatus and
met hod for testing material ‘bondi ng strengths.
BACKGROUND OF THE INVENTION 10 In a wide variety of

| NAAPPARATUS AND RESHOB'POR BORBINSS TRENG I TS TING
strength between two or nore materials. For exanple,
during sem conductor fabrication, an epoxy nol di ng

' ed to encapsul ate an integrated
F'Eﬁﬁé@#ﬁqﬂé%ﬂp&sect it fromits environnent.
During the IC 15 encapsul ati on process, the nol ding
conpound tends to adhere to the nold surface. Hence,
a | ayher poeserdainventions related It ap@Eppedatus ahé methdd for testing
cts the ar_and abrasi o

I | d [ N
mlGH[ PBIFERS Soghr RaedloBy R PRes T arh BEPARAE 4B mthod for
testngreatstidl bR stidnighd. 0 the nold. In the devel opnent
-of the coating, it is necessary to quantitatively

eval uate the bonding strength between 20 the nol di ng

BACKERBO 6#TQEW\ﬁEr}I+IQ) ddition, it is desirable to
st

neasur e the cKing tendency of different nolding
compounds to the nold as well as to the IC. Various

testin t hods have heen devel oped to neasure the . )
2B 4 dHEe Vasety K RENRINR, HoSpReRRSSeD (hangasiredthe bonding
d n
S e a8 e e oot Rafip iy, Sl s8ffEbnauctor
fabrittadiony ean  epoxyandididgi sompbend e(EMQ) ds asédSteaencapsulate an

. " i bl ock of. ol di. d i | d
ntgcaed, By do itteel it i, ABP pAVRRREBEH ng Dibidne 1
enbapgma{iéreobrb@eﬁshetr@lﬁclﬂam g"?ﬂ“g”%h@ 183pldg| t&a@ﬁa@#ﬁgthe mold

in a direction parallel ondi ng surface. Tt
sugeeendiencss, a layepoheaoatingrisagsuadiy applieddo sheanoltiombich protects

the mold against wear and abrasion. In addition, the coating layer also prevents
the molding compound from sticking to the mold. In the development of the
coating, it is necessary to quantitatively evaluate the bonding strength between
the molding compound and the mold. In addition, it is desirable to measure the
sticking tendency of different molding compounds to the mold as well as to the IC.

Various testing methods have been developed to measure the
adhesiveness of the molding compound to the coated substrates. The same
methods have also often been adapted to test the bonding strength of the
adhesives. One method is referred to as a “Shear Test”, in which a block of
molding compound is molded onto a coated substrate. A gradually increasing
force is applied to the substrate and the molding compound in a direction parallel
to the bonding surface. The strength of the bond is measured by the shear force

required to separate the molding compound and the substrate.
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30 required to separate the nol ding conpound and the

substrate. WD 2004/ 023111 PCT/ SG2002/ 000216 A nmj or
woshos/esori ng of this nethod is that the test rPEIUEE29802/000216

are affected by the roughness of the surface of the

substrate. Therefore, the test results could be nore

i ndi cative of how rough the Surface of the substrate

is rather than the true bonding strength between the

Mol N RehiGOSAHERh t d; i
addi ﬁga#?ror ermvgrluﬁg% fttﬁg' @g?{g 'ggﬁggur?g{e %f Bcﬂ”%r%rr% atheec ted by
thepbuhhorass of thpistdack df theusubstratel Thereafortes the tast mesultsecould be

mejg g o Rovh iSO iengurach of e SALSHALR S 2thgg than the true
bdgchq(s@ﬁg"theo':étwebﬁ thBI Bdn ?gmp%gﬁd%oaﬁl@cﬂﬁfeﬂl substrate. In

or a hook is attache the cured nol di ng
additiono erdoval of ¢ing cleed coropourd blaek frgop themald cande quite difficult

C ound through the handl e to separate them A
anﬁ&ﬁgi"ﬁ&%?"é%m gb‘ixﬂém%&di'g?ﬁ%w g'apply and record
the tensile force. The force is gradually increased

until separation occurs, at which the strength of the
bond\natheremethadheldtesting wae bendimgsstranatio @f iasmaterial is referred to
SNSRI A dov, Lf :
osS RO Bt T ARIENERRGR SRU0U05500] ok F30RGl s atgened o
th?3 mcédrmt;ldiagrmrapa?wﬁiy A tiridilecforde ssthadsbapplietytothe compound
ondi ai,l]ure often takes ac iler Vi ng the
thigenche dPOPIS © FeRartebons A Laale eskiso ATRGhipe T LSEd to apply
MR Hehilp LI5S, FORSTGLL! Gac iy VESERER: ur peparatr
ocdarsagéwhith thelstrengtiy bftheubandyisgledgraniaed.on of t he test

specinmen, and this may yield inconsistent or
unreliable test results. US Patent 5,768,936 to Mann

di sGVRRE iR MmHDE I REsEhshReR) BB RAfte rolighhésdof the coated
system whi ch nmeasures the bondi ng strength of a paint

substrates than the Shear Festyrpreparatioadof the dests sapgimesd is gelatively

A hesi fro . r at i r p .
e 2 BRU6 0, ORuPYBUGR Bosh 813 S i, ropovin e
mélded Raticle fionethé told Wsswehiae duringumdunting lof thé itésh apipalkatus to

is positioned atop the center of the Bai nt | ayer t

f b
the dgpling mardins: eflorrefrrportte tnteriger iveper tested may be damaged
urkREWRGIF - ddtin HrBphiatbh*ef e 18R Ypetifen, and this may yield

inconsistent or unreliable test results.

US Patent 5,768,936 to Mann discloses an adhesion and cohesion paint
testing system, which measures the bonding strength of a paint to a substrate. A
pressurized fluid is applied to the adhesive from the substrate side through an
aperture formed on the substrate until separation of the paint from the substrate
occurs. A thin film disk is positioned atop the center of the paint layer to be tested
and extends beyond the perimeter of the aperture. A plate is fixed on top of the
thin film disk by a very high-strength adhesive. During testing, a debond force is
applied to the top surface of the paint by the pressurized fluid through the thin film
disk and the plate.
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thin filmdisk by a very high-strength adhesi ve.
During testing, a debond force is 30 applied to the

wo op4mediince of the paint by the pressurized fPai/sG2002/000216
through the thin film disk and the plate. WO
2004/ 023111 PCT/ SG2002/ 00021 -3 Because a pulling
force is applied at the top Surface of the paint to be
tested, the debond nmay occur as either a secondary

adhg%gég?%gi BHITlﬁ (fbrt% f%p@)ﬂ@dﬂ P Rditog éd?fa%’éfé‘f:&ees paint to be

bet we al n disc) or as a co
tested, theeddbond. mayiddoun asheitheati ensecarsddry adheSive- fadlymr ('I e. at the

pohdian s ey aSy TS SABT s v b G2 ab % ke faure i
wﬂ@ﬁLfk@bﬁ:ﬁnf Rsatf ér Ciﬁ l%}%ﬂd kNRirS) rRQ Qﬁibusgéé Whee With Ekiird to the

stance and th trate.” I n addition, the test “set
“Pulp Off§ tesdy this mtbd:daxn@y nokgéenerates rallmlesreault pebondingdstrength

belyyedit fieltepbsutinedant he SyBRPates R At e tost St Jp'is very
cofrpforEMincdandised e PresstizedVIORY t6Fapply tHS/ERSELAY fdice and

accordance with a first aspect of the present
aceordingly, dhis nofesuitable mrobomsag s&r@nsﬁpgﬁséx sparieulag der thg EMC
dlng strength between a substrate and a test
b°&§%83§§é adhered thereon. The substrate has a first
bondlng portion, the test piece has a second bondi ng

A o THRVBWERRING ng' i orface, ana &

non bondi ng portion for receiving a test force to
separate the test piece fromthe substrate. The test
f or treaceordppte with a;ﬂt;ﬁmpetfa(bﬂ the pregantdiantian, therelie provided

an ORISR S NI, SBROToRERES! Pnidsfile and a test

picde’ f$Hdreéd ther@onf arife tstl@strétléhﬁs’ étfi?st i @gﬁ @B'rﬁbn hé test piece
non- bondi ng portion congel ses a flat surface for
r

has e esegiong bemiing epertipd boaddomi@t the fiestsbendingbpertipngof the
sug%étqu fgﬂﬂ 4 BSnHﬂa |Rpé}pdc@9 2R84 |n8|:]-bond|ng portion for receiving a

test force to separate the test piece from the substrate. The test force is applied
substantially perpendicular to the bonding interface; and both the second bonding
portion and the non-bonding portion face the same direction i.e. face the

substrate.

Preferably, the non-bonding portion comprises a flat surface for receiving
the test force, and both the second bonding portion and the non-bonding portion
are located at the same side of the test piece, and between the test piece and the

substrate.

Alternatively, the non-bonding portion has a curved profile having a surface
component, and both the second bonding portion and the surface component face

the substrate.
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25 are located at the sanme side of the test piece, and

between the test piece and the substrate.
wa\bdoenzEti vel y, the non-bondi ng portion has a PUr/s@m02/000216

profile having a surface conponent, and both the

second bondi ng portion and the surface conponent face

30 the substrate. WD 2004/ 023111 PCT/ SG2002/ 000216 -4

Preferably, the substrate further defines a slot to

per ﬁrefecamyatﬁe sibdirdtedurthes defih@s @ §Ibt &' Perrhitecontact with the

substrate. Preferably, the slot conprises an opening
testinierenthrouoh thessubsliat.ng portion. 5 Alternatively,

the sl ot conprises a notch partially surrounded by the

first bonding portion. Preferably, the apparatus

f ur Prefieratdythe stot camprisestarr ofperingmithin the: firsebéRsihg péﬁhon

force therethrough and nore preferably, the ejector

novabl e through the slot of the substrate.

Pre C n t .

[cac oritiiol; e S AP S, aq Frh BB SulrbGied 1Y the first
bordipg poriorer ef erabl y, the apparatus further conprises a

cap to cover the slot and the cap is positioned

bet ween the substrate and the test piece and

pr ePesfakibly, the@ipparitas dtiser éﬁrh?%escﬂﬁﬁjéc?@rsfoﬁ%p{) glng the test
jector acting against the cap appl ying t

for% thesethsouglp and reorerrrefargblyp thacejectasris muyablebtiroagtethe slot of
th dstrapde embodinent, the test piece is a curable
esive. It should be appreC| ated that in this
cont ext, the term "adhesive" refers to any
which is initially ina fluid

a opri ate terial
f gfﬁ{é?gw%,g[{a € 54eqiaf bas & enlapged portion to at least partially extend
beyond the periphery of the slot.

Preferably, the apparatus further comprises a cap to cover the slot and the
cap is positioned between the substrate and the test piece and preferably, the
apparatus further comprises an ejector acting against the cap for applying the test
force to separate the test piece from the substrate.

In one embodiment, the test piece is a curable adhesive.

It should be appreciated that in this context, the term “adhesive” refers to
any appropriate material which is initially in a fluid form, and may be injected into a
mold and is curable subsequently to be a rigid state, such as Epoxy Molding
Compound for IC encapsulation, general purpose adhesive, cement or the like.

In another embodiment, the test piece is a rigid solid block for bonding onto
to the substrate by an adhesive. In this embodiment, the adhesive is the material
for which the bonding strength is to be tested.
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25 nold and is curable subsequently to be a rigid

state, such as Epoxy Ml di ng Conpound for IC
wen@apsiiat i on, general purpose adhesive, cenePCT/AG200@00216

i ke. I'n another enbodinent, the test piece is arigid

solid block for bonding ontp5_to the substrate by an

adhesive. In this enbodi nent] the adhesive is the

material 30 for which the bonding strength is to be

tes . 4 3 /;%?g% oD i : :

acc!)rf gﬁéé@a\%mgghwgﬁs%g%ﬁg aspect Qg‘ffoﬁ%ﬂ’gersé"snzr{we”t'°"’ there Is
providezh ancap pdratersefar sbonalirey istfedgﬂmt@npgr teiapparatho cdmgises a

h
SUBSHAT LA et PIPGeLgRd B GISEibing i SU SATa s 7 /st shdagespd a siot
the @8t ﬁl&E r%;s asgéé lﬁ'fé?:eawﬁlbﬁtlncl éheatb%%lrﬁ S&ﬁoh?@ b8nd onto

SEco ace I ncl udes a on I'ng portion
thebfinstisunface 6f thbesu’astrate and & aop-ldndihg pediost hoamerlapctha slot, and
non- d|n overlap the

thel St has S MELANCl ity Beforbagainst i aokBinibd artion and 2

sedsHit %ﬂadeﬁﬁnam@ iRBugndhé siSteCame ejedtdXiseRidvaBle to break the
through the slot. The ejector is novable to break the

bOb@nglhﬁB@Neelﬂ\?@Qirﬁ)lQ@san%tf@c%Jbﬂtf@tQ he substrate. 10
Preferably, the slot conprises an aperture and the
ejector is novable within the aperture. Preferably,

t he Pegfpeataly,the fsluttdaeprisesiain amsture aid thesdjédtonistmovable within

between the test piece and the substrate and nore
the,aRTEHEDI y, the cap covers the slot and 15 receives

the ejector. In accordance with a third aspect of the

present invention, there is provided a nethod for

per Poefefatgy,athbcanbangtustfuethgt bompsises Bheaprpohitidned between the

rises . prepa est pie kg a bond
tosh BT A3 oS B A oE P P00 M5 PR g sfot and
red@nﬁt“sethé"éébtbhe bondi ng portion onto a substrate to
forma bond| ng interface, and applying a test force

onto the substrate and the non-bonding portion of the

oSl B ahts B A SBRPE bR B o BIE B g roviea
a hidtesd dee; pafsiniing Hobehdieg PStFéndtR 3t t Mthehdethod comprises
preparing a test piece having a bonding portion and a non-bonding portion;
bonding the test piece with the bonding portion onto a substrate to form a bonding
interface, and applying a test force onto the substrate and the non-bonding portion
of the test piece to break the bonding interface. The test force is substantially
perpendicular to the bonding interface; and the bonding portion and the non-

bonding portion face the same direction.

Preferably, the method further comprises determining the test force being

applied when the bonding interface is broken.

Preferably, the test force is applied to the non-bonding portion of the test

piece through a slot in the substrate.
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bondi ng portion face the sane direction. 25

Preferably, the nethod further conprises determning
wotted/a8st1 f orce being applied when the bondi iPgT/8G2002/000216

interface is broken. Preferably, the test force is

applied to the non-bonding pgtion of the test 30

pi ece through a slot in the substrate. WO 2004/ 023111

PCT/ S&G2002/ 000216 -6 Preferably, the test force is

applFreferably; tize test-fomedisnappiiedt footheohori-benddgt pollb& & the test

an ej.ector. Preferably, the test piece is a

p'%‘%ﬁﬂgipg %89,0% 5 Preferably, the preparation of

the test piece further conprises covering the slot of

the substrate, and enclosing the substrate to provide

a cd'\’mf%fabheﬂ‘@abet/plecens smarabtbadhesive, t he met hod

further conprises injecting the adhesive 10 into the

cavity, and curing the adhesive. A bonding test

pe r fRreferablgc ey F#e@;@ rationt JS!ethBrt8§leﬁ|bcé 1y ﬁﬁ‘ér‘ é%b%&/enng the

generate reliable test results which r
S'qtéélth%é%tfﬂ}es@m@ﬁg@'ﬁSlBltthﬂéubsﬂﬁete toemov:datmd:amtqethermmve
t he substrate. 15 BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1A is a cross sectional view show ng an appar at us

f or Irpmpaelinbgdrmérasthe spsthod=orther cbﬁ*?ﬁ*séﬁ iSEEAH tHE adhesive
accor 0 one enbodi nent of the 20 present

tin
'ntf)ﬁ@%ﬁ?\%% a"ﬁlcd]"'”% tE ejagdhgsiveoss sectional vi ew show ng
a specimen is ready for bonding strength testing
accor di ng_ to one enbodi nent of the present invention;
25 B Bonding test epeurioomedsmdrdmgl tov eV présMtnigvémfon is able to

geR8Rte kb ftes'i'r%sulils hICh reflec{1 ﬁ1e real bonding strength between the

test substance and the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1A is a cross sectional view showing an apparatus for preparing a test

specimen for bonding strength testing according to one embodiment of the

present invention;

Fig. 1B is a cross sectional view showing a specimen is ready for bonding
strength testing according to one embodiment of the present invention;

Fig. 1C is a cross sectional view showing the apparatus of Fig. 1B after the

test is performed;

Fig. 2 is a partially cross-sectional front view showing the apparatus of Fig.
1B placed on a test machine for bonding strength testing;
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test is perforned; Fig. 2 is a partially

cross-sectional front view show ng the apparatus of
wao-e@4/02311B pl aced on a test machi ne for bondi NBCT/SG2002/000216

strength testing; 30 WO 2004/023111 PCT/ SG2002/ 000216

-7 Figs. 3A and 3B are cross,sectional views show ng

an apparatus for bonding strength testing according

to a second enbodi ment of the present invention; 5

e 2 8e r e . .
! gF\ggh gil'%ngangt :3??] éa?ﬁ &tbgé‘aéec‘ﬁbﬁéﬂ' Sl @Ho@ﬂwga%?r%gbéﬁatus for

for esting according to
bomdibg dstrength ofestihg pcewdimg tonveerseicond empodbneérst af dhespresent
. sectional view show ng an apparatus for bonding
invepihgth  testing according to a fourth enbodi nent of

the present invention; 10 Figs. 6A and 6B are

partially top views of the apparatus show ng the

al t Bignétis eeeross seistiosalbdew showird gn appiasatusifoohordiagtstrength

tesHAG SBA 1S E HIREe RooRRei}E 156 Bresstid@bion *°
DESCRI PTI ON OF THE PREFERED EMBCDI MENTS As shown in

Figs. 1A, 113, and 1C, an apparatus for bondi ng )
st r BiggPHs aperossfectignalodew shaying apaprandtyaifaeRending strength

' . : . . 10,
tec§iRg SBEGEFR ! 41T, PRLCOIREAGT G plecthn iyeBEohT,
substrate 10 is preferably formed in a cylindrical

shape having a_first bonding portion and an .
= paFicss BA,mhg” b Bl pacial e VisWedr e, doraiays showing the
altérhh Vs MNhBikbshitet0 to move therewithin. 25 The

ej ector 40 includes a first end 42 for engagi ng the
cap 30 and a

Fig. 7 is a flow chart showing the method of bonding strength testing

according to the present invention;
DETAILED DESCRIPTION OF THE PREFERED EMBODIMENTS

As shown in Figs. 1A, 1B, and 1C, an apparatus for bonding strength
testing according to one embodiment of the present invention comprises a flat
substrate 10, a cap 30 and an enclosure, such as a mold 50. The substrate 10 is
preferably formed in a cylindrical shape having a first bonding portion 12 and an
aperture or a through slot 14 formed thereon, which allows an ejector 40 to move

therewithin.

The ejector 40 includes a first end 42 for engaging the cap 30 and a
second end 44 that extends beyond the lower surface of the substrate 10. The
mold 50 is supported by the substrate 10 at a sealing surface 70. The cap 30
covers the slot 14 and is supported by the substrate 10 at another sealing surface
80. The shape of the substrate 10, the cap 30, and the mold 50 define a chamber
or a cavity 60, such as in a generally cylindrical shape, into which a fluid

compound may be injected.
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second end 44 that extends beyond the | ower surface of
the substrate 10. The nold 50 is supported by the
waemmgiertie 10 at a sealing surface 70. The capP@DSG2002/000216
covers the slot 14 and is supported by the substrate
10 at another sealing surfacg 30 80. The shape of the
substrate 10, the cap 30, and the nold 50 define a
chanber or a cavity 60, such as in a generally
cylindrical shape, into which a fluid conpound may be
injected. WD 2004/023111 PCT/ S&2002/000216 -8 An

EpoAn Epbxy MMpldimgp ConthUERICIEME) 160 iisjimjected intd dhé heavity 60
oS o BT AT 8 SR ol Bl fmon s
a S88HI BoRAl %rt?c?n %ntcéﬁfdcﬂﬁgtfh% ?lfdtsboﬁéma' BSnlon 12 of the

portion 12 the 5 substrate 10, and a non-bondi ng
sulpsfrate dd), zmdca moalebwncgng m:eruq;p% wpontaatingathef topreurfasgp34 of the

cap 20 (e B LIG8GIbRh P4 Wefiaod 56 5B 40l 4 Bhe i and both
the? de €l bbﬂdiﬁ@nﬁ@ﬂi@ﬂl 2P el ﬂieoﬁo%ohaﬁgwgbﬂloﬁaﬂﬁ face the same

direction to the substrate. \Wen the is cured to

diregtian tontbersthstragc Ve the EMihisceuned topendhe test speciraen 20,
whith T §Q9ﬁ?pﬂ€lh{)%%%met 3§h9;80| '8 (ﬁ"&hgltf%gpqﬁ%t}ﬁol]ci%o may be

renoved. e appr e pur pose
rembvddir nit shouhe bEI\/Eppmcmtédrﬁhathrothet parpasges bf dmnihd, the EMC

SpRTENERS BB thaieusiets Ahopiapeb BRIt G6N 8 dapkbe applied on
thewn RESG td n%kéwﬁ?freﬁfbwﬁﬁ& th@QntﬂH méasmgnouﬁhewe%emmen

|satype material wt certal n adhesi ve
20pstuq:}ertlnere9n i Singtel thes EME dst an dypelof tmatarial Qvitndertaie adhesive

or lRRFES 306, S 1R bR 30" S50 1B, BRuliSiE. b rsaoy for
testifigoas! shéwndm Fiy.PIB.t TRE test s?@bi@nérhﬁofé h&iv mﬂméunanh its second

portion 12 of substrate to forma bondi ng interface
bopding u%morsianqnt@the first berding gortions B of substratel taderm i bonding
lntéﬁc mof a netal ring 210 20 is placed on a | ower
ge 20 of a Tensile Testing Machi ne 200, as shown
in Fig. 2. The test apparatus illustrated in Figure 1
Bis placed in an up-side-down
Upon start of the testing, a substrate holder in the form of a metal ring 210
is placed on a lower stage 220 of a Tensile Testing Machine 200, as shown in Fig.
2. The test apparatus illustrated in Figure 1B is placed in an up-side-down
orientation, with the substrate 10 resting on the metal ring 210 and the ejector 30
placed in the slot 14 and protruding upwardly. A compressive force 100 is then
applied on the ejector 30 by an upper stage 230 and on the substrate 10 by the
lower stage 220 of the testing machine 200. The force 100 is increased until the
test specimen 20 is debonded from the substrate 10. The tensile strength of the
test specimen 20 may then calculated by dividing a separation force by the

bonding area between the test specimen and the substrate 10.

Fig. 3A shows another embodiment according to the present invention.
This embodiment includes an ejector 340a that is generally cone-shaped seated

within a corresponding beveled slot 314a of the substrate 310 before preparation
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orientation, with the substrate 10 resting on the
nmetal ring 210 and the ejector 30 placed in the slot
wd dooaseBipr ot r udi ng upwardly. A conpressive foreer/3Do2/800216
then applied on the ejector 30 by an upper stage 230
and on the substrate 10 by the 25 | ower stage 220 of
the testing machi ne 200. The“force 100 is increased
until the test specinmen 20 is debonded fromthe
. t i r. . .
o b SR o7 P bt P BRIl P i bmbodiment, the
secaphbanding dostiore 382 arvk theh ondibunding: podmie2s aré dotmesd within
speci men and. the substrate 10. 3 I Q.. 3A . sSh .
theSRTTR drvel TGAPRER tEciESt SbRTen 220 ANEEIHUemen iasior 3400
ma rbég@ﬂ&%qy @Zﬁﬁdérf%'a‘fb@@Sarﬂf‘s@ét@_@ﬁﬁifhiﬁ@&ﬁé@ion’d%g shaped slot
enefral |y cone-shaped seated wthin a correspondi ng
314w \as shbwn o1 F@L3B. of he Himengions af thesejectpsf3d0b and the slot 314b

ord i R 85 AR S BT SRAR By 4l poveatie
within thBistote3Ta8tb et thé kest speemish BRoBli ng portion 322

and the non-bondi ng portion 324 are formed within the
same | evel surface on the test specinen 320.

Al t td ' : q . .
o FIS3 3 08 PR o d AP R DBREAS ftenton. T
en?bdimehtsiholt:dfés %ﬁ%je_cm Mmogu%ggl ac‘gwlet{ﬁﬁl lsﬁ'apaedl jgd portion 442,
I MENSI ONS t.he ejector and the s re
in ATPea JoRPODHES RUToRdR4aId IS epsemsRAPe formed Hgreon has
e o g
o cHBp 3R oM MEH A AL kS0l Mot BB o e
purpoisedofniiustratiarootiitigy arientationpot thentestnspacimen. 42thi sThe set of

0 e di nent_incl udes j ect.or 440 having, a .
vedBiseA2aa) PahansaTeTeRb A2 n ingh ) ReRiHRIAT to, the bonding
intéYfatL @Rl REinPtheé ard@ dirictiont £32y HetHdrest #r0 sbesm@ tbonding

thereon has a correspondi ng spheri cal shaPed profile.

surfaceed22f0f e tegtspegiraen ¢20e| Adesldspenimeneviththip dere of surface
proZi%%?w%h%%é%?te§¥ f&%g 266 58 gégé’é})lféfd Hl?&t ﬁerégﬁ;w& is in a

Vectors 4 as a conponen
dirgdtiothoppogiter tocthei carnpondrit 424y teobrbakathéSondiny irtedace vithout
facing the sane direction 422y as that of the second
thepeed o fORRIPg & seaondary honding dntesgee iasethesgenventiopal Pull-Off
testAEELMEN Wi th this type of surface

Fig. 5 shows an apparatus for testing bonding strength according to a
fourth embodiment of the present invention. A test specimen 520 made of a rigid
solid material such as a metal block is bonded onto a substrate 510 by an

“adhesive 550 that is to be tested for bonding strength. The apparatus is operated

in a similar way as described above by applying a force 500 onto the test
specimen 520 through an ejector 540 and a cap 530, until the force 500 reaches
the bonding strength limit of the adhesive 550. The force being applied upon
failure of the bonding may then be recorded to represent the bonding strength of

the adhesive.
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profile enables a test force 400 to be applied

directly thereon, which is in a direction opposite to
wo b@4oestponent 424y to break the bondi ng i nt er PEL/8G2002/000216

wi t hout the need of form ng a secondary bondi ng

interface as the convention ol Pull -Of 20 test does.

Fig. 5 shows an apparatus for testing bonding strength

according to a fourth enbodi nent of the present

' nvgﬁs’ BA %@Bgséresc% ?@%l gt fggv%rir#g%athio‘#\s of the

as a ne

substhster ajfe b 16omdingn sﬁ‘éngt}he’fﬂsﬁagSa@pal'aiuSi actordieg to further
tested for_ bondin stren?th. The a ara per

t
embodiments Plahe Bipsast HuesfoBedn RS el e hong i FlaS BA, the
subQi e GREcARbAskS 8 ArePhondiRg T ??’Htf@ for YEQlhgP tost, specimen
(nd:tf@dsmr)da‘a isgaking esgjom 680ror rexdeivihg aczipe@iol shbdn) ahbe slot 614a

' li f the bagndj
thrpiah whCh o, ot §4DER: woubler FE Srpikineca PG Ader by the test
spggﬂé?? Iﬁ%hé’ﬁaltéﬂ@a@@éﬁ&@@ﬂﬁf @ﬁ %@QQB&%@@@ corafrises a

are cross sectional tOp vi ews show ng
fi rstHaonthg aeg@ns%?: fondgeceivingt a dtest @pealmﬁm(ﬂmcrftgsb@wehga rsealing

R R BRI 5P P Sy U8 P BRI i o

ejdot@r 640is mbeablebs appilyingtd test foneeits else @esftlsrp%blri@@'ndltWOuld be
region 612 for receiving a test specinen 5

apgmmsad that dhe iswhstratp Hinvee $t6‘|'CtW@@eWhn@th§r dﬁ’ﬁ'a('%ﬁ without
deﬁgﬂﬁ@)fr@ﬂ%g éés%hh?l%%tur&growﬁ@ LG |ﬁ\r/brﬁlo‘?10t Rbr 848mple, the

S novabl e Tor applying a test force :
subgteatermaay hiavedwot dremozé stats andicr reltcives onthé like &Bmetdhe/arlous

ubst 10 conprises a first bonding region 612
tesfcﬂa‘g 9%‘38“@'5’ Sa test specinen (not shown), a sealing

regi on 680 for receiving a cap (not shown) and a notch
614b within which the 10 ejector 640 is novable for
appl/’yim@ﬁhadtég‘ﬂ foor testing bmdlngsstr@pg;bi aecording dmothed present

. be..
gL UL Bt rhua 58 RS b fond'SBecimen is
pr@&ﬁ'@ﬂt\mm a beAGMEFOri6N bhe aNiEBBAdInG \PoRticrNin themext block 720,

exanpl e, the ) )
the test specimen is bonded with its bonding portion on to a substrate to form a
bonding interface. In the next block 730, a test force is applied onto the substrate
and the non-bonding portion of the test specimen to break the bonding between
the test specimen and the substrate. In this method, the test force is applied
along a direction substantially perpendicular to the bonding interface, and both the
bonding portion and the non-bonding portion of the test specimen face the same
direction, i.e. face the substrate so that the test force may be applied directly onto

the test specimen at the non-bonding portion.

A bonding strength testing apparatus and method illustrated above has the
advantages to enable a testing force to be applied in a direction substantially
perpendicular to the bonding surface, which may eliminate the surface roughness
problem incurred in the “Shear Test” hence reflects the real bonding strength. . In
addition, since the testing force is applied to the test specimen onto its force-
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substrate nmay have two or nore slots and/or notches or

the like to neet various testing configurations. 15 A
woreroeB1700 for testing bondi ng strength accor BCTVgGLm2/000216

the present invention may be illustrated in Fig. 7.

In a first block 710, a test 1spem men is prepared

with a bondi ng portion and é non- bondi ng portion. In

the next block 720, the test specinen is bonded with

ol B 00 FCL ePet e SHREHOA AR 3 o

layes’ faiiel cﬁfcthe ést gikee and she aetmndmyl bbhdmﬁqntdwmélfagjre incurred
portion of t est, speci t he di ng
in BBe widnl-O el Qs tarch A0S BN 5 (65 9B Tethel e gicgessfully

pr. b{&d the test force is applled al ong a dlrectlon
su

stantially perpendicular to the bonding interface,
and both the bonding portion and the non-bondi ng

[ f the t
i r BpBRia te Brésant M fardion, b i Bando; AEENGIR dest bptween the
EMOTHR fmé/n’stﬁd agd bessiBler asltnlageow the bBRdINGShteTRRE MRlrred by
at the non-bondi ng portion bondi ng stréngth testing

conysdional eihed meabe minimizedat égstbpreimeasmaldoe prepared in a

meiiF RUARo GerdflalicehE i pihess, rEREe 1 1edt resuis

obiairieli BE: $lwskAes thawdcalal Prgdettion BiiatidnneTest specimen prepared
roughness problemincurred in the "Shear Test" hence

ac‘F@f’l”@c@sth@IﬂeﬁSﬁ'l Inugwmmgea@r@éwphtensﬂq ﬁtregggp{qsgnthe bonding
t f

mtéﬂ{)éekgele rreﬁpnﬁ]gn(?éé pgn,ftgégflsv@ gggg /tg%éﬁattﬁ@ tdfHpparatus onto the

tesP@TdéB% @2/ the0rtventidrialrraethiod surts as fthe €Shbachestiaes, which

recti n as its bondi ng surface 2in-
migigyess NRaRlE oroReree wHidh OJRBBSUY PRI fRIlir of the test
sp@&m@h%tf ihCSriidtakerekaltd UkSeridhced' 8fthel PUlItef TBYY lard the “Shear
Test" and US Patent 5, 768,936 net'’hod are successful ly
Tegtevented. 5 Applying the present invention to the
bondi ng strength test between the
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EMC and the nold, the possible danage to the bondi ng
interface incurred by conventional nethod may be
worRovdoeed. Test speci nen nmay be prepared i n aPCTRGLI®L/000216
simlar to the actual |IC encapsul ating process,
therefore the test results 10 obtained are closer to
the actual production situation. Test specinen
prepared according to the present invention generate
CLmMSensi | e stress across the bonding interface. In
e operation, there is no need to clanp the test
apparatus onto the test nmachine as the conventi onal
met hod such as the "Shear Test" does, which mininzes
1. han@ ARy B IO g Sheastfdrsi e B Eahat ur o
fai | urs@stiae hbiink ol frs? BBRERBMMioRnconS st ent
results experienced by the "Pul'l-Of Test" and the
" Sheara tazispiece \Wavigp4/ seaind bpatingorienot@obesd onto-the first

CLAIMS 1, An apparatus for ndi trength stin

conpr i si hgtong TR PR fuBRielens Bl BbHahfghtetace, and a
por tion; ndndoh@mly pokiod for\reddivingsa aesdfdreads eparate the test
portion to bond onto the first bonding portion of the

subst r at Biecs fiog thexswRsiEatey i nterface, and a
non- bqndi ' recaivi _
o Sopi ), W 58 PG bEBRIHBUAT, £ e, bonang

t he testinterfase; apdsubst anti al |y perpendi cular to the
bondi n 10 jnterface; and wherein the secopd bondin
Dort] dtherRin IheStrse brmiing HEieR GRciRediorAEndgaporton face
directio egam%'a?re@ﬁ’&ﬁr atus as claimed in claiml,
wherein the substrate further defines 15 a slot to
permt contact with the test piece through the
s. ag cl.ai ne

2. whel BP ArpRiAtyp 58 R B3, BrRgne AuksRofE Grner defines
firatsidtao Pehdit RBAtdcOWith the test piece through the substrate.

3. The apparatus as claimed in claim 2, wherein the slot comprises an

opening within the first bonding portion.

4 The apparatus as claimed in claim 2, wherein the slot comprises a notch
partially surrounded by the first bonding portion.

5. The apparatus as claimed in claim 1, further comprising an ejector for

applying the test force therethrough.

6. The apparatus as claimed in claim 2, further comprising an ejector for

" applying the test force through the slot.

7. The apparatus as claimed in claim 6, wherein the ejector having an
enlarged portion to at least partially extend beyond the periphery of the slot.
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20 4. The apparatus as clained in claim2, wherein the
sl ot conprises a notch partially surrounded by the

wo poog2tiondi ng portion. 5. The apparatus as clBETRG2002/000216
claim1l1, further conprising an ejector for applying
the test force therethrough,4,25 6. The apparatus as
clainmed in claim?2, further Conprising an ejector for
applying the test force through the slot. 7. The
ap [ ' {6 A=Y iaetar

B, T el R o et e e B s, £ Rl Plpover the
exteotl beyond the periphery of the slot. WO
2004/ 023111 PCT/ S&002/ 000216 -13 8. The apparatus as
claimed in claim?2, further conprising a cap to cover

9. therhg! siparftusTRg SRRAEAL NS cRIMC BAI Wiktelr thé at4P 8s positioned
wherein the cap i s positioned 5 between the substrate
andbetmeendbe spbetrate aml thertestpigaeat us as clainmed in

1071l B prelus b “FRBREE B R Sttt 1B e giector to
frogppijiag thebsddtaforce 16 thé. cdpao agypriratel thendest! pieg@dfrom the
inclaiml, wherein the test piece is a cured

adh@isi@te.12. The apparatus as clainmed in claim1,
wherein the test piece is arigid solid block for
bondi ng onto the substrate by an adhesi ve which

11.bonThe @pphbatssrasngidimed ihoclaien tieswieereinl the Tést piece is a cured
apparatus as clainmed in claim2, further conprising an
enc?Y®NE-for forming on the substrate a chamber into
which the test piece is forned by injecting a fluid

material. 20
12. The apparatus as claimed in claim 1, wherein the test piece is a rigid solid

block for bonding onto the substrate by an adhesive which bonding

strength is to be tested.

13. The apparatus as claimed in claim 2, further comprising an enclosure for
forming on the substrate a chamber into which the test piece is formed by

injecting a fluid material.

14. The apparatus as claimed in claim 13, further comprising a cap to seal the

slot.

15.  An apparatus for bonding strength testing comprising:

a substrate having a first surface and a slot;

a test piece having a second surface including a bonding portion to
bond onto the first surface of the substrate, and a non-bonding
portion positioned over the slot; and ’

an ejector having a first end to apply a force against the non-bonding
portion and a second end extending through the slot,

wherein the ejector is movable to break the bonding between test piece

and the substrate.
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14. The apparatus as clainmed in claim 13, further
conprising a cap to seal the slot. 15. An apparatus

wo eoo4lozdidi ng strength testing conprising: 25 BCT/SG2002/000216
substrate having a first surface and a slot; a test
pi ece having a second surfaqﬁ i ncl udi ng a bondi ng
portion to bond onto the first surface of the
substrate, and a non-bonding portion positioned over
the slot; and an ejector having a first end to apply a
force against the non-bonding 30 portion and a second

16 endThat apphratust bs algimddén Sdlaitn  \shewleeneirt hiee eglelc tomprises an
novabl e to break the bondi ng between test piece and
t he@B&MYEr at e. WD 2004/ 023111 PCT/ SG2002/ 000216 - 14
16. The apparatus as clainmed in claim15, wherein the
sl ot conprises an aperture. 5 17. The apparatus as

17 cl aThedapparatusi as Kfaimedeireidairhd6Gejwderein the eiecidd é movable

thrgugh the aperture. 18. The apparatus as clainmed in
cl aﬁW&i@h n?qﬁ‘? €conprising a cap positioned between

the test piece and the substrate. 10 19. The apparatus
- as clainmed in claim18, wherein the cap covers the N
18| of harapparaius @scbaimest int ¢laim 165 further eemprising jpecanopositioned

ol aPaer| Reigst fed B B sRBbAEE, 070! “hwi ng an 15

enl arged portion to at |east partially extend beyond
t he Eeri phery of the slot.  21. A method for bondi n%
195t r ERGEAPPRERIYS 3§ HIMS i5i Giaim B cwhereiy the £ar copescibe slot and

havisig @nBRi #& frsPhll 0P th& B clor¥flsrP MRk isRipiied:

20. The apparatus as claimed in claim 15, wherein the ejector having an
enlarged portion to at least partially extend beyond the periphery of the slot.

21. A method for bonding strength testing comprising:

preparing a test piece having a bonding portion and a non-bonding
portion;

bonding the test piece with the bonding portion onto a substrate to form
a bonding interface;

applying a test force to the substrate and the non-bonding portion of the
test piece to break the bonding interface, '

wherein the test force is substantially perpendicular to the bonding
interface; and

wherein the bonding portion and the non-bonding portion face the same

direction.

22. The method as claimed in claim 21, further comprising determining the test

force being applied when the bonding interface is broken.
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20 bonding the test piece with the bonding portion
onto a substrate to form a bonding interface;
wappkyrngt a test force to the substrate and t hBCT/SG2002/000216
non- bondi ng portion of the test piece to break the
bondi ng interface, wherei n_g?}e_ test force is
substantially perpendicular to the bonding 25
i nterface; and wherein the bonding portion and the
23.non-£pg 'Fﬁiétﬂg? %9.@!%%& iﬁctﬁaihhg}s\ﬁf?@reirﬂ'tﬁé ¢L4t94Brcelié-appi€d to the
met hod as clairnmed 1n clarm 21, further conprising
det eomibohdipgt portivre of the3i@st piece threugh aagipt inettievdubistratee
bondi ng interface i s broken. WD 2004/023111
PCT/ SG2002/ 000216 -15 23. The nethod as clained in
24! arhie frleth¥l HsSIAindifint &aim Dor Getein P kéfdofc@ isHpplied to the
non-bondi ng portion of the test piece through a sl ot
i n noe-bsndmgrprarton 2fitheTlest piecaagingsar eigctesd i n cl ai m
22, wherein the test force is applied'to the 5
non- bondi ng portion of the test piece using an
25€] eThe'method d9IdIRedOR aains!2, WRserelh eeritédtdiece is a curable
wherein the test piece is a curable adhesive. 10 26.
Theadh@si®l as claimed in claim25, wherein.
preparation of the test piece further conprising
covering the slot; enclosing the substrate to provide
262 CHNé nyethbdraablaimed in tjahnt 25 ovhéeiaphasaraton of thé hest piece
cavity, and 15 curing the adhesive. 27. The nethod as
cl af FCAMPIN&INY 26, further conprising sealing the

cavi t ¥overing the slot;
enclosing the substrate to provide a cavity thereabove;
injecting the adhesive into the cavity, and

curing the adhesive.

27. The method as claimed in claim 26, further comprising sealing the cavity.



