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WD 2004/ 023111 PCT/ S&002/ 000216 -1- APPARATUS AND
METHOD FOR BONDI ﬂmmmmm TESTI NG FI ELD OF THE
INVENTIO\lSThemw tlonrelatesto an
apparat us and net hod.fQf.testing material properties

WORH2HArticular, it relates to an appar at uUBCTA¥¢2002/000216
met hod for testing material bondi ng strengths.
BACKGROUND OF THE I NVENTION.-40 In a wi de variety of

i ndustries, it is necessary to neasure the bondi ng
strength between two or nore naterials. For exanpl e,

dur i @PBAW&%A&METHQQ FOR BONDING STRENGEH| TRSTING
compound (EMC) is used to encapsulate an integrated
circuit (1IC) to protect it fromits environnent.
HIELRPR FHE INVENTHONapsul at i on process, the nol di ng
conpound tends to adhere to the nold surface. Hence,

a layer of coating is usually applied to the nold,

whi ctheopneseﬂt intvbniiammlatagaﬁonam apparatas) canab me¢hoain forl festing

3oRBtitropP s Rk PRGNS (/e RS R Sraraits AP el for

déstingamatedaltbongingi streingthsecessary to quantitatively
eval uate the bonding strength between 20 the nol di ng
conmpound and the nold. In addition, it is désirable to

BRCMGROUND OF THE INVENTONRNCcY of different nolding
compounds to the nold as well as to the IC. Various
testing net hods have been devel oped to neasure the

adhesiyanafde Qaridthof TRdubtied, GORPALEEEshy ohmeasdretthe bonding
substrat es. The sane 25 nethods_have al so often been

2Y&petyL ehyeeRWor A Mas?, dnatgriale, cheft Bxapplenduring semiconductor
ﬁfﬁlﬂﬂ'ﬁ}‘éhdﬁs an @&MHMn?(Scohﬁfo%hﬂ eEMQO) 3 wBed E@hcapsulate an

Test", in which bl o di.ng conpound is_nol ded

dntesrated gificly dGhstor aratectaitgframydis gnvirnineenti ndburing dee IC
Ieﬁcamham bRodebs mébﬁtdl@ﬁge MthouR8 1RSI tH JadRAPAENGhe mold

in a direction parall
surface. Hence, a layer of coatlng is usually applied to the mold, which protects

the mold against wear and abrasion. [n 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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to the bonding surface. The strength of the bond is
nmeasured by the shear force 30 required to separate

t he nol di ng conmpound and the substrate. WO

2004/ 023111 PCT/ SG2002/ 000216 A maj or shortconi ng of
VRi2804023bd is that the test results are aff%‘%‘i@%“wo”m
t he roughness of the surface of the substrate.
Therefore, the test results.-could be nore indicative
of how rough the surface of the substrate is rather

than the true bondi gg strength between the nol di n%f
conpoéraign ghertromiag ok this meshadisdhat the deslggpyltsoare atfected by

th R 28%5. <§ﬁlﬁe Qp{fs&ag@ﬁe%us&é%.oghe&f&m &Egeﬁgh%étggﬂuld be

ficu the interface may |
imorehindipativeeaf howarasighethe raurfaeei ob thet %&Sﬁﬂé shathes thamthe true

SN e i b G i Bl S, 1
remidition sremidvakdfdbie toredidmpoaind bicet frop thermoldmapdenquiteAlifficult

tensile for ' i e conpound t hrough
tﬂ%‘@sth%f?&?fga°%§“@éﬁ‘%ﬁ§'?‘88€§mﬁgR‘&Sﬁg. | e Testing Machi ne

is used to apply and record the tensile force. The

force ,is,.qgraduyal increased until separation .qccurs

i DR et S ety BTiorilie e HERE e 7 Wiired to
\&si “Pall Off” sestiEih vhich & haedle saein as i metat blother s hobkiseattached to
rou

hness of the coated, substyate.than th hear
188 Breg @pliing PRGN né BESE tofis Ban; Aphlies 4o e pgmeound
d‘wﬁoﬁbﬁ &“mé ?élﬁiléi&bé&p’ﬂrél? thémb wagierg@emjsﬁrrg Mfa@ﬁihe nsh Dﬁé’cﬁlli)dapply
place |l e renpvin e arti e rom.t . D .
o T daPpIRyfafignt iheg ogFe naropialy Rstaasas st gparation
tdeeuisCat wiieh frRCétiength JftRE BbAd & ddtérined.er f ace to be
tested may be damaged 20 unknow ngly during

preparation of the test specinen, and this may yield

| NnconyVisilehis MéthBd i€ ldss WefisitiRs o theSikfate rélighnets bt the coated
to Mann di scl oses an_  adhesi on and cohesi on

5, 768, 936 0 _
(Faibtrate thap j the §‘}%§reﬁ?5tmﬂ"iﬂ?’@\t{9&'sgfr the o WY 1S relatively
ifERNDES debofidiRg! dH borliy TAHRRL IRER - takes BRI WRIRFmding the
fluid is applied to the adhesive fromthe substrate
Jnelded @artislegtiorarthe mald @seveloasduringhmeyating efsthe dest apperatus to

RO A6 &ingCmhalhink NeTREeRre| iRMniditace UBShé db&ed may be damaged

unknowingly during preparation of the .test specimen, 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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occurs. Athin filmdisk is positioned atop the center
of the paint |ayer to be tested and extends beyond

the perineter of the aperture. A plate is fixed on top
of the thin filmdisk by a very high-strength
WeReMB 11 During testing, a debond force is HO/¥3p20aQY16
to the top surface of the paint by the pressurized
fluid through the thin film3disk and the plate. WO
2004/ 023111 PCT/ SG2002/ 000216 -3 Because a pul ling
force is applied at the top surface of the paint to be

t est difcause adeulling) fafes i @ppliedaat the: 1ogr syfagecenther paint to be
Q{éﬁsm%e b%nh%ér:){s -afbitld S%Bndgﬂpgadh%%ffamﬁe (ie. at the

méen e pal or as esl ve
bariding ieteffiace betvmenrthﬁ ptahvé ap@thﬂ thintdigg)for @s a'¢ahesiyg dailure (i.e.

‘L@d{’ Wieob?lnﬁ? ff &rc'ﬂhﬁggf q%ﬁ&\‘% VM BISE @H%bw?mtg\ ragard to the

Bt gener a
Pedlli G| testy thisiirtethedd dnay aoh gem&ramm;; reilableenemle of bording strength

GapvBer i 5 untings A sPrstlled Maodh e Ses 3Bt o I ver
ctdmp!éx)l gindehét Wwees | agplessurizednfuidate capplynghy, testing Joreet and
%ql#lg} bl e' or onol?glgtfgrg?gngt h *estt&*}eé}H a'rJt |!.ch afﬂ{]ftﬁé] EMC
lFrRIMgesc e vvlth a first aspect of the present

invention, there is provided an apparatus for testing
t he bondi ng strength between a substrate and a test

SOMMARY OFIPREGNVENTIONN. The substrate has a first
bondi ng portion, the test piece has a second bondi ng

portion to bond onto the first bonding portion of the

subst|h acBord@ndeOwith @ fip&tribipeet dfithe bfe%@ﬁt ind&xtion, there i |s provided
non- bondlnagportlon for rece|V|n% test force t

e eRpatatus fos tegting thecbending sirengt sm@%taesubm'@tq é§§’ a test
@e&& &dhéredIReresHl mekwbaﬁaﬂea%dsya AEst BBAGhS Lploﬂront ‘ihet {88t piece

ondi ng interface; and he second bondi ng

s éepcmdb@mnmcnmm rb@nﬁd?rttp dheffiete bpn@ns awéﬁon of the
SidstSld R %otm& bbRfifyg iterfactt B8Rl héh-bonding 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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Preferably, the non-bonding portion conprises a flat
surface for receiving the test force, and both the
second bondi ng portion and the non-bondi ng portion 25
are located at the sane side of the test piece, and
WO the test piece and the substrate. PCT/SG2002/000216
Al ternatively, the non-bonding portion has a curved
profile having a surface cedponent, and both the
second bondi ng portion and the surface conponent face

30 t ubstrate. 004/ 023111 PCT/ 002/ 000216 - 4-

pr et & TEIE0Y. e ST REhP APTias eIt Topeama)coniach with the
test piete tougictheWubstrdtee test piece through the
substrate. Preferably, the slot conprises an opening

within the first bonding portion. 5 Aternatively,

the shreferaifithé SRS cEmPASETBrSsdnidY Withifi Whd RYDBSHIRY pdrin.

first bonding portion. Preferably, the apparatus
further conprises an ejector for applying the test 10

f or ceaithedtRbR! ﬁﬂégloﬁ'&lgglpﬂ%ef?s Br &dtéH %théilg:sgﬁoﬁﬁc?ﬂ By thé first

novabl e t hrough the s the substr

neing RYTH9N- t he ej ector has an enlarged portion to at
| east partially extend beyond the periphery of the
slot. 15 Preferably, the apparatus further conprises a
cap tRyetesstly, the@pparetusdfudhemeomprisesian ejestor foompplying the test

{ (& nd

ROy Beftalio hd icht BretBfablythel §36toF sy ingpuon the siotof
tbpsubsiratact i ng agai nst the cap for applying the test
force to separate the test piece fromthe substrate.
20 I'n one enbodi nent, the test piece is a curable
adhedireferably, the ejector has an enlarged 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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It should be appreciated that in this context, the

term "adhesive" refers to any appropriate materi al

which is initially in a fluid form and may be

injected into a 25 nold and is curable subsequently

WO 20@/033111 gi d state, such as Epoxy Ml di ng Criferaep/000216

for 1 C encapsul ati on, general purpose adhesive, cenent

or the like. In another enboglinment, the test piece is

arigid solid block for bonding onto to the substrate

by an adhesive. In this enbodinent, the adhesive is )

t he ratascpedancgowittoa s@good aspechohdhepresentrigventios, there is
; ted . .

AAEuEq cadiep 10t Benihlg SEElOR P, R0 abBarct Limprises o

substratel, atesttpiemeaandsan gjector. dBe substrpteahast aifirst surfaperahdraysiot,

trenath testin t.h ' .
RS Pinte Ha 4 Stpn{l A AR R ot portipn fo bgng onto
thadirst shifacd ofthe fsabstraie dnd aslonthondingepdrtior topivedap tresslat, and
tgecon ur fage, whi ﬁh inlcl udes a boﬁqgg‘nﬁ Eg)rti.on tg. d
8fiediorpssa first epd fa apaly & fofee dgainst dhe ppabonding poffion and a
mnmeagemPgitamugn mv@lbtapméeejfcttout is efudablehte tﬁreak the
ejector has a first end to a a force against the
J%?Wﬁﬁnmﬂe(iﬁa&agheas“@ggh%d end extendi ng
through the slot. The ejector is novable to break the
bondi ng between test piece and the substrate. 10 "
Pr ef dirglsrgbly.tthe siof s?mg%%?ﬁra@%%engﬁe ape e figctanig muable within
PbpeRire. s novable within the aperture. Preferably,
t he apparatus further conprises a cap positioned
between the test piece and the substrate and nore

pr ef g5gfribly, [thE dpPBrat R Rirthel BSMplisis 8REp PositibREE b¥een the
the ejector. In accordance with a third aspect of the

teskepiege angdyihet substratehand: mase preferaphy the qapt eryers the slot and

feRki a8 mergeétopondi ng strength test. The nethod
conprises preparing a test piece having a bonding

portion and a non-bonding portion; 20 bonding the test

For m'a S5engence MRTHLAR gt Ofing BriseRt NGRS b provided
anmethodefasuperfareiing @ndondiegnstrengtndesty pbhe insthod 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.



10

15

20

25

30

of the test piece to break the bonding interface. The
test force is substantially perpendicular to the
bondi ng i nterface; and the bondi ng portion and the

non- bondi ng portion face the sanme direction. 25
wopeydbiiy  t he net hod further conprises det BEH§GHE00216
the test force being applied when the bondi ng
interface is broken. Preferabfy, the test force is
applied to the non-bonding portion of the test 30

e R Y e

gpede esing en efeetoron- bondi ng portion of the test piece
using an ejector. Preferably, the test piece is a
curabl e adhesive. 5 Preferably, the preparation of

t he t ¢séferdbdgehd tost piete BUDUrabRSadhe¥RE] Ng the sl ot of
the substrate, and enclosing the substrate to provide

a cavity thereabove. In one enbodi nent, the method

f urlt hﬂrefgﬁigv{: Elfiﬁﬁrép{ékagﬁg'dﬂgs f\}%t ﬁ@ﬁ@%rﬁfer c?:%g'n@ésocé\;é‘?mg the
psiq Pﬁ{ﬂ?ewbé&fe@r am% gnelpsipg thepsudstrate tiOrW@\mkP aisayity theteabove.

to generate reliable test results which reflect the
real bonding strength between the test substance and

t he sihepe &rebodinemRiermBtiBgRUFEORODPTiSHSEINfRARY NES adhesive
fiht8 thel Eavit§, anf ey thEGHhaG@. Vi ew showi ng an appar at us

for prepafing a tést specinmen for bonding strength
testing according to one enbodi nent of the 20 present

| nvenjzl Bohdidd gest;p(f%d{rﬁe@ a%rcgr%?ngcf & the %?ésen SiveRtion is able to

a speci nen |
generate reliable test results which reflect the 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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strength testing according to one enbodi nent of the

present invention; 25 Fig. 1 Cis a cross sectional

vi ew showi ng the apparatus of Fig. 1 B after the test

is perforned; Fig. 2 is a partially cross-sectional

POA/0331dly showi ng the apparatus of Fig. 1BPQVHcE/8R16

a test machine for bonding strength testing; 30 WO

2004/ 023111 PCT/ S&2002/ 000216- -7 Figs. 3A and 3B are

cross sectional views show ng an apparatus for

bondi ng strength testing according to a second

enbodiigiendA ¢d; RB pfec§08E SqctoRalt YiBWs showing anp agpajatus for
N@aketi f i

A B Bt S e lesent

inventionesent i nvention; Fig. 5 is a cross sectional

vi ew showi ng an apparatus for bonding strength

testing according to a fourth enbodi ment of the

pr es drig. 4 is\eecnoss sectiihalFvigw. showingnan epparatusfar bording strength

t Vi ews.. the .ap : | fernatives

(5P aCETR 1od BRRRBEQI S B Bk Einvdto iR Y he

nmet hod of bonding strength testing 15 according to

the present invention:  DETA| -
PREFIHED BIEEIO VERRTAL VB iR Ae T gBbarmiys Yol borldfig strength
teSlingaccapday it al fouribrerhisotiment of thieeprgisant iderttient | ng
according to one enbodi nent of the present invention

conprises a flat substrate 10, a cap 30 and an

encl qsgy. 66A sindheBsare partidilyotp Viewssobtier apparbtus showing the
g&r ef er abl gnformsd in a cylindrical shape having a

eraqtves REthGFUBSTE®on 12 and an aperture or a through

slot 14 fornmed thereon, which allows an ejector 40 to
nove _therew thin. , . .
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 ﬂa{
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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25 The ejector 40 includes a first end 42 for engagi ng
the cap 30 and a second end 44 that extends beyond

the | ower surface of the substrate 10. The nold 50 is
supported by the substrate 10 at a sealing surface 70.
WRR0MA3IBD  covers the slot 14 and is supporREdEHOAHR16
substrate 10 at another sealing surface 30 80. The
shape of the substrate 10, t#e 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. WO 2004/023111

PCT/ %@ggg{(,@%ﬁ %nPnto @\gé y 180! |g'|F61 @8”?\%1% cavity 60

(EMO) I's |nJe cavity throu?
nhmugh ainieh 82 @udmlredatwfomaaest@@pcwzomﬁhetﬁ ma_clmen has

2 SPoRf HenBFia, Piont 23 CRRMLART e "6 oP BohAg, ption, 12 of the
alﬂssrah teat® ar? a aond-bonding-pfeotiah 24 cpotactimtrmtoom_ ce i3dof the
t he sur -

o 30 ohS b BEreg eBltich S GRRa el £P g IR E8 g, pnd both
dhetiecohdhdboadmgmbrbommr@qomet nmbﬁﬂdla@cbcxﬁm\ 24 face the same
AT LRl B REEVES APRF o T ol bbbt 20,
Wﬂ&ﬁlnﬁ%ﬂb%ntual%tt@hsame shbpé ast thal bawtyhm) stheemeldaf® neasy be

t h
bbb stpicebe carkietatEs FBY T ib® RHTRRER of foripg, the, EMC
§ﬂb%|rﬁM320 %melﬁbfﬁﬁbsﬁ&eoﬂ) iphspes Wntitstioking Hyentermagbe applied on

anti-sticking agents e applied on .the I O ta
Bt 0 oo JHS TRy B BRI oL00 e TRy Colmen
SPGB Reredd. SBiHEE thBEEMCNIs Sty of Meat&NAT With deitaif cadblesive
material with certain adhesive properties, it sticks

prepertieneit siisks oat they suhrirate 40 shthe arParatusoly AW dgady for
{e%fmgjl%stsﬁé&vhriﬂ Fig29BS hméﬂeé»tnspgbﬂwenlmﬁs nWbérﬁﬁzH w1th its second

specinen 20 i s now bonded with its second bon
bendingportion gAopta the firstbondingperting Horeh substrate tefform a bonding
ﬁ% Lape to forma bonding interface 90. Upon start
e testing, a substrate holder in the formof a
metal ring 210

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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20 is placed on a | ower stage 220 of a Tensile Testing
Machi ne 200, as shown in Fig. 2. The test apparatus
illustrated in Figure 1 B is placed in an up-side-down
orientation, with the substrate 10 resting on the
Wer2804/0231ah 210 and the ejector 30 placed i nPGHIEG2802400216
14 and protruding upwardly. A conpressive force 100 is
then applied on the ejectorg30 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

afrthé test Ispeciment328pedi shawld be jappresiatedi that i this embodiment, the

sselégﬁé rb%ﬁlgé%ort?ghe 32054 Itfke %BPEE%QEMQgg %?321 &?d formed within

en cal cula
the sanme eesl s‘udace obythe test specnmengﬁ?&)r e&ltereatwgb'n thenejectos 340b

’Hﬁ%ﬁlﬁg%%%g 8“}%&? gﬁ%é:%o?%ﬁd &Q%teg’ ghtﬁlng? gé@a{dﬁ dihg ihaged slot

J14ibs as shown ireRig. BchTtméeBmensmpseot the e’wma' 340atandsthe slot 314b

ener al | seat Lt hi cqr ondi np
8 5er e it B0 rRcOe e pdll stdls B BoLTRACAN Abveable
WitHeP eHeod1btB1 490D 2§34 tHeA8dt IspebimiénSE202/ 000216 -9 of
the test specinmen 320a. It should be appreciated that
in this enbodi nent, the second bonding portion 322

and trig¢ Meiovid dhinDedblintent 32dording tbanepebsent MvantidneThis

sane | evel rface on t est s

STbiman Pelijes BREieHeA4) hiop 3 SARVEA Shanay £ngportion 442
IRYAddRBAr a %bmﬁd.ag PoRRM 4L ¥ 4 teistisFeciraén 230 ttheddhereon has
shaped sl ot 314 as shown in Fi

S AERRROBHIB0 SPheTa BharacoToligo 38tY Verdois 47 ads selectgldor the
Mrﬁ&éé%# YIuERAHINESF e bfcHtatidieofiRCieRt spédiiMeReflos tTRE set of

sl ot 314b and noveable wthin the slot 314b to eject
vaetors ed24as pag i ansampooent 424y, whish dswpespendiqulpr to the bonding

iﬁg@@%o fafrid 'EHH ankodﬁél:ﬁloﬁrﬁ?&nbs 'tﬁéﬂeai it seddHAP bonding

nent 71 ncludes an ej ector 440 havin

s&p‘f&@m‘é’al ofdhe fesd sepeimMenr4donA4ast specimerywith %'Uﬁ typg of surface
ﬁrebQﬁ‘éHh &9 aPRISE kGBe 4bh gf b8 4eifiba s n{mne/éaﬂ wcneg in a
ereo a correspondi n erlc shaped profil
mr@eon @IDPOStet torthe manngntsé%ttoe@eab ithe hen wwrﬁ@é@eownhout
r&tfoﬂ'ﬁmgf EQ&&%VSQ@W ht8ffadd'8s ftﬁeﬂ:oﬁ%@ﬁ@@ "Pull-Off

vectors a has a conponent 4
tslstdmes s perpendicular to the bondi ng

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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15 interface and facing the sanme direction 422y as

that of the second bonding surface 422 of the test

speci men 420. A test specinmen with this type of

surface profile enables a test force 400 to be
WOPHOPBd]l rect |y thereon, which is in a di r&H$@H2/000216
opposite to the conponent 424y to break the bondi ng
interface without the needq@f- form ng a secondary

bondi ng i nterface as the conventional Pull-Of 20

test does. Fig. 5 shows an apparatus for testing
bondifigs. S amyBB are crossl isactionsl top views showing thei vasiationss of the

R 35 R o B SR RR S BHRT2 prver

embodimestsbsft thatpresdrd m;enaon 25n adb edterratiyé Ghowatin |Fsg t6:A the

i 5. i Py SRR B57 RN 4 spoomr
(ppEowrs), a skalireeregidn 681 for tdveiviresa cap |(xmt|shewn53@d a slot 614a

o %g&e%gsaerl A ?0(50551 Of% %v?%lﬁaﬁhsal%gm@n%lftgﬂqgﬁcg % e test
gsﬂmerv eln%the?@efdﬁtlvé shewm éh HllpGB ftle Wpbstraté zshbmmpafses a

bondi n be recorded t
WBh PRGNS TPGRE: $TB 10T BEeMRG ARt PR e BRoM T #150aling
FRIGIInSE8Y $ot [de6ihE a c&ﬁ (AbOshovi) #Htda Gidten e1¢us @ﬁmm which the

sectignal top views show ng t he varijations of

giasior P40 is mevabls, RiAPRYInG 8 Easgiace &ihﬁﬁsstaﬁfﬁsmm dt should be
éﬁfr@élgleﬂgthhp tie/ shibstrate SHAP Bk "StRIckured Wlﬂ\eoﬂfeegﬁﬂhtlons without

invention. In one alternative shown in Fi

depastinciframdhe essepial éeadurgsaf the preseat wgemw ofosaxamRig. the
Ssfiawd HIQES@\aV@%o P PRAERILLS ahBRF nSfAVE br tife &AL MBet various
region 680 for receiving a cap (not shown) and a sl ot
Bsting CQﬂﬂQULﬁQ'ﬁ“%l ch an ejector 640 is novable for

applying a test force to the test specinen. In

anot her alternative shown in Fig. 6B, the substrate

610 ddnpetheds7@D fer rtestingo hendiag regngth @ccording to the present

{nggri%gﬁ @%Saqeg Eﬂﬁ&rﬁ@&% g§‘ 7.4 asﬁt@f‘@ cka7§faé cf{w sRecm}?n is

receiving a cap
prepbred withi a1 bohdiog potiion Bhde) rant: mncmmmrgommlmtbe@emlock 720,

g@%gé é}%eﬂnéﬁe fst bérﬁfe‘aqfvﬁﬁ) ité Bgn&iﬁé 'boﬁ%%céma s'uBst?ﬁQ % %rm 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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appreci ated that the substrate may be structured with

ot her variations without departing fromthe essenti al
features of the present invention. For exanple, the
substrate nay have two or nore slots and/or notches or
WOR0QHRH1t 0 meet various testing configur at PEHEG2002400%16
nmet hod 700 for testing bonding strength according to

the present invention nmay-Re.illustrated in Fig. 7.

In a first block 710, a test specinmen is prepared

with a bonding portion and a non-bondi n% portion. In
rebeiving surfate whicrofaces theesaree dirsglian agiis bondioa sugfaog.tthe “in-

P P ey 3R e Sec B BRI 1B By ngyre
instrepfPubOforfiest’t hed sUBstRaderd 568,936 nethed carei isyccessfully
‘gorti on of the test specinen to break the bonding

@% the test specinmen and the substrate. In this
met hod, the test force is applied along a direction

SUbSLELLE) e RECBTEL STt Bt RS RO Y, 85 T hACRen e

ENMICt s tmf nidkﬂ? thespossibie Uﬁmagéatoethéfbbnﬂii@mntﬁiface incurred by
dlrectlon [ face the sub ate so. that t

GagveRt "!féh%dpmqvete? m'w'quy BtosPecinen E@&%@@Pﬁ&eﬁ in a

abnﬁa%.mwér@qnelmanmwn@apsuht NetoBaksS tierBidid) tHee Rist Rebults
paratus and net hod il | ustrated abgve s the

ottoinee AjR Slassr i actyak reductions guation.o Tigst spefimen Argpared
é’cc@lrcﬁﬁgﬁd tm,- sraSeitamidnBibh Ygensfatd Ab REMKIE Gireds absk ke bonding

bondi ng surface, which may elimnate the surface
interighee & ther ensratian, thalie it PRed fR CemRdle texlApParatg anto the
feS{ mathi etdgethé%nv?rﬁl&%n&eﬂddeﬁﬂfhhas thel "Shedfltestr @Bes, which
since the testing force is applied to the test
mingvizes handting prablérns. cuhigiD oflepdeag 3a premature failure of the test
{‘#—H ﬁé&%&fﬁ results ex Eﬁﬁéﬁﬁgﬂ%yﬁHéfﬁﬂﬁOWeiih andRé “Shear
e sane direction as it I ng surface, the "in-
Tegter" failure of the test piece and the secondary
bonding interface failure incurred in the "Pull-Of
Test" and US Patent 5,768,936 nethod are successfully
prevent ed.
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5 Applying the present invention to the bonding
strength test between the EMC and the nold, the
possi bl e danage to the bonding interface incurred by
conventional nethod may be m nim zed. Test specinen
may be prepared in a manner simlar to the actual IC
encapsul ati ng process, theretdre the test results 10
obtai ned are closer to the actual production

CITSA@@U on. Test specinen prepared according to the

nt invention generate no tensile stress across
the bonding interface. In the operation, there is no
need to clanp the test apparatus onto the test

1. mac Aimapraratusdor banding istreapthiasting comisig: t he " Shear

of t en § 8B HElind B RSTEFRREEROD Pl oy 75 M

speci nzrnestf pigaeonaving entsecond Behding porttore ¢ol Bondt bato the first
"Pull -OFf Test" and the "Shear Tesg‘;(. -12- CLAIMVS 1.
An appar 2009ingoporien Af e subshgtetq APYWIRG inderigce, and a

a subst r g5 | ggjgfdbrg ﬁ& . RBAIAY aPRIst if&'&éntg §e§§r§¥eh the test

pi ece having a s€ ing portion to bo ont o
first beietefgompdheisabstoéitet he substrate to form a

bondi ng, i nterface, and a. nop-bondjng portion faor ,
Fecel WheTSI the; tesh Agtce; s SupaRmieny fepnditipr g the bonding
from thejfupgts.ate; wherein the test force is

substantial ly perpendi cular to the bonding 10

i nt er fwbereinithe senond dosdingnpottiondintd) theonohdienging pagion face

non- bondi,n ortion.face the sane direction. wherein
t he substﬂP%FgmﬁéWq@gPﬁdefi nes a slot to permt contact
wi th tRBerdif3he BubsRatehfptheh defides W siot abgeraitdcdritact with the

wherein the apparatus further conprises a cap to cover
t he sl ot test piece through the substrate; and

wherein the apparatus further comprises a cap to cover the slot.

The apparatus as claimed in claim 1, wherein the slot comprises an

opening within the first bonding portion.

The apparatus as claimed in claim 1, wherein the slot comprises a notch

partially surrounded by the first bonding portion.

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

applying the test force therethrough.

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

applying the test force through the slot.

The apparatus as claimed in claim 5, wherein the ejector having an

enlarged portion to at least partially extend beyond the periphery of the slot.
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2. The apparatus as clainmed in claim1, wherein the

sl ot conprises an opening within the first bonding
portion. 20 3. The apparatus as clained in claim1,
wherein the slot conprises a notch partially
surrounded by the first bondjng portion. 4. The
apparatus as clained in claim1, further conprising an
ej ector for applying the test force therethrough. 25

R BRBSEAD T T P Bap . posoer

t hr ge6lediitheSsistrate ahBeh&pMpdoes as claimed in claim
5, wherein the ejector having an 30 enlarged portion

to at | east partially extend beyond the periphery of

e 18k obppii, e, SRR AP B TSR TR S i 1

€ cap I's posriione

and apb®irige the testc forc8. toTtree appatcaisepaeste cthei w3t piece from the
claim7, further conprising an ejector to 5 applying

t he SHBgYattorce to the cap to separate the test piece
fromthe substrate. 9. The apparatus as clained in
claim1, wherein the test piece is a cured adhesive.

.10 Tbhe apparapsanatalsineed i @lamwd1] wherginnthe, tesh iedenis a cured

t he tsst. Ei ece is arigid solid block for bonding
ont 89PREVEuUbstrate by an adhesi ve which bondi ng
strength is to be tested. 15 11. The apparatus as
claimed in claim1, further conprising an encl osure

10f or Thecapnargtusras pleiedin claie b whereiethe tesbpigeeds & rigid solid

11.

=, b g RS0 P2 on

cap sfeagth ishe beltested.

The apparatus as claimed in claim 1, further comprising an enclosure for
forming on the substrate a chamber into which the test piece is formed by

injecting a fluid material.

12. The apparatus as claimed in claim 11, wherein the cap seals the slot.

13.  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, and

wherein the apparatus further comprises a cap positioned between the

test piece and the substrate.
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14

20 13. An apparatus for bonding strength testing
conprising: a substrate having a first surface and a
slot; a test piece having a second surface including a
bondi ng portion to bond onto the first surface of the
substrate, and a non-bonding, , 25 portion positioned
over the slot; and an ejecttﬁ4having a first end to
apply a force against the non-bonding portion and a
secqnd end extendi ng.through the slot, wherein the .
ej e%gr apgarr%q,sa@secggngg Rk Clpim B%na’is’ﬁbe'ﬁemglﬁtt {@ggprises an
pi egeertapd the substrate, and 30 wherein the apparatus
further conprises a cap positioned between the test

pi ece and the substrate. -14- 14. The apparatus as

150 bRl Gy Ok ! ST SHRR o movani

whetisroaghtiee @aperti. i s novable 5 through the
aperture. 16. The apparatus as clainmed in claim13,
wherein the cap covers the slot and is to contact the

16f1‘7f%f13ﬁgékg>é?£tu'shaes ElafRE@Tn WA .1%3‘?&%%%?5@% (EB\):e?QEdP]eéQIot and

pparatus as clalned i arm erein
ej edd tor cdrdactthedinst end afrthedjgeiot whenttive farce ésmapplied.
partially extend beyond the periphery of the slot.
18. A nethod for bonding strength testing conprising:

17C0VaihHeNgpBadt®d 4 @Miried PN crimulbs! WHereinltheeRjdciSt Mdving an

the substrate to provide a cavity thereabove;

i nj eoldrggd portiariesatieastrpastiallyee)dand beyongthe:periphery 19é the slot.
adhesive to forma test piece, wherein the test piece
having a bonding portion and a non-bondi ng portion;

18. A method for bonding strength testing comprising:

covering a slot provided on a substrate;

enclosing the substrate to provide a cavity thereabove;

injecting an adhesive into the cavity, and

curing the adhesive to form a test piece, wherein the test piece having a
bonding portion and a non-bonding portion;

bonding the test piece with the bonding portion onto the 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.

19. The method as claimed in claim 18, further comprising determining the test

force being applied when the bonding interface is broken.

20. The method as claimed in claim 18, wherein the test force is applied to the

non-bonding portion of the test piece through the slot in the substrate.
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bondi ng the test piece with the bonding portion onto
the substrate to 20 forma bonding interface;
applying a test force to the substrate and the

non- bondi ng portion of the test piece to break the
bondi ng i nterface, wherein the test force is
substantially perpendicular‘ﬁrthe bonding interface;
and 25 wherein the bonding portion and the non-bondi ng
portion face the sane direction. 19. The nethod as
claimed in claim18, further conprising determning

t heTh@%etr{oGré‘@dEﬁhé‘& it BRir e, WitteinteRe8iforék is applied to the
in

interface is broken. 30 20. The nethod as cl ai ned

cl anend®ndingpeitiontaidhe tast pienecusing aggiestet to t he
non- bondi ng portion of the test piece through the sl ot
in the substrate. -15- 21. The nethod as clained in

22¢| ammedfethodeisLeiainidd®int €1aim il fufthes canprisig $ealingahe cavity.

non- bondi ng portion of the test piece using an
ejector. 5 22. The nethod as clainmed in claim 18,

23, o AR AR B o8 syiefgl s cbkprsls 1S . 4

subst ratsebsteatemaving a fisdt booddigygprtiont i on; a test piece
havi ng a second bongénqg porti to bond. on the fi

n 0 S .
10" borRitegt PECE BAVIES 3 secensdanding $GriaT 16 SaBnaniaytne first
i nt er f acgonding ;?ortiBHrbfk{Hﬁ‘HdB@trBfé’ td fRind A'bdriefiy Hitédace, and a

test force to“separate the test piece fromthe
subst r at @pnvboading portiont &t reiceiving iastestifercantoi s¢parate the test
interface; 15 wherein

?ﬁépgggg%géc%gfﬁ%ﬁ g%UB%ﬁ?%ﬂ??gnd t he non-bondi ng portion
face WherewrtBe diesEFbic@Nis substantially perpendicular to the bonding
interface;
wherein the second bonding portion and the non-bonding portion face
the same direction;
wherein the substrate further defines a slot to permit contact with the
test piece through the substrate; and
wherein the slot comprises a notch partially surrounded by the first

bonding portion.

24. The apparatus as claimed in claim 23, further comprising an ejector for

applying the test force through the slot.

25. The apparatus as claimed in claim 24, wherein the ejector having an

enlarged portion to at least partially extend beyond the periphery of the slot.

26. The apparatus as claimed in claim 23, further comprising an enclosure for

forming on the substrate a chamber into which the test piece is formed by

injecting a fluid material.
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wherein the substrate further defines a slot to permt
contact with the test piece through the substrate;
and wherein the slot conprises a notch partially
surrounded by the first 20 bonding portion. 24. The
apparatus as clainmed in claim23, further conprising
an ejector for applying trel@est force t hrough t he
slot. 25 25. The apparatus as clained in claim 24,

2 AL but R L BB O st v

sl oklot. 26. The apparatus as clained in claim?23,
further conprising an enclosure for formng on the
substrate a chanber into which the test piece is

2] 2 IR SRR A 1, 2T

appar at'ds  as clarne conprising a

cap t oa sabstrateechavirigod firstbondingapadionf us for bondi ng
strength testing canprisin

: b i
first ®OAH RIECEoPRYIRg;2 secead %@@i@uwgﬁﬁ%a@i@gga@ the first
bondi ng %?h?t@npér%oh%C{hemfs{rafae {d [)oﬂn ade?fyir‘@;r}terface, and a

portion substrate to forma bonding | ntertace,
and a noondmrdiimg) podian for feceivirg ai teshdortet s sepanate the test
ece fromthe substrate, and 10

to separate the test '

an ej ect 8fe%ogf°%ﬁEP§PHS{f?‘ﬁeaPQst force through the

sl ot yhefeRtdt fbhs?b@ﬁb thentest foFceStRSIGH e IOl

per pendi cul ar to thé bonding interface; wherein the _
seconawherein rthe piest iferceaisd substantally pedpendipdar itenthe bonding
face the._s direction; 15 wherein the substrate

further Hgfeﬁﬁg%’ a slot to permt contact with the

test piveerih e ¢aBohddopdhtl péition &idlthe non-bonding portion face
the same direction;
wherein the substrate further defines a slot to permit contact with the
test piece through the substrate, and
wherein the ejector having an enlarged portion to at least partially
extend beyond the periphery of the slot.

29.  An apparatus for bonding strength testing comprising:

a substrate having a first bonding portion;

a test piece having a second bonding portion to bond onto the first
bonding portion of the substrate to form a bonding interface, and a
non-bonding portion for receiving a test force to separate the test
piece from the substrate, and |

an enclosure for forming on the substrate a chamber into which the test
piece is formed by injecting a fluid material

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

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

the same direction; and



wherein the ejector having an enlarged portion to at

| east partially extend beyond the periphery of the
slot. 20 29. An apparatus for bonding strength testing
conprising: a substrate having a first bonding
portion; a test piece havin%7a second bondi ng portion
to bond onto the first bondi‘ng portion of the

substrate to forma bonding interface, and a

Cepar aPierBit, HRL SO rEF ENAEh B SER ke R St pitn the

encl osur et pledethiduith Wie substratdstrate a chanber into
which the test piece is forned by injecting a fluid

material wherein the test force is substantially

0P RGBS A ABERDPRELE 01 S O Bl con e

facelott he sane direction; and -17- wherein the
substrate further defines a slot to permt contact
with the test piece through the substrate. 30. The
apparatus as clained in claim?29, further conprising a
cap to seal the 5 slot.



