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photol i thography processes, netrology processes and packaging of the
i ndi vi dual Generally, the present disclosure relates to integrated circuits, and, more

particularly, to sophisticated metallization systems including sensitive dielectric

10 materials and lead-free bumps or metal pillars for connecting a chip to a package.

2. DESCRIPTION OF THE RELATED ART

Semiconductor devices, such as microprocessors, SRAMs, ASICs (application

specific ICs), systems on chip (SoC) and the like, are typically formed on appropriate

15 substrate materials, such as silicon and the like, wherein the individual integrated circuits
are arranged in an array on a wafer, so that most of the manufacturing steps, which may

involve several hundred and more individual process steps in sophisticated integrated

circuits, are performed simultaneously for all chip areas on the substrate, except for
photolithography processes, metrology processes and packaging of the individual

20 devices after dicing the substrate. Thus, economic constraints drive semiconductor
manufacturers to steadily increase the substrate dimensions, thereby also increasing the

area available for producing actual semiconductor devices and thus increasing production

yield.

25 In addition to increasing the substrate area, it is also important to optimize the
utilization of the substrate area for a given substrate size so as to actually use as much

substrate area as possible for semiconductor devices and/or test structures that may be
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metal line layers and via layers stacked on top of each other is necessary to implement
10 the connections between all internal circuit elements and /O (input/output), power and

ground pads of the circuit design under consideration.

For extremely scaled integrated circuits, the signal propagation delay is no longer

limited by the circuit elements, such as field effect transistors and the like, but is limited,

15 owing to the increased density of circuit elements requiring an even more increased
number of electrical connections, by the close proximity of the metal lines, since the
line-to-line capacitance is increased, in combination with a reduced conductivity of the

lines, due to a reduced cross sectional area. For this reason, traditional dielectrics such

as silicon dioxide (k>4) and silicon nitride (k>7) are replaced by dielectric materials

20 having a lower permittivity, which are, therefore, also referred to as low-k dielectrics,
having a relative permittivity of 3 or less. However, the density and mechanical stability

or strength of the low-k materials may be significantly less compared to the well-
approved dielectrics silicon dioxide and silicon nitride. As a consequence, during the

formation of the metallization system and any subsequent manufacturing processes of
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formed on the last metallization layer and the contact pads of the package carrier. In this

20 manner, a very large number of electrical connections may be provided across the entire
chip area of the last metallization layer with reduced contact resistance and parasitic
capacitance, thereby providing the 10 (input/output) capabilities, which may be required
for complex integrated circuits, such as CPUs, storage memories and the like. During
the corresponding process sequence for connecting the bump structure with a package

25 carrier, a certain degree of pressure and/or heat may be applied to the composite device
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typical configuration of a sem conductor device including a solder bunp
structure for flip chip connection will now be described 20in nore detail.

Moreover, during operation of the finished semiconductor device attached to a

10 corresponding package substrate, significant mechanical stress may occur due to a
significant mismatch in the thermal expansion behavior of the silicon-based
semiconductor chip and the package substrate, since, in volume production of
sophisticated integrated circuits, economic constraints typically require the use of
specified substrate materials for the package, such as organic materials, which typically

15 may exhibit a different thermal conductivity and a coefficient of thermal expansion

compared to the silicon chip.

With reference to Figures la-1b, a typical configuration of a semiconductor
device including a solder bump structure for flip chip connection will now be described

20 in more detail.

Figure 1a schematically illustrates a top view of the configuration or layout of a
semiconductor device 100 in which the mechanical and electrical connection between a
package and the device 100, i.e., a specific chip or die 101, is to be established on the

25 basis of a solder bump structure, or in sophisticated cases a metal pillar structure. For
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that, in and above the substrate 101 typica : y of circuit
el ggrents, such as transistors, capacitors, resistors and the |like, are
provided in accordance with the circuit function to be inplenented in the
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according to the line Ib in Figure 1a. As illustrated, the device 100 comprises the die or
chip 101, which may be understood as the basic substrate for forming thereabove circuit
elements and the like. The substrate 101 is typically provided in the form of an
15 insulating substrate, a semiconductor material and the like. It should be appreciated that,
in and above the substrate 101, typically, a plurality of circuit elements, such as
transistors, capacitors, resistors and the like, are provided in accordance with the circuit
function to be implemented in the device 100. For convenience, any such circuit
elements, which may include elements with critical dimensions of 50 nm and less in
20 sophisticated devices, are not shown in Figure 1b. As discussed above, due to the
complex layout of electronic circuits implemented in the semiconductor device 100, a
complex metallization system 120 is typically required, which may comprise a plurality
of metallization layers stacked on top of each other, wherein, for convenience, a
metallization layer 130 and a metallization layer 140 are depicted. For instance, the

25 metallization layer 130 may be comprised of a dielectric material [31, such as a low-k
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The materials 151 and 152 are patterned in such a way that an opening 150A is aligned

20 to at least a portion of the contact pad 142 of the last metallization layer 140. As
explained before, in sophisticated metallization systems, such as the system 120, copper
is preferably used which, however, may not be compatible with well-established process
techniques and materials as have been used in complex metallization systems formed on
the basis of aluminum. For this reason, frequently, a further metal material 153, which is

25 also referred to as a terminal metal, in the form of aluminum, is provided so as to act as



5 In other cases, the contact structure 150 may be fornmed on the

basis of copper netals including any appropriate barrier materials w thout

requiring specific termnal nmetals, such as the material 153. 10 The

sem conduct or device 100 conprising the netallization system 120 may be
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chem cal mechanical polishing (CWP), wherein a certain mechanical stress
may be induced in the sensitive dielectric materials, which may al so
contribute to a certain degree of deterioration of the mechanical stability
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provi di ngmtlak, QREMNs A he@Aal tswpi cal ly, a deposition nmask is applied and an
appropriate solder material may be deposited and appropriately treated so

asipo formthe contact elenent 110. In other process strategies, an
appropriate netal pillar nmay be provided in the opening I 50A so as to
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fgpme on the basis of the following processes. After completing any semiconductor-

based circuit elements, such as transistors and the like, the one or more metallization
layers 130, 140 may be formed by providing a material layer and layer stack, which, as
15 discussed above, may comprise extremely sensitive materials, which may then be
patterned on the basis of sophisticated lithography techniques and anisotropic etch
processes. Thereafter, appropriate barrier materials and copper-based materials may be
deposited, for instance in sophisticated dual inlaid techniques, in which vias and metal
lines may be filled in a common deposition process. Thereafter, any excess material may
20 be removed, for instance, by chemical mechanical polishing (CMP), wherein a certain
mechanical stress may be induced in the sensitive dielectric materials, which may also
contribute to a certain degree of deterioration of the mechanical stability of these
materials. After completing the metallization layers 130, 140, further complex process
techniques may be applied so as to provide the contact structure 150 including the

25 deposition and patterning of the various materials in accordance with the device



r separating the sem conductor device 100 into individual chips or dies
Cgfea cognectiog to an appropriate package substrate may be acconplished by
mechani cally 10 coupling an individual device 101 and the correspondi ng
package substrate and retlpwﬁng the contact elements 110, thereby obtaining
t he desir@ﬂuﬁﬁﬂ@ﬂﬁeﬁﬁwrpﬁwabmm’EmmemngdﬁQﬁeﬂpkh&xenhbaﬂhmehﬁﬂem&gpﬂ&p and
t he correspondi ng contact pads of the package substrate, which may al so

conpri se adbamppsopuict solder dapealimng tidpbsecauRtalphrpHeESteald & §9%
Figglly, anymggpropriate fill material may be provided between the chip

15101, Leformtine copRt@semsAt HGE ULE odrP pr@ld LG Racka e BQ&Q‘Ly ali§ SR8 to
gal |ﬁ of PRIRPL céW%%s @

enhance nechanical, chemcal md tger. sta f bty .  Conp

devi ce. I SIGHSSE V ring the rication o e . .

o oottt SIS ey GHE I A0 B0 BT g e

i ndi vi du ] 101 with a package supstrate 20 and in particular during
Lgeégiioﬁi8%m§ﬁzm5%%%g%%£@§5ﬁpgﬁﬁ ﬂ%fWRﬂBQVVE%?”&?@H¥WW§% eonigss landiyal
stress may be a Iﬁed to the netallization system 120 via the contact
structuré @Sge, PeSSIblg bypusgipgapiseiringt mefad ks cdmpared v sokdeoburopnt act
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reflowing the contact elements 110, thereby obtaining the desired intermetallic
connection between the contact elements 110 and the corresponding contact pads of the
package substrate, which may also comprise a bump structure, depending on the overall
process strategy. Finally, any appropriate fill material may be provided between the chip

15 101, ie., the contact structure 150, and the package substrate so as to enhance

mechanical, chemical and thermal stability of the composite device.

As discussed above, during the fabrication of the semiconductor device 100 and

also during the process of connecting the individual chips 101 with a package substrate

20 and in particular during operation of the packaged semiconductor device, significant
mechanical stress may be applied to the metallization system 120 via the contact
structure 150, i.e., via the contact elements 110. In prior contact technologies, a certain

degree of resilience of the contact elements 110 has resulted in a certain degree of buffer

effect, due to a significant amount of lead in the composite solder material. Upon

25 introducing so-called lead-free solder materials, however, for instance in view of
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increased shear forces into the netallization system 120 and in particul ar
into the last netallization |ayer 140. For these reasons, in nmany

convent i offAYIYHHIGACRELatiqnieinge dkseanst alshdn nactianipt ad fstlcesmpiavetthe

nmetal lization system 120 may require a reduction in conplexity, in terns of
provi di ngthérepledralestriced penfitreraned of thé catipe siragturBISOAR: Gakansé B?bfdvﬁcﬂm%

t hereby, however, typically increasing the dielectric constant and thus

reduci ng téppeopiingl insieheot isigabuneithRIBN AR rﬁéohbﬂi%al%fegé i%n%ﬁ@ﬁl%@tﬂiﬁ@f&ﬁ em

120. Thus, nonitoring the mechanical characteristics o he sophisticated

. . . . Y _ . duct or
| ow-k die 120 rhalsSont i n for,gonplex sem con
devi ces, és}gjga{nﬁat ggf;r?\?ent iso%gailﬁlagﬁ% lfgggf%rsgg’p%ﬁg?ﬁg&%%l&é%ge_c ehl?lrlaféf’l ?‘R%/Il(‘be
t abl i shed,:.imn. whi ¢ i | Sparticular.,..the characteristics of TOW— N
ﬁ;t gri al sﬁ %%?lﬂg]emr%oﬁgfl or @Lclfm"f% %r%%@? aHEE GOMERES tﬁ? Aepdsconiainipg Aﬁglldélrl al
haracteristics after the deposition of these materials. As _
di scussed AE0E; TEHDYHERITHIE Laalisetkringered sbrartiowek i éicentinllizatimt er i al s
as such may represent only one aspect that influences the finally obtained
mechani caﬂystezo?%ma%m paitisulicigiothe dast ompdl Baativatiaydri 12t iFon tisys t@sonsAlot her
factor is to be seen in the process history, i.e., the various conplex
manuf act unimgcEresesseapproiheh) thacaksof the hiueRatcAdhes e hant B e
characteristics of the sensitive materials, which may also finally result

in a det esyb@EAIROMAS réi®eOy SRklionTeE RBMLEAL Ly Stk hist ¥ ﬁ[fov:%?ﬁ Wf%ectric
netal lization systens. reover, the conplex’interaction of e several

| aygrs a tgrd [ lexnetallization system.ar.e not
apl;;(?opri g? %tlaéﬂtgaﬁér@ ileﬁ(tnloHleg%%g({aggﬁlé#%n@lﬁlﬁlgi’ }rjr%vrvl?‘fecr)’r ?yrli’lbcal lﬁe‘nﬂﬁ?sérightﬁe oy
{: SLLC I.ndi vi | .l dielectric materia ayers, er e
Feaurt 1 o e S eBhy il B Geau bl B S estdsal pedviines fL Remetitheter s of
liability upon necting sem conductor devices to a package .and
g;e)elr ati ndloil %g@%;g@ ,Cl(%ﬁ@ll‘gﬁg‘tn@rthgé@qcb@qlcal characteristics of the sophisticated

low-k dielectric materials is an important aspect for complex semiconductor devices, so
that conventionally a corresponding process control may be established, in which, in
15 particular, the characteristics of low-k materials may be monitored, for instance by

determining several material characteristics after the deposition of these materials.

As discussed above, the material characteristics of low-k dielectric materials as

such may represent only one aspect that influences the finally obtained mechanical

20 characteristics of a complex metallization system. Another factor is to be seen in the
process history, i.e., the various complex manufacturing processes, which may also
influence adhesion and other characteristics of the sensitive materials, which may also

finally result in a deterioration of the overall mechanical stability of complex
metallization systems. Moreover, the complex interaction of the several layers and

25 materials in a complex metallization system are not appropriately taken into



5 The present disclosure is directed to various nethods and systens that
tnay avoid, or at |east reduce, the effects of one or nore of the problens
identified above. SUMMARY OF THE | NVENTI ON 10The fol!gmnngbpresents a
sinmplified supmary of the invention in order to provide a basic .
unggrstanHWﬁﬁﬂg%“%dﬁ€né§%ﬁﬁm§gé$3mﬁﬁﬂﬁhﬁéﬁwﬂ@ﬁmCQHEmdguhuhkywkﬁxﬂqnnan
exhaustive overview of the invention. It is not intended to identify key or
critical Blatwshlagerss therebyiresning ioresrrelitble edsesnserns of et iopen el sttng in
invention. Its sole purpose is to present sone concepts in a sinplified
form as atepmebficdiabidity gorm@naedeibakheshdas6f 18kl _&%m@%e hifd %&&%ﬁ?d
| at er. Generally, the present disclosure provides test sfste Iand
test procpguh@s RficAIaSSINGt he nechani cal characteristics of conplex
netalPization§§§sté%s of senigonductor devi ces by mechanically stressing

i ndyvi dual chip contact elenents, such 70 as solder bunps, netal pillars
and the |like, and determ ning the response of the netglllzaalog systep1 The
response of t metal li.zation.system may be determ ned on the basis of any
appPopriate pa ﬁH@F%WFd§§8ﬂ“S§S%ﬁ%ﬁ%hPdéﬁo¥%@ﬁ%ﬂ§%wdﬁ@%@@ﬁ§@1H@yaﬁwdprob|ng
external Iy supplied stinuli, such as electron mcroscopy, acoustic

m cr oscop‘%}/’,at gﬁas‘tj‘@?li‘é}eaﬁhleﬁfﬁeﬁé ofeteeirmargtdfdhe pbbleatseddngfied hianact eri stics upon
exposure to ultrasound,

SUMMARY OF THE INVENTION

10 The following presents a simplified summary of the invention in order to provide
a basic understanding of some aspects of the invention. This summary is not an
exhaustive overview of the invention. [t is not intended to identify key or critical
elements of the invention or to delineate the scope of the invention. Its sole purpose is to
present some concepts in a simplified form as a prelude to the more detailed description

15 that is discussed later.

Generally, the present disclosure provides test systems and test procedures for
assessing the mechanical characteristics of complex metallization systems of
semiconductor devices by mechanically stressing individual chip contact elements, such

20 as solder bumps, metal pillars and the like, and determining the response of the
metallization system. The response of the metallization system may be determined on
the basis of any appropriate parameter, such as mechanical response, response to any
probing externally supplied stimuli, such as electron microscopy, acoustic microscopy,
or generally the determination of material characteristics upon exposure to ultrasound,

25 electrical signals obtained from the metallization system during or after the mechanical



25el ectrical signals obtained fromthe netallization systemduring or after
the nmechanical stressing and the |Iike. Consequently, by applying a

mechani cal force individually to contact el enents, typical degradation
mechani snms. nmay be stimulated and nay al so be m)nltored and neasured in a
quant i t at PYESSHgrieh theylflice h Craseauenily, bnaipblyirena assbss omnbraor indivadualiy iton of
the mechanical status of the netallization system wherein the material 5
char act er Petthesclanenianigpichlvdedraiatitn dicehatitms mageteestinalisc@sniehdy dso bhe
process history and the conplex interaction of the various materials and

mat eri al  sysiterd anfl nidasu@tiah quzakitR havner, Widh &8s RUbSle bR tdggsponse
of the nmetallization system Consequent ly, in sone illust ratl ve aspects

di scl osedohgyidiiondGhd Me@l"i‘dmééﬁkt‘dﬁ o?rthé)fﬁ@taﬁ{zaﬂgﬂ %fs'?ean glrg)sgh ‘%ﬁr’la} Lation

established so as to qualfyt aracterls I CS

system F net.ers correl ted with
dev?ce spglg{'ir Cl][%lsgﬁar ad eSlrllg/gt P‘élékc [?EHPC %H@Sﬁé |5t§’rt%8fpr‘ﬁf§é‘k §egy and

sem condugt VI .ces duri stress tests, certain materi al

char act er 1§t PH‘&? exs‘ﬂ’(?ﬁacélgn P?ﬁ’@\)@’rlgﬁ‘%ﬂ@eﬂ@ﬁ ardraneicsinksyistenisd theompiabizagomcks,
and the |jke, so that, if desired, netallization systens and correspondi ng
manuf act u]raV?i‘gm%}f P%ﬁté@'iﬂééo Hwemnscmﬂ the betadhativatgteras Coabdqdemty, hmMﬁﬂxd d, but
may also be nonitored in a nore finely 15resol ved manner.

i |1 ustr atilluetratbeopeas distloselchdneined orilPalus €6 dRBIGhHS ﬂﬁ%ﬁ&@ﬂsql@é l§-,1 ress
in adielectric material of a netallization systemof a sem conductor

devi ce byesappikddng® & gAY Gl cHaPlcERisti® & b&ggf\égqffﬂhllﬁgﬁ& %{gﬁac%mel ement

that is formed in the netallization 20 system at extends above a

surface Odxahlpfe, Sh€lofaldil falBlRld Rhy bggguggtteg%{t é'ev A= srpe%lx gb%)rgﬁtgxgstng; t he

determ ning at | east one par anet er "'ue 1 ndi ca

di el ectrig e 8? d mech ni cal tre

further ﬁﬁfus%(ratyf ﬁl\/eggﬁg I’(]) ogglélbcoﬁ Pty d?:vd?f:ﬁr(?‘gé@ BETSE riATthi ‘f?@aﬁl
critical . . :
material characteristics, such as irreversible deformations in the form of cracks, and the
like, so that, if desired, metallization systems and corresponding manufacturing strategies

may not only be evaluated as valid or invalid, but may also be monitored in a more finely

15 resolved manner.

One illustrative method disclosed herein comprises inducing mechanical stress in

a dielectric material of a metallization system of a semiconductor device by applying a
mechanical force to an individual chip contact element that is formed in the metallization

20 system and that extends above a surface of the dielectric material. The method further
comprises determining at least one parameter value indicative of a response of the

dielectric material to the induced mechanical stress.

A further illustrative method disclosed herein comprises determining a critical

25 force required to create a non-reversible deformation of a dielectric material of a

11



25force required to create a non-reversible deformation of a dielectric
material of a metallization systemof a sem conductor device by applying
force to a chip contact element that is fornmed in the netallization system
The method further conprises using the critical three S0 as to assess a
mechani calmeéatf BHIPRLYSEM phe sestieandpgiat idevice bt epnlyisOrferce 1t us thiat donect
measur enent system di scl osed herein conprises a probe confi g_urgd tq

i ndi vi duaP]Ieg»neab&bﬁSﬂSefmf“@ﬂdc@ th@mtaéllrﬁapoc@mtm; Ték enatindd fusthee@mipiisés using
metal | i zati on system of a sem conductor device. The neasurenent system

further cHwpriisgdomedetent isosss ayisichanicanrfabilty 08 iHeandds1O¥A8 speheast one
paraneter value indicative of a nmechanical response of the netallization

systemto the force applied to the 10chip contact el enment. BRI EF
DéSCRI PTI ON OF THE DRK\B\V NGS The di scl osure may be understood by

sccompanyi g c i pae R R ARRE e ShEr BRels ERESF osfibish 17 v

el ement S’co@l@ﬂu@eﬂ wii&ﬂ\:/idually apply a force to a chip contact element formed in a
metallization system of a semiconductor device. The measurement system further
comprises a detection system configured to provide at least one parameter value
indicative of a mechanical response of the metallization system to the force applied to the

10 chip contact element.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure may be understood by reference to the following description taken
in conjunction with the accompanying drawings, in which like reference numerals

15 identify like elements, and in which:

Figure la schematically illustrates a top view of a semiconductor chip or die
including a plurality of chip contact elements in the form of solder bumps or metal
pillars;

20

Figure 1b schematically illustrates a cross-sectional view of a semiconductor

device including a metallization system formed on the basis of sensitive low-k dielectric

materials and a chip contact structure, according to any appropriate process strategy,

12



Figure la schematically illustrates a top view of a sem conductor chip or
die including a plurality of chip contact elenents in the form of sol der
bunps or netal pillars; Figure I b schematically illustrates a
cross-sectional_ . view of a sem conductor device including a netallization
system formed OMeW R D adiemageallie flisitiige d owsksaitiehgdcticivcofrat erhairanand a
chip contact structure, according to any appropriate process strategy,

Fi gure 2aS¥dHBHaL esadsing ihelushratdsiae of assetatigitonnabtemi @ @fmidofRAgMI enent
system for assessing the nechanical state of a netallization systemof a

sem condudedre devimeaitbyingroni keasti Hgndthahieastfesford¥B ChrafHC gjetaql@l%gggss,sghpt he
metallization system according to illustrative enbodi nents; i gures

2b- 2¢ schegmridigald ¥uslAtstdadoaiBasure results indicating a conparison

bet ween a mechani cal response of a netallization systemin order to
idegtify an irreversible mechanical deformation, in the formof a crack and
the like, according to illustrative enbodi nents; 10 Fi gure 2cl

schematically {l|ustrates a neasurement system according to further
illustrative eh%bqsné?i%% SF#?WC&%’ dlysaptgnpeaspre igilsatidicetiog at trenpreishani cal
response y be determ ned on the basis of electron mcroscopy, 15Figure 2e
schemat i c3FH§°R |19 tRschatied roReonsezfur enenllizayst eystas ciar dideg tb oidbaifyhed
irreversible mechanical deformation, in the form of a crack and the like, according to

illustrative embodiments;

10

Figure 2d schematically illustrates a measurement system according to further
illustrative embodiments in which a parameter indicative of the mechanical response

may be determined on the basis of electron microscopy;

15 Figure 2e schematically illustrates the measurement system according to further
illustrative embodiments in which an electrical parameter may be determined in response

to a mechanical stress applied to an individual chip contact element;

Figure 2f schematically illustrates the measurement system according to
20 illustrative embodiments in which one or more material characteristics of the

metallization system may be determined on the basis of acoustic energy supplied to the

device;



illustrative enbodi ments in which an electrical parameter may be
deteriruned in response to a nechanical stress applied to an individual
chip contact el enent; Figure 21 schematically illustrates
the measurement, system according to 20illustrative enbodi ments in whlch one
or nore materi algEhagarhempdedliysilbsicathe the tatasitzarionygers twith regpdoéfic
determ ned on the basis of acoustic energy supplied to the device; o
Figure 296@@hénﬁﬁi%mﬂkynﬂhﬂuammaﬁeenLMQimﬁm&wnﬁMﬁnmmaystﬁMMhﬁ&ﬂ@1§@§CIflC
environnment for the metallization system for instance in the form of

l'i qui ds aadbotdieg loi eeothactioriitig chbodiiends; Agd 111 ustrative enbodi nents; and
Fi gures 2h-2i schematically illustrate neasurenent systens including a

different type of applying nechanical force individually to a chip contact
el ement, according to still further illustrative enbodi ments. Wile the

subgect matterpdischased. NI Isceptible to variau difjcations 10
andsalternativ%gk%g%giﬁg%%%%@ﬁ@héﬁ%%@%%é%?@mFﬁgF%%ﬁgﬁﬁdgﬁng%d ltﬁﬁﬁbylga%
of exanple in.the draw ngs. and are herejn described in detail. It should be
unders?gda?eﬁgﬁgﬁgwglPﬁ D?E%EH%%%@P"W K Uhér i contag sl cacepidai went s i s
not intended to [imt the invention to the particular fornms disclosed, but
on the contriyfther ilpgrative embpdimenss. t o cover all nodifications, equi val ents,
and alternatives failing within the spirit and scope of the 15invention as
defined by the appended cl ai ns.
While the subject matter disclosed herein is susceptible to various modifications
10 and alternative forms, specific embodiments thereof have been shown by way of
example in the drawings and are herein described in detail. It should be understood,
however, that the description herein of specific embodiments is not intended to limit the
invention to the particular forms disclosed, but on the confrary, the intention is to cover

all modifications, equivalents, and alternatives falling within the spirit and scope of the

15 invention as defined by the appended claims.

DETAILED DESCRIPTION

Various illustrative embodiments of the invention are described below. In the

interest of clarity, not all features of an actual implementation are described in this

20 specification. It will of course be appreciated that in the development of any such actual
embodiment, numerous implementation-specific decisions must be made to achieve the
developers’ specific goals, such as compliance with system-related and business-related
constraints, which will vary from one implementation to another. Moreover, it will be

appreciated that such a development effort might be complex and time-consuming, but



DETAI LED DESCRI PTI ON Various illustrative enbodi nents of the

i nvention are described below. In the interest of clarity, not all Features
of an actual inplenmentation are described in this 20 specification. It
wi |l of course be appreciated that in the devel opnent of any such actual
enbodi rrent”otlhﬁ%/retm% lessnbs) @ patiing tndertakpachor thosel o€ puiimms skillst tixeanrhdeng o

achi eve the devel opers’ specific goals, such as conpliance wth

syst em r ethgthedefaind thissliselssrer el at ed constraints, which will vary from one

i npl enentation to another. Mreover, it will be appreciated that such a
devel opment effort m ght be conplex and time-consum ng, but would
nevert hel ess be a routine undertaking For those of ordinary skill in the

art having therhepglstd: Qbjdbhhud! #f Os\yrbg decﬂﬁ)g&)r\@ﬁtf L%%etéﬁlcejtg\}ge at a heq will

now be described with reference to t e atta Fes

strycture, st n es._are sc nat i ca ed,int amnngs
forypurpogém%%f 2§§l%n§”g%%e%n36%gﬁd géaﬁ aIﬁo%gh lé %%@ﬂ%r

di scl osur talls t are melgrknomm to those skllled in the art.
Never t hel é%vmﬁs 8 B{Par&d e%ﬁ%%“ﬁ@@ﬂ randspEp (R1aef abscude dermirtsentdisclesunt ai n
illustrative exanples of the present disclosure. The words and phrases used
herei n shiith dleisds uhierrs tsdokngma fonhesepskélieaslding the afi0 Weweethelcsvealnd mgrched
consistent with the understanding of those words and phrases by those

skil |l ed idravingsr @kemahidedrtd . dNarilspand alkpdaf ilhisthove ekarpltL£lolM @E RBIASE,

Le., a definition that is different fromthe ordinary and customary neani ng

as underS(h@cﬂdsdtw Theserékadd gigaded uﬁél?he'%éth shb@d'H&ttﬁtGQ%Q)oH%nQ?ntE téc?go by
consi st ent usage of the term or phrase herein. To the ext ent 1 term or

phi@se i shivBt.endgfing Qoﬁ@fﬁtt%vtﬁpﬁ%'tﬁhet%ﬁﬁthg%f e 01%% i nPl% Ot%erhptagaem

t hat understood by skil arti sans, suc spe0|a

expressly, th eC|f|ca ion in a definitional nmanner that
directl y Sé(?tl? dd&gléeu{}\l/eo r? %ng&fc&aége igigog Bgélt%{f“ SN FEL 4 Dt dSmiEgRtheer m or

phr ase. % es%pt dhsclosure generally provi des neasurement systenms and
t echni qu ds different from the ordinary and customary meaning as understood by those skilled in

the art, is intended to be implied by consistent usage of the term or phrase herein. To the
extent that a term or phrase is intended to have a special meaning, i.c., a meaning other
15 than that understood by skilled artisans, such a special definition will be expressly set
forth in the specification in a definitional manner that directly and unequivocally

provides the special definition for the term or phrase.

The present disclosure generally provides measurement systems and techniques

20 in which a mechanical force may be efficiently applied to individual chip contact
elements in order to monitor the response of the metallization system to the applied
mechanical force. As previously discussed, significant shear forces may occur during

the packaging of complex semiconductor devices and during the operation of the
packaged devices, in particular when using bump structures or pillar structures exhibiting

25 an increased stiffness compared to moderately soft solder materials, such as lead-

15



20 in which a nechanical force may be efficiently applied to individual
chip contact elenents in order to nonitor the response of the netallization
systemto the applied nmechanical force. As previously discussed,

significant shear Forces may occur during the packaging of conpl ex

sem conduSPHRINGRS Selder aneErigly: i gy tapproppeebt iratividhallyhed haskagekipdeiczes, in
particul ar when using bunp structures or pillar structures exhibiting 25an
i ncr eased ebnichfsnes wel-dafiardednd aeprodesiat ehychanich! S@dsdahay Bk eshicaks o SHCh as

| ead. containing solder materials. By appropriately individually

addr essi nghethiiptiopnyaeih lenephsicur Whhe defbngd a1 1Ho%o(ad(l§'1€i[hgldt9)ntact
mechani cal stress nay be exerted to the netallization systemand 1n

parti cul agjchRnt hRekiyTad} 21 [ f.the contact elenent, thereby,
for instance, &reatifig typS?aé{é}?’ %??@@%%gcﬁgis%l%%n%?n \E}v}ﬂn&hwﬁﬁ;@ BeY HPY %
quakitati d . itative esti.matjon of a mechani.cal status of the

net gl | i zagﬁ%ﬁﬁg/ﬁg}ﬂg%hg@ %‘ilwegﬁg{ah%Pf ainshiirical giptug b s metallizgiden ws@gm at er al
force conponent, for instance, for "tilting" metal pillars or any other

sol der buffps W 8’8$Pb@%@»gwcﬁppyh%g41é@%lt%d&@'abﬁm@nmemgormmddmed in
the passivation materjal of the netallization systemand may thus also be
t r ansf er r édltipgt andteweillarsy ionganyeoiek | soltei oninhry erosaprédsiver asliadnse resss 10
conditions, frequently, cracks may occur at the tensile-stressed area of

the di el ecimpanen@toedyi lad indnebdnimythé Pusivaepi esetal 8 IR thabllgat iy a&hPind or
qualifying the status of the netallization system For exanplé, in sone

il Tustratidg (@EdAH BB RhAsEISE a8 adwbeyeid metdif Fbh §&terdTE an ﬁ?g rs'ix%ssspo nse

of the contact element nay, therefore,” represent an i ndi cator dssessi ng

t heg mechagy t f ot | lization sysiem since the b Ooccurrence
of @% cr a(a:{fynﬁﬁlotn ’eﬁ%/ cP%’tégg?S”?’%g R ttﬁﬁstlfeéﬁugﬁsgﬂtm%ﬁp bl Ijj@ieic'aﬂ?l y

det ect ed b%{tem)lni tcﬁri n%iht he r‘esgonse for .a varying degree of deformation of
the cont alf°BleAlh{iaY it LeRARNE Aateljablp findingohderanyal FEne dhe sipstserd they be
determ ned by the conplex niaterials and their interaction, including the
conpl ex preEeEale) sy For cfasrne.ng some illastiative cndbdinieats diydbedserdiie

eval uati on of nechani cal response of the netallization systemas a 20

whol e maythe ke mevhatécat upgroner ofibht icohest Blemeas sessilngelohe ©patass af a
metal | i zati on system conpared to conventional strategies, in which nerely

the mat erindicatohdoaadsessigt tesnebhaidd i eals BRUBS inddiflliza s RRn) 0¥k gRD ULK
materials, are nonitored. In further illustrative

entodi Mercsurrdde o€ LR Bl VIBANADE GRlchY ShERS SRt may be reliably detected
by monitoring the response for a varying degree of deformation of the contact element.

Since the status of the metallization system may be determined by the complex materials

and their interaction, including the complex process history for forming the various

material systems, the evaluation of mechanical response of the metallization system as a

20 whole may thus provide superior abilities for assessing the status of a metallization
system compared to conventional strategies, in which merely the material characteristics

of critical materials, such as low-k and ULK materials, are monitored.

In further illustrative embodiments, the concept of mechanically stressing

25 individual chip contact eclements may be combined with several mechanisms for



25i ndi vi dual chip contact elenents may be conbined with several mechanisns
for determning one or nore properties of the netallization system 1In
sonme illustrative enbodinments, in addition to or alternatively to
nnnitorina the direct force response of the contact elenent, the vicinity
of the coMFEERINEICHNOT Miye sonesiiist O tbd noraltineidpasisenof Lelseat ribustrative

m croscopy, thereby obtaining additional information with respect to
material emapdisraisi gt additiando bhelidrikiavelyFor hbeitarigehd fEeadREdcoRsfREH BN SIS
may be nonitored while concurrently applying the nechanical stress to the

contact ellerentact dlemokihefe vibihits bf BbicyRa QRSB Se hhS el & x{h%%%&i% A
ay,

system nay be probed on the basis of acoustic enér I.e., ultrasound
energy, fgect 8sdoBv asikahl : | gmnnar. ~for .instance by restricting

t he acousticﬁﬁﬁgggsa?gyi%%k%?é%ﬁ%ﬁ%ggp&?ﬁ@ﬁégg¥%%Pm%V@ IﬁﬂxﬁKHmeT@af

consgi der aty whi i her. cases, a gl gbal probing may be applied so as
to gbt ai néﬂgp%%erl}e@n%% g%%:ﬂpevﬁfé gflriﬁ?i‘glo?ees%gﬁg@%]f RRADEEERSAINRY PEtetossht em t o
the indivjdual stressing of a contact elenent. In still other illustrative
enbodi nent’8: 58“%%“@8?%%&&%&% fsshagical isiessetoathel oantaco relayet.e ninnatpebe
deterninﬁg, for instance by nonitoring one electrical paraneter, such as
resi st ance!USERIYScihbafimeniad thehendtal ketionpoynteex erdyi bg pobalf berthexektsi 6g
15mechani cal stress to the contact el ement under consideration.
ConsequenicPysticacrpugmt i ¢ atitwsowar eadray,i R oxamphe iest Rlhiyshed, rhaked M5t ance
in the formof a sinple good/bad criterion, For a nmetallization system

under consitderaly aBuicting BOYcRRAOLhIGy B R \i/iéi!?ﬁt? ASRE SR e 1@herk MG der
netal li zati on systens and corresponding materi als and manufacturing

SLIG ol eBalaadibnaURIOtn il cSies! 1 BLNERoRATSRey o SBHLE' 1P ABY 2! SO be

established with respect to the ove
packaged 1 r-gdevices, thereby enabling an assessnent of the
lnghiit et ’Seaﬂﬂt% lg%ft“&%lisaiae@rtedh% gWividinl shesstoignal

i nfl uence of Tertarn natertdi%d

behavior of the P%ckaqeg sem conduct or devices. 95 Wth reference

to Fi gur &8 258186t clemeity dp still jother ilhsirgievecomwdiments, snwldckricabwsmse e thei bed,

wherein reference is also nmade to Figures la-lb, for instance with respect

to the stigigitigationosystenpanay Itiez d¢terominasly sbernamdet bye nhdk@ring one electrical
parameter, such as resistance, capacitance and the like, upon exerting or after exerting

15 mechanical stress to the contact element under consideration.

Consequently, a quantitative correlation may be established, for instance in the
form of a simple good/bad criterion, for a metallization system under consideration,
thereby enabling a reliable assessment of the metallization systems and corresponding

20 materials and manufacturing strategies used therefor, while, in other cases, a correlation
may also be established with respect to the overall reliability over lifetime of packaged
semiconductor devices, thereby enabling an assessment of the influence of certain

materials and manufacturing processes on the final behavior of the packaged
semiconductor devices.
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Figure 2a schematically illustrates a sem conductor device 200 conprising a
nmetal lization system 220, which may include a conplex material system for
i nstance based on lowk dielectric materials, ULK naterials and the |ike,
as is previousg&_ isfussed wi.th reference to the sem conductor device 100.
Consequent |y, tHEDFEEHCE 2 diighes yaLenupthe Hatratiysi cabddimensprillseva be
plurality of netallization layers, 10 wherein a final netallization |ayer
my be codfgEibed woeraingeferanst istisuctade e Fhates &-toihi gunec #Ok @obado
directly connected to a correspondi ng contact structure of a carrier
package, & simicairsof pmewiloutbly sydicse wssedlikihus, the metallization system
220 may conprise a dielectric material 252, which may be considered as a
tinal passivation layer and the |like, as is also previously explained with
reference to device 100. Furthernore, a 15 representative of a chip

conkact struct g iopdi a3 chi ont act el enent. 2 may be provided
and may connect %%Fan?kﬁg%gﬁ”pgd?S%H?%r%éﬁ“%ﬁ¥ﬂ?ﬂ°nﬁ8“ﬁ%#89N%@é¥¥6ﬁ &ystem
220 whi ch - vene , ,s.not illustrated in Figure 2a. Thus, the

cont act eF§%§%?$§§§yﬁg?n%§%8ﬁﬂjbﬁﬁvén@H ficorwley matcrat exstear, fosmstange nay

al so be ngch nic?llﬁ gt ached thereto so that correspondi ng nmechanica
forces acti¥ PHE Het i@ttt URKommggyialondiltho like, bs dngfreviowdy i nt o
the dielectric material 252 and thus also into the depth of the

met al | i zafisessed svidim 20enco & dbe t winncateyeee, daged s108] soCeissqusged mbove.
In the embodi ment shown, the contact elenent 210 may represent a sol der
bunp conpmisiligtian |sgstemf 22e 9! GeicalptcBiipdlse aMPiukity i rﬁ%tQﬁQat????@ersa met al
pillar (not shown) may be provided, for instance in the formof a“copper
pillbar, pehsich ¥ fine! Hethmgadddiditonal G@Qﬁnﬁ%&e%r oalasco%?a% tg@ﬁctlgll‘telr( ﬁl’éE g are

frequently used in highly sophisticated chip package con dtes. In

order to I jcal _properties of the netallization system
220 a5 R Mg RERAY GBheled REL TS inte Somhc ety o s cartr
appropri configured so as to exert mechanical stress individually to
t he singﬁ%gk%%¥é@fséﬁghﬁﬁW“ﬁTS’ﬁﬁc%¥ﬁ£r'Fﬁwaﬁ$1yﬁﬁ%bﬁﬁmndﬂﬁﬁgmﬁé%sn%m t he
metal li zati on, system 220. Furthernore, the nmeasurenment system 290 may be
appr opr i HOSIRfisE Grifilgtirie naswiahgd53.ovhieh svy tatconesidsied ane fpat paveitvetion Rya
quantitative manner, i.e., to detect a value for the paraneter under

consi der atiléhe liko aass Al prédoesipbkeaiand evalieRtdned (Ofcvice BOPFAEReRIors he
system 220 to the nechanical stress applied within the neasurenent system

2900 In trhgresmoiie Rt chgh OMiact shecTRASKAQRERNLy SR LMneRP B COMPLLSE @
probe 291, which may represent a mechanical e eneﬁ% that I's approprrately

e SN SOV 08, MR Bl e S o
a di am)n(i20 which, for convenience, is not illustrated in Figure 2a. Thus, the contact element
210 may extend above the dielectric material 252 and may also be mechanically attached
thereto so that corresponding mechanical forces acting on the contact element 210 may
20 also be transferred into the dielectric material 252 and thus also into the depth of the
metallization system 220 to a certain degree, as is also discussed above. In the
embodiment shown, the contact element 210 may represent a solder bump comprising a

lead-free solder material, while, in other cases, a metal pillar (not shown) may be

provided, for instance in the form of a copper pillar, possibly including additional cap



15 material, a sem conductor material, an electrically conductive materi al
and the |ike, which may enable the contacting of the elenent 210 without a
significant deformation of the tip of the probe 291. For exanple, a
plurality of nano indenter tools arc available, which nmay allow the

mechani ¢ afnaé%}‘?‘?sa%’fj tg? Flg% 75 etnidervenily Beediie bighbaronhistcatel iy paikaeneinoms  of
several mcroneters, M in the degree of indentation may be controlled 20
wi t hi n on&¥ilgedmet er and even less. The capability of providing a

wel | - defi ned novenent of the probe 291, for instance in a direction
indicated by Z, Le., in Figure 2a, the vertical direction, may be indicated
by reference nunber 295, which is thus to represent any conponents for

initiating a speeidhi Qo VARMATBA i LBlSSidestf 55)pLY (Gausing a
certain degree of deformation 5? i%dgﬂﬁg@#%ﬁ%f%q@%gggﬁzﬁgﬂgSﬁ%ﬁ?Zaﬁeﬁein a
25cor r espgyagli I [ for contacting the elenent 210 nmay be

moni tored on t één@ S)gsgesrl{l?gg{ﬁ @g%er%%?lﬁs ’e“%?lg}@ Y ‘éﬁ%f’g“‘ﬁgléf @Hgg‘{l'f?{é? arhi ch
are denot s 293. .Thus, t.he prohe 291 nmay al |l ow control | ed nmovenent al ong
the z di rtg)c Xuglgtrﬁncacf%%m%a? Sﬁﬁ% lgiwﬁcﬁleﬁw ‘?f*ﬁﬁingérwflﬁét defupied Ofimpisier opaly t o
obtain the specified novenent in this direction. 5Simlarly, the

nmeasur enel??f“‘a%{?éc@ firesoinnile swidlizatien asysisohaal.s nf@germei, che mesastiement
appropriately configured so as to generate a relative notion between the

seni condutsEm dVineE b2CPpenpdiatete conftivec?las Bafet@x anfehe ond MrhR¥alhe st age
or substrate holder which may allow a controlled nov ent at least in a

di rect i omuandiatiat eeniy, X., do. detect b Ralib JoH Be gﬁram'(efé@uﬂ@éricéﬁﬂaﬁ’?&ti&f- (&G4 {Oon, may
be used in order to induce a relative 10 notion of several m éroneters,

they eby igndbiei 0 \al&BbA D, FBSHARIE @e %&f@ﬁf 22@6 't?c?]li}{%emgc %tglac%){ ﬂgelsg Igg@t 210 and

thus within the netallization system 2 other cases, E@zgl may
ey oo § AR 58, S0RRAD: TRUERC Dot B SRkl 10 migkmon: o
nechanicalipgggﬁnents and systens for establishing a relative notion within
the rang SYYF may comprise a probe 291, which may represent a mechanical element that is
appropriately dimensioned so as to directly contact the element 210. To this end, the
probe 291 may have an appropriate tip, for instance provided in the form of a diamond
15 material, a semiconductor material, an electrically conductive material and the like,
which may enable the contacting of the element 210 without a significant deformation of
the tip of the probe 291. For example, a plurality of nanoindenter tools are available,
which may allow the mechanical contact of semiconductor device features having
dimensions of several micrometers, wherein the degree of indentation may be controlled
20 within one micrometer and even less. The capability of providing a well-defined
movement of the probe 291, for instance in a direction indicated by Z, i.e., in Figure 2a,
the vertical direction, may be indicated by reference number 295, which is thus to
represent any components for initiating a specified movement in this direction, possibly
causing a certain degree of deformation or indentation in the element 210, wherein a

25 corresponding force required for contacting the element 210 may be monitored on the
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15 approxi mately 0-100 pun may be used for the conponent 294. Furthernore,
t he nmeasurenent system 290 is configured to determ ne a force conponent in
the X direction, which nmay generally be acconplished on the basis of a
force sengor. or..an at her indicator which is correlated with the resulting
force, sulA™ad @HB‘?"QW@J&&%S@HW’% aphyheabky avbiel asndentoted &9 R®3. Ahus, the
corresponding force detecting systemis generally denoted 20as 295. Upon
oper at i ngPiHhE Famay ehercosyatadnmoganent hbngribb & @sktioayindar Headahttihat o
mechani cal contact with the contact el enent 210 at a predefined position,
Le., at amonitor the rgrubdéfornesh posiobiadneepERERPMBIAFer: On tHEiXHis ect i on. For
contacting the elenent 210, a 25predefined deformati on or indentation may
be created, as is, for instance, indicated by Zx, which nmay be nonitored
by the system 295. Thereafter, the system 294 nmay be activated so as to

cregte a later ] ] I | ong_a predefined. distance, as for
i nstance i ndi cg'{rrélga %H%%CEB&%B}%@? )%152 ﬁ%rg ?é%apyg%odﬁlﬁbselaarlngahqfllsﬁbzé%réﬂ’échf

desi red, %ﬁggtlj)ecaah I]‘Ogr.ce1 may e det ect ed bg/ 293 and the vertical position
may be detett ad By CBOBYt REMEHFd SRRSO §CRHE r e PéYE WRationr beipeent the a
deformation .of the contact elenment 210. Furthernore, the current position
in the X-HHERUGHT igyche’ ot drremroby 2944, Fahickample, tige nsamablet itae dihe
force required for initiating the Lateral novenent in the X-direction may
be noni t oR&8rHy hobler whishgeayulom y corrotled haivemeegatdensofn del@tbRIdRRY be
caused in the contact el enent 210, which may also result in nechanical
stress i rbytKei.di illégtie2e, the hbayial 2detidn &9 GELRLIAY 8 @LEF  Qhtive
conpressive stress 252B at the side of the elenment 210 facing the direction
of 10vovenanbtiomhif| @véalt 8RGHMBLeSE, T f iP nerated on the
opposi te side, which may, i?tegSt’stE?l?F%ilgﬁ%cﬁgg%iéggﬁus glgg@a%l%a?gglﬁ?se% | ead

to the f } . C.ln | medi at.e proxi m.ty to the contact

el enent gffg& chf 1? Rgﬁgb’f@dﬁ:élgcpg%%%(%l%?heedmtmﬁgfz,a&% S’(ﬁ?%vlr?& s AR cagsethe t he
mechani cal, in the.la 252 may depend on the entire configuration
of the nthI% ﬁtlﬁ@; |?5r?e§91§@%ﬁ¥c§%0?na§l?at Y?IB?IHrmiﬂi*%?(afh’@ét,lOft wailpteudevisace of
the crac 52C gr%a\ﬁ thus refl ect the nechanical status of the netallization
syst em 220V 80 HEMY attyehisd tp ¢ subfimicokdder dPuseafentinenylaokn2b2Banicedy be
significantly determ ned by the nechanical status of the system 220 and may
thus occ@PTRPNe faale ntstavec Haniesmblishimgiat irelativd anowtinf fnemnt theetaabd igat i on
systens 220. Figure 2b schematically illustrates a graph indicating

melds ur emapprok@satbllyS0i100 ausChaiedd ¢sdBpsier, b e fined fromthe
system 294 determ ni ng a?t I eag‘;ﬁ t hé | at er ael %o&@é@?ggbngﬁbg‘%ﬁm}ﬂ% fh3

illustra ] v i axi By descrjbe this force conponent, for
i nst ancetrr?%flgiglﬁlgl&t g%&%nﬁ?ggafs%i gmg?éﬁéeecﬁ? ge edlinfnfee?e%’fcef 6PEROEShdBrtEe Xuhi | e

direction, which may generally be accomplished on the basis of a force sensor or any

other indicator which is correlated with the resulting force, such as energy supplied to
any actuators and the like. A corresponding force detecting system is generally denoted

20 as 295.

Upon operating the measurement system 290, the probe 291 may be brought into
mechanical contact with the contact element 210 at a predefined position, ie., at a
predefined position corresponding to the X direction. For contacting the element 210, a

25 predefined deformation or indentation may be created, as is, for instance, indicated by



25t he horizontal axis represents the distance along the X direction,
indicated as AX, i.e. , the nmmgnitude of relative notion obtained on the
basis of the system 294. As indicated, the fo&ce rGEUiLedhforllnlt;ﬁélggy
the relative ion AX may quickly rise to noderately high val ues

t hen sIom??aHgg%é§§%bﬁﬂ¥ﬁﬁﬁg%ibéégﬁgwﬂﬁ@Qﬁﬁcéﬂﬁxﬁﬁﬁoﬂh®Xﬁmphé94uhﬁfburve
illustrated in Figure 2b may represent the metallization system 220 having
a state thivaipdysolse te oresiedeagtalasowemvail,i fdr merhaniload a ptalefined distanceFhgur e
2c, on the other hand, represents the curve or curves of the lateral Mce

conponent forfiasta@enatiahted 23t ARN §M§ﬁ§me2&9reis;5bn\amg01'ateg§ thE VYR Sik DG red

deformation, for instance in the formof the crack 2C, may take place. As

i ndi cat ed iegnlf f e lateral .force conpone Fx may be
dent 1 ol Bet 4ORLHERE ALRR f JoR g UE SR st By liaxde&eﬁ@ﬁggyfél carly

i ndi.cating the occurrence of the crack 252C_ Consequently, on the basis o

a gﬁuralig§K%Vpﬁﬁ@@ﬁ%@#@ﬁ?“ﬁﬂ%W&EF&@EﬁﬂBﬁﬁF§¥%mF%ﬁ@f%ﬁé@nﬁé&@@ﬁﬁyZBQ. .
established so as to define a desired quantitative criterion for evaluating
t he mecha W@§P“§Faﬂ@‘6Wmﬁtﬁ%$@@4h&ﬁﬁﬁ@gﬁgybnewwdﬁi@@nﬁ@@dﬁwdﬁﬁrwﬂﬂwates.

For exanple, a critical force 15may be identified within a specific range
of | at er alhe amertieng thevibiachrermaiyed Fursinitindhg dteela@ral ahévbnieat al tHezatdienigyst em
For the exanple shown in Figures 2b and 2c, a correspondi ng desired

critical thay bemuaitoiee bydont idonesushiliiancRaih aB@ee Bf dABrALtRM thays 2 uBsdm
whi ch may represent the boundary M valid netallization systens, as |ong as

a correspangé oghiRasMANeND, HWBRH! hay 81s8PQUR iR n%%ﬁa{rﬁéatl) QRN (FL id%eie%f’%{c force.
It should be 20 appreciated, however, that any other appropriate

ot onae oo PRg Wy FlbApT B B TERPRTIF P cxiel Peotiens hrochaioal
stress Coﬂ%i f%ui;iggrg] ?hei cHIdeléﬁgrg op Xlog/gr%egl? %ﬁﬂg g[crglrs]}le ?t%'/essg gp;a%%g"'f may be generated
on the opposite side, which may, if a sufficiently high stress is achieved, lead to the
formation of a crack 252C in immediate proximity to the contact element 210. It should
be appreciated that, as previously discussed, the mechanical stress in the layer 252 may
15 depend on the entire configuration of the metallization system 220, so that, for instance,
the occurrence of the crack 252C may thus reflect the mechanical status of the
metallization system 220 as a whole. That is, the occurrence of the crack 252C may be
significantly determined by the mechanical status of the system 220 and may thus occur
at different mechanical conditions for different metallization systems 220.
20
Figure 2b schematically illustrates a graph indicating measurement results in a
schematic manner, which may be obtained from the system 294 determining at least the
lateral force component Fx. As illustrated, the vertical axis may describe this force

component, for instance obtained on the basis of several different force sensors, while

25 the horizontal axis represents the distance along the X direction, indicated as AX, i.e., the



conpared to sol der bunps, thereby inducing an increased nechani cal stress
in the netallization system 220 for otherw se identical neasurenent
conditions, so that, also in this case, the resulting evaluation of the
mechani cal status may provide for additional margin in nmetallization

syst ens iﬁ“@ﬁﬁ@%3@%Wé@webumpgQ@W@wﬁmmwhdédﬁinﬁﬂma@ﬂeﬁpnﬁtak;mﬂkhﬁaahe
Furthernore, by providing a netal pillar as the contact el enent 210, a very
vel | - def i fiede supuifrad éorf iattiabiag ng: eRAVAsioEEn WK Hh§ PEADE 29% MBY. L1 ALQYT ded,
whil e al so a reduced degree of deformation may be caused by t%e verti cal

force Fz.  Hi weally illustrates the nmea epent system 290
accor di ngvétﬁggéi(%ﬁd ?rga'y f‘ﬁg[?gﬁ)l lg?te %lé%%ev%%a%b%ﬁswgn@étapﬁe M CE(,‘% ?W“éi‘?ditg% on to
the probe 291.and the correspondi ng mechani sm (not shown) for operating the
probe 291°%¥° H@‘fﬁ‘% i'A 1@9‘%3@%%‘3@?%@6@#&@%&2@8@1 St R20 Andeg antaiche f or m
of a probing beam such as an el ectron beam 296, beam detector 297 and a
nmonPt or ofhatmay belonsdared e vl meshprioalistéd. For exanpl e, the conponents
297, 298 nmay represent a part of a systemconfigured to 15 perform

el ectron m croscopy, which, in sone illustrative enbodi nents, may be
oper at ed upon applying the nmechanical stress to the netallization system

220. ConsequenFigire 28dnt ihedder IHAAG BRELDR Wt TSP ed &Ztggtla%éIjafi¥o1‘cc

degradation and the Iike nay be obtained fromthe system prefefably in

t he vi ci nidnyp Rk 0 Ry using the monitoring.system 297,
298. For ex&%plggmﬁﬁg'%%%g%?gﬁggﬁg%nééglgrgg%éegh9mﬁggﬁg ﬂ%%ﬁ?gﬁﬁzﬁﬁ%tected
on the bas| f. el ectron. mcro so that correspondi ng data obtai ned
fromt healzi%/%{l%nﬁngb%?oﬁﬁnyo%tg‘e ﬁbafggag 2%’{ 8 Ei’gf’ P@?Fn@sdﬁgléﬁ’ﬁ?ls&pi'lg@ﬁéa% drabel at i on
beﬁ&een Hﬁe n?chaﬂical stress applied to the contact elenment 210 and the
esporfthi 'Ag [HERh SHPE Spmpeissb s &g bet iHentifiask airn ez@in Mbrléoange of irélailesi r ed,
even substantially continuous material nodifications my be observed by the

measur emenetiayKethe2dy dgoly iagiphtitigntie 26rmrehasbe tle GhdlesDA, oCbheqevay.em 220,
such that a correlation with a desired fine resolution wth respect to a

certai n chwmeciLlsi &t 4 pLehlit NT AYRLRMA20TBY a?@r@?1%@%e'féﬁ@r?cg datlt:ao [eqag Rt ance,

a variation in material density in the vicini the contac nent 210

may be d ; as .indi cati.on_.of the.nmechanical. response
o the syar ernisdad R el 13 A% ARiLBN FRRE e lE S daptiow, ded

by the prohe 291, oo . .
y P s?al?e o? g metg’lhzatlon system of semiconductor devices. For example, a critical force

15 may be identified within a specific range of lateral movement, which may thus indicate a
valid metallization system. For the example shown in Figures 2b and 2¢, a
corresponding desired critical force may be identified within a range of AX from 10-20
pm, which may represent the boundary for valid metallization systems, as long as a
corresponding measurement result is above a corresponding critical force. It should be

20 appreciated, however, that any other appropriate correlations and criteria may be
established on the basis of the mechanical response of the metallization system 220 with

respect to the mechanical stress conditions induced by the measurement system 290.

In some illustrative embodiments, the contact element 210 may be provided in

25 the form of a metal pillar, such as a copper pillar, which may have a higher stiffness,

o
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Figure 2e schematically illustrates the neasurenent system 290 according to
further illustrative enbodinments in which, in addition to or alternatively
to a pure nechani cal indication, such as a |ateral force conponent Fx, an
el ectric paranmeter may be used as a paraneter for indicating the state of
the systef?Dpyed |1f sokier himengi thaseby imlushigwan indrenspt oreh28dal nenesc dmphé se an
el ectrically conductive probe tip 291A that is in contact with the el enent
210. Mor etwtallizatihe spsterh 820 f@l ehentise2dehtivaymbssusinent timelaidny, Lanneelked t o any
type of conductive region 222, such as a contact pad, a contact el enent

similar toig beeetienenttind Ovalantdnt dfethk i kSohaNica @atﬁspﬁﬂ?cptr@)\)ﬁ@e B 1% Fohal
established within the netallization system 220. Furthernore, the

measur eneghbrSy $ » HIRY. i : r 91B., whi ch, may be
BT ougnt e R aChiPR saREL B 45 RO TRk Ehen
mechani cal y..Stq | t.he contact el nt 210, the pechapjcal response of
thegsyst3#p§§0fk§§&P?%%ﬂpynPg'ﬁﬁf”@ﬁmgp Bhes CW&WﬁSEﬁ“@fghbaﬂﬁ@’ﬁﬁﬂh 221,
whi ch nayéﬁhu b@_de@gcted by the nmeasurenent system 290. For exanple, an

i ncrease § ”?§§WQ?%% gy copmpied 08 Be irake 29 laimatirks prayidbé deileelsed upon
mechanically 20 stressing the system 220. In this manner, also a paraneter
val ue or Kdyesridegics g delpnpatinn maebe emised by ilteivericap@rarfat er for val uating

t he nechanical status of the nmetallization system 220. It
shoul d be appreciated that other electrical paraneters may be used, such as
t he 25capaci tance, inductance and the |ike, wherein, for instance, a

modi fication ofigie2d dilehneicallE iIGRARRSTBE InttasGSmIRY sR&ne0E CLEginhj,ch are
correlated to the mechanical stress applied to the system 220. In“sone

i eist r atfumBee fRRELFRN teShbo ie?ﬁ’eélgél‘?ﬁ tohedl ip ragigﬁﬁ)n”ﬁy e rg)%e %\éz? f.ddé‘&| the

i ndependently fromthe pro , SO as’'to ermne a
property, resi,stanc apaci.t ance and the I'ﬁe, bet.ween
corr espon ?Iﬁg é@ﬁ ac Chgpléﬁ?e(ﬁ?%%ilom foyy Refatng dhe PI@E%% L& BENRINEHYHER be
i nf I uenced bg t he nechgniqal_stress inplied via the contact elenment 210.
For exampl@® b¢ Haplsaisnise: {pdnstengs adhe fetool parebiagdearaysush & mhl aleriwad by
the mechanical stress and the capacitive nodifications resulting therefrom
may be dérca@tg. byardddiccar 887 ehéetmouiair qroobes!, unii 2%8omby beqrividelg Ehe probe
291 to he electrically conductive. 10
example, the components 297, 298 may represent a part of a system configured to
15 perform electron microscopy, which, in some illustrative embodiments, may be operated
upon applying the mechanical stress to the metallization system 220. Consequently,
additional information with respect to material degradation and the like may be obtained
from the system 220, preferably in the vicinity of the contact element 210 by using the
monitoring system 297, 298. For example, the occurrence of any cracks may be reliably
20 detected on the basis of electron microscopy so that corresponding data obtained from
the system 298 may be used for establishing an appropriate correlation between the
mechanical stress applied to the contact element 210 and the corresponding mechanical
response of the system 220. Moreover, if desired, even substantially continuous material

modifications may be observed by the measurement system 290 upon applying

25 mechanical stress to the system 220, such that a correlation with a desired fine resolution



Figure 2f schematically illustrates the neasurenent system 290 according to
further illustrative enbodinents in which the netallization system 220 nmay
be probed by an appropriate mechani sm based on acoustic energy 2968. The
acoustic ener 296B may he applied to the system 220 in the vicinity of

t he contaé?ﬁbg%H@HHOZiG?“%ﬁi%ﬁ“ﬁ%&wUQSWB@3ﬁﬁ%ﬁﬁhl%hﬁﬂy e egsllistiedy Rohe
probe 291. To this end, the system 290 nay conprise an appropriate

transnit t &taseed vasnatippin mesust dansigner By vRONE ashereyntadt stenbdt 05@haj Be
acoustic mcroscopy tools and the |ike. That is, acoustic energy, for

i nstance ialetthe ahdnmydfe usbd nasoiidicasow delthe oficcapREAREI BRG] ¥F B8LREERE20
frequencies may be applied to the system 220 and nmay be refl ected

t her ef r omwithhegfRc@Yhd dppsicdh trcdBEHEH @ﬁimtim_sﬁejf"be/ic@@tb %1@61‘0%8 ?éé—iz 20 For
exanple, ultrasonic energy with frequencies up t0 severa may be used,
andsmay thus be sensitive to changes in the surface of the system 220 and
also to a certain degree in the depth of the system 220, thereby enabling
determ ni ng one. or gl)rel che}r aﬁt e&i stics of the system 220. For exanple, the
formation of an{Ptt 4E8KENERIUALY ddusratdethe fpasuenivnt shdersy 23 epccopbingy be
efficient%y detected on the basis of acoustic 25nechani sns, for instance,
by provi ditiics Hbpstratve eadedivaensulis ekhigh dinamddijon by or hdtermagiivblyctoed pure

ul trasound pul ses. By providing the conponent 297B in immediate vicinity to
the el ememecizngal inligéoni swhas 2 letead Ksrcemympendnd ey aif blecricWakshe@@iyahave
been caused in the vicinity of the elenment 210 due to nmechani cal stressing

of di el eche igednmt £ phameas mlhmd&mah%m&a&e Jrake §ambeo. tians QERERGRL: 29713
may be nechanically coupled with the 5 probe 291 and may thus represent a

pato thergekun, mefsxebyz@mr@min@a%é ¥n BRPERRIY &R gslgg% gg]zggg_tﬁﬁqp?”e”t

297B with the area of interest of the netallization n> ot her

illustratj dj . t.he conponent B be .
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the region of interest for ohtaining nformation on any nodifications of the
metal | i zat} %Ct%%} W %@‘“o‘?ir“i’guﬂi’rﬁtfﬁgfaﬂﬁgé,Su‘é}ta% hepHaat dad. apqniass slsmensound
of high fr,eguenci es may require a noderately dense nmedium for conveying the
acoust i c ¥RERGY Beelkpent 1 e 2o Hhsditenvia2opBdantive phih 2 stserliRIBGL. within thv s

case, an appropriate liquid, such as water, may be applied, for instance in
a | ocal rasiaizatigosaent 32@bF aitherapps, ol nahirdmRas 4y ERMOCARH LbhpR®. anl N
other illustrative enbodi nents, the conponent 297B may apply the acoustic

enkr gy did@tiolly prots %918, tWidcipheleb BloubR: 1 &R asHn el iEN uC . thus
to the system 220. In other cases, the%corrrlpoﬁent 291733 may & ‘%i%%cn@tqlly

coupl ed 60t hecshihaGRy 2230 snhc ARSI ELLNe RUTLa6e. o6 bEsT §,.of
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mechanical response of the system 220 may finally result in a contact failure along the
path 221, which may thus be detected by the measurement system 290. For example, an
increase in resistance or a complete contact failure may be detected upon mechanically

20 stressing the system 220. In this manner, also a parameter value or a value range may be

used as a critical parameter for evaluating the mechanical status of the metallization

system 220.

It should be appreciated that other electrical parameters may be used, such as the

25 capacitance, inductance and the like, wherein, for instance, a modification of the

24



medi um 20Fi gure 2g schematically illustrates the nmeasurenent system 290
accordi ng togan i?lustrative enbodi ment in which the system 290 may be
configured to establish specific environnental conditions 299, for instance
by imrersing the probe 291 and the netallization system 220 into a |iquid,
such as mﬁ?g?”§dﬁmﬁﬁ8ﬁﬁﬂﬁ%¥mﬁﬁﬁK@@CWd,whNQWWQa@@@awdﬁmdmxeaﬂmanHEmﬁﬁl
conditions may be established in the formof increased tenperature,

25pr essur @pplisdie dictsysemd22helnl joke. illRaratiox ambbeimdays, usb BB chicdpBEQSSAr €S or
aliquid nmediumin the environnment 299, a global determnation of a state

of the mebaploviialljiademyste 220 BN obE29L 0Pl E&AGthind B clbAEANESorY
ul trasoni c probing of the semi conductor device, thereby obtainin

i nf or mat i Qrhiah r@isRCe cﬁb&?f&@%ﬂﬂﬁé ’1ikg\,':'qeﬁpeeg%%rr%%&?g@%‘%gatgg%eiSe%g% a(r;f its

i ndi cation of the response of the netﬁ I'za IIP et s ot e the
mechani c i i.gure 2h schematically illustrates the
neagureng%%aégﬂ?%WP%gﬁﬁagggg5%%&*?8ﬁ§ﬁmgﬁhﬁ§§?E?ﬂV@“@ bH??H?HHTﬁWaNﬁﬁCCiBQe
robe 291 be configured and controlled so as to subs antially- pro
Fhe Iater%ﬁE%BFﬁgWBBkggn . BRMRE S HBU LR BTN g0 08y bertines nib beerti ca
force conpgnent. For exanple, the shape of the probe 291 may be adapted to
the s hape‘“ﬁ?‘er{cﬁ‘é by &t meehasieheiness 210 tlecapscitie mbdificaienslresnugng therefrom
t wo- di nensi onal contact area, thereby avoiding pronounced indentations in
t he cont avty bt dntented 24 0dedBansieguarnitalyprobdie witsul Itetlﬁligin%Ql’lcQ 8rdh8SPeNg§e0f the
contact elenment 210 nmay even nore precisely correspond to the mechanica
response actiidatly @ehd@lcliveat i on system 220 as a whol e.
10
Figure 2f schematically illustrates the measurement system 290 according to
further illustrative embodiments in which the metallization system 220 may be probed by
an appropriate mechanism based on acoustic energy 296B. The acoustic cnergy 296B
may be applied to the system 220 in the vicinity of the contact element 210, which may
15 be mechanically accessed by the probe 291. To this end, the system 290 may comprise
an appropriate transmitter/receiver for acoustic energy 297B, as may also be used in
acoustic microscopy tools and the like. That is, acoustic energy, for instance in the form
of ultrasonic sound, of appropriately selected frequencies may be applied to the system
220 and may be reflected therefrom, which may thus be detected by the detector 297B.
20 For example, ultrasonic energy with frequencies up to several GHz may be used, and
may thus be sensitive to changes in the surface of the system 220 and also to a certain
degree in the depth of the system 220, thereby enabling determining one or more
characteristics of the system 220. For example, the formation of any cracks at and near

the surface of the system 220 may be efficiently detected on the basis of acoustic

25 mechanisms, for instance, by providing short ultrasound pulses and analyzing the
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15 Figure 2i schematically illustrates the neasurenent system 290 in
whi ch the probe 291 may have any appropriate configuration so as to grasp
the contact elenent 210, which may thus allow applying any type of

mechani cal stress, such as translational forces, torque forces or any

conbi nat i b‘#sefﬁgr@%ﬁ‘sok}ﬁﬁl 8Biier | By proyiling thereorponeni 97 Brie ésmed 20 vipingty do f or ces
may al so be applied, thereby providing superior flexibility in designing
appr opr i athe alasenttl PatnepfiréasilarFencksyaaypbeeideniiiedy molxeh 291 hamybdaaeusad in
tweezer-|i ke configuration, for exanple conprising a plurality of

i ndi vi duathecompoyeniis: 28ment 291duewbingdthamyalbee0pes 8t &dlceRicatatkQal Jrichd ¥
encl ose the contact el enent 210 and thus allow the desired nechani ca

stinul us ¢etdae2appiroedxdplt e cORbAeht Qb%nﬁec hanicall Co@é%(flwétﬁﬁgl t, the

present disclosure provides neasurenent nd neasure ?egi es
in which tQge. mee¢han a conplex. netallization system may be
eval uat e IbyeprO\r;fh@i %gyatﬁ&rfﬁ:eﬁ%%%aﬁ P %I? irgl%ﬂ? 'sr@b&’é/na %WBF"\W‘&M&!??E‘WP&W nt act
el ement et erm ni n | east one paranmeter value for a paraneter
that is agg%“%}o/ﬁ @‘St%OWOB?&?%?ZE%@h 1i e Of BHBH <Y thg mepdlizpgipnlsysiomtZ26n
systemto die ‘r‘rﬁchan_i cal stimulus. Since the correspondi ng nmechani cal
stress apPl 9By tustiabue sabafiments (nefrsheyel.éhe pempbenc? &M ey \hie tindi bid g 1y
precision and in a reproduci bl e manner, standardi zed test procedures and

test critspiedrmsyosse mstiabbf thegsterh 280 eihyrebn afdrtatheate @8dibe be M8y @buat i on
of nmetallization systens as a whole. Moreover, the test procedures and

strat egi ebtaiyngbénfotfati@adid yarsorm@liaéLnwi b &%fﬁn&‘e@ﬂg%fogr s?ﬁ&hc%go.i n

further advanced nmanufacturing stages, i.e., when package ereb

provi di ngruaghdichd@Na inbifeh SR f the.mechanical status
of the netallizat] onmsysftég’mrm%%%? lﬁgggﬁ ?%lﬂ?ﬁl ?{e{]}?e%%i;%? glatyi1 RELS P e ke of

t he packaggd seHi, g%e) i -or _exanple, the thermal stress induced
during the oper at ?gﬂgg:% h?{?,él %ég%g%%sgc s?g?ﬁgzy,(r)g%h’iﬁeflépe 8%‘9?@@“?7%@7%@4:8}@ el at ed
to the ”%i{l%%i 15 response of the nmetallization system obtained by the
measur enent St rat edl d8SHSE A MPraB e lidud. shet as peieri mey abrc applisdpFarr al i ty
of paranmeters nay be established with respect to the rel evance on
reliabi | HSPSAEN Rilod mpgnerTpeasiaobiadu kprropridio dicapntmedicealiosed mbake ar e
illustrative only, as the invention

illustrative embodiments, the component 297B may apply the acoustic energy directly

15 via the probe 291 to the contact element 210 and thus to the system 220. In other cases,
the component 297B may be directly coupled to the surface 220 so as to excite the

surface on the basis of ultrasonic pulses, without requiring any additional intermediate

medium.

20 Figure 2g schematically illustrates the measurement system 290 according to an
illustrative embodiment in which the system 290 may be configured to establish specific
environmental conditions 299, for instance by immersing the probe 291 and the
metallization system 220 into a liquid, such as water and the like, while, in other cases,
other environmental conditions may be established in the form of increased temperature,

25 pressure, humidity and the like. For example, by using high pressures or a liquid



20 may be nodified and practiced in different but equivalent manners
apparent to those skilled in the art having the benefit of the teachings
herein. For exanple, the process steps set forth above may be perfornmed in
a different order. Furthermore no |imtations are intended to the details
of const r FEFHEH Iy hegasitgRmaR &1% asHebH, destrmeration i aasatel o€ ehd ethllizativhe
claims below It is therefore evident that the particular enbodinents

di scl osedS¥5EBovd) nigy bee aiccemplished, rfodi fsedceanbly allirassuizh prabingt HONEe ar e
considered within the scope and spirit of the invention. Accordingly, the
pr ot ect i osergiooghktonetegicn, theredg dbedinherinforimatibhen 6! BbEEs1bRl MinneC vtk oF

1. A nmethod, conprising: inducing nechanical stress in a dielectric

mat eri al afyahweiled bé zadd Qnasyalemebe ﬂiesl%%&lgg'grﬁ{e%?tgl?#gfo?ﬁ !&%%egfg%%i o a

mechani cal force to an individual chip contact el enen

sai net aldq I O as a surface that extends above a surface of
saig dieIg%y%?%bﬁg?ggﬁgﬁgkﬁﬂﬁggin i nduci ng said nechani cal stress and

appl yi ng said nechanical force is perforned by contacting said surface of
said chip contact elenent with a probe; and determ ning at |east one

l'ue. indjcative of a response of said dielectric material to
g:ir SWE;SLCZS :ﬁlgwg Ib%he@@g@élg_lllustra?es the measurement system 290 according to an

illustrative embodiment in which the probe 291 may be configured and controlled so as
to substantially provide the lateral force component Fy without requiring a significant

10 vertical force component. For example, the shape of the probe 291 may be adapted to
the shape of the contact element 210 so as to obtain a large two-dimensional contact area,
thereby avoiding pronounced indentations in the contact element 210. Consequently, the
resulting force response of the contact element 210 may even more precisely correspond
to the mechanical response of the metallization system 220 as a whole.

15

Figure 2i schematically illustrates the measurement system 290 in which the

probe 291 may have any appropriate configuration so as to grasp the contact element
210, which may thus allow applying any type of mechanical stress, such as translational
forces, torque forces or any combination thereof. Moreover, in addition to down forces,

20 upward forces may also be applied, thereby providing superior flexibility in designing
appropriate test strategies. For example, the probe 291 may have a tweezer-like
configuration, for example comprising a plurality of individual components 291E, 291F
which may be operated so as to firmly enclose the contact element 210 and thus allow
the desired mechanical stimulus to be applied to the contact element 210.
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2. The nethod of claim1l, wherein said chip contact element is a | ead-free

sol der bunp. 3. The nmethod of claiml /herein said chip contact
element is a netal 4. The nmethod of claim1, wherein said netal
pillar conprises copper. 5. The method of claiml, wherein

determ ning at Asedstiedhie B@r aesear  displesers mapodes \mearsmemenesmm ahdsai d
dielectric material to said induced nmechanical stress conprises nonitoring
a time propeagsinen sfategied easvhionehereoktamiical stitas @€ BCHPEOMmesAlifhtioghi p
contact el enment and associating said tinme progression with a state of said

di el ect ri systth enayalbe evaluated By pihadinpthagdciicl atimubs Huki h hﬁflvﬁﬁﬂpémﬁ' ng
determning a state of a portion of said surface. . The nmet hod of

claim®6, whai®idkemsiel: %ﬁ@‘b@'d@%lﬁlﬁﬁ%‘%@l@Q% ofle %%He?e@ Wi B %aﬁaﬁr@t%ﬁﬁda of

conprises searching for a crack | ea:f“ er value i ndicative of a
eaponse oranys BrbFaR ke v %9% ﬁe&alf%@weeasm i kel
et ect g1 BBeEGTEStSerE e tyoBt Hreaicd e San Heiwbial b patdron
system may be created with high precision and in a reproducible manner, standardized test
procedures and test criteria may be established, thereby enabling an efficient evaluation
of metallization systems as a whole. Moreover, the test procedures and strategies may be
10 readily correlated with semiconductor devices in further advanced manufacturing stages,
i.e., when packaged, thereby providing additional information about the effects of the
mechanical status of the metallization system on the reliability, life time and the like of
the packaged semiconductor device. For example, the thermal stress induced during the
operation of the packaged semiconductor device may be correlated to the mechanical
15 response of the metallization system obtained by the measurement strategies discussed

above, so that, for instance, a plurality of parameters may be established with respect to

the relevance on reliability and lifetime.

The particular embodiments disclosed above are illustrative only, as the invention

20 may be modified and practiced in different but equivalent manners apparent to those
skilled in the art having the benefit of the teachings herein. For example, the process

steps set forth above may be performed in a different order. Furthermore, no limitations

are intended to the details of construction or design herein shown, other than as described

in the claims below. It is therefore evident that the particular embodiments disclosed

25 above may be altered or modified and all such variations are considered within the scope
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The nethod of claiml, wherein determning at |east one paraneter val ue

i ndicative of a response of said dielectric material to said induced
mechani cal stress conprises determining at | east one electric property of
said nmetallization system when applying said mechanical force to said chip
contact ePRhBRitil of the Theentiothoiccofding!pi the Protedtemeionglteicetiminhngst dbrth @ast one
electric property of said netallization system conprises contacting said
chi p cont etclameentv. by an el ectrically conductive probe and establishing a
current flow through said chip contact elenment. 11.The nethod of claim

| herein determ ning at | east one paraneter value indicative of a response
of said dielectric material to said i nduced nechanical stress conprises
nonitoring at least a portion of said dielectric material by electron

m croscopy when inducing said nechani cal stress. 12. The met hod of
claim1l, further conprising assessing a mechanical stability of said
netallization systemby using said at | east one paraneter val ue.

13. A nethod, conpri sing:



determining a critical force required to create a non-reversible
deformation of a dielectric material of a netallization systemof a

sem conduct or device by applying a mechanical force to a chip contact

el enment formed in said netallization system wherein said chip contact

el ement has a surface that extends above a surface of said dielectric

mat eri al and wherein applying said nmechanical force is perfornmed by
contacting said surface of said chip contact elenment with a probe; and

usi ng sai d Chims cal force so as to assess a nechanical stability of said
metal | i zati on system 14. The met hod of claim 13, wherein applying
sai d mechani cal f.or ceA tretisd] ebngdiisingcont act el ement conpri ses appl yi ng at

| east a |l ateral force conponent so as to induce tensile and conpressive
stress in a di eliggidihCmbBHaBIchPdtreRE AVA dRBchRtBLad 0 radhagieRtichQy§ahdrahi p
contact el enment. 15. The nmethod of claim 13, wherein said nechani cal

force is applied indiygughldot @51 6 %Eﬁg?ingoﬁhégﬁan?éa?%% 10 an individ}®: The

met hod of claim 13, further conpri sing eFrmning at |east one materi al
property of said dielgctric rial_ when appl vi. id.mechanical, force to
said chip contact el éﬁn{({n‘fac{r&%l%em%g lﬁ'ﬁoémfcr‘gt”h%aé‘? %@@f‘ﬁ'?ﬁ iyé%mvﬂédrléaisr?
determning said at |east one materjal property conprijses exposing at |east
a portion of said netsﬁﬁ%eztgflﬁ %ﬂg@sﬂb% FS”‘E?’CCI a?’ndn@ﬁ!?%‘ﬁ “&’?‘Fg‘éal et76H beam
and acoustic energy and detectin ha,r?sgﬂonse ofﬁai d at Ieast,a ortjon of
said netal lization syS&{%He SSamghapical sets Yuearyrying saideBesghicleonieatid
acousti c energy. ) ) )

performed by contacting said surface of said chip contact element with a

probe; and

determining at least one parameter value indicative of a response of said dielectric

material to said induced mechanical stress.

2. The method of claim 1, wherein said chip contact element is a lead-free

solder bump.

3. The method of claim 1, wherein said chip contact element is a metal pillar.
4. The method of claim 1, wherein said metal pillar comprises copper.
5. The method of claim 1, wherein determining at least one parameter value

indicative of a response of said dielectric material to said induced mechanical stress

comprises monitoring a time progression of at least one mechanical force acting on said
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18. The method of claim 13, further conprising determ ning at |east one
electric property of said netallization system after applying said
mechani cal force to said chip contact el enment. 19. A neasurenent
system conprising: a probe configured to individually contact and apply a
force to a surface of a chip contact elenent thrilled in a netallization
system of a sem conductor device wherein the surface of the chipis
positi oned above the netallization systenm and a detection system
configured tlop pogwitdénant hebsdsodmemgpardaime progwabioe wimdi gat o eaidtietectric
mechani cal response of said netallization systemto a stress induced in
sai d net al | ma®@fihion systemin response to said force applied to said surface
of said chip contact el enment by said probe. The neasur enent
system of claim 19, wherein said at | east one paraneter value is a

magni tude of a lateral three acting on said chip contact el enent.

21. The measurengnt SpatRILOf oAk, £ PPGH Sl SR qﬁiné Ganle AAGoRAATEL er
ri(h Véﬁ ue; e ol an

val ue conprises at |east one of an dcoustic Sig an i nma
el ectron nigﬁQQﬁﬁﬂgugnd an electric signal. 22. A net hod,
conpri si ng: '

7. The method of claim 6, wherein determining a state of a portion of said

surface comprises searching for a crack in said portion.

8. The method of claim 1, wherein determining at least one parameter value
indicative of a response of said dielectric material to said induced mechanical stress
comprises applying acoustic energy to said metallization system and detecting a reflected

acoustic energy obtained from said metallization system.

9. The method of claim 1, wherein determining at least one parameter value
indicative of a response of said dielectric material to said induced mechanical stress
comprises determining at least one electric property of said metallization system when

applying said mechanical force to said chip contact element.

10.  The method of claim 9, wherein determining at least one electric property
of said metallization system comprises contacting said chip contact element by an
electrically conductive probe and establishing a current flow through said chip contact

element.
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i nduci ng nechanical stress in a dielectric material of a netallization
system of a sem conduct or device by applying a nechanical force to an

i ndi vi dual chip contact elenent fornmed in said netallization system and
ext endi ng above a surface of said dielectric material; and determ ning at
| east one paraneter value indicative of a response of said dielectric
material to said induced nechanical stress, wherein determ ning said at

| east one paraneter value indicative of a response of said dielectric
material to said induced nmechanical stress conprises nonitoring a tine
progression of at |east one nechanical force acting on said chip contact
el ement and assogi. at i'Tig Béhéd bff STEnPT, 0SS ideRrmtinidy A |&kedR fanseddrd/alue
dielectric material. 23. A nethod, conprising: inducing nechanical stress

in a diel echiicgiverber irddpoRle 8 B8y Aldidcadt hRkaY 3§ e ahdiRed SRECRANGY G Ods
devi ce by applying a nmechanical force to an individual chip contact el enent

formed in S&)ilﬁrﬁgst 1| bllligcﬁgltgi&g&aﬁ%?ﬁoﬂ%x%%a@ﬂi&@&ii@%a@e‘?ﬁy QeGHh! 'gg)s&fpysai d

dielectric material; termning at | east one paraneter va

i ndi cative &{mnﬁnﬁ&?@%&?ﬁn@éh sald.diel ectric material to said induced
mechani cal stress, Wher ein 3eiern1hing said at | east one paraneter val ue

i ndicative of a response of said dielectric material to said induced
mechani cal stress conprises nonitoring at |east a portion of said
dielectric materj al %y electron_nicroscopﬁ when i nduci ng said nechani cal
stress, 24. A nethod, Theomstiod pigclagat br firtichgorpeising| gsagssimgr ¢ enpdgiicitled to
create a non-reversible deformation of a dielectric material of a
met al | i zat i SPilsly of aaidl oretadlizgipn sxsirauex ervingwid ddedsyorgpypragiaiey valukor ce to a
chip contact element fornmed in said netallization system
13. A method, comprising:
determining a critical force required to create a non-reversible deformation of a
dielectric material of a metallization system of a semiconductor device by
applying a mechanical force to a chip contact element formed in said
metallization system, wherein said chip contact element has a surface that
extends above a surface of said dielectric material and wherein applying
said mechanical force is performed by contacting said surface of said chip
contact element with a probe; and

using said critical force so as to assess a mechanical stability of said metallization

system.

14.  The method of claim 13, wherein applying said mechanical force to said

chip contact element comprises applying at least a lateral force component so as to induce
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using said critical force so as to assess a nechanical stability of said
netallization system and determning at | east one material property of
said dielectric material when applying said force to said chip contact

el enent, wherein determning said at | east one material property conprises
exposing at least a portion of said netallization systemto at |east one or
an el ectron beam and acoustic energy and detecting a response of said at

| east a portion of said netallization systemto said at |east one of an

el ectron beansizradaoopsissige emek gy a dielectric m2BrialTirevidet hodalbf adgdcantnmo k3id
wherein said chip contact clement is a | ead-free sol der bunp. 26.
The met hod @fip cdmadoeltdhentvherein said chip contact elenment is a netal
pillar. 27. The system of claim 19, wherein said chip contact
element is a | ead-free sol der bunp. 28. The system of claim 19
wherein said chip contact element is a netal pillar. 29. A

sem conduct or dew ce avifghod HeLalhi zat \'z\/f?é}elﬁy%l@%&\ﬁ%ln At feURdGppiidae

met hod according to any of clainms 1-18 and

individually to said chip contact element.

16.  The method of claim 13, further comprising determining at least one
material property of said dielectric material when applying said mechanical force to said

chip contact element.

17.  The method of claim 16, wherein determining said at least one material
property comprises exposing at least a portion of said metallization system to at least one
of an electron beam and acoustic energy and detecting a response of said at least a portion

of said metallization system to said at least one of an electron beam and acoustic energy.

18.  The method of claim 13, further comprising determining at least one
electric property of said metallization system after applying said mechanical force to said

chip contact element.
19. A measurement system, comprising:

a probe configured to individually contact and apply a force to a surface of a chip

contact element formed in a metallization system of a semiconductor
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system of according to any of the clains 19-2 1,27 and 28.

device wherein the surface of the chip is positioned above the
metallization system; and

a detection system configured to provide at least one parameter value indicative of
a mechanical response of said metallization system to a stress induced in
said metallization system in response to said force applied to said surface

of said chip contact element by said probe.

20.  The measurement system of claim 19, wherein said at least one parameter

value is a magnitude of a lateral force acting on said chip contact element.

21. The measurement system of claim 20, wherein said at least one parameter
value comprises at least one of an acoustic signal value, an image of an electron

microscope and an electric signal.

22. A method, comprising:

inducing mechanical stress in a dielectric material of a metallization system of a
semiconductor device by applying a mechanical force to an individual
chip contact element formed in said metallization system and extending
above a surface of said dielectric material; and

determining at least one parameter value indicative of a response of said dielectric
material to said induced mechanical stress, wherein determining said at
least one parameter value indicative of a response of said dielectric

material to said induced mechanical stress comprises monitoring a time
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progression of at least one mechanical force acting on said chip contact
element and associating said time progression with a state of said

dielectric material.

23. A method, comprising:

inducing mechanical stress in a dielectric material of a metallization system of a
semiconductor device by applying a mechanical force to an individual
chip contact element formed in said metallization system and extending
above a surface of said dielectric material; and

determining at least one parameter value indicative of a response of said dielectric
material to said induced mechanical stress, wherein determining said at
least one parameter value indicative of a response of said dielectric
material to said induced mechanical stress comprises monitoring at least a
portion of said dielectric material by electron microscopy when inducing

said mechanical stress.

24, A method, comprising:

determining a critical force required to create a non-reversible deformation of a
dielectric material of a metallization system of a semiconductor device by
applying a force to a chip contact element formed in said metallization
system;

using said critical force so as to assess a mechanical stability of said metallization

system; and
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determining at least one material property of said dielectric material when
applying said force to said chip contact element, wherein determining said
at least one material property comprises exposing at least a portion of said
metallization system to at least one of an electron beam and acoustic
energy and detecting a response of said at least a portion of said

metallization system to said at least one of an electron beam and acoustic

energy.

25.  The method of claim 13, wherein said chip contact element is a lead-free
solder bump.

26.  The method of claim 13, wherein said chip contact element is a metal
pillar,

27.  The system of claim 19, wherein said chip contact element is a lead-free
solder bump.

28.  The system of claim 19, wherein said chip contact element is a metal
pillar.

29. A semiconductor device having a metallization system evaluated under the

method according to any of claims 1-18 and 22-26.
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30. A semiconductor device having a metallization system evaluated by the

system of according to any of the claims 19-21, 27 and 28.
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