M CRO- | MPACT TESTI NG APPARATUS FI ELD OF I NVENTION [ 001 J The present
invention relates to the field of inpact testing mcroel ectronic

i nt er conneotzp@nags4sor e specifically, to an apparatus forcrsstomgosioe i npact
properties of said mcroelectronic interconnections. BACKGROUND OF THE

| NVENTI ON [ 002] An ever-increasing nunber of portable devices, such as

nmobi | e tel ephones, port@teo ehaTI EYRNG AppARATU8bl e computers, for
exanpl e, are now avail able to consuners. Accordingly, as a device becones

portable, the usage conditions that it is subjected to will vary greatly,
such as fFERDOBNVENTEMer static use such as a desktop conputer, for

xampl e. ] 4k Sy 5% ERE So bk luy @ Ee LaRECRRRMkAofEom | Mpact

and varyi r operating conditions arising fromthe different
envi r onnemtescdnneotions; mardspecifivallyb® ansapgaratus fotastingdhd wrpaghprepeiriaes afhe

m cr oel ect r.cfnlcs iFrdUS”t%r hasC 1adopt ed standards to gauge how well the
various niit BIFRICFENHE PUEWREHEAY s, such as printed circuit boards (PCB)
and their nounted conponents, fair under such conditions. [003] An exanple

of said standards is th EDE dard (JESD22-B111) which is capabl e of
qual i fyi néwwgr@nfﬁé&wgbﬁmr connection under inpact testing.

However, {dm] éﬁD&%rir@%asihgqﬂinrb@rsof ?6rtéiﬁ§&i§bﬂci:§39&u&f at higobile npRpledks, 0Nt 0 a
PCB, a process that is noft cost effective when done solely for testing

pur poses. Poable wedip adayersoanderariahlg, cAmEISHY, 0 FRATPIGUYE r%PWpP‘é?@@P]Eetoof sol der
bal | sheag g, 4si R&Bf&lrirg%hf}y’lg%{%xe/igﬁg{zcioﬁfé‘é‘%rtﬁlﬁé,ttﬁé ubape ROAdiRS Ithall 8 for at

| east two reasons. shear tester is unable to effectively
i nduce t hsubjfetilnewilhwdy gofatlf, si¢huasdrare stdevige doder sBli¢ use Tefashéeskiopeed.

Second! ¥, odiSudll AR AREC bR ericS ROLAR 1iREY o LERERAG SR BhAl | enge,  as

its size and gebnetry prevent accurate aracterization o : ai l ure when
usi ng st aimarcd enpactyihestemsl socketing comli@nar pyising fromd thee shifferentas t hey

| ack adequate testing,r | ution. 0% ents,

St oo orgpmniey KR apuunt Peatel HhyelhOR SRR, 86 ALEEAMRL
industry has adopted standards to gauge how well the various microelectronic
components, such as printed circuit boards (PCB) and their mounted components, fair

under such conditions.

[003] An example of said standards is the JEDEC standard (JESD22-B111) which is
capable of qualifying the component-board interconnection under impact testing.
However, the JEDEC test requires the assembling of the component onto a PCB, a
process that is not cost effective when done solely for testing purposes. With respect to
testing, the present industry practice of solder ball shearing using a standard ball shear
tester is not desirable for at least two reasons. Firstly, the ball shear tester is unable to
effectively induce the desired mode of failure testing due to its low shear speed.
Secondly, the minute specimen of the solder ball represents a challenge, as its size and
geometry prevent accurate characterization of the failure when using standard impact

testers such as the Charpy or Izod testers as they lack adequate testing resolution.

[004] In the case of PCB components, Siviour et al. [Dynamic Properties of Solders
and Solder Joints, J. Phys. IV France 110(2003)] describes an experiment using an

Instron loading machine to study the effect of varying strain rates upon the solder joints
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and Sol der Joints, J. Phys. |V France 110(2003)] describes an experi nent
using an Instron | oading machine to study the effect of varying strain
rat es upowmot2h@/gedsder j oi nt sof PCBs. The sol der joint, eomsiGod6regoiof a
solder ball, is attached to a copper pad on a polyner substrate. In the
study, a brass blade struck the solder ball at a given speed and the | oad

required tppehgarhetBfles Riflonfstiry q\mssord@fssaqeﬂandemaeﬁéefGOpEaepaahﬂaar speed
peaked at slightly over Ims, nmeaning that the range of the shear speed

achi eved PALYERT subsiraielyn Westudst ierpss|biade seck hosdferel et ¢ svemercgd 2t e et al .
[ mpact Reld gl bdure@fio ?8%?1] e J0kA G WROfcblaRa ! HORE S, CRPOREN e AN

Technol ogy Conference, describes a nechanical testing apparatus for
sol der j oiperksd aflightipeteaninsamesrdng thelatbe eage pede shear spried gclieysdnalthisum i npact

test in i h m setup all owed the test shear rate to range
St SeRe T

bet ween The fracture energy of the solder joint was taken
to equal to the decrease in kinetic energy of the pendulumafter it had

Dat oot 00 ekl s oo CLBRAR Gy Deids G0 B o HeRE Tt or it i on

on the fr @ohipbrenst LBNALDhoFCESHERMce, FRODK] e tsmONies & hRe@@AHIA GG
attributing the ggxpect ed) loss of kjnetic energy of the pendulumto the
fracture &PRAYS & solfler suntgcfhy mephanical gl ¥eF SHAKH Qut ¥8NE HePEElEe in

kinetic engray W3 MAVE iHegaHbligH sfetﬁ?@]l&ké@&eh%%ﬁeﬁr il € rAge bagegs due to
the vibration of the pendulumas well as to heat and sound in addition to

t he ener gy-laie/siphtnl. Thofastmsaneispitihe selderdeit jwes faken[toFapaltedisi t e t he
above- nent;| . I: haes -] ctronics
inter conntgécc?lg%%"ﬁgrr%eg%% H%%g%’g?le %ﬁg{uﬁﬁn{s%%@ﬁg of pfr:%) 535?%1311 Ogglc,ieg’si red
failure teshrawigpckod e methodidsscitpdpiydvatelet gluantiat enly e Gruacowenie

measur ement %, 9t 8 oYk SOREA! 00 a8 Sl SO ured Hurfifid GAT di ng. the
fracture é’frengtaﬁ’ of THEToel et F'oni Cs T nterconnect ons. I's al'so

desi r abl e atanrgoy wfiatdebaing thp dedpedtedtioss ¢fhikinetghenstgyctt, the genduumeprtizduci bl e

results on test speci.nens, of. m nute size and,gepnetty, are achi evabl e.

Furt her m%&?m’feter’le%yzﬂf Sﬂ&@f Pgﬁll%q‘fe(%u%aﬁ\?i %fethg Cfé)aélgf’-l Fpgts Y% or t hat

is al so cosveesairl fymvithd16sséspsuchhe losssr duelie thervitation dfitle ptrudphinpasadopt on a
well as to heat and sound in addition to the energy dissipated upon impacting the solder

joint.

[006] Despite the above-mentioned developments, there remains a need for a
microelectronics interconnection impact tester that is capable of producing the desired
failure testing mode in order to provide quantitative and accurate measurements not
only regarding the fracture energy, but also regarding the fracture strength of
microelectronics interconnections. It is also desirable to provide an impact tester
through which, easily reproducible results on test specimens of minute size and
geometry are achievable. Furthermore, it is also desirable to provide a cost—effective
tester that is also commercially viable for the microelectronics industry to adopt on a

large scale.

[007] In order to solve the above-mentioned problems and fulfill the mentioned needs,
an impact tester having the features according to the independent claims is provided

according to the present invention.



| arge scale. [007] In order to solve the above-nentioned problens and
fulfill the nentioned needs, an inpact tester having the features according
to the i nwepesdasi4scl ains i s provided according to the PCese006/000107

i nvention. SUMVARY OF THE | NVENTI ON [ 008J According to the invention, the

m cro-inpact testing apparatus for neasuring the inpact characteristics of
a mcroel ectroni cs speci nen exposed to an i npact thereon, includes a

speci nen hol der for_receivin specinen to be tested, and an inpact
devi ce. Tﬁ@M%ggtOFdE;gS@th‘%@Hes, according to one aspect of the

i nventi ongogd) AchBamk th@athveatisit BRI BIpRG testial apRafis PPReHAARSHE] NG
element and a first flexural spring. The support menber is connected to the
connect i niRRACEARAACIESiIEH of RamiarpplecfTORiss SRACHENGIY SHPOLTr PG W2t thgtegiat t ached

Wh TUS ARRaEMk Ok BoBUPBPIke URIRShecfith 1itelledddd il AimpRH dclie t he
connecting el enent. The 1 npact devPce al so I ncl udes_a second fl exural
spring belhgingtact deaist inshudes, acrording tp dnd esuecoef]the nvendion. 41 impactieed ar al
spring, wherein the connecting el.enent | tQ -t hem head in
hat "Che SRSt e EGREEH Mg b E APhrepgnd PG LA Bt nb BRAGH TR0 |
connect i nghembeanBrdonmodd wb the tdriie@ingedlensant stah thhtethe rfpstciiexomd dpringhs

arrangenmepnt of the.secand flexur spring wi.th respect to the first
f 1 exur al HFliyr?&a?rLé’d %@Htst ‘?ﬁtenéﬁgadé%ﬂg’p%rf g‘faﬂgjef F?cgfvﬁgﬁté oéléeégﬂ‘g R hlgxur al
springs dedrnB&ingielenint. TRt dapRE dStied Asinclubes 4 seeontl Béxusfd siigsheidy 4tect angl e.

[ 009] According tgo a second aspect of the jinventi.on, the m cro-inpact
testing alspHrabsantially idertisal fpispg firsdlerpLPring NEeLER Lis OpReclng plement

mi croel ecl QRheRAIPHRE iiFR: B4RGS 8t tho sBnd fBAEA spritgd iy deslyansdee wi@n hol der
for receiving a specinen to be tested, and an inpact device. The i npact

devi ce i né$ gueendaie therpeneectinglement subpiihits iy ond i theamppedepd. ol 1 st

fl exural j ' L 4 hb&r UpRRY it syggnber and
withits %?%dggﬁ%ﬁgk@g S%P??E?gzg}@h{el&o#’ﬁ? %ﬁg’gﬁ? .Eﬁtea%&rTﬁe I rrlp(sslct devi ce
al so i ncl thdtthe gndd dlet firgt adcoemndffleanial sringhaeiing. Heinrglogded gafs of the

subst anti gl i.denti.c said first flexural spring and being attached
wthits gﬁ%l%%ﬁg&%%%’atr%%taﬁepport menber and with its other end to a second

side of the inpact head, said second side being opposite to said first side
thereof. [009] According to a second aspect of the invention, the micro-impact testing apparatus
for measuring the impact characteristics of a microelectronics specimen exposed to an
impact includes a specimen holder for receiving a specimen to be tested, and an impact
device. The impact device includes an impact head, a support member and at least a first
flexural spring being attached with its one end to the support member and with its other
end to a first side of the impact head. The impact device also includes at least a second
flexural spring being at least substantially identical to said first flexural spring and being
attached with its one end to the support member and with its other end to a second side

of the impact head, said second side being opposite to said first side thereof.

DETAILED DESCRIPTION OF THE INVENTION

[0010] The impact head, according to the above embodiment of the impact testing
apparatus, is moveable transversally with respect to the first and second flexural springs
along a linear line between a spring-loaded .position (loaded position) and an impact
position thereof. Further, the specimen holder is aligned with the impact device such

that the test specimen received in said test specimen holder is arranged in said impact
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0010] The inpact head, according to
t he above enbodi nent of the inpact testing apparatus, is noveable

t ransver swbl2goeniis3asr espect to the first and second fl execalsGawsionge7 al ong a
|l inear |ine between a spring-|oaded position (|loaded position) and an

i npact position thereof. Further, the specinmen holder is aligned with the

i npact devpasiios Usththt Hadpad: ead. €Blfis S patdsMBe iﬁ%@&ine@@ td Pre2Rbl ifat: Reci men

hol der is arr.an eg in said inpa tpo(fi tion of the inpact head. This enables
the i npact “PREEE™ fHeifraveingeirgm itilnaded pesdion ewameHs Wneel positigy elonagaifir om i t s

| oaded posiifehlinet THEKSr inbSorl B RASIrtaROR iokded forthORPaS e bipRSAde fol e The
linear notion is inportant in order for the inpact head to provide for the

MY )
required p‘ie&‘&ffe_éé’f%cl‘féé?eaff é?r_é%tot the telesPe@inien ypeit iefaase- polinees hotise of thhe | i near
motion of {fge HERAG! aieAedsiyab _%9&3?@&%%@5%1% Sﬁgarﬁﬂsagl c%}j]rg NGt LERLLNG apparat us

to carry out tests on test specinens of m Size and geonetry.” [0011] In
addi ti on, FevmpEeyofaeivelnsiagenl ggbmeky.ng t he above- nentioned arrangenent,
including the flexural spring, are that said flexural springs are
frictionless, provide for a vibration-free |inear notion of the inpact head
and are of[0Hilyl sddifiémefhshahaivaphgsed using therapevcineitionsd anbaReRAENt Wi th
respect toméhrg sg_lpp}%rt {narrber. 0012] Wth regard to.the above-nentioned
enbodi ment T TENE ECHEX WA REPRETS et saiq fexutal serines prrdyctioplesy dEgiEdedeyat o form
t he rect angbretictefrédiaabyiofidiforaRsiingatt Heb@ afd 418 bof BH sHBEINILSPFERAS, Shoul d
the I engths of parallel correspon in?%spri ngs vary from each other, the

sanme | i nedrPeEIepigYlar grraggement with respeqt fo B8 FURPRELITRNSY. t he | npact head, may
still be achieved by varying the spring characteristics, such as the
stiffness, for exanple. [0013] In a further enbodi nent of the invention,
the m cr o{9HAhVithregard W(}g%ﬁb@a?-memqnedgn@e@mehbéds tathoweted that itheay rioncl udes a
third and t L i t Le stantially
i denti cal a?%%gi% éllaﬁséag%(% ex&?%k&%ﬁél\é@gggeﬁ ffhgfﬁésaﬁsé%r%?naggsef%&t hird and
t he fourt FPRRgsxSireuld thed¢ngths of peraliermometpending springs sugfont eavbriter,, thd he

connectin t I e pectively. in.the sane. manner as
the first Qgﬁ%ﬁgﬁgkg@%ﬁdb? fegxu?g‘%arsﬁ?ilgfrl]a{é&l%["glaaﬂ]%aldhm%&gf ?ee?’%é?t"?‘{/e
enbodi mentby vetyingghospeing ebaradtdrsticsysuohas restitthess cfot éxample.

[0013] In a further embodiment of the invention, the micro-impact testing apparatus, as
described above, further includes a third and a fourth flexural spring, which are at least
substantially identical to said first flexural and second flexural springs. The third and the
fourth flexural springs are connected to the support member, the connecting element
and the impact head, respectively, in the same manner as the first and the second

flexural springs.

[0014]In an alternative embodiment, the above described micro-impact testing
apparatus includes only a third flexural spring. In this embodiment, one end of the third
flexural spring is connected to the support member and the other end of the flexural
spring is connected to the connecting element in the same manner as the first flexural
spring. The ends of the first and the second flexural springs define a rectangle on one
side of the second flexural spring, and the ends of the second and the third flexural
springs define a rectangle on an opposite side of the second flexural spring. The

characteristics of the flexural springs are designed so as to ensure that the impact head is
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apparatus includes only a third flexural spring. In this enbodi nent, one
end of the third flexural spring is connected to the support nenber and the
ot her endwofoddnasfssexural spring is connected to the comoesGzong/oedienent in
the sanme manner as the first flexural spring. The ends of the first and the
second flexural springs define a rectangle on one side of the second

Lecural SRR a0 L0 Endaoh U5, A7B0 U M el Bty bhpusel obrinos

€ secon exural ’'spring. The
char act er ji&tukdt Sp@igstchaey Bd Ruugadl togaiter DgSnaside dehe npatt dendas ahot BARUr e t hat

the i nmpact head isnoveable along said |linear Line. 0ln,an f t.he
above- menfibeARER I AYSHRRE: Slatiquslip FT HL GRS 18 6?7%‘5}5‘3%&/“{]‘3 \g’?rg%%hga t oget her

on one si gy ¢f HeheavkiBAGtechEAS the idPacRheddqaspt visup sieaMdxuadl lsyringe evillappi ng
relationship with respect to each other. |n other vvord% en seen in the

. , , . Wh
travel i ngarberiestet lsastoRbsaREalYSHAPPERESECH Py I tBSsLovEREIDPEIRE ¥ pr i ngs
w |1 appe ing<& 155 AM:t /b £t b RR AHhn8ALBn Bhd 8itle of thet he above
enbodi nen@%xu\?\ﬁesg’gemgfsl (Zf(%? 31’@2?)@%{9%%% %Ee_ m cro-i rlrl_gac.t testi ?18 aepar at us
are arr anggrcoheadrie agi ddeast subkientialip averlapping relptinshint withe zespecs ih&icant i al | y

overlapping relationship with res : fl exural springs
may be coﬂﬂ%rcﬁg ef”érags‘p?i ﬁsg’f‘%yh%eo"r?ﬁfgf’?fe}dr%gé @%%@%E%q%mver, in further
exenpl ary enbodi nents of the invention, the apparatus may further conprise
a second flexural springs. Each flexural. spr.ing o ond set of
f1 exur al E’ﬁhlﬁj’%’@?’ ngpg%fﬂe@gﬁ?tegﬁwlﬁefﬁf ol%lggr% Ye%é?n’?%e ;Ispg%lgﬁf?rr%gt f1 exur al
spring. ThemSeLHMise @lseddhd bdt@X Bealral SpringagBach Sleraahecing df the seqvad ker
connecting_el enent on a substanti aql?glg %P%gél te ’élgﬁ af th i.ngj L head. As
ment i oned®hBEwEal sPRRET ISt Jpast SUWOBRTHAYY 1017NER; 1] SACORE NERE PIPE Xt al
springs, @RohdSe0BPGRihA]1 $hififsOf ddifiedtddD &C hndiBddconmbingr clemgedor @ an at

| east substantially overlapping relationship. w éh respect tQ‘Teach ot her,

when seensubstantirdlytapposteisitly odheaapachieadt AF MENTGRES 2e0VReda fef ek HRYE
embodi msné?saﬁ st %d!s@t\./gflhleyﬁﬁal bhﬁgs?%ﬁ%ﬁ@@ﬁ%@ﬁe 6ile tolfehd kifipedt Atadsprei NgS on
ei ther side of the inpact eaplS may advant ageously be synmmetrical to said
li near | i meangtd imatharleasbsubsiantiali oxarlenpigs FRMHONETP Wb TeBEG I c&8OUSE 11 exur al
springs s gl leih O iSedibRbr Ble i8St iHehd tn 9ke Shbbdig¥ts Ak ttRPr i Ngs.
[0016] | n%ﬁ% g&’éﬁ&%’frmeﬁlé)gﬁ%up@ Ee enlp ed t_hatn.t he term "substantially
opposi t e" inventidnethe arrangement of the flexural springs on either side of the impact head may
advantageously be symmetrical to said linear line. In other words, the arrangement of
the second set of flexural springs substantially mirrors that of the first set of flexural

springs.

[0016] In this respect, it should be noted that the term “substantially opposite” may be
taken to mean that the first and second sets of springs may be, as mentioned, mirror
images, i.e. placed 180 degrees part. However, the term may also be taken to mean that
the two sets of springs are separated by a given angle resulting in a radial relationship
between the two sets of springs, with the impact head acting as the origin when seen in

the direction of the said linear motion.

[0017] Alternatively, in the embodiments where two sets of springs connect the impact
head to respective connecting elements on either side of the same, the arrangement of

the springs on the opposite sides may be asymmetrical as well.



taken to nean that the first and second sets of springs may be, as
mentioned, mrror imges, i.e. placed 180 degrees part. However, the term
may al so We 20@kiasssso nmean that the two sets of springs ace/sseparnaiied by a
given angle resulting in a radial relationship between the two sets of
springs, with the inpact head acting as the origin when seen in the

directio he.said |linear tion. J.0 ] Ny
enbodi maﬂ‘? gismér%emsjtu\r/l\%urg et gha%‘]k{rtgep?o?%gtggtég %@e%@‘% ﬁ{ee&?&ﬁé%g‘%‘x%de‘ggm%’%?r espective
connect i.ngowl tnefullswpthegeinh @exisaldspriof réfbw ts dnemative iarwldoly drespringf t he

springs on the opposite sides may be asymetrical as wel|l . [0018] At this
j unct ure,le"ftloéiﬁdﬁ{?'dm%aégﬁ%f}@d’rﬁ‘?ﬁ aﬁpﬁmg‘ﬁyl'%fm[ﬁ mfﬁfe%{fafl?fbﬂ %ﬁ%%ag%)ﬁent s, or
those t hadlodgd it liid)&hé Briddt inbBxdidfahe Sexutal gpringflictodetupi-ivertidaalnihgi N whi ch

the spring.functions with regard to the present aratfus, |.e. via a

| i near di Siaéjcﬁlflélﬁ_allneogétf‘Ith%ltﬂFHHalaffpélﬁ% “éo"_é‘?%gPeérViaﬁ(g% slaﬁ% dfrfﬁlé’ﬁr”%ti on of
the flexuglsesBbinne 16adb® pb§ridt (ftbd 8id) A Ahe AAIOMBA SRIsHioR! (A Bedeline, Wi th
the flexural spring noving linearly along said direction upon release from

t he | oadedatplosi tion (flexed state) to the unl oaded position (not flexed
state). [0019] Accordingly, the flexural spring may be, but is not limted
to, a flat (nonolithic) spring, a leaf spring or a notch spring. A notch
spring ndP01% Acchiditglys theiflegumhspring awy deviwd tpenok likiged toa o dlab(menokithénd gment

exci sion featur |l ong its ripheral e, f o t not ch
spring unsé)gflé’oaegeaffpg%glpéfi n[oﬁcg ng & P‘l’tgﬁejg%ﬂélgtrg nﬁgr(r%?}ilg {e%rﬁl r %xhﬁggd or
contract wedge-likeliatgedr sicginentoaxtigioh deatiet niong itopdriphenal edpenfol estngtfie upon

rel ease. e ani of a flexural spring is,alsp extended to i.nclude a

[ ext bl e VoS BegItaRap Fereprater et Tb Efat g BHpes Bt Enent s o
t he i npacdonie@dntof bidded {3 16 Rtirh AYitORRAiad ktd® uR6S edlehisldTHeAndakidg Pr esent

i nvention._ [0020]. The i npact head_ of  the abgve-menti oned enbodi pents of the

mi cro-i npfct flexwal myinggp asar gendett 1 dslndg 9 Hedble Reamndor example hald, a | oad
cel |, andygsidsthk QhstRRA tbquiliRerd: OSLHE Bhpact héiR deﬁ&ir@Ja@f@Bﬁngﬁ‘éﬁaﬁaﬁ@ striker

head may be connected to 'each other by the core rod in a co-axial
ar r angenesfeordingdn theprasen Avgntigy angenent ext ends al ong the |inear
di spl acenent line that the inpact head is slated to travel along.

[0020] The impact head of the above—mentioned embodiments of the micro-impact
testing apparatus includes a load element, a core rod, a load cell, and a striker head. The
load cell, the load element and the striker head may be connected to each other by the
core rod in a co-axial arrangement, such that said arrangement extends along the linear

displacement line that the impact head is slated to travel along.

[0021] The striker head in the above—mentioned embodiments is adapted to apply a
shear force on the microelectronics test specimen upon impact. In additional
embodiments, the striker head may also be adapted to apply other directional forces to
simulate different modes of failure. In this regard, apart from the application of a shear
force, the striker head may also apply a tensile force (for a tensile strength test) or
induce a bending moment (for a flexure test) on the test specimen if adapted and applied

- appropriately, for example.

[0022] According to a further embodiment of the invention, the support member is

provided with a through-hole therein, wherein the core rod extends through and

6



[ 0021] The striker head in the above-nenti oned enbodi nents is adapted to
apply a shear force on the mcroel ectronics test specinmen upon inpact. In
addi t i onavoentrodsswnt s, the striker head may al so be adaptad20w/o0aqppty ot her
directional forces to sinulate different nodes of failure. In this regard,
apart fromthe application of a shear force, the striker head may al so

apply a ! BRstE: s&ﬁ&ﬁy%%@% g]r%@;éghfg&&{gﬁ.mgrer]laeeﬁgogmgg%%gcggpglﬁ oReNndi ng

nonent (f exure- test st “speci nen’ | appl i ed
appr opr i ated inchiler a phagglte aid[ 0022 {wikee eppdicaige)troangalf mevdmeent efithodoreent of t he
hr ou[gaht-ehol e therein,

i nvention, e _support IS _provi with.a t

wher ei n tﬁ%c}'f:}%‘ragorrg 2 %‘%ﬁeﬁgﬁﬁrﬁlf%%ﬁggg%g?%?? DEESPUEE P e Al BitRar diy from
sai d t nr owgaeeioihe compressiiniensicarngrieg & oaxiglycaowmtddosh thepbiide of ehepbienger to
aid in the {(where appli | e ual noyepent of the core rod. The core rod
Ty be | UFEhEREGpRaPBE- By BBaRrEe SROR B P AT PR FE AR ng.
wher ei n t h@nRIRIGES ALY ch@ BSthe Bprindlis Mhchedl t6 @R%bAIby nMounted on the portion
of the core rod within said through-hole such that one end of the spring is

attached to the support nmenber and the other end of the spring is attached

to the co - | | ¢ : a
cylindri ccfidl%?%]gﬁeé:% ng%%%onr gln%gﬁgfi) gt§ %lelﬁihy%wg%%@y%ol ZI?IE:II?‘%%F gér t han
t hat of t kglinspicel qoller isrlarger thowehaf of theaore tod apé pifowp fr, atsthe derygmetint act

bet ween t ! I ti. t he. . - |l indri cal
ol 1o TALE PfactBeonellesils Bl o bOMP bl thd B8 SHGREY | 0%,
head and collaxTlal cytindridabcofier ie arraxcied Saiathut theadp vihtbaimpaet badend oetaxisl rai sed it

asses thropgh said thr -hgle up to the. point en it.contacts the fixed
Ponpr essi ST BpRied sight Bt e fhsScpiipt Arirti fRp et SR e NG Re L't her
dihspl acemaptto ahe pbiat Gﬂhéxg itr cltatie i iked Borhpresstml dpridlg.i Afbr caitdcting @RNPr gszi ng
t he conpression.sprin uch a conpressiop_ or tension spring js, provided in
this e%oﬂ?‘ﬁ%‘ﬁfs‘%‘%ppﬁg &}nﬁ\}ﬂ?her Gﬁpnf;ﬁe%?“aégﬂ’ﬁfofedf’ Fesplts ﬁbﬂ‘@g?é’ié“qrﬁ%l speed of
the strikicagragresbing tel cnfpréstibf 2paal BLAM ichBiplegidieor E&Siiofxisﬁﬂri%][sOOZQ
During the | padi.ng process, the entire i npact head, .i ncluding the striker
head, | oa8rV#lef “élﬁﬂs PIbRATBETE P Hhe, IyeitioR #hetdsh o JUmtlies iRrTeaie theaipged ¢fhear 1 ne

by means efe stl@nEIRhE whewlit isPelehsnd fohfitd16AR8 bakiidan, the flexural springs that
are attached to the inpact head

[0024] During the loading process, the entire impact head, including the striker head,

load cell and load element, is translated along the said linear line by means of the core

rod. During the translation, the flexural springs that are attached to the impact head

become biased to returning the impact head back to the original equilibrium position. In

embodiments where additional acceleration is required (said additional acceleration is

provided by iIncluding additional potential energy), the previously mentioned

compression or tension spring may be included as follows.

[0025] For example, as mentioned in the above embodiment including a compression
spring, as the impact head enters a loaded position, the cylindrical collar arranged
coaxially on the core rod begins to compress the compression spring thereby creating a
further avenue of potential energy that may be converted to kinetic energy upon release

of the impact head.



becone biased to returning the inpact head back to the original equilibrium
position. In enbodi nents where additional acceleration is required (said
addi ti onavoaoweligs4at i on i s provided by including additi ecaisGpatc®naioal
energy), the previously nentioned conpression or tension spring may be

i ncluded as follows. [0025] For exanple, as nmentioned in the above

enbodi meng,» NG i oppr-essi on i the.i npact head epnters a

| oaded po P%({]gqu?qé%gce@y b rllgé1 aﬁrané%Lchér"O[g?t} gﬁ‘g&‘&s 506%%@9 pym%aﬁurgﬂlg core rod
begi ns t oclegnal esput. Rdthoogipthemsiro masp vangies € leab \celts; @abimpeesdod Watther avenue

of potenti energy t.hat may be converted to. kinetig energy .upon rel ease of
the i rrpacfeq Ig%.&f 8%?65%?911@3 eBh?:Ppé‘é‘Fﬂs' §8‘H§Yﬁr’ ‘F‘s}ﬂaﬁeloigﬁscﬁﬁ’(? sogifady convert s
force i nt cellavaras @srad trensab @6t hayCHd used ks as cr%zbél&iﬂ@d \rid3@lcersah@ sHEAY
varieties of lqgad cells, a conpressigon |oad _cell nmay be used in_ the present
appar at us&? &rample; Ip this gespset, @F@“g’é‘&ﬁf’%‘é@? bfpe 10b facecBEAsUTIRgGGVisas f or ce

t ransducengd e Bk 5a¢ bs Hﬁﬁte@%itl@r%?r@&g%tthé fnpabARS YRR ROD Strain
gauges, for exanple. In this respect, dependi ng upon the type of

force-neasuring device used, said sensor nay be situated either directly on

the i mpacfodig &l afliindt HHoMriH: &?%&L_i}nga&'}?}t@gfap Y0} inc}u'&g a
m cro-inpact ‘testing apparatus further I ncludegs I'near varabl e

di spl acenkwear tvapayé odispacemenDTrndegnsor (LVIDE saBa. sBrs VDS sendedided in the
support ngph Lty J nged indrical.ly attached.to the

i nnerwal | por%¥1 ?dolhtt% S%P ﬁ%r{ %ﬁggﬁgﬁ?ﬁ%ﬁ% 85%#8 %gg)%l%(nl%g ﬁﬁ} agtfc?lﬁag‘)alhwr?lﬁr't he

t hr ough- hwtlé porftiot hvd the ipough-totarinet coahinllg udigned tith cler #reugh-hokyofbde at t he
very nmost, in, sli in% co%t ct wit th% inQFr surface of. the LVDI sensor.
The LVDT %“88%’6?’3‘5‘%% J&¥ dﬁ’SﬁP‘&d& Y DBt ANSNCRHMPshgR S RECNRSt Wil e 1 od,

whi ch i R {hel fihee a%é?e olﬂ$l§€%V]DTEb\e}iE)s_|§EﬂH&e' LVDIEFI %ﬁﬂo@@fdviﬂeﬁﬂ?pl@é‘&ﬁnﬁﬁﬂﬁi on of the
i npact head asse ) Is typic y consi st of a primry nagnetic
coil, a s@glbﬁ@a‘fdymrfﬁ%ﬁ ireg,c%hnph Hhir can b gesd e Wsfermpipg g Y?E)P“ttﬁé‘n bj ect

(core rodicc¥b@tén ¢XaBd fnkAbt Hedd Bty measured. I n the present apparatus, the
di spl acenent of the core rod causes the mutual inductance of the secondary

coil to vary relative to the primary coil, and thus the relative voltage
;lnflg\cgdt L [0629) LOSTR iy BRlidt drQ Jritfury SEERARTWiICOdcodaly migi¥ic s el | . This

and a plunger that rides on the object (core rod) whose position is being measured. In

the present apparatus, the displacement of the core rod causes the mutual inductance of

the secondary coil to vary relative to the primary coil, and thus the relative voltage

induced from the primary coil to the secondary coil will vary as well. This allows the

displacement of the core rod (and the attached impact head assembly) to be measured

accurately. Apart from using LVDTs to measure the displacement of the core rod,

magneto resistive, optical triangulation, photoelectric, position displacement, ultrasonic,

and variable resistance technology sensors may also be used, for example.

[0029]In a further embodiment of the invention, the micro-impact testing apparatus
further includes a speed control block mounted atop of the support member by means of
a guide element. The precise location of the speed control block is such that it lies
substantially along the same linear line of motion as that of the core rod (and hence, the
impact head as well). The speed control block has an attachment means to attach, in a
releasable manner, to the portion of the core rod that protrudes outwardly from the

through-hole of the support member, specifically, to the plunger located atop. This
8



di spl acenent of the core rod (and the attached i npact head assenbly) to be
nmeasured accurately. Apart fromusing LVDTs to neasure the displacenent of
t he core woapoamagsiet o resi stive, optical triangul ation, pphsGealsmednt c,
position displacenent, ultrasonic, and variabl e resistance technol ogy
sensors may al so be used, for exanple. [0029] In a further enbodi nent of

the i nventj ] = | i p : ur.t her. i ncl udes a speed
cont ol bl ook it SpeBh bt BRAE ko LG 16 RRNFLALR, SO BF ocort o e
el ement. Theehy kddisg tHeos od andthe e Sppaet headnsseiblyhihakklohgedsiscifiod hat it

I ion _as that of the core

| i es subst Lally .alo the sanme linear |jne.of t

rod (and h%ﬁli: gy ady it?rg‘g(r:etleaﬂeéiata rgasd]v{g‘? fr?PaClrﬁoeSItlé)Beﬁge ©BHAEBT PRITBURE has an

at t achmentpoméanet the catrad;has prdvicasly eharisadl mayrinoeé a fléhgeh Sapopitiigen of the
core rod tpathrotn deﬁ out war dl rog1the t hr ough- hol e _of the suPport
menber, spdtt %‘éﬂql%nt SataRmet ﬁ‘ﬁb‘{é‘?w BERt A reLemyod mmsthe seard comal speed
control blwedk WwikneRndiagecttheal i aRhPloaling @bsigorpor ti on of the core rod, thereby
hol ding the core rod and the entire inpact head assenbly in the | oaded

position until it is ready to be released to reach the inpact position. The

top of thqoRopthdelideBRLliRidl i &GEEmER S IRSHBELH AP bibclRBhd Oned may

include a plunger. Said plunger functions to ai and
det achnentth®faid Haeag dine and dhefeform adiestsibe sutesionfithodefinmeion Wi ¢ire fidveral npact

head is i he. - i it o0, T i el enment .provi des for an
i ust mentPApE indBEHoP AR bl dheage b RIS o B8 8 PR RBUR IR 41
t her ef or e,thatjnast iead hesemklyeTite pidet dienete fugrdvadyi e Oide trdieof 4 sstygkmspri ngs in

connection_w th the inpact head is . gn turn,varies the tential energy
of the irrﬁgc?ngﬁéé{djegglrgge)tﬁ%fpﬁ?&ﬁﬁgo%?cz(em@F 8}?@?1"9’}{3 %’&SW&UH‘B@SQGy ide rail or

a slot system as long as it permts the speed control block to be noveable

al ong sai iLnear line, [0031] In the epbodi nent. jncluding the speed
contr ol ng%[{?llgl% ‘E‘ﬁémﬁf’@g’@ﬂ% dipg LhfsSnegY cpriTo! mrpdules ﬂ‘ﬁo%ﬁaFg'ﬁ?"cté’éFa{‘%, a

mechani calma#Cieebut 8 n6l 12AHRIdNE, LAVIHERICANscRW]BERaTping [0icARYAGhhBYTRE I N the
formof an el ectromagnet that is activated and deactivated by the sw tching
on and of fMaSPEiSPRCT Péhs fompof ameleyteaasneldhat dyatigaied andpdragtivadibydhe t he
precedi ng seabRIAE B REoft, RshatdfelR oTRE ClebBBalakbgr for the present apparatus.

The speci nen hol der includes a specinen-cl anpi ng device, a nmounting plate
[0032] All of the preceding embodiments include a specimen holder for the present
apparatus. The specimen holder includes a specimen-clamping device, a mounting plate
and a three-dimensionally translatable stage. The mounting plate is mounted onto the
translatable stage. Atop of the mounting plate, the specimen-clamping device, for
clamping a test specimen, is affixed. The position of the stage (and therefore the clamp)
is accurately adjustable in the X, Y and Z-axes by means of three micrometers, one for
each of the X, Y and Z directions. It may be also possible to adjust the angle of impact
upon the test specimen by including a specimen — clamping device that rotates about a

given angle 6.

[0033]In a further embodiment of the invention, the specimen holder of the micro-
impact testing apparatus further includes a microscope or a charge coupled device
(CCD) video camera or a combination thereof. The microscope allows for monitoring
and checking the precise positioning of very small test specimens in the specimen
holder in order to allow an exact impact location to be struck.

9



and a three-dinensionally transl atable stage. The nounting plate is nounted
onto the transl atable stage. Atop of the nounting plate, the

speci nen-wban@i/ngs4devi ce, for clanping a test speci men, pc3/sabédcredo7 The
position of the stage (and therefore the clanp) is accurately adjustable in
the X, Y and Z-axes by nmeans of three mcroneters, one for each of the X Y
and Z directions. It may be al so possible to adjust the angle of inpact
upon the test specinmen by including a specinmen -cl anpi ng device that
rotates about a given angle g. [0033] In a further enbodi ment of the

i nvent i onjoo34)en SeetbieNerttddent of the Recii@pai reags appeStisNgridppataisus furt her
i ncludes a m croscope or -a charge coug{ed devic%aﬁfcgﬁpvideo canera or a
combi nat i BiEEheReS aTifst SREEIREC EPRCRITOWENA N Ct o el MRFCEPREcki ng t he

preci se pRaipki ARt NSyl KEEYme B hddbRato SR EIBREerhiled dFahs BRGIdAREnMOl der in
order to allow an exact inpact location to be struck.[00341 In yet another

embodi mensursunding the ieptosppoimercin a bropd mpsapior Fxpe instE dangspeir-40 Gstof ur t her
includes gyegst specinmen tenperature variation device. The test specimen
t enperature-varying device nmay be adapted to vary the tenperature of the
envi ronment surrounding the test specinmen in a. broad range, for exanple in

the ran -4Q0C t o 00C. 0035 meni i oned.ahqove, ..according to the
Second Bt ARt RN reretan e AF eI AR of BET e BRIE e (o
ﬁeasur!nthHEFkﬂ?@gbpﬁﬁﬁﬁaﬁhgﬁh&mngaﬁhmﬁ§ﬂhﬂ&@ﬁhﬁsbf@ﬂhhﬂmkﬁ?@ﬁﬂﬁ? eﬁposed
to an inpact. i ncl udes a speci nen hol der, r.receiving a specinen to be
tostod | DABSEEN BGER EVREES SRS AR GITPIE TP TEE AR IA head, a
support nmehRekd and AtimbaAgtvice. The shpdt @viveahclsdes bl gmpai Rgadatsagdoed With its
one end to the support nenber and with its other end to.a first side of the
i npact heBgmbani@diakisate fagviersalpdne pHes HFekedayith e epdde isaPRorexur al
spring bejnBgbataniSRAR itsStRs b HoladlbokidedTMd ifBhctheads Thdlithpdcs Hevidettddr al spring

and being attached with its one end to the support nmenber and with its
ot her endinclydes atdewtid ss¢and fskurehwringpaing a4 duret, subsipnfially ddemdical @eaidei ng
substanti gl HeRPR %gﬁ%gear{d%egg 'aﬁac%ze& #ith 3 96 &aet eRfsupdRPREhbdhRaiwRact head,
according to this aspect of "the 1nvention, I s noveabl e

its other end to a second side of the impact head, said second side being substantially

opposite to said first side thereof.

[0036] The impact head, according to this aspect of the invention, is moveable
transversally with respect to the flexural springs along a linear line between a spring-
loaded position and an impact position. The specimen holder is aligned with the impact
device such that the specimen is arranged in said impact position of the impact head so
that the iinpact head is capable of impacting on the specimen after traveling from its

loaded position towards its impact position along said linear line.upon release.

[0037] According to a further embodiment of this aspect of the invention, the apparatus
may further include an additional even number of substantially identical flexural
springs. The even number of flexural springs are connected to the respective structural
elements of the apparatus in the same manner as those of the first and second flexural
springs, such that equal numbers of flexural springs are attached on either side of the

impact head.
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transversally wth respect to the flexural springs along a linear |ine

bet ween a springl oaded position and an inpact position. The speci nen hol der
i s alignestownadnigise i npact device such that the speci neRrCrsGastcanged in
said inpact position of the inpact head so that the inpact head is capable
of inpacting on the specinen after traveling fromits | oaded position
towards its inpact position along said linear |ine upon release. [0037]
According to a further enbodi nent of this aspect of the invention, the
appar at us09a8y Irf arr exgmplacnembadiment teribierad Aerings yed b arpeged of ekigsidant i al | y

dent | calof heXHERL nSth Abfe-o Wfc AN HEDEE sAings! i aa;&?ﬁélé‘gﬁnére

connected to t respective tructural ‘el ene paratus in the
sane nan né}teraa;wtetyoﬁe ﬂv&cuttah@rmgsr Q;t elﬂ'IQUSléfEQf)ﬂhd ifupask beagll mayphd avgpogedsinch t hat

ﬁgggl [ 88 g%)]egtslﬁast suk%%r#%ﬁ% ov@r aﬁ%1 r@fu%) i{ﬁf gac)%ﬂ?tgx S:H;reln Sbdf; in {hetjhe | mpact

arranged wdvekng diedction dﬂhafmﬁabﬁleadrpact head in a side-by-si de manner, i.e.
the springs may lie in a single plane. Alternatively, the flexural springs
on either side of the inpact head nay be arranged in an at |east

subst ant iabdoy 10MRLIERPRREer HRlea T4 S Bider 16iallbweaabvedidne bt theti@pacsBRd in the
travel ing d| rection of the inpact head. @t[0039 It should be further noted

that in otlerg saig lLineppling Wﬁv@’?ﬂ’ﬁf springshef HepBRaroHERAFt 4PHAG BRI near

line, the,thaual thgg.gbxyég@es&fdbea hcomll GhRet BP &l inf@SibhNéhoBRIP&RE Hie accordi ng
to the above SCri secon gect of the invention, should either have

sonme el astomidlastivity mitbéir longitnginel direstion. diliemativedn, thrflexaws springsiney behe .
[hexural SpEAAGS APy ﬁ&t%{]%@&%& H@%ﬁ%ﬁl@é o EEhE A an% Lt he i npact
hat - P t%e l'e

head to ensure t ange 1n th o | exura rings, which
occur s whiaa ldnkidfiiige fidxara springs, mshuzhocwgumw:ln floring ﬂ’hlssmﬁsayamma@siﬁoeved for

I head 1.0 -whi I
Cprings. ol ERy dRaaPSes Fporene ooutr PrbGaRErarall BebIE b BT o
not ed thameﬁeﬁlrelsspﬁﬂgsaaéslfdeaﬂmuppmedt he invention is to provide for a

m cro-inpact testing apparatus in which the inpact head is suspended by
nmeans of flexural springs in such a nmanner that a precise |linear novenent

of the i npequ) heaerabat WM fifier 59nH1BY tHapamadsepdali featore ofritk inventiomisact
position is ensured.
to provide for a micro-impact testing apparatus in which the impact head is suspended
by means of flexural springs in such a manner that a precise linear movement of the
impact head between its spring-loaded position and its impact position is ensured.
Although different specific embodiments of the micro-impact testing apparatus
according to the invention have been described so far, it should be understood that other
embodiments fulfilling the above requirement should also fall within the scope and

spirit of the present invention.

[0041] As an example, the flexural springs described in connection with the first aspect
of the invention may not necessarily be identical. For example, one flexural spring may
be-longer that another one. The characteristics regarding the flexural springs should be
such that they are mutually designed to ensure said linear movement of the impact head
by the suspension system formed by all flexural springs used in a certain embodiment of

the invention.

[0042] It should also be noted that all the above-mentioned and following embodiments

may be arranged either in a vertical or horizontal manner. A vertical arrangement would
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Al t hough different specific enbodi nents of the mcro-inpact testing
apparatus according to the invention have been described so far, it should
be under swoadodrtsd4sot her enmbodi nents fulfilling the aboweTisequicroermnt
should also fall within the scope and spirit of the present invention.
[0041] As an exanple, the flexural springs described in connection with the
first aspect of the invention may not necessarily be identical. For

exanpl e, .one fl exuyr r| n er, t hat ot her one. The
char act erd ‘E"Fc"éhefeé‘bgFoqEF gémf'%é%‘r‘t&ize@g? it UReAL AR 1BEsIaEE foFhat they are
nut ual |y sbesibeoetgHe grR¥sitotalRtdhtihl sAE@Y toTiMesRTbwed grii@tibiipp&tnthead by the
suspensi on system fornmed by all flexural springs used in a certain

enbodi merfReB¥- nrdorienidargRgemeant £ Vity °§%B?I|Cem§|1%tepﬂfé hetteaipetendtal al | t he
above- W%k@g%éeo@@% ééﬂlsxlaﬁéﬁ' RRLEHROR B BESct Y@l 3RURE 2Rt iR i N

verti cal ori zontal manner.” A vertical arrangenment woul dbe one wherein
t he ef f ecappliseblgriavpmyinitionywith additipnalsoppecssiap i tormemkspringsns| at es from a
position of higher gravitational potential energy to that of a | ower
gravitational potential energy. In a horizontal arrangenent, gravity does

not cone [0G#3pTHel falyowibyacchanedrawmgs eanéﬂgtyilmhk:ek&iptibs ofjhe évattent, sol el y due
to the effect, of th ur al ri ngs bl.e, conbi nati on
with addi®i'ohat® & P%ggﬁ’ﬁrf’“(b(? ) 6@?“‘?}?Fl tﬁ?ﬁ%ﬁa cffgp § owi ng

acconpanytish-ieHpash texisig a@lb'ﬁiiatdﬁﬁﬁ?d tteda@tﬁﬁ muatﬂnwmsoéccmmglwwpﬂemt as wel |
as exanples of the enbodinents her aid in the understandi ng of

the m cr dRYSHpR t Hevweyes rF@‘daGE?él‘fl%%SugnJaﬁH‘gPél?ei}'ér% Mtpbaconsited gt cording to

t he presq{lﬁmh?ﬁh@ﬁkhéﬁ'ﬂmvéﬁi’&\f@fhe1ﬁ@s‘hgtedéﬁ%dlﬁ1‘én@nd enbodi ments shoul d not be
construed as ITimting the present invention to the illustrated enbodi nents.

BRI EF DESCRI PTI ON OF THE DRAW NGS [0044] Figure 1 shows a perspective view
of am cr%;m %Wordl ng to the invention, including a
| der, a C Uﬁgpe

speci nen support nenber and a inpact head assenbl Y,
[ 0045] Fu[@QMbFlgu@Hcﬁhgwaa peudpectiveviewiol amieredmphd tsptiegipaiate aecosting-i gure 1,

wherein the 1%?{&:# WeAdidsS $RAREE hete RYLGGH sppdk hBBb&r =08 RfisheB UPPOT t

menber by nean
head assembly;

[0045] Figure 2 shows a side view of an exemplary embodiment of Figure 1, wherein
the impact head is connected indirectly to the C-shaped support member by means of a

connecting element;

[0046] Figure 3 shows a side view of another exemplary embodiment of Figure 2
wherein the impact head is connected directly to the connecting element by a single

flexural spring;

[0047] Figure 4 is an illustration of a further embodiment of the impact testing
apparatus wherein the flexural springs connect the impact head to an angled support

member;

[0048] Figure 5 is a further exemplary embodiment of that as shown in Figure 4, where
both sides of the impact head are connected via flexural springs that are 180° apart,
indirectly to an inverted U-shaped support member in a symmetrical manner via the

connecting element;
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connecting el enent; [0046] Figure 3 shows a side view of another exenplary
enbodi nent of Figure 2, wherein the inpact head is connected directly to

t he connewOiI2n@/aBasent by a single flexural spring; [002¢i/SEraperoe0d7i s an
illustration of a further enbodi ment of the inpact testing apparatus
wherein the flexural springs connect the inpact head to an angl ed support
menber; [0048] Figure 5 is a further exenplary enbodi nent of that as shown
in Figure 4, where both sides of the inpact head are connected via flexural
springs that are 180 apart, indirectly to an inverted U shaped support
menber i n084%Y Wiignee Giis al emigndimaent vf thetshend aspretefi thypebaraventid9ingFi gure 6
is an enbodi f.the cond_aspec f.the present i.nvention having two
f1 exur al @%r ﬁ%%él%%%r@n’ %%}ﬁlmgr?ge gﬁ‘gaaatcg%% etP %%os’bﬁgs?ifﬂ? ‘Eipa%tg‘ea > t he

i npact head, thatietdnd atdched disotly atthaiheddiskped yupbort embenver t ed U- shaped
support nenber; [0050] Figure 7 is a side view of an illustration of the
second aspect of the present invention, as shown in Figure 6, with the
except i oo Fidud® TPl Sdedliew it ATBluBioh PERASHR Bipt&CSH e %?é%&ﬁﬁ the
inverted U shaped support menber to the jnpact head; [0051] Figure 8

i |1 ust r at B¥eniiopaasishaypy Fighre Os with ic gxesntion thet e paits opgirings aterindgedby t he

i mpact  hegdidey Mnéc@%%veﬁ&ﬁﬂsﬂ%ed Eﬂ%gﬂmfnﬁlﬁﬁf&hgﬁﬁmﬁga@;r e illustrations
of possible arrangenents and adaptations of the substrate and striking head
respectively to sinulate various nodes of failure; [0053] Figure 10 shows a

| oad agai i rs r Il Ou i r subj ect ed
to i rrpactm?%%ﬁ%ge gsl;ﬁ{r%%mge & %s?es gc%?egg%é&r%g?ﬁgo %ﬂhlggﬁ&lllé}%gv@g{ﬂfow ng,
exanpl es wfpatitead dwringlimpstissittignent s of the invention are described

i ncluding references to the acconpanying figures. [0055] Figure 1 shows a
perspective view of the mcro-inpact testing apparatus according to the

i nvent i orfp052)Eignde By -0C e dliusratidae ofipossibl, driindementschnd adapaations baed support

genber 7 s% gra%enaﬂdrg%algrgg }Pegg Pesp]é%%\}el}-lr gesillnlrﬁgtaecx;[ari(r)]u%afgo esn gtl fgﬁll?rg; a striker head 2,

[0053] Figure 10 shows a load against time graph for various tin-based solder alloys

when subjected to impact testing using the present apparatus.

[0054] In the following, examples of the various embodiments of the invention are

described including references to the accompanying figures.

[0055] Figure 1 shows a perspective view of the micro-impact testing apparatus
according to the invention, including a specimen holder 12,13,14 and 15, a C-shaped
support member 7 and an impact head 112. The impact head includes a striker head 2, a
load cell 5, a load element 4 arid a core rod 8. Mounted atop of the assembly 112,
specifically, on the core rod, is a plunger 32, which is present in all embodiments that

follow.

[0056] The embodiment also includes four flexural springs 101, 102, 103 and 104 for
generating the impact energy of the moving components, i.e. the impact head 112. A
speed control block 9 is mounted atop the C-shaped support member 7 and serves to
hold the plunger 32 in place during the loading of the apparatus. Subsequently, the

speed control block 9 is able to release the plunger 32, and therefore, the impact head
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|l oad cell 5, a load elenent 4 arid a core rod 8. Munted atop of the
assenbly 112, specifically, on the core rod, is a plunger 32, which is
present iwoabés/astisdi nents that follow [0056] The emboacmscomios@or ncl udes
four flexural springs 101, 102, 103 and 104 for generating the inpact
energy of the noving conponents, i.e. the inpact head 112. A speed control
bl ock 9 is nounted atop the G shaped support menber 7 and serves to hold

t he pl unger ace d oadi n Subsequent |y,
the speed aésc?ﬁ‘t% yolrhgla dellg hg'ﬁf‘t of h‘ersé’fepé %nt’i 2?06?5906é VeB © SIRRPY her ef or e,
the i rrpactmémelﬁdasmimpls&b&lb& BSan¥eJf la. sliﬁh@ mﬂegm THe gpbed smﬁm iRty ol bl ock
9 above the support nenber i's alsd ust 0} rean ﬁ-@ﬁ aldl gui de 11.
The speed iRdes g W@E‘P@“Q“leﬁllﬂ"ﬁﬁl‘e e CSFF%‘BH‘E fe PHEEPS Brabl e of

securing traeasm%tmgﬁrméaheamnth@t&&hé@k@@&m&gl bidex 6 3HBhe SimgmEM 11ng Oof the
speed control block 9 on the slidin de 11 allows for the variation of

def or mat i @Howh&ar thhearfafien of @Iforgxpwm%gt tho flexurglzpringssl0n 402, d43 arditMyo to be
cont 1 ol | edhuifd,Bo i ARk B it RELRRERR SN daBlro 0K The THSinkAEXHN. Nel ght

of said spee oF responds to t e variance in-potenti al
ener gy as ofsad sphed cimyrol bbcﬂeomslaindswrthﬂgs'iam&lm pﬂz@ﬁnaltﬁagﬁmjprmdcqorl or to

the rel ease .of .t he .i npact e 112 tio bove, the
enbodi mant% tﬁ lgle’élﬂ?l SPITG ]sdg ?ﬂzél arqaoil plé%retgl neeﬁegh Agtér E‘pi‘g%i%aand 15.
The speci meenibdyt ther 12, 13, 14 and 15 includes a stage 14, a

speci nmen-cl anpi ng device 12, a nmounting plate 13 and three mcroneters. The
stage 14 is novable in three axes for specimen position adjustnent. The

speci nmen- mmpw&lqu&dea%&?e i dmBoaineat bf Figure Nl bRJEOMBIshegma ate 13.
The nounti n ate 13 is_in turn nounted onto the stage 14. The position of

the stage Q%ef 42,4344 204 &5 Thegpemen belden 1 21614 Ml HebidehesBes 142 in the X,

Y and Z digp&shbRBampinddedte 12, a%ﬁnmg;ﬁétsm BRS i miclomet. UBt she1angl e of
i npact upon the specinen by i ncl udi ng a speci men hol der that nmay be able to

rot at e aboumoxalfperibrangkes fgr spegimar pastionadiusiment.y ThenfRsaimeprilagnping
M Cr 0SCOPQe{ Qtn %M\w%%mﬁx%lg%nto%é &&%ﬂnﬁgolsmﬂarﬁc'rﬁ@@mg@gteqlsl gyrent. In

such an enbo I ment oscope may posi ti oned
turn mounted onto the stage 14. The position of the stage 14 is accurately adjustable by

the three micrometers 15 in the X, Y and Z directions.

[0058] It may be also possible to adjust the angle of impact upon the specimen by
including a specimen holder that may be able to rotate about a given angle 0. In further
exemplary embodiments, a microscope (not shown) may be included for precise
specimen alignment. In such an embodiment, the microscope may be positioned to
monitor the alignment in two directions, one from the front of the apparatus (i.e. along
the length of the flexural spnng) and/or from the side (i.e. along the width of the

flexural spring).

[0059] Figure 2 shows a side view of one exemplary embodiment of the invention,
wherein the impact head 112 is connected, indirectly, to the C-shaped support member 7
by means of a connecting element 200. The flexural springs 102 and 103 connect one
side of the impact head to the connecting element 200. As mentioned above, the striking
speed of the impact head assembly 112 is primarily controlled by the flexural springs
101, 102, 103 and 104.
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monitor the alignment in two directions, one fromthe front of the
apparatus (i.e. along the length of the flexural spring) and/or fromthe
side (i.evoabangsisdse wi dth of the flexural spring). [00%@j/SE2gnere01d7 shows a
side view of one exenplary enbodi nent of the invention, wherein the inpact
head 112 is connected, indirectly, to the C shaped support nenber 7 by
nmeans of a connecting el enent 200. The flexural springs 102 and 103 connect

one side head to the c el ene tioned
above, ggoé ﬁw%ﬁ%tﬁ’é@ag Brlocetsﬁé'lsl"f?ﬁ é%v g% Pﬁeaﬁﬁse{ns plg? %arl ly
control | ediRlacéh v ar@xiue abeeambhua@smwcm Dihg ﬂ:@Sh@taderﬂx&ﬁ c{fﬁ%ﬁﬂpaa,lrl ng the

| oadi ng process, as nenti oned above,. the a 51 ‘assenbl é

di spl aced heghassersb ]b'ﬂézsaﬁéé'éps%ﬁ{“rﬁfacwafl?fgﬁ %ﬁ?&eﬁg i EhePeRT &an ﬁlent of the

i npact he%%cﬁ896mel ne)&&ea s%Hﬁ‘ SHpSagUen3 alt aghomatin Ofhe t figcdingake 32 to the
speed control block 9, %exural springs 102 and 103 are deflected in

t he di rectdllS@th@flertthécmf@mlnctbfrréﬁﬂew% b ﬂﬂﬂﬁb‘l springsH02qard BB Gagses 3ke £ 1 exur al
springs 191% ?cg%e%cﬁﬁzct‘gtl.'xsaﬁsﬁ tb Arﬁpgrﬁf m@%@g t&v@agdst tHle Eérﬁi@&'ir%t e@eth%Y\@{miS and
i nwar ds t OWA connec (1.e.

I nwar ds al ong the | ength
of the f I ke riawasipralongsthe 1dtrg&ooﬁ th@gﬂgoguratl hsenngsh n@mordwgglml haeennee®eE al so

t | th t f | t
nead 112, et b BpaRtiin: tpuPaRC TR poARS bRl AR T TGS
and 104 r amphdt Sead1 120 @he ostreesiniing uphardedifle2f dfohd flamsdl apengsddbedd t he

i npact head 112 out ward 0 e l.ength of the s ural
springs). lf)@@@ﬂtsﬂetﬁﬁéomﬁwé’g(?%%?%tto%g?l 90 cgsfth?ﬁlép ghedlk ﬁg el enent
200 and t hgniRaedishd tha ReERA bF @8 safl flekeral spHags). head 112 (where said

transl ati ons occur at equal rates) results in a conpensatory effect that

mai ntains the inpact head 112 in a single plane (in a straight line) as it
moves UPV\@M& Haﬁkmﬁﬁ%u&kﬂﬁd REH4tRn &qm chﬂ{eb&u(? flesédti 0 dndnheoadedd state) to
e

t he | oad posi t 1 on. [0062] The strik of the inpact head 112 nmay
al so be | m@muofbpe trhpact hps@A17 Gwhese saa 86‘??&“@%%?961%1 %&Wﬂgﬂfﬁ@ B t he

t hrough- hg}, ﬁeﬁ&iogy SAANGH SHRRGHS tﬂgﬂpﬁaﬁt ﬁea@slﬂrlﬁvmsméle p‘ltﬂl@ (ln gure, the
conpreSS|on spr|ng i's nounted coaxially to the core rod

straight line) as it moves upwardly between the neutral equilibrium position (unloaded

state) to the loaded position.

[0062] The striking speed of the impact head 112 may also be increased by the insertion
of a compression spring 16 into the through-hole of the C-shaped support member 7 as
shown. In the figure, the compression spring 16 is mounted coaxially to the core rod 8.
The core rod 8 may be in sliding ‘contact with said compression spring 16. The
preloading of the compression spring 16 may be adjusted by a screw block 17. ‘When
the impact head assembly 112 moves toward the speed control block 9, the compression
spring 16 is compressed by a cyliridrical collar 18, which is mounted co-axially with the
core rod 8 and may be present in earlier and subsequent embodiments to function as
described here. The additional potential energy generated by the compression spring 16
is added to the potential energy already available to the impact head 112. Upon release,
the additional potential energy generated by the compression spring 16 will be
converted into kinetic energy, thereby sending the striking head 2 along a linear path to

impact the solder joint specimen under test.
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The core rod 8 may be in sliding contact with said conpression spring 16.
The prel oadi ng of the conpression spring 16 nay be adjusted by a screw

bl ock 17.wuheos/tiBssi npact head assenbly 112 noves towar @Ctrise2epmeaotont r ol
bl ock 9, the conpression spring 16 is conpressed by a cylindrical collar

18, which is nounted co-axially with the core rod 8 and may be present in
earlier and subsequent enbodi nents to function as described here. The

addi ti Ona|OOBQF’ﬁﬁt('JJ%lImap@tﬁ‘%ﬁﬂ%rtgﬁ%B&t?Q)fbdrie tohRert FYoRESINO AlsE Ahdnds 16 1S added
to the potentl al energy already available to the inpact head 112. Upon

rel ease, tireughdiple hﬂdﬁwh Plo¥Y BtspasPr @ ifci sl hbe atovernisptionsd anangsmessi on
spring 16 ‘M}J c Bg egs%vgﬁ{l%ei% 'tl{ét£ré(\} fsd f7 £ DYore ;ohe&r@pafné@aﬂwm he
striking head 2 &l néar path to iInmpact the solder joint specimen
under testsalfiabﬁwsgh-l’l'die "EhesctIHpeQﬂ §uupmstthma&béhe qomgfression spriag datandrbodi ment

al so incl a_thr e. e The
above- rrent'ilqﬁfllé SRR g%%g e% Wltf?mtﬁﬁg con%?iéc\é{gﬁgﬁa g%gfal qrﬁing ﬁ{heovg[?rjaew bl ock
17 and th@oﬁ@hﬁbf rtlmdcoﬁie tesl &ﬁn’otruéidg(fnﬁn wiet thp of ﬂ&l tﬂrwgh-holghAtmbzamatEﬂ}e core rod

8 passes throu h SS|on i SOfr. rranged
within thg‘ {fﬁ‘ﬁgtﬁ‘g{fﬂ ﬁfﬂ a&%@r’nzﬁgﬂﬂﬁﬁg% "%“%@r“tlf Sﬁ °Bf the core
rod 8 protrgande Bﬂreﬁﬁ&mdtdﬂfét&% p&iseritehd porfietgbf e kl&ougﬁﬂ‘[bl@%iﬂﬁfatr@iuyed’lal fway in
t he t hrough- hol e, aconstrlctlonfeature erﬁg sai d constrinctlon is a

st epf eat urdéamster (whigh ssdoetesioprst to the oppringAR the s of dhe spaed eamirphilock

through- hal & WdRnafot ﬁfél&&%%&it@&&esﬁhe M?'nﬁﬂt ipsHaRlotdc VARl @6 LVDT he

opening on"the side of the speed contro bl ock 9) I1s sufficient for the
core rod tsenspe$. Fhe tlﬁ@'K/émSOlhéslﬁ posiioseq glong ﬂé‘?)ﬁ%“&f:tw% ofhsaihgeduesdT sensor
6. The LV I duced
di anet er @gr }8&%09 OE %h%ﬁd"l“a b dbérrglg tﬂgg‘n: ?%Fwtgtlh(kan %féiﬁr;%aér?%tsa't’c € in
sliding cmtha:hdzcmtoHSt he core rod 8. [0064] Figure 3 shows a side view of
anot her exenpl ary enbodi nent of Figure 2 wherein the inpact head assenbly
112 is connected directly connected to the connecting el enent 200 by a
singl e fl ¢o6uFigmpr3 slgpwis02 sidE hdeve- aﬂmzp&ldr syppoary emsvdaneny Ogd*“rigxrall y has

i nwardly bendin orti s t th ends_of . th sha tent of
bendi ng of* Pbte ggqp fsbeérr"l )Sﬁptl)sr tcf)%rﬁagteda‘guesc Og)mecwtdh(tao %rﬁ)odl nent s,
i's connecting element 200 by a single flexural spring 102. The C-shaped support member

7 generally has inwardly bending portions at the free ends of the C-shape. The extent of
bending of the said inwardly bending portions, as shown in the embodiments, is
substantially equivalent, but is not limited, to that of a right angle. It is at these inwardly
bending portions that one end of the flexural springs 101 & 104 connect to the C-shaped
support member 7 and with the other end connected to the connecting element 200. The
flexural springs 101 & 104 are connected in a similar manner such that said flexural
springs are parallel to each other. The arrangement of the third flexural spring 103 is
also parallel to the aforementioned springs 101 & 104. With regard to the length of the
three flexural spring 101, 103 & 104, in this particular embodiment, they are of equal
length. However, as mentioned above, the length of each spring may vary according to
the stiffness characteristics of each individual spring provided that the end result is that

the impact head 112 moves in the previously described linear manner.

[0065] The motion of the present embodiment is essentially similar to that as described
above. As the impact head 112 is raised to the loading position, the impact head 112

would tend to move in an arc whereby the distance between the assembly 112 and the
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substantially equivalent, but is not limted, to that of a right angle. It
is at these inwardly bendi ng portions that one end of the flexural springs
101 & l04woeneweasssso t he C-shaped support nenber 7 and wCrlsGkévs/ooatoer end
connected to the connecting element 200. The flexural springs 101 & 104 are
connected in a simlar manner such that said flexural springs are parallel
to each other. The arrangement of the third flexural spring 103 is also
paral | el tnbdithgHi M IMBRIchREEThiS RbbaEent bEbkrsas iidspritb tin2 rRAa thwhkist he | ength
of the three fl exural Spl‘lqlglg 101, 103 & 104, in this particular enbodi nent,
they are #¥1d kegdatowagdsgienpraroispaial pagiopahihe Sribapedisuprort mpabirdngt h of each
spring may vary according to the stiffness characteristics of each
i ndi vi dual éﬁpri ng provided that the end result is that the inpact head 112
nmoves i n [0Ped] Frosaven sheyragimg cafi the dmpieicherd ddhnbe . sihaio88dusTheauses then of t he
present e L.ent, i enti al l.y .sim| ar (i be bove. As
the i mac{mﬁg‘gﬁléfﬁ&?%%@gi@e% Hégétd h%awggdid#g %gtg%t‘ﬁ%vr??gt%ﬁ‘glqn qﬂac head 112
woul d t encbnhectimgvelement200,athe sphiepeP4 tand H2silsn Clex hpiwaeds) chilhgagsenbl y 112
and t heconnecting el enent decreases. This vement . occyrs as the spring 102
fl exes up?ﬁé‘f‘ffgmﬁnﬂe‘%rﬁd@bt@aa'ih8§n§ﬁ%°ﬂéfpﬁ@1°}r’gﬁoﬁpf%f‘%d g&fttf’ otF?“gFtet he
C-shaped &itfpdE tas@es8BEd abovel 0066] However, the raising of the inpact head
112 al so sinultaneously causes the connecting elenment 200 to be raised as
well. Due to the upward notion of the connecting el ement 200, the springs
104 and 1086ATherefdr& alRMATHS diskRUS 0Pdnd RepfP RORCTINYiG! RERRL 1280 and the
indirectly attached inpact head 112 to translate outwards,” as descri bed
above. [ OPwRectingepleent 200 deeigengg Huring He JpwAemetion, hide| diptarce ¢fetid 112 with
respect tQubiging ARG LA whh 550 B8 JEREAASEHnM hE L LBy ot i on,
t he di stance ofl_gt he connegﬁnégie% ement %‘8\?\??&3% espe% tg’etﬁl\gﬁégrti cal
secti on offamhd Becrshssp sthudtenspusly, e dhe cPnmeriingeelseent shonestauteads The i . e. the
connectin . t t d j [ .1 he .t wo enment s
cancel  oureior BUEE pOHIR e O SO AL LB s (Y °TET 5
nai nt ai neatsamtilpi Hi2a being ghaintaised ivotiin pi aimgle Matal dilagl yAcdohBinglyvieeent of the
assenbly b bt B8 3iafy 481 1 188 A%k hASRARIY) (ARSI G851 ween the
the loading position to the impact position.

[0068] Figure 4 is an illustration of a further embodiment of the impact testing
apparatus wherein the four pairs of flexural springs 101, 102, 103 & 104 connect, on
opposite side of the impact head assembly 112, to an angled support member 400. The
angled support member 400 may be essentially thought of as two C-shaped support
members linked either together or as an inverted U-shaped support member 30 that is
bent laterally about a central axis to form a v-shape, if viewed from the top-plan view,
for example. The angle of the v-shape shown in embodiment of Figure 4 is that of a
right angle (90 degrees). However, in further embodiments, the angle may be varied

anywhere between the range of 0 degrees to 180 degrees.

[0069] Each pair of flexural springs 101, 102, 103 and 104 lie within their respective
horizontal planes, i.e. at least two flexural springs per plane, arranged on either side of
the assembly 112. In other words, the arrangement of the flexural springs on the
opposite side of the assembly 112 may essentially be a mirror irﬁage of the first set of

flexural springs. The flexural spring pairs 102 & 103, for example, are attached to the
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[0068] Figure 4 is an illustration of a further enbodi nent of the inpact
testing apparatus wherein the four pairs of flexural springs 101, 102, 103
& 104 comwecabie/ass4opposi te side of the inpact head assembirgGadigooaio7 an

angl ed support nenber 400. The angl ed support nenber 400 may be essentially
t hought of as two C-shaped support nenbers |inked either together or as an
inverted U shaped support nenber 30 that is bent | ateral |y about a central
axis to f , t e npl e. The
angi e of PRCEndks S 0RBR b KOG T, T RERLY PSR O
angl e (9Codegt éxes9nnebtmgeﬂfeme,nt 209 tbchetahghed@mmmr@eré% angl e may be

vari ed anywhere between the range of 0 degrees to 180 degrees. [0069] Each
pair of flexural springs 101, 102, 103 and 104 lie within their respective
hori zont gbo70l Rigese Siilltraet al ﬁaam ekevaplhtyesmbalimep rdaf ngs fipe rspettasifethe ar r anged
on either side of th sse 112 n ot her wo arran nt of the
fl exural BpERHgEngan eiﬂ@“%ffﬁ' atr%elgmij]émﬁtft E*‘ﬁé’%%%“%ﬁ‘ﬁ?i/&%&ez‘%" eggent ially
be a mrrop iHBYEnRtedt RRIrkdil S Seinvefted R AbAlsuppur ﬁ@ﬁaberTBe Vid ewar al spring
pairs 102 & 103, for exanplée, are attached to thel oad e t 4 of the

i npact  hewanessing plsments 200. Iyils premlay APPSRt dhe ’ﬂpé%J’F?ﬂe 1“§E‘F1?snr§‘§ connect
Lhe conneld el 8RR 1o:AMN 50mt REIARELA SHPBRICbIT6! LTI $fosith 0070)

Figure S5 illustrates a furt exenpl ary enmbaodi nent of the first aspect of
the presemds pfithe adelemenhd ate %Ta@b@érﬁﬁl fapypard dleruat springelUp p0%i108 si des of

the inpacg ll?)g ?bg‘&izcoﬁﬁe%n DREGHE Y04, rigda’ieﬁc&l Xpﬁogit@ﬁdésrﬁf%et fichabt &hape support

menber 30 via two connec ng el enerit ) hi s exe Iaré enbodi nment
t he mpacatssdmﬂﬂgdllmﬁ‘heuahemgeﬂnmtloﬁﬂﬂ fbk@ﬁbﬂwngs 1Q2h@ 103 fnithe idafl esmentis st r i ki ng

head 2 and the c The nt 4 are
at t ached Vf %% rtﬁﬁd?%ég%fslf?‘é%(ura QQ%%?*F\ el%g%ﬁ %0 5@%@{32{%8&4&% bot h
connect i ngveted MBsiaped Bpottacaites 30 niachp additiend irdle painf oft firxuialnspiingshead
assenbly 112, The_arrangenent %%o t he | oad

ur al 02 0
el ement ~ | Wl §d 04 The apangpment; aﬂ‘??f]l‘%‘ﬁ}egg €é’§r¥’3u§°? ﬂﬁ’,m%o“ﬁ’n"gsgiloég elements 200
ar e conneqjzed 104 end &tﬁmbdﬁﬁ? léteﬁtént'sl-zema:peaﬂatﬁmapdretmmmad B0suvh that the
additional tw pairs of f

exura s 101 &.,104. e arran nt and
al i gnment fiepral pEings Pl 107, We&&?‘h?&;‘b? ?W&fc%ﬂe T 20075 oy %ngﬁd
connect i nghofl BRESHIS of Aear MispifeAbntOEsicatidile thepaehigehradof i Seaimlt hat the

springs in the aforesaid embodiment may be on either side of the impact head, in a

v

directly opposite manner or at angle to each other.

[0071] During the loading of the impact head assembly 112, the core rod 8 will be
displaced upwards thereby causing flexural springs 102 and 103 to be deflected towards
the speed control block 9. The speed control block 9 may attach to the impact head
assembly in two ways. Firstly, the speed control block 9 may be adjusted along the
sliding guide 11 to reach the piunger 32, or alternatively, in a second instance, the
plunger 32 is pulled up towards the speed control block 9. In either method, upon the
plunger 32 reaching the speed control block 9, the attachment means 10 may be utilized
to secure the plunger 32 at said predetermined height until subsequent release. The
effect of the connecting element in the present embodiment is the same as described
above. Should the core rod be sufficiently displaced towards the speed control block 9,
and should the screw block 17 allow for any pre-loading of the compression spring 16,
the cylindrical collar 18 will further act to compress the compression spring 16 to

provide additional potential energy to the impact head assembly 112.
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flexural springs 101, 102, 103 & 104 and the connecting el enents 200 are
symmetrical about the path of |inear displacenent. Essentially, the

ar r angenmewo 2066/t18@&sf | exural springs in the aforesaid emnpatiscees/on®y7 be on
either side of the inpact head, in a directly opposite manner or at angle
to each other. [0071] During the |oading of the inpact head assenbly 112,
the core rod 8 will be displaced upwards thereby causing flexural springs
102 and 103 to be deflected towards the speed control block 9. The speed
control block 9 may attach to the inpact head assenbly in two ways.
Firstly, {dwe2ianaad ¢ioatidelvidl ecds iudmyiohef adetisidetentbphg stdvmd abgedi Ng gui de
11 to reach the plunger 32, or alternatively,. in ﬂ second i nstance, the -
pl unger 32f fhe 1mpIqt EgtingPPaRRaE dderornthe RPROSTESHET & thp IreRagt kpad pssembdher

net hod, upeM atd@irdeliy RBRTec3E 16 SR HvRged hﬁs}ﬁ@@mpﬁ&ﬂh{eq{bebb@.cks 9 thehe
attachnent neans 10 may be utilized to secure the plunger 32 at said

pr edet er mPFRYiPuUR egheimgns i show s dtigenes ¥ el Datbe aligneentof deg irapact feadconnect i ng

el ement i he ' ' [ Shoul d
the cor e Aoy AR Lo RRRELIRRL oo R R AR BN ol ook o
and shoul dlack@ ascyesticabhmsicdollinigamlin tis ¢éxemplary epbedihendche fpadfelentent ¢ Gnpr essi on
spring 16, .the indri.c oll.ar 18 will futh act.10 co ess, t he

conpr essi Sﬁach%c} foynt ei%veft%&’igf §3I?egesu88f)(ﬁ Hebnr?g 5'(%8 %ﬁ{{ al th% ey é’y 5t 1he i npact
head assenfrings 102. THeFERIraFipgiigL10 ars agtactied o the doudadendent # lih asbnaigidon of an
enbodi ment_.af the second aspect of the i ct. testi a at us erein the
opposi t e §}u§g%ma\aneg e’ 'tﬂaﬁ nﬁ}éeaﬂn@gglé‘??swgﬁ‘fl%ﬁ%a‘gﬁ%r %’E?’?‘{/p%g%gxcht ed to
the i nver gedadtusdlapesbsSIAPSIdEs WRREthe3Bad Afenieht 4.NR haViverds, gellesi nent s
shown in Figures 1 - 5, the alignnent thtﬁagi i hpact head_assenbly 112, the

core rod SleENEl 4 Way bveAcFRrbTEge Y HERTIEHE Fad RoFtiqneRd the,Herl SRRl bl ock 9

are verti ¢alr a0 68t hlogAide, I8y &Binpleexenpl ary enbodi nent, the |oad el enent
i shaped support nenber 30 directly via the

4 is attached to the inverted U
pair of flexural springs 101. The flexural springs 101 are attached to the

| oad el e?nmtB]ﬁAli;e agveﬁf?,r}hé ﬂ%&%&?}%ﬁ@ 1A ARNESE st miBdh i 8omliRgod s1pact head

112 is being 1oaded, an end 1on of the flexural Zfrlnﬁs 101 slides
Wi t hi n t heerttaimdeg¢eepiglastiq strain totbhairesgok dv otheh @ordsaidie dleswrahspringnidy. have a

smal | rec gﬁ'{ﬁ't M)rtn meﬂlgvg‘lgsﬁpinstﬂje %t&gpdipé?:ﬁgﬁ ?@idﬂiwiéeb],%etyl KIVBAL1aSR h W

longitudinal direction (lengthwise).

' [0074] Figure 7 is a side view of a further embodiment of Figure 6 having two pairs of
flexural springs 101, 102, each with one end attached to opposite sides of the impact
head, and the other end directly to the inverted U-shaped support member 30. As
described above, the loading process remains the same as the embodiment described in
Figure 6. The feature that differentiates the embodiment of Figure 6 from that of
Figure 7 is the presence of an additional pair of flexural springs 102 to connect the load
element 4 to the inverted U-shaped support member 30. The additional flexural springs
102 are attached to the load element 4 in a parallel manner similar to that of the first pair

~ of flexural springs 101.
- [0075] Figure 8 illustrates the striking of a solder joint by the striking head 2 during

impact testing. The specimen fixture assembly includes a base fixture block 12a and a

clamping component 12b. The test specimen 3 may be fixed and secured by the screw
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is arranged to be able to slide, for exanple. [0073] Alternatively, the
flexural spring 101 nay be of such a material that permts for a certain
degree ofwelaatiigs4sstrain to be present. In other words, pciscRbmsroei@l spring
101, apart frombeing elastic in the lateral direction (w dthw se), may

al so be elastic in the longitudinal direction (lengthw se). [0074] Figure 7
is a side view of a further enbodi nent of Figure 6 having two pairs of

fl exural r|n attached to. osi.fe sides of
t he |rrpact gﬁ %{H%"h% quga %ﬁ%‘?slpaé??d"ﬁf‘ %ﬁ%f%c%’?én ??\Feéir‘f‘g(pg eﬁ’léped
support Wemeﬂ’or@@xllﬁéeﬂbﬁﬁ@mtbeﬁhn&hﬁtéetloddnﬁthb(h%dépeﬁnﬁﬁQ,Cess remai ns the sane
as the enbodi nent described in Figure 6. The feature that differentiates

t he enmbodi nent of Figure 6 fromthat of Figure 7 is the presence of an

addi t i onajoopsirigu@é 9Al-e0 kil illsshiide of bORiHIQaARBREts hittadhRachebement 4 to
the inverted U shaped support nenber 30. The additional Tflexural springs

102 are aftbsEseend syikipghqag sspedtiselirie sinulate yarjoas srofes of failwrre FigsrePAar to t hat
of the fig sprﬁ)'wr sﬁﬂl%ﬂé&%lz S{ﬁ RS dlnk&%7ﬁl2aygﬂe%ﬁgte&3 td kdstigfr ates the

striking of a sol er | ol e stri ead act testing.
The speci steangthi oft untest apeandi 9 Wiz adé@ted tvas derfsilx tioce ol mcknlhlszratednd a

cl anpi ng £s and_secured by
t he scr evﬁ%ﬁg’ i tPlé’LS?m}(mF E‘gad 2 ﬁmltu %oragrﬁg F%F 4t ?uﬁvé'afl |a§°‘}tn “PREi recti on
i ndi cat edlinnofFsygureey ﬁheaeshpmmémfsolﬂembdln) 3@owe5rstuehi tHanistdoenes&terodi r ect i on

h 9A | | of bl
o angen RS AR AR, PR R B e 1Y SR ErPPE s PR g i PO ©

respecti vidwer §1£bst%td‘TWit1ﬁlﬂﬁ tmnm&lgrmdesmﬁ cdudtd thié st sEechuém ubgss how t he
striking heag0 in furt nebﬁdl ments, may be adapted to test the
strength Bf™ “E“é?fe%fﬁ%io ﬁ°§e \é‘ﬁoﬁ%fect ed to a tensile force. In the
illustrated enbodi nent, the striking head 2 includes two arns extendi ng
outward about a common |ine of symetry. The test specipen (solder ball) 3

shown is DA%H Figyge 9Bsiscofitither sxemplary fmahodimess of haw héensilyfeet mR¥ bakect ed by
both ar nsuﬁmerﬁéa?edsym ﬁ&&xcﬂﬁ@gmgocﬁﬂﬁhﬂ% PGt BB is Sphed fPdR sieldt the top

one being fixed. This causes the test specimen 3 to undergo a uniformstate
of tensi oﬁleﬁ@ngrsgbspratm Heeordingy,rthe striking member in this embodiment (not shown)

would not require two arms as in the previous embodiment.

[0078] Figure 9C is an example of the implementation of a flexure test using the impact
testing apparatus of the present invention. In this embodiment, the striking head 2
applies a force on the top substrate. Simultaneously, the bottom substrate also has at
least two forces applied such that the direction of the force on the top substrate passes in
between the direction of the two forces applied on the bottom substrate. Accordingly,
this results in causing the substrates to which the test specimens 3 are affixed to, to flex.
The striking head as used in the eémbodiment of Figure 9A may be used to impact the

bottom substrate when implementing the aforesaid flexure test.

[0079] Figure 10 shows a load against time graph for various tin-based solder alloys
subjected to impact testing using the embodiment as shown in Figure 2. The samples
consist of solder balls of 400pum diameter mounted on an organic substrate with an
organic surface preservation (OSP) finish. The shear speed applied to the various test
samples using the micro-impact testing apparatus was 600mm/s. The results illustrated
in Figure 8 show that the samples (a) and (b) are more ductile than samples (c) — (¢).
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[0077] Figure 9B is a further exenplary enbodi nent of how a tensile test
may be inplenented. In this particular enbodi nent, the inpact force is
appl i ed twoane/asxde of the | ower substrate. Accordi nglypciise2atsnookiong
menber in this enbodi nent (not shown) would not require two arns as in the
previ ous enbodi ment. [0078] Figure 9Cis an exanple of the inplenentation
of a flexure test using the inpact testing apparatus of the present
invention. In this enbodinent, the striking head 2 applies a force on the
top substrate. Sinultaneously, the bottom substrate also has at |east two
f or ces ap[0BYdhs wfdreméntiongdrdssatiptien tof e wFiothentfodimatomstieen pepentadbst r at e
passes in rect the.t for.c p on.the. bottom
subst rateﬁg’imfl:%%g}e(ri1 Otmﬁ‘sgétio %[éd éri)ée}'(s:lﬁtfs 1?rllS (o} bnst?ndm?fhe egh E rton S whi ch the
t est specthasemsex{&oarte tM piexied fdro, disclo$eldeand MOwstyr tﬂanylgnddmnas; zusled in the
enbodi ment of. Figure y. b S 0 |rrp he bot t.0 ubstra when

i npl ement | VAPPSR 81"8?5@’%%{1’3&%% c&fﬁ‘? E‘S?l%%efj feac &di lsli‘f’téﬁ‘ieg | oad
agai nst ttmn@ha@hbe‘@lﬁnmy @ygaﬁﬂsmpp@meﬁlha@tbder al | oys subj ect ed to i npact
testing using the enbodi nent as shown in Figure 2. The sanpl es consi st of
sol der balls of 400mm di aneter nmounted on an organic substrate with an
organi c surface preservation (OSP) finish. The shear speed applied to the
various test sanples using the mcro-inpact testing apparatus was 600mi s.
The results illustrated in Figure 8 show that the sanples (a) and (b) are
nore ductile than sanples (c) - (e).[0080 The aforenentioned description
of the various enbodi nents has been presented for purposes of illustration
and description. It is not intended to be exhaustive or to limt the
invention to the precise formdisclosed, and obvi ously many nodifications
and variations are possible in Iight of the disclosed teaching. It is

i ntended that the scope of the invention be defined by the clains appended
heret o. CLAIMS What is clainmed is: 1. A mcro-inpact testing apparatus for
measuring the inpact characteristics of a m croel ectronics speci nen exposed
to an inpact thereon, the apparatus conprising a speci nen hol der for
receiving a specinmen to be tested, and
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an inpact device conprising an inpact head, a support nenber, at |east one
connecting elenent, a first flexural spring, wherein the support nenber is
connect edwoaotdmasmionnect i ng el ement in that the first flrexisGabosopotiong i s
firmy attached with its one end to the support nenber and with its other
end to the connecting elenent, and a second flexural spring being at |east
substantially identical to said first flexural spring, wherein the
connectin@Lghﬁgent is connected to the inpact head in that the second
flexural spring is firmy attached with its one end to the connecting
element and with its other end to the inpact head so that the ends of the
first and efong.fl xural springs define, in an unloaded state of the

f1 exur al ¥§? RGE™Y Pect angl e, whereby the inpact head is noveabl e
transversal lly Mirhibroriappaatstihg apfagatiid fos meandingaboimpati dhatacetistiprofags al ong a

linear |ine between a spring-loaded posjtion.and ap i npact position
thereof, and WHEFSISUPNE SPEENTHePXRYF eto i*g gp@a@hetgerwnt ﬁtﬁ? h&’pﬁ ct device
such that the kN is arranged in said inpact position of the inpact
head so that the inpact head is capable of inpacting on the specinen after
travel i ng frong $pesinienAeider fooisraiviog a SRARALIObE desie t position along said

linear |ine “pé?ﬂn{p%t%@ﬁ‘ée&ﬂﬁfrﬁﬁ’x fromsaid | oaded position. 2. The

m cro-inpact testing apparatus dccording to claim1, further conprising a
third and a fourth anlimpast¢adspri ngs bei ng at | east substantially identical
to said first flexural spri wherein the third and the fourth flexura
spri ngs areconnect (?dsuP%or{) <?anrr}]gs]e’llj’pport menber, the connecting el enent and the
i npact head, respect iedstloyie connedting eeareet, manner as the first and the second

fl exural springs. 3. Tgf m cro-inpact testing apparatus according to claim
1, further conpri sitiy: exiraf spring, :
wherein the support member is connected to the connecting element in that the

first flexural spring is firmly attached with its one end to the support member
and with its other end to the connecting element, and

a second flexural spring being at least substantially identical to said first
flexural spring,
wherein the connecting element is connected to the impact head in that the
second flexural spring is firmly attached with its one end to the comnecting
element and with its other end to the impact head so that the ends of the first and
second flexural springs define, in an unloaded state of the flexural springs, a
rectangle, whereby the impact head is moveable transversally with respect to the
first and second flexural springs along a linear line between a spring-loaded
position and an impact position thereof, and
wherein the specimen hoider is aligned with the impact device such that the
specimen is arranged in said impact position of the impact head so that the
impact head is capable of impacting on the specimen after traveling from its
loaded position_towards its impact position along said linear line upon release

thereof from said loaded position.

2. The micro-impact testing apparatus according to claim 1, further comprising a
third and a fourth flexural springs being at least substantially identical to said

first flexural spring, wherein the third and the fourth flexural springs are
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third flexural spring, wherein the third flexural spring is connected to

t he support nenber and the connecting elenent in the sanme manner as the
first fl eworade/mpsssng, so that the ends of the first anecrhe2asoond?
flexural springs define a rectangle on one side of the second fl exural
spring, and the ends of the second and the thirds flexural springs define a
rectangl e on an opposite side of the second flexural spring, and wherein

t he characteristic f it f ri : i : ensure
that the i moac ek b dheSptsibiig B 18 (g ; BRER ATHE fahe
m cro-i npact tesgeciingligpphe simesmaceoasihe §rst endathy seooral fidxuel girimgd t o 3,
wherein the flexural springs are arranged on the sane side of the inpact
head in an at |east substantially overlapping relationship with respect to
each other, where ﬁxﬁ:@d’lirﬂzﬁlcﬁthﬁirigra%lé@ﬂaiugglcéﬁrdiﬁgtd clainof, ﬁlrtﬁer: Joppeitinpead. 5. The
m cro-inpact testing apparatus according to any one o aims 1 to 3,

wherei n the f|&uddlgxura springywhegem @%H’W@cf?eé%}m{ 8"%%5 °8B?ﬁ‘i@§tt‘?%s\§1p8ﬁent and

arranged on ongeshd€indfihd BSukoRRACIeNER0ni e MinPhahRa st ukHbst aBkiral | Y
overlapping relationship wth respect to each other, when seen in the

travel i ng di r espringnsoothat the endpat thenBest andiier snendaflparadspangsidefiee conpri ses
a second set O%F{alé%%( WE 3he SR LAGS s%nﬁmeﬁﬁxgl t%%rin eMAimS MRk @ @kdnd 1 denti cal

to said flexur rrngs and are connecte not her connecting el ement on
an opposite siael Bt thins faxpat spirgaddefime snregtangle estanserpositenside pf fhe

overlapping relationship wth re t0 . Ln the
travel ing di re%etc?%cﬁf?egPraFWgnF’r%gc eﬁegllziat ,e Cg g&@ﬁ@%{‘ éh%ﬁ%gaégﬁ@%% h%f t he
flexural springsigaedsodado asmeniht sietimphctfieadis maveabierdlogssaiddinsyrtimet ri cal to
said linear line. 6. The micro-inpact testing apparatus according to any of
the preceding clains, wherein the flexural spring is a nonolithic spring, a
| eaf spring ©r TRe RMr6Mmpdet itddfing -appaittuli att@rdingaciny t @st ofglaiappatoal,us
according to ang of the preceding clains, V\{gerei n.& het\‘tﬁ r’r.%act he&ad
conprises: a |¥ ge@t@ﬂ%qafpr,al $PTings érera(glapged on the same side of the impact head m

an at least substantially overlapping relationship with respect to each other,

when seen in the traveling direction of the impact head.

5. The micro-impact testing apparatus according to émy one of claims 1 to 3,
wherein the flexural springs are connected to one connecting element and
arranged on one side of the impact head in an at least substantially overlapping
relationship with respect to each other, when seen in the traveling direction of
the impact head, and the apparatus further comprises a second set of flexural
springs which are at least substantially identical to said flexural springs and are
connected to another connecting element on an opposite side of the impact head
in an at least substantially overlapping relationship with respect to each other,
when seen in the traveling direction of the impact head, so that the arrangement
of the flexural springs and the second set of flexural springs is symmetrical to

said linear line.

6. The micro-impact testing apparatus according to any of the preceding claims,

wherein the flexural spring is a monolithic spring, a leaf spring or a notch spring.
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a load cell, and a striker head, wherein the |load cell, the |oad el enent,
the striker head are connected to each other by neans of the core rod such
t hat t he wonoésernsiasad and the core rode extend al ong saipdTisicaamrodtione. 8.
The m cro-inpact testing apparatus according to claim7, wherein the
striker head is adapted to apply a shear force on the m croel ectronics test
speci nen upon inpact. 9. The mcro-inpact testing apparatus according to

claim7, wherein t.he .su . er | rovi de i . -hol e and the
core rod ex?eﬁhgnPﬁpaﬁ ﬁRE%%“%?§¥¥% egagﬁﬁﬁégﬁngyiﬁe géggaggggﬂbh-hole and
supported themgkefimiie anmpt icad coeprisgs:coaxi al | y nounted on the core rod,
wherei n one end of ﬁhﬁ Fﬁéing is attached to the support nenber and the
other end of the spra®A§ei€™attached to the core rod. 10. The micro-i npact
testing apparatus agesersi,ng to any of claims 7 - 9, further conprising a

| i near vari abl e displacepent transformer (LVDT) sensor enbedded in the
support nember cyl #HAECEARMY around and coaxially with the through-hol e,
such that the core,k@fleiRaga the most, in sliding contact with the inner
surface of the LVDI sensor. 11. The mcro-inpact testing apparatus

accordi ng to arhgredf theHeadellcbdilory elfraentsthy strikephead grg P@m“é%ﬁrﬁr‘?aﬁ‘i‘ ng a speed

trol b ' L. I , t
e por ti o gy MR o RE AR BRCHE ot Relend i o P o G o o ol ¢

t he port e corero protru
of the sugppdmeanimaber so as to preload the inpact head into said | oaded
position.12. The inpact testing apparatus according to claim1l, wherein
the attachnment neans is a nechanical screw, a clanping device or a nmagnet.
13. The i npactTht esitiodighpagnastiag Lppaameadianding do claim M, Wherewhthe estuiket he speed
(;;)2'\[/: ggsb:c gfk hlegd gD a gi[)tgg tc? gp;h}b % sixlégxp R)E'c;[e Oqle H%enrlic\r/c;eﬁecgorgclflsl t%jsei S?)letglql%l[? t which

upon impact.

9. The micro-impact testing apparatus according to claim 7, wherein the support
member is provided with a through-hole and the core rod extends through and
protrudes outwardly from said through-hole and supported therein by a spring
being coaxially mounted on the core rod, wherein one end of the spring is
attached to the support member and the other end of the spring is attached to the

core rod.

10. The micro-impact testing apparatus according to any of claims 7 — 9, further
comprising a linear variable displacement transformer (LVDT) sensor embedded
in the support member cylindrically around and coaxially with the through-hole,
such that the core rod is, at the most, in sliding contact with the inner surface of

the LVDT sensor.

11. The micro-impact testing apparatus according to any of the preceding claims 7 —
10, further comprising a speed control block having attachment means to attach,
in a releasable manner, to the portion of the core rod that protrudes outwardly
from the through-hole of the support member so as to preload the impact head

into said loaded position.
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an adjustment of the speed control nodule along a linear line, thereby

adj usting the | oaded position, and therefore the prel oad, of the inpact
head. 14.w®heoai18346-i npact testing apparatus accordi ng troTaezomfoodioe
precedi ng cl ai ns, wherein the speci nen hol der conprises a m croscope or a
charge coupl ed device (CCD) video canera or a conbination thereof and a
cl anpi ng conponent adapted to securely hold a test specinen over in the X

v and Z-axesy B il LR 5L OGARPA AiiE ACGALAN ! Bubiitet!, Lhe

precedi ng cl ains, eCINen 't SNpSTatur € vari ation

appar at us adapn@ds tsamhmdahs:rd;vemrmmg@vwfe ot henagmeri r onnent surroundi ng
the specinmen from-400C to 1000C. 16. A micro-inpact testing apparatus for
measuring the inpact characteristics of a mcroel ectronics speci nen exposed
to an inpact3therig@ist wshgg mpam;tawo:ﬁmgpb ic&irﬂgl,awﬁeﬁelﬁitl‘m@pdadbdﬂfolfOr

receiving a s CI men to pe tested, an i ct_ device corrpr Lng an
i npact head, %‘i!fﬁi)B‘Pt‘“t‘?fje%é? SL‘p§f’“l rg&\“?ﬁ@f’ elemegi which BW}Jﬁ@ PBei ng
attached wi th jht,g;QRnesdhd ébe&d‘é‘orﬁiép%ﬂﬁle %ﬂ?@ﬂm@dﬂm\éﬂ thbreby saj@difagr end to a
first side of the inpact head, and at |east second fl exur al spring being

at |east substthmiopdadippsitiersand tetefare the praoad; @@bemp@meaql spring and being
attached with its one end to the support nenber and with its other end to a
second side of the inpact head being opposite to said first side thereof,
wher eby t hel#. riiﬁ:aomcrcemwacvtstesm appiretus penosding tatryyofithe rprace@pwialms; t he

flexural spri rearlx 81@9, V\hnéerng]?)%{ef #&@b%%% }Qn%%&nglf d&_ralcﬂgrgal ?’gﬁ Q&%tl on and

an i npact position, wtih the
i npact devi ce (€GB \hcﬂmt cdniega ®pec tombinatonathe@nf)edt ianclsmpihgi enpagohemposi ti on of

the inpact head so. that head is.c E}g acting on the
speci men aft erag?p?t%\v&s?%be¥§%%W?§8338‘§§88V%623{) rf ?’ugiv%?’g% its inpact
position along said linear |ine upon rel ease
15. The impact testing apparatus according to any of the preceding claims, further
comprising a specimen temperature variation apparatus adapted to vary the

temperature of the environment surrounding the specimen from -40°C to 100°C.

16. A micro-impact testing apparatus for measuring the impact characteristics of a
microelectronics specimen exposed to an impact thereon, the apparatus
comprising
a specimen holder for receiving a specimen to be tested, and
an impact device comprising

an impact head,

a support member,

at least a first flexural spring being attached with its one end to the
support member and with its other end to a first side of the impact head, and

at least a second flexural spring being at least substantially identical to
said first flexural spring and being attached with its one end to the support
member and with its other end to a second side of the impact head being
opposite to said first side thereof, whereby the impact head is moveable
transversally with respect to the flexural springs along a linear line between a

spring-loaded position and an impact position, and
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thereof fromsaid | oaded position. 17. The m cro-inpact testing apparatus
according to claim 16, further conprising an additional even nunber of
subst ant iwbl2god/desasi cal fl exural springs, wherein the evemscanis®noiof
flexural springs are connected to the respective elenents in the sane
manner as those of the first and second flexural springs, such that equal
nunmbers of flexural springs are attached on either side of the inpact head.
18. The m cr o-whepsc thet pstimay hajpaiailigmedodayr te mgpdod deliaé Buchothar thd 7, wherein
the flexural s ri.n%;s.on erjﬁfger side of the inF ct. head are- arranged in a
si de- by- si de TRANEF" 1Yk e dmPIh ROFUPR St Fifg HBpapRie Hectfding to
claim16 - 18, imphemeidiistdagatié O ithpdotif®bh NES siBinfhtdiRf nelélmgatorh e | npact
head are arragged in.an at | east, substanti a{ Ig Qg?ﬂ appi ng rel ationship
with each ot heradeuRatiielona[ds FHEPRTRPEIPR §lOaE FUEHingH gt Yhee 'FlMEct head.

thereof from said loaded position.

17. The micro-impact testing apparatus according to claim 16, further comprising an
additional even number of substantially identical flexural springs, wherein the
even number of flexural springs are connected to the respective elements in the
same manner as those of the first and second flexural springs, such that equal

numbers of flexural springs are attached on either side of the impact head.

18. The micro-impact testing apparatus according to claim 16 or 17, wherein the
flexural springs on either side of the impact head are-arranged in a side-by-side

manner.

19. The micro-impact testing apparatus according to claim 16 — 18, wherein the
flexural springs on either side of the impact head are arranged in an at least
substantially overlapping relationship with each other, when seen in the

traveling direction of the impact head.
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