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BACKGROUND OF THE INVENTION

i. FIELD OF THE INVENTION

Generally, the present disclosure relates to integrated circuits, and, more
particularly, to sophisticated metallization systems including sensitive dielectric

10 matertals 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 [Cs), 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

mvolve several hundred and more individual process steps in sophisticated integrated

circuits, are performed simultancously 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 subsirate dimensions, thereby also increasing the

area available for producing actual semiconductor devices and thus increasing production

yield.
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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



Sem conduct or devi ces, such as m croprocessors, SRAMs, AS1Cs (application
specific 1Cs), systens on chip (SoC) and the like, are typically forned on
appropriate 15 substrate materials, such as silicon and the |ike, wherein
the individual integrated circuits are arranged in an array on a wafer, so
that nost uedd fda@réREBUEARINT T8N SEERSL LoWRLGRIZBY: LAl NErseXEh @b hundped and
more i ndividual process steps in sophisticated integrated circuit§, are

per f or med .gji 1l sty f.or6..al |- chip. .are n_the substrate, .except. for
Bhot of 1 £ haur aahy ot SResulPliaddesislebRLER3 B0 ARy SRR A0 Ry BRERLs

i ndi vi dual__ 2 evi c after.dicing the .substrate. Thus, econognic

const r ai ntogg(ag$ ggmél%%?%loﬂﬁ e ﬁ’]‘f&ﬁﬂf”ﬁcﬁlfﬁse?[lsmgwysspglé}a‘ilq%ﬁdi Hopeaxicione
substrate di.mensi ons, thereby also increasing the area available for
produci ng Y66ETFaPOREHilR Gﬁ’ém&‘ﬁ%?“ et lewdd diplgerinuaateiindy, das bergmsraobiaptendn
yield. 25In addition to increasing the substrate area, it is also inportant
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down. Due to this ongoing demand for shrin eature sizes o
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connections and vias as inter-layer connections, which commonly connect
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integrated circuit. Typically, a plurality of netal line |layers and via
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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 ts timited,

5 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 diclectrics silicon dioxide and silicon nitride. As a consequence, during the

formation of the metallization system and any subsequent manufacturing processes of



10 the connections between all internal circuit elenents and 1/0

(i nput/output), power and ground pads of the circuit design under

consi derati on. For extrenely scaled integrated circuits, the signal
propagation delay is no longer linmted by the circuit elenents, such as
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since the line-to-line capaC|tance I'S increase ination 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
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significantly less conpared to the well-approved dielectrics silicon
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metal li zati on system and any subsequent manufacturing processes of
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characteristics of these senS|t|ve dielectric materi al elr dne3|on
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|nt ractlon bet ween the chip and the package caused by a thermal m smatch
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instance in the fabrication of conplex integrated circuits, increasingly a
contact i dhéebavbhgigy tavhyiqbe Gbe@mvmod@nnﬂtbﬂﬂ@mhhbwpﬁ&&&gﬁg&&hmq&ﬁ to the
chip, which is known as flip chip packaging technique. Contrary to the
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may be positioned at the periphery of the very last netal |ayer of the

chip, Vm'l%htanﬁé’yep%[(%%nﬁ t&chitiP n&9r 6L 3BAR DGt @%‘mﬁg&lcﬁngq?%ﬂgﬂsﬁgg hage ?é a
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20 manner, a very |arge nunber of electrical connections may be provided
acr oss thEHENtEméscﬁnpaqmdagef flhes,| @&t wabaldg Zat bompl ayerawt kelpduced
contact resistance and parasitic capacitance, thereby providing t he 10
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circuits, such as CPUs, storage nenories and t . During t
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package

20 manner, a very farge 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 IO (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

A



25carner, a certain degree of pressure and/or heat nmay be applied to the
conposite device Sc) as to establish a reliable connection between each of
the bunps formed on the chip and the bunps or pads that nay be provided on
t he package substrate. The thermally or mechanically induced stress may,

however, & a9 i@edtalORh tah@lihivRbndettiog bbRicah lhdab i @B Huﬁi{)'é‘ r1§pmd@fnétp theray,
typlcally include lowk dielectrics or even ultra | owk 5 dlelectrlc

mat erial synd ﬁ'\%rb‘ﬁt??{)s%ﬁ N ing RB ¥e Pﬂ)q/ﬁd%@%nrlgc g&%dp{]ﬁhﬁp%l(& tlﬁc,ﬂ erthh ?ﬁ%f ng

defects in the f crac de am nati on ue'to

reduced i and adhesjon to oth ter,i reover
during oggﬁggﬁodﬂﬁf%@%%d:ﬁﬁ¥sﬁgﬁ E%W?Wﬁn ﬁ%?ﬁ?oﬁgvigg‘ﬁt?&eHB@EBBﬂ%Pnlo
correspon age substrate, sjgnifjcant nechanical stress may occur
due to a gyaglﬁﬂﬁg t“%ﬁéﬁ%%%%’PW“FFeEWﬁErQELC%%deS?ﬁﬁ Biéiralivok GfLEhe
silicon-based sem conductor chip and the package substrate, since, in

vol Ane prdiglsetriconatofialsshricby bigatfieantnineyneine thegireloabilits of ecotignileects in
constraints typically require the use of specified substrate materials for

t he package fosuchcrassodganimatiomtuet ihallike, dMaite het ¥piceaklathdbomyapiiny bid a
different thermal conductivity and a coefficient of thermal expansion

compar ed idhetiBg (ShihbCRRteBRIsP- Wth reference to Figures la-1b, a
typical configuration of a sem conductor device including a solder bunp
structure for flip chip connection will now be descri bed

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 la 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, ie., 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



20in nore detail. Figure la schematically illustrates a top view of
the configuration or |ayout of a sem conductor device 100 in which the
mechani cal and el ectrical connection between a package and the device 100,
i.e., aspecific chip or die 101, is to be established on the basis of a
sol der bunmis Shuptt Uie apRbpridle SRRAbEIINCH Ehik@ S8 ATRI Q! which vl Sid %gt ure.
For this purpose, an appropriate distribution of contact elenents 110,
which will..@ls@ Pe.Laf &N to.herein. as chip or die contact.el epen
ncr oss. t hes SEP QR RLRIGRL of &R AR, PG fh Sab i by fregE ToP
previously discussed, nearly the entire area of the die 101 is ayail able
for appr oé?‘qyatfee‘?lw@&%’i”?l?%‘dp’nﬁ RIREORBH ARE S sl diraidy Ser9pdre prsa of e HadBkr, a
5 very conpl ex chi p-package contact structure may be acconplished, wherein
each of t Ked¢dkblEclor eprpmtely 11T ipayndodie contecelemens ld Oc olinthésr pannercont act
pad or bunp of a corresponding package substrate during a single
manaf act uvernygoprEeess p-pednare aryiatictimourespp hdiaog rmplisked oviddie el fuks i n
which a bond wire may have to be connected to bond pads of the chip and the
package i nomagulisthant ilabljayp egusnhtatd f@ANRTunekfart contactFb@UBE bLBp of a
schematically illustrates a cross-sectional view of the device 100
accor di ng cbQedpBBdihi ekl LAY Givih, i LlyskEatag. phhss dey 0
QedpBRding Nfic h&c s vmclﬁié ngﬁaa ;z Id WaYShtats %Ea’[%fg‘l’eg%g%ﬁfc%&

conprises the die or chip , e under stoo

substrat e f ot .m. ng. t,hereabove circui | ement s and the |ike. The,
substrat e C(glgg:lsp ?l(s%% Blg 5 ati°|%9 %%?IBWIS%W Wﬁlcﬁl ﬁ‘gbf’f“gf PO R Z‘h I"éf‘?*HﬁC@E bstrate,
a sem conductor material and the like. |t should be appreciated that, in
and aboveg?ﬁip§§gE#Fépé’%%fﬁ69$%?%PﬂW$m§ﬂ§WHbﬁ$ﬂ¥®”%Eh%¢W%uit el enent s,
such as transistors, capacitors, resistors and the |ike, are provided in
acd8rdance with the circuit function to be i npl enented in the device 100.
For conveni ence, any such circuit elenents, which may include el enents with

critical dinen§ignns lbfsch@mainadpdilluesged a cr2@-sopdias tviieat @dthdeddveas 10@r e not
shown in Figure 1 b. As discussed above, due to the conplex |ayout of

el ectroni gecotdiggitd SecilMPCMEPLAE 1N ADALSENLEARAUEHO! |GV RS LOGhe B 6ONPI ex
netallization system 120 is typically required, which nmay conprise a
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5 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 cach 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 131, such as a low-k

A



dielectric material, a [ILK material and the like, in which netal |ines and
vias 132 are enbedded that are typically conprised of copper, in
conbination with appropriate conductive barrier materials so as to provide
a reliable copper confinenent. It should be appreciated that not

necessari bjleeathmartial, lai 2Bk QReHayald @b i‘kbemsx)a‘l%feﬁrﬂ(ﬂ?ﬁ%lﬁ?ﬁﬂ&?f{l@r[J§eue S a
sensitive lowk dielectric material since dif erent nmetal li zati on evels

may requi fent f 0 C tic | ngtance Wi t
eapect 5 ar e e ﬁ*e@ﬁﬁ’%?pf%ﬁe‘y R i DN By B dbrever
at any ra ypical.ly, a.plurality X II|zat|on Iayers ey conprise a
Senarti verr SRRt e Rt & o idar bByPls BRer o Bmea df ot b
mechani cal stabilit as di scussed above. Furthernore, the netallization

| ayer 140619%05%%@ Boftecessarily| caeh mepblizatipg ey ofrthe axﬁéqm ARYmeprpmPEes any
approprlate dielectric material 141 including netal regions 142, which may
representd§©m$%ﬁ1(paﬁsd$bpumonm§mmlngwt@h&MCMnmamﬁu$UDmdﬁwh8nmynbmma
structure 150, which may actually represent the interface for connecting

t he devi céifftQ@t petfdrnanpackagecsuibs b alneahdrolitls f@‘é‘é& to de: GRRhAELH Bl PUMP
structure 150 typically conprises a passivation |layer 151, which may thus

passi vat eyidigy ’nal? dﬁﬁéfﬁ]oln' &yl Qb wkst %%1’3]32 ybﬁaﬂ ]S.lycl[i) &t zlné(tayi@atﬁ) gdrality

of dielectric nmaterials, such as SI i co |co oxyni e and
silicon njtri ed t r e desi re ha acteristi,cs in view of
cheni cal bkégqﬁghgﬁﬁl R HQ’ qumgﬁggﬁndﬁ“ b FW%W‘&?%V@%PPN@“WH&erla
such as a p yi |s for d on the aSS|vat|on material 151. The
naterialsmgg?‘gﬁ S@% “&r@SS§FWé 9015 siiehernqigy tenactadbivagpernyg 10A i s
aligned 20 to at least a portion of the contact pad 142 of the |ast
alliza@PGﬁCW&V@rE%HOHGAEV@wE1QVﬁé@d@éﬁmnas&nmdsmphnﬁLﬂaaﬂmd:mamuﬂ
netallization systens, such as the system 120, copper is preferably used

whi ch, holwbvieciudimgymerol regeons dapatvhlthena tepresgitlcoasiteglds ShechpeQtRss a
technlques and materials as have been used in conplex metal li zati on systens

fornmed oncdnbe: basdtsre @ RIMBRWNe HAD, HWhick Ml Iyf leBRYGR bhY mtcﬁ‘tcﬂ(cb”f& her
nmetal material 153, which is 25al so referred to a$ a terminal metal in the

form of aldum i ﬁc@fz@‘(b@@ﬁthhfp p?c%agé) 5 ga% atg%g%tasqo{vnlﬁ erlI & é?zg?ét V\Ebe@wt he

sensitive coppeF naterlal °14 e con I n
this manne | i shed. naterlals and techni ques be applied for
f or m ng t%lélbté%“nt g%ﬁf PEAEHERtPIEY 2 PEPVERE QWEI FSE[y ‘ﬁ‘r“g\/'i“dméwé%aﬁ‘@f‘eﬂ

under bunp al lization systens 154, for instance based on chrom um
copper, tlﬂﬁ@@‘tféﬁ*P“aWét%lhéz wherein, typically, a plurality of dielectric materials, such as

silicon dioxide, silicon oxynitride and silicon nitride, are used to provide the desired
characteristics in view of chemical and mechanical stability. Moreover, a further
dielectric material, such as a polyimide 152, is formed on the passivation material 151.
The materials [51 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 muaterials 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

6



5l i ke. I'n other cases, the contact structure 150 may be forned 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 conductor device 100 conprising the netallization system 120 may be

formed onyhh@chas lit\%unttl?@scn@zhw@%ﬂﬂn H{ﬂ‘%}@@@%e Al 185 o COMRIEh 1A% 5{
P t he e,

sem conduct or-based circuit el enent S, such as transistors an
one or noheg, nefn Hclié %1?’51'1191“ x%ﬁyfsqasbh’l'ﬁg%hm%ﬁ:?m[mémp f‘\cc cﬁlélggbd nb Olger 8&’@&9“@{5@” se

material layer an I ) d % ' ey -
extremnel sen5|t rials t hen be patterned on the basis
sophlstlggf83n$|lhoﬁggﬁﬁyﬂ?gﬁﬁnrgt Q’aﬁﬁmﬁﬁ1§%tPbﬁﬁﬁméﬂéHMBWOéé@é%@“P
Thereafter propriate barrier materials and copper-based materials nmay be
dep05|ted““FHFHﬂW§ﬁaﬁ@@31ﬁ456bwﬂ§ﬂmﬁabééddmaiumnuaidxme@hqunwsemﬂnlmhlch
vias and netal lines may be filled in a common deposition process.
Thepeaf t efikeany excess material may 20 be renoved, for instance, by

chem cal mechanical polishing (CAP), 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 nechanical stability

of these materi@hger 6&&?&1&95&11&%1{‘1%&@?56‘%%3 lge @?ﬂlk(ﬁ)%n tﬁy%gﬁs %?gca)p]éﬁg

further conpl ex process ‘tech nlques may be ap rovi f P
contact s f ncludlng 95d ep05|t| $ aufatternlng of .t he
vari ous el Hiefudhi? ¥ abEapdant e e HRRR0 o SR e P
providing tt Hgnln 150A, typically, a deposition mask is applied and an
appropriaF@“@bF ¢ BricaRl bidy be deposited and appropriately treated so
as to formthe contact element 110. In other process strategies, an
appPopriate netal pillar may be provided in the opening 150A so as to
extend above the dielectric layer 152 with
The semiconductor device 100 comprising the metallization system 120 may be
formed 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 dieleciric materials, which may also
contribute to a certain degree of deterioration of the mechanical stability of these
materials. Alter completing the metallization layers 130, 140, further complex process

techniques may be applied so as to provide the contact structure 1350 including the

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



5a desired height and | ateral dinensions, wherein typically an increased
contact density nmay be possible by using appropriate netal pillars,
conpared to sol der bunps. After separating the sem conductor device
100 into individual chips or dies 101, a connection to an appropriate

package sKlsh&AlRs, nﬁﬁetbgﬁro@ﬁi%%mm: io?gﬁgo b 5’0@9@3@%8@%3%%@1 Fa4PLs iagggie%n

i ndi vi dual ‘device 101 and the corfespondi ng rate and' refl ow ng

t he cont a nts 110, ther eby obtai ni ng the desired jnternetallic
connectioﬁ&%ﬁiaggﬁ&ﬁﬁ%bggﬁtg@?“éygﬁ%*%éeﬁi ted 4gd FRRrRERYE s%%%nfﬁbﬁb@ntact
ads of the ckage suybstrate, which nmay al so conprise a bunp structure,

8ependinggﬁﬁgﬁﬁéog@@TachﬁTb%bsg‘§“Ph?5§?ﬁ‘#ﬁﬁ&ﬁﬁy?“éﬁ@oa%ﬁﬁéﬁﬂﬂdvngiI
material may be provided between the chip 15101, i.e., the contact

st ruct ur ema56¢ pEvdlcdhe tpaukcage |SGhstorastie exigndsbave tentizlvceiceshadi? ealh,

chem cal and thermal stability of the conposite device. As di scussed
above, dur degretieighabnd catiabdinafnsione skdrvinanpigsityonn devigel Iffaandnadyso
during the process of connecting the individual chips 101 with a package

subst r at ema@fe pRdibldbPaditid Erabi A e pRRES 8dhPlePlo Lk BaGkaged
seniconduct%r gﬂ%ice,Psignﬁgiﬁgnt nechgnical stress may be gppl!ed to the
netallization system 120 via the contact structure 150, i.e., via the
contact elenments 110. In prior contact technol ogies, a certain degree of

resilience of @e.con@act_elenent 110 has resulted in a certain &egree of
buf fer effect /R USSPy g it iceﬁﬁilfcuar%ﬁ‘r‘r? 185“1*%&511‘(%”511%1?&8 581k %0l der
mat erial . Upon 95i ntroduci ng so-called | ead-free solder materials, however,
for inst dP8BeStIgN\ip gy appropriafe package subsirate may be accomplished by mechanically
10 coupling an individual device 101 and the corresponding package substrate and
reflowing the contact elements [10, 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 structwre 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 130, 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

elfect, due 1o 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



environnmental regulations and the |like, and also in an attenpt to further
i nprove the thermal and el ectrical performance of the contact structure
150, for instance by providing copper pillars instead of using bunp
structures, the nechanical stress in the netallization system 120 may be

signific aﬂﬁ\lrwbdnﬂmlt'ﬂ! asgdati®kn@e thy FDE'I{@ aﬂuidy albHes an MAkRht & $urtRp Qmﬁfbve Jhe
particular the pillar structures, be stiffer conpared to t

| ead- cont g{cRh Nl A&kl 1%1[1ﬂ[1& oiﬁﬁ?F&ﬂXsL%ﬂ@&ﬁtce{ 50! 1%? é%'taglnl B}/ ﬁ?o%dlk{g cul ar

i ncreased shear forces 1hto the net I zation system and par

into the | a asons. any .
conventlongfmlngbgﬁg m}jﬁﬁéwﬁ%@ﬂé %éh%?s%%@mﬁ£8Wéﬁliﬁﬁ”gﬂb%ggmﬂ%HPWé
netalllzatlon system 120 pmay. require a reduction in conplexity, in terns of

provi di ngS6tet el Y 49 SHéé%t feap é‘l%ﬁasé@lpé‘ﬂlFbrly@f%WaHi‘é‘élm%{?laéﬂb | ugdy in

t her eby, however, typically increasing the dielectric constant and thus
reddci ng PﬁéC@veﬁ%ﬁpﬂ@ié@@%ﬁ@&lmpﬁk@dﬁ%®n®em@medhetheﬂakﬂmxmmnm953y$tem
120. Thus, nonitoring the nmechanical characteristics of the sophisticated

| ow- k di eiwacﬂrilaisc threedbertrals Sy dpnifionolt actatdpaetr Haks Goophexnesdmconduct or
devices, so that conventionally a correspondi ng process control may be

est abl i shegtenh M20LE phiiciBPRES tﬁ%ﬁﬁm&lh@mﬁniﬂ%ﬁ&t1%' §iok §8esOfe Tis&\{! It

materials may be nonitored, for instance eternlnlng several materi al

character hl%;ﬁ%géﬂ‘/%tlflgﬁ dp 1" qg?%?%lé ln%n,a?é PE §1?L(§|k f gd.l S[a@bS Ill Hp]etéﬁgzag | scussed

above, the materia teri’s ECrPTe ®such

may represe one aspec i.nfl uences the fin tain
neghanPcaﬁmEqughépgﬁﬂgPF@t?dghﬁﬁo%lﬁdﬁﬁW% e (R P at Bﬁwgﬁ %“ﬂﬁother
factor is to be seen in the process hlstory Le., the various conplex
manbf act uPPIsgals ScausEer masharcasjabilityo terdbyu daweveidheitadly matagnndhe
characteristics of the sensitive materials, which may also finally result
in a det ediclsraici onstoht andghoverdadihg ﬁmharﬁilbe{bcts'teﬁtpiei-fbtnyamf: of oingoinetalliza-
netal li zati on systens. Moreover, the conplex interaction of the several

| ayers angorDSysedreriizal sriug, aloﬁ%m{(ﬁ?hcWﬁé@iahicélaéﬂa%t&béﬁéﬁHf HeCsdpflsticated
appropriately taken into
low-k dietectric 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 fow-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, ie., 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

S
i

materials in a complex metallization system are not appropriately taken into

9



consi deration upon nonitoring the material characteristics of individual
| ow-k dielectric material |ayers, thereby resulting in less reliable
assessnments of netallization systens in terns of reliability upon
connecting sem conductor devices to a package and operating a packaged

sem conducémidett@dhC@on monitoridQehPhesSanlt clil ek ReLY & ihsivilivhERLe- dlc®:ch@r | ous
nmet hods and systens that may avoid, or at |east reduce, the effects of one

or nore ofyate bl ep®. i, denti.f.i:ed. A3 - THE:. [LON. 10The
T oo e SEL BTSSR oL Aol SABEC i VLG
rovi de . Feunder st andi ng of some aspects.of the invention. This
g UNMAry | %Hﬁg? ! ghlg%l%ﬁ/a@sotni(’ e “élg\;f’léwoggu{gwe&ivh & F BRCKARY ARGOREHIINE R ended
to identify key or critical elenents of the invention or to delineate the
scope of P%%ag'ﬁ% {GO8AUCPR &VESH e purpose is to present some concepts ina
sinplified formas a prelude to the nore detail ed description 1 5that is
di séussed |l ater. Cenerally, the present disclosure provides test
systens and test procedures for assessing the nmechanical characteristics of
conpl ex net al | Tixapreant digslbens idircan (6 ondost 0 hetBMiIng 8$stOis fl‘ﬁ@ﬂ@gh@@li,' y
stressing individual chip contact elenments, such 20 as sol der bunps, netal
pillars andiidas: kdke, maRddebebm & ngrtdTend SSRRRS¢itisthg,dvet al i zation
system The response of the netallization system nmay be determ ned on the
basis of any appropriate paraneter, such as nechanical response, response
to any probing externally supplied stimuli, such as electron m croscopy,

acoustic m croscopy, or gegﬁsﬁlli {Eﬁ §=‘e 1 i of materi al
characteristics upon expo L ! §Eh@£§ﬁ§i58&

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. It 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 ol 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
nmechani sms may be stinmulated and may al so be nonitored and neasured in a
quant i t at ky&sivanmner the WMKeC hCHﬁ)éqﬁdﬁH?,_ BNABhIGiRN: RRSBAFIR bRl in@VRILUA on of
the mechani cal status of the netallization system wherein the material 5
char act er | §t& 1 e ENShikh Ve ol Q% i, AN eri , |l as the
process h%std?y and %Egh%%ﬁ%¥g§M$ﬁ}ggg%%§%ﬁgg?gﬁ%éﬁwgkﬁgﬁénﬁgygfﬁ%1scand
material systeng of the netallization |ayer contribute to the response
of the el ¥ PEAEARS h”‘?\?‘é‘ggﬂﬂ 2 e OLE A O [ Gl fecasratt s
di sclosed herein, a critical value for one or nore paraneters may be
est abl i Sh@US€Oa4e1%Y o arerliapiceheaieh 9F diy weieditzaden sistem.cumstiaxhorstagdrial zat i on
system For 10 exanple, one or nore paraneters may be correlated with
deviPce- spduirddtgistharactreitivstlped disiechicasatetials hetvall orthofprarekaigedy and
sem conductor devices during stress tests, certain materi al
char act erihstcbaplexsiu@iacisn ol 1RvafiskdthgcA8s andbiatc@RBsystenishe thomBaAfzagsRCckS,
and the like, so that, if desired, netallization systems and correspondi ng
manuf act Uk AGmad EGLRELE S0 MR e HRhsOsH tP{e %tzﬁi\{ﬂtﬂdﬁtsgs%[ﬁs CQbRbdgtle Ry, 'ilgéfl dd, but
y 15resol ved manner. e

may al so be nonitored in a nore fine
il lustratiyve. aeL. E | sclased herein.conprises inducing mechani cal stress
i a-d o R0 SRUBREChIE0 o PiSATPEIR S o Bitan0S S ate: Bt
devi ce by*%ﬁ@'%kﬂg a nechg?ical force to ap individual chip contact el enment
that is fOFREGISNS A hataly Brathapriipitem asampkatmeriisiiy astve Sosurface
of the dielectric material. The method further conprises determning at
| ed8t oneCHIBIANENE T yRIre @alamg sy &e eprralated spdndeyict spehidicdihelaeetistics,
material to the induced nechanical stress, A further illustrative nethod
di scl osedsubbrasi thecliprics ed hekepedi seimt@nduedt dediads during stress tests, certain

material characteristics, such as irreversible deformations in the form of cracks, and the

fike, 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

]
L

force required to create a non-reversible deformation of a diclectric material of a



metal | i zati on system of a sem conductor device by applying force to a chip
contact elenent that is fornmed in the netallization system The nethod
further conprises using the critical force so as to assess a nechani ca
stability of the netallization system One illustrative measurenent
system di setgedonayabn cONRENS@RdactDl abace Rl ipuisd b:0: Wi Vi uhly: apply
a force to a chip contact elenment forned in a netal Tizati on system of a

sem conduglRrnO@Yi i§ §ornddd€n aﬁ%faﬁ%ﬂ%m SYEhE MU LIAG [%ﬁHB‘rcio <& fgtecti gn

ﬂ' .
system configured to provide at |east one paraneter val ue 1 ndicative of

nmechani cal, re e of the netallizat.ign temto the force applied to the
10chi p coh?é%ﬁgéﬂéﬁﬁ ? & BRPER BES “ﬁ&ﬁéﬁﬁﬁéy?ﬂkcﬁﬁﬁﬂﬁﬁﬁgnSy“eﬁ' The
di scl osure may be understood by reference to the follow ng description
taken in conjunction with the acconpanying drawi ngs, in which |ike
reference nunerals 15identify |ike elenents, and in which: Figure |la
schématical |y Ph¢ udluptzats acpppevpgwspfiera dspiosandectorconiyiripeora direbe
including a plurality of chip contact elenents in the formof sol der bunps
or netal qdfigare; tod T@dividually abpgunefdrbe seheratp cahayt iclchiest rfates! & a
cross-sectional view of a sem conductor device including a netallization

system f opgRdiAfod REstBASHS 2 OfenfBalRILELY &ich QW KTHL eheglfeheniI &8L 2k simand a
chip contact structure, according to any appropriate process strategy,

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 dic
including a plurality of chip contact elements in the form of solder bumps or metal

pillars;

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,



Figure 2a schematically illustrates a cross-sectional view of a measurenent
system for assessing the nechanical state of a netallization systemof a
sem conductor device by nonitoring at |east a mechanical response of the
metal li zati on system according to illustrative enbodi nents; Fi gures

2b-2e schenati ealuky 2l $dhsinbadSlyNMBRSHIE: hegubd &cliid caty ngr 8 &gma%&&l@n

bet ween a nechani cal response of a netallization systemin order to

Ldentify afedif HGVRLELHL N IRERANGRLACIOF IR ok Rydif Jror {8 hpck and
t he Iike,QQCSOrding foéiP usfraﬁ%@é“e %%?ﬁ%%ﬁ%%m&gyﬁg%(ﬂk |§ﬁ&g%ﬂ§01
schenaticghh&:%Ilustrates sur.engnt. ﬁésten1ac%ordin ho f.urt her

ates a ne NENL  SYS accoraing 1o 1 i
illustrative e orpln%¥¥5ﬁg[ﬁﬁléhnﬁﬁ AP R A cLET PEREFALNL SfeRani ca
response nmay he deternmined on the basis of electron microscopy, 15Figure 2e
schemat i cHIPIRG foudttEativs evedimsalur ement syst em according to further
illTustrative enbodinents in which an electrical paranmeter nay be determ ned
in Pesponse to a nmechanical stress applied to an individual chip contact
element; Figure 2f schematically illustrates the neasurenent system
accordi ng to 2DBiguids| Us2¢ atlieventiembodivarat sméaduihiceliisomeicalindrar @nigkiesd al
characteristics of the netallization systemmy be determ ned on the basis
of acoust b&weALIeeHRREd elsidhsd N HeMdtkBization system in order to identify an
irreversible mechanical deformation, in the form of a crack and the like, according to
illustrative embodiments;
10
Figure 2d schematically ilfustrates 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 iliustrates 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 tllustrative embodiments in which one or more material characteristics of the
metailization system may be determined on the basis of acoustic energy supplied to the

device;



Figure 2g schematically illustrates the neasurenent systemw th a specific
environnent for the netallization system for instance in the form of

|l iquids and the like, according to yet other illustrative enbodi nents and
Figures 2h-2i schematically illustrate measurenent systens including a

di fferent typerpliappl oho@ati@thaniGahic QRS endaBGlieMcAUR didin t QiR LRpRiKONt act
el ement, according to still further illustrative enbodi nents. Wi le the

subj ect t: L.sel.ased . her.ei n. 1.S;. Lble.to. i .fhcations 10
and al ter oat FuaCp ot BN SR I R BT R A PR R T iy
of exanple in.the draw n and ar erein described in detail. It should be
unders?goa(fcohdd%k?&e}Owﬁlaﬁﬁltglﬁagwﬁé@ﬁjrggbﬁ%% H2erein of specific embodinments is
not intended to limt the invention to the particular forns disclosed, but
on the contrary, the intention is to cover all nodifications, equivalents,
and alternatives falling within the spirit and scope of the 15invention as
def Pned by t heligpperted schamarsal DETAIMEDMGESCRICPTGNmS includivgri ditferent
illustrative enbodi ments of the invention are described below. In the

i nterest gbcolfapplying methaalchl foeat ibsdelfiyan adtipabniomd@i@ng aicofin@ie
described in this 20 specification. It will of course be appreciated that
in the deya| RRIBMuRFaIRBY%DHEMAGL Ual enmbodi ment, numerous

i npl enent ati on-specific decisions nust be nade to achi eve the devel opers
specific goals, such as conpliance with systemrel ated and busi ness-rel ated
constraints, which wll vary fromone inplenentation to another. Moreover,

it wll be a ciated that such. a devel opment effort m ght be, conpl ex and
ti me- consuni Egg\ﬁ%lﬁfﬂt]e Subg ect matter legloscd herelg 1S suscept]:b?e to va:'l%us nmdl[%caggns

10 and alternative forms, specific embodiments thercof 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 contrary, the intention is to cover
all modifications, equivalents, and alternatives falling within the spirit and scope of the

5 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 {rom one implementation to another. Moreover, it will be

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

14



woul d neverthel ess be a routine undertaking for those of ordinary skill in
the art having the benefit of this disclosure. The present subject matter
wi |l now be described with reference to the attached 5 figures. Various
structures, systens and devices are schematically depicted in the draw ngs
f or pur posesidofevexpdl@naiel DRuaRE Mn@‘t@lkﬁg fasthbS: BP6IARSEUWIR ik AR R BSEN

di sclosure with details that are wel nown to those skilled in the art.
hbverthelgéqmn&ﬂeﬁ@hggg$eg ,drawi ngs are included to describe and explain
illustrative exanples o he present disclosure. The words and phrases used
herein shoul d be understood and interpreted to 10 have a neaning
consistent with the understanding of those words and phrases by those
skilled in the_rel evant No special definjtion of a termor phrase,
i.e., adefinit {‘%Hl%ﬁ&tsuﬁ CH‘inf”ft‘ér‘é‘Ht“OFVY Bfndesraivgd aviaicferantd te i dtghyd
meani ng as understood by those skilled in the art, is intended to be

i npPi ed bigwensi ¥ewms uga@ecbfw@hemt@Khﬁ@nmphmasethMemﬂy depididre iexhent
that a termor phrase is intended to have a special neaning, i.e., a

nmeani ng odietngstbr purpescs dtxplmeheins bagdntto skid h@dbadit sRMBesefikbigsuspeci al
definition will be expressly set forth in the specification in a

defini ti opah JBMYERacthAtyHi [E&)@\Inl % @ngd ékﬂ?éaul'nvtﬂga&ltl yN@Jc?tYlbl@?ss tdsRR&ET al
definition for the termor phrase. he present di scl osure general ly

provi des gg ’rqec nttnc Y34 %H'Sdg%&% { g?ch@k?fﬂq ) r&tl\g{' mnl? Qx?q %r%cé{cg{ ce may

be efficient to I'n cont elene

nonitor the res o e of the netalliz t|on mto the a I|ed ne hani ca
for ce. d%@%@VP if?“ﬁ?@tﬁgg%maﬁﬁﬂ@%$Wﬁ@3ﬁfg zﬁL“iHPE@gaﬁgﬁn%ﬁ%ﬁF Huring

t he packagi ng of conpl ex sem conductor devices and during the operation of
t hé0packalifrd ddegites consistpdrvitle theamdoiendingiof ghasgrigords pud phiress r thpid | ar
structures exhibiting 95an increased stiffness conpared to noderately soft
sol der nutkeltddanshe slvhnast.| Badpecid anfiaition of a sahderpneseei d. ad defidByon that
appropriately individually addressing chip contact elenents, a well-defined
and repr oduiifhte R®ehanbERhars tihe S astBYyDaeAXes &sedncmtécnie:bmfo@é bikinad i:pn
systemand in particular to the i mediate neighborhood of the contact

el ement, #&08FeRYnieAQ bl @Bﬁ&i l)fE%FSlﬂguscéQ bf e, tSd &5 (&rl%hélh oRs (iphi ch

may allow a qualltatlve an quantltatlve e tlna i on of ani cal status
a desired

f h
Ioat e ”?3‘?%%'“&% 28 Y PhET: ARl 5 A ot R Bl Ging e AR s S L

soI sive and tensile stress conponents may be
Egce ﬁfﬂi S ﬁ&é"s"ﬁ‘\?a% S‘%ﬁtde@r figns.ofuck h‘eﬁ'%‘é*t‘ibﬁﬁiliih‘t’lgp ol éw&*emsaﬁdscmy

thus also be transferred into lower lying netallization |ayers. Under such
stress 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
clements 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 piltar structures exhibiting

Q]
L

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



10 conditions, frequently, cracks may occur at the tensile-stressed area of
the dielectric material and may thus represent a reliable indicator for
qualifying the status of the netallization system For exanple, in sone
illustrative enbodi ments disclosed herein, the direct nmechanical response

of the cogb@ehi esBAL nARYiaist thyEfaFﬁt%puﬁt@Br aReNbuAR hMFESALOLLh Ok BREesSi Ng
the mechanical status of the netallization system “since the 15 occurrence

of a crac h I I e i Iy

det ect ed Ei;h%g%l elox:;(/:cﬁg['ﬁ%&l old ﬂgﬁogﬁfllﬂu Iﬂg'éh?{ﬁmal gt‘f‘\%‘? rltldé/g%éf é cg rt?rg : on Of
t he cont act enent Si nce, t the netalll ation s ten1na
deternineB(%glﬁwgnéﬁﬂbme%“%ﬁiB?%Qﬁg ih&“tHE?Wd@H%E$é%¥¥B%H y@“dﬁWﬁb the
conpl ex process history for formng the various material systens, the

eval uat i oRICBRIEBHER. AT Ipuseneisbre Bipicalsirassl sonditioon whshemnasgllav2o whol e
may thus provide superior abilities for assessing the status of a

met al | i zatiidnatsyesind mueditparcedtinaticoni entecbmatal stahatd gheemetallivawdn gterer el y
the material characteristics of critical materials, such as lowk and WK
mat er i al sas @amBolD Mot 0X:8thle, by applying a desirel Batbldl A& cdrhdousitl ffiiM@ance, for
enbodi nents, the concept of mechanically stressing 25individual chip

contact ekgRRRt SndRY n%lsc%'i’b{@egtl%@t LRIRGVELRDs, &S 5‘;'5,?&/“5’11&9"{05 ﬂ@t &0 ni ng

one or nore propertles of the ' netallization syste I'n sone I ustrative

enbodi nen ) 0. t ernat.ive itor t he rect force
response %IHP%QH% g%}d%“l %ﬁgﬁﬂ?LPﬁﬁ“@‘SPHF%V“EP?ﬂW “E%hV%EFlgﬁgﬁéWF}nay be
moni tored on the bagls of elﬁétron frosco t her eby obtalnln? addi ti onal
i nf or mat | BAY WEhAFedpdensienedantarlpyer Ding meialirdiondpyss Ahder meh) stess

Furt hernore, degradation nmechani sns may be nonitored while concurrently
appPyi ng thuliaschanieeatly seiaekss iay adear oHtcatnsib-grmesd. abm oftthedielectric
illustrative enbodinents, the netallization system may be probed on the
basi s of ammmmthndemBT@Msrmmemmtml&ﬂmbmumdMameﬂbyquﬂdymgmaﬂpﬁﬁuéﬂfamhighly
| ocal manner, for instance by restricting the acoustic energy to the

vicinity @zﬁ:la‘l IRRtieOBIAGh, EoLERh dp[@nﬁ%on%oﬂﬁlbi%f@tdlﬁbdu%}lti 8isc 'OEECPMWQE cases,
a gl obal problng may be applied so as to obtain a nore gl obal V|eM/oT t he

response Qf § t&%t rﬁ%o‘?{ll 1bcﬁa1tc Oé?:ﬂ\eéyosft G LO(Plt tt,r'%lé T[nelegwbv{&ﬂthcfté{oq Lugr}ﬁgu far?

contact el ement |I ustr |ve trial

f.. t netall at | ste b etermned, for instance b
ront tor i ngdisAe ¢ FELEkhE Sy %fi}}ﬁﬁ S AF s Bt SNamoThande ond

the_li ke, upon exerting or after exertlng 15nechani cal stress to the
cohfact ePEHERICCH deiradRdicideiasty ok the chip contp stgrshmy be aclipbbddieciad ve
correlation may be established, for instance in the formof a sinple
good/ bad ey imoertpwrg the aespansrefoal:l vazgtg dogrsy st dafounddrm cioihs icdematdlancntt her eby
enabling a reliable assessnment of the netallization systens and
cor r esponglinggthe status of the metaliization 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.

[n further iflustrative embodiments, the concept of mechanically stressing

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



70 materials and manufacturing strategies used therefor, while, in other
eases, a correlation may al so be established with respect to the overal
reliability over lifetime of packaged sem conductor devices, thereby
enabl ing an assessnent of the influence of certain materials and

manuf act ugéBgGhiRMECRRSES ke bhgefictalr thehaviipraieh dhempagkagsd isamagenduct or
devi ces. "Wth reference to Figures 2a-2i, ‘further illustrative

enbodi man&ﬁbé!ﬂlh Lo QW REHEGS &S bORkn MRS SLN 15? o‘?{lﬁﬂﬁ%‘ \1§ctailol$c% g?p%%sct 8r
Figures | a- B, ¥ or |nstance mnth § ct structur

metal | i zagjion s 2a sch natlca |y |II strares a
sem condu%:]tC or m& t\/(i1(3:1(3;@‘;()%@ V(S%W g‘le lh@ "%ﬂt ‘l’jré’fr‘(’éﬁ(1“it 2a¥i Sﬁn%‘l}@f@rﬁ“z@@ WWhPEh nmay

i ncl ude a conplex material system, for instance based on |owk dielectric
mat eri al sSlCE9R FMERIPAY st 1a‘wa>ftq%um1n&@<1dfa§na shfgragiigusigh WiseussBdtaiit h
reference to the sem conductor device 100. Consequently, the nmetallization
sysbem 22Chamejertsypi eal e Blonpiigkeraopd, wiegladdtyoromeptetmaintsi may ibormobm@yeeds, 10
wherein a final netallization |ayer may be connected to a contact structure
that is cehilt gun@drehdy dpplinge dihd acthiri@OrRRESt &dtHeOcEht Lo rd@sPONdinngheont act
structure of a carrier package, as is also previously discussed. Thus, the
metal | i ZaﬂFu%tﬁﬁés&ﬁ%cg%gnt@m(h@%Q?e[ih%loﬂ Qﬂs@:lne%e{y' ge r@ﬁ@trd' 8h Iﬁézbfis%bleh nmay

be considered as a final passivation |ayér and as I's

previ ousl | g t f e to.device 100 h .
represent%tﬁég:o%pgg &éphggﬁ @g EQ%ﬁCP%”%§m“PHaP&§tE§ % Eﬁd HPB“% dPact

el emrent 210, nag F OVIged and nmay connect. o0 gﬂ, netal regi on forned

Wi thin ¢ SRR Foutg y&e%&ﬂl%geum e yiginiiy gHvBR icaiae, cleemgiader
illustrated in Figure 2a. Thus, the contact el ement 210 may extend above

t hé0di el eerideraginn.evhidg, ipsphaimdsaray chibsbpisbingsohn it cabligl ut tawheliainker et o
so that correspondi ng nechani cal forces acting on the contact el enent 210
may 20 ahse debdl varvsbEtlreedspomsoof the miételliemtoni wswat erthakindGaudndeishys al so
into the depth of the netallization system 220 to a certain degree, as is

al so di scerss@ski@beiément. Mntsh@ R DR e @ﬂl%mneﬁt@eanc&&ttt%q L@Sb@ﬁ%rbtft?elo may
represent a sol der bunp conprising a | ead-free solder material, while, in

th
the 1 or mor Srenihe St&?‘* ) boghosfiue) e PEou ol BRLANGE, L0

n in hi i, hi k
222 t ;2? lsédlifagié%ta? ég&‘fe as [L‘%% '1%{:%, ryapggiteigcc me{1 lh%q \){, %8 n u%ét t1r(1:<9toie g[tgl L\E,[{H%C age

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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In order to evaluate the mechanical properties of the nmetallization system
220, a neasurenent system 290 may be provi ded, which may be appropriately
configured so as to exert mechanical stress individually to the single
contact elenment 210 in order to apply mechanical stress in the

metal | ization syist ek (FUluRar I fuliig MBaskemtodYSiemi2Mwray be
appropriately configured so as to detect at |east one paraneter in a

quanti t at j¥e BB N&lereih zﬁevcn&@mdﬁ%eﬁtldéito meFCs f1qr ot & spasaBLEr #B&h

consideration, so as to 10 enable an eval tation of a response o e system
220 to th S | i ed n t he neasurenent system 290. In
t he enbod?ﬁgﬁﬁa% 6¥5H§%ﬁ gﬁ” tmnd[wi@@ F%&m 290 may conprise a probe 291,
whi ch nay represent a nechanlcal el enent that is appropriately dinensioned
so as to directly contact the elenent 210. To this end, the probe 291 nay
have an appropriate tip, for instance provided in the formof a dianmond 15
matérial, a sekshdacchimarmeldy iilstrages @ lsentoondedidry desord 388 icveprisinerd al  and
t he Iike, whi ch nmay enabl e the contacting of the elenent 210 without a

si gni fi cantctadléefatipmayiten 290, whécht inpy oficitidves poohix29dteribotysexanpt dstadce
plurality of nanoindenter tools are available, which may allow the

mechani cabase@néiAtdw Rl dRRILEORGUGTD!, UBNI fRAIHBRT HELIhdAYENYs 4L TRAZLRNS O
several micrometers, wherein the degree of indentation nay be controlled 20

w thin on r \Y a it fp
vel | - def i ﬁ‘égﬂsﬁ‘%@?ﬁ%ﬁt“g‘?‘g‘cﬁ A "llﬁ B;{&%%‘&%pu B 90T PRy 5 e
i ndi cated b . e. the vertic jrection

| ndi cat ed gy A éﬁ%%amn?mﬁogw SR EOTS: eraurdley O dP‘e%‘%‘ﬁ‘t‘“%‘nf/)“Y“S

co onents for |n|t|at|n9 a specified novenent in this direction, possibly

ing avberiapnidrealistticetarmmayobe spnRasEenicai emtich sthelus) beeig 210,

mhereln a 25corresponding force required for contacting the el enment 210 may
be noni t ot@digoredt fae beibadirscthf cappetep td aterréspooding enswctsstmoaird biea birkie;  whi ch
are denoted as 293. Thus, the probe 291 may all ow control |l ed novenent al ong

the Z di rpskhgn &nd dto tpmlaaryedtstmccnnnnmr the endtLAKktioR dsykRALE26GnAs t O
obtain the specified novenent in this direction. Simlarly, the

measur enefimsyStedtiddfc ch?@ RS I SEich u(‘fg'%a(,rb'n§xmt%8%’s A6 Pd%ﬁtig‘? ayer

appropriately configured so as to generate a relative notion between the

sem Conduﬁtdq'h%g (ylag?mﬁs?oolﬁ%\?%u‘g 3 Eeka) am%g Wl%% tlgg (rné,a Vé%h® étun%ézg({‘gﬂazt de

or substra
dlqectlon i ndi cated b in Fl hori zontal direction, may

th
A LSRR S R Y S RS St S S A R T fur A

thereby inducing a certain nmechanical stress in the contact el ement 210 and
thus wi t ipspiekglcdrarhimiy zaticontosys teitlzegion Fernpdheithic dwesetainaiqrobem291 may
be configured to enable a novenent in the X direction while the device 200
may be fi2dl whaht dchedvdndcrac sivbst ilhiseated] iddtigur€das efjuantieyconany clsmamn
mechani cal conponents and systens for establishing a relative notion within
the range2i@f 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 efement 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 approximately 0-100 3.tm 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 may generally be acconplished on the basis of a force
sensor or any other indicator which is correlated with the resulting force,
such as emafegiylsSupphd 8¢, hoaRnbeqasitialsed & @0 yisbehikidagd dﬁ@;ﬂfeka@ﬁﬁ,@:ﬂ@bﬂg
force detecting systemis generally denot ed %Oas 295. Upon operati ng
t he measuggepts. system 290, the probe 291 may be brought into mechani cal
contact with the contact elenent 210 at a predefined position, i.e., at a
predefi ned position corresponding to the X direction. For contacting the

el emrent 210, a 25predefined defornation or indentation may be created, as
is, for instan |nd|cated <ﬁ§ whi ch may be nonitored bé@the system
295. Ther eaf t et O*flw l0gGyaiuath D9 Angrasnisid PEREr Nﬁétoéalus%%h@l%mbé w240 %t er al
movenent, for |nstance al ong a predefined distance, as for instance

i ndPcat edlllbﬁ}btlmmblmatmg 2P enaydrerpspdedivigel mee bakppropartesconiigurdbst aed,
vertical force may be detected by 293 and the vertical position may be

det ect ed foyex28mechitdiewes)yingivohiidy nght sihgkrdhizonelwhth 21 espeettr foapply
deformati on of the contact el ement 210. Furthernore, the current position

in the X-@i¢iReichOBirHRYinb e Ridd P58 s Dy s B¢ nomhi i@xﬂ%nﬁ)ﬁe Lﬁ@rﬁ‘?&a&u@ﬁcﬁthe

force required for initiating the latéral novenent in X-direction may
be nmonito Y ) al.n, Iy f I iLon may be
caused | npRs EanPay U PRRIERS, Yon et Lidho %ﬁ?—a@atd&wﬁw%’i dnnch

stress in th ielectri ereb creati n area of
conpressﬁygngFfé%EwﬁgﬁB’bt&vﬁﬁxgﬁdéﬁb mﬂh%pgﬁgﬁﬁﬁﬂngid'gﬁglﬁﬁxbﬁ%aﬂF¥ection
of nmovenment, while a tensjile stress area 2521' may be generated on the
oppBsi t e &irhle, anwpiadyitignywl 4 responsefof iteq srstany 280 gn ta medlanios] siews applied | ead
to the formation of a crack 252C in imedi ate proximty to the contact

el ement 240hin| the sheashdnizet appreec 2. ednt that gmiasiipesyvilows], ytheinseassadnt t he
mechani cal stress in the layer 252 nay 15 depend on the entire

confi gur ajykem 20 hiecamebideld gabd D9, syhsdheit?2Prese®t o MadhanitAreld&l anee;, the
occurrence of the crack 252C may thus refl'ect the nechanical status of the

met al | i zafdoRiprais) @fﬁl@%g)n@§ 58 ANl & acf@@&ﬂb& thd BRaRGEHI 6, eNEe; ﬁfc%ntdh 1 CT ack

252C may be significantly deternlne e nechanlcar status o e system

ﬁé?aﬂ’]?z%?g%% %jis n?lc%avczgé agbafo‘{;ﬁﬁt%’llp, r[rcﬁcuq Qtlm(t:,a}:)lqun(g n qslm oF a%ufn];(%rdent

.

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 ol 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

2
i

corresponding force required for contacting the element 210 may be monitored on the



20 Figure 2b schematically illustrates a graph indicating neasurenent
results in a schemati c manner, which may be obtained fromthe system 294
determning at least the |ateral force conponent Fx. As illustrated, the
vertical axis may describe this force conponent, for instance obtained on

t he basi sbafis sévgpaprigt fihee eptsofOnRE IRenigQeicatd nbtddhg oy | 2004, ahe axi s
represents the distance along the X direction, indicated as AX, i.e., the

magni t ude pRfper@liahhy 81EPLLARDIRAL AL NEE P @loﬁmQQh@%S(ili?ecﬁBn Lhe 2B¥Rt&Me394: As
indicated, the force required for initiating the relative notion AX may

qui ckly r ilﬁ)%itbpthg?- R4 ‘?AL%{XQ)' %rlo obtair lel’sl‘ guﬁeq{j mg\%{nénr[]ieln'h?l (ﬁwcé g.ecr case
W th increasing i stance . For exanﬁﬁe? £he TV DS P ACEY n Fi gure
2b may represent the netallization system 220 having a state 5that may be
considered as a valid nechani cal state. Fi gure 2e, on the other
hand, represents the curve or curves of the lateral force conmponents for a
netal | i zati on Syl Smompasuigiicah seem 208 vieys¢hprisdef oeshanison294. orhighst ance
in the formof the crack 252C, nmy take place. As indicated, a significant
dr op may be appropriately configured so as to generate a relative motion between the
semiconductor device 200 and the probe 291. For example, any movable stage or
substrate holder which may allow a controlled movement at least in a direction indicated
by X, i.e., in Figure 2a, the horizontal direction, may be used in order to induce a relative
10 motion of several micrometers, thereby inducing a certain mechanical stress in the
contact element 210 and thus within the metallization system 220. [n other cases, the
probe 291 may be configured to enable a movement in the X direction while the device
200 may be firmly attached to a substrate holder. Consequently, any known mechanical
components and systems for establishing a relative motion within the range of
15 approximately 0-100 um may be used for the component 294. Furthermore, the
measurement system 290 is configured to determine a force component in the X
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 2935,

Upon operating the measurement system 290, the probe 291 may be brought into
mechanical contact with the contact element 210 at a predefined position, /e, at a

predefined position corresponding to the X direction. For contacting the element 210, a

]
W

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



10 of the lateral force conponent Ex may be identified at a certain small
range of relative notion AX, thereby clearly indicating the occurrence of
the crack 252C. Consequently, on the basis of a plurality of measurenent
curves, appropriate reference data may be established so as to define a

desired qéanthichthaebe hidnebi@nbyf ele gvahtiadi nankhenseahagiseal 264 al5 @f a
nmetal lization system of sem conductor devices. For exanple, a critical

force 15nRyihedisdantd fies glanrrlergl%eggflﬁﬁ’&%ilﬁeinﬁ 5 ARG Qf (%é)rﬁ{ %gﬁelgc),( g@%ﬁdgﬁé\ﬁ]cgm%: ﬁh

may thus indicate a vall I zat1on system o oo L
Figures 2p and 2c, a corresponding desired critical force may be identifie
Wi '? hin a Oéﬁlésga%f: 1%&“%?‘%@' 1‘&92815‘11%@, B LOMgGRORHINgGE G erd RREaIRG thdesisdndar y

for valid netallization systens, as |long as a correspondi ng nmeasur enent
resul t i sVebe éoige s rbestsirrdichly 891 aidk ke vesicekpositionshaybd dbiecte@0y 2953,
appreci ated, however, that any other appropriate correlations and criteria
maysbe esthaisby pheddiog infbendasi sitbteshlie trechaningédn oespeosacflehdie 210,
metal lizati on system 220 with respect to the mechanical stress conditions

i nduced byuiteemsRagr@ment p&yHdem ROX-dir&FORM B b RofRd e by DYNPELiL Rer eby
i nduci ng an increased nmechanical stress in the'netallization system 220 for

oLherd oenl denkieal \EBRAT GIERL SONMLLgNS, ecATRlthed b0 Ksgace, (he

resul ting eval uation t he "nechani ca a ) I"onal |
in i | i i,on SE?”B in ich solder b are provided instea
margin | nmertr)? E(? llnonﬁc%"[ed %y 23X onsequently, a certain degree oy g@fgl‘matlonenay be caused

of netal
in the contact element 210, which may also result in mechanical stress in the dielectric
10 layer 252, thereby creating an area of compressive stress 252B at the side of the element
210 facing the direction of movement, while a tensile stress area 2527 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. 1t 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 2352C may be
significantly determined by the mechanical status of the system 220 and may thus occur
at dilferent 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 Fyx. As illustrated, the vertical axis may describe this force

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

o]
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the horizontal axis represents the distance along the X direction, indicated as AX, i.¢., the

3]



5 pillars. Furthernmore, by providing a netal pillar as the contact el enent
210, a very well-defined surface for being contacted by the probe 291 nmay
be provided, while also a reduced degree of defornmation may be caused by

the vertical force F7. Figure 2d schematically illustrates the neasurenent

syst em 29Qiaagic@tediMelatioe mbQok Ubkben ohlthaisidiabi e 5?&1@9@'9@'90\?35111&163[%%8@ in
addition to the probe 291 and the correspondi ng nechanlsn1(not shown) for

oper ati ngglfe Joni enmen f.or

hst ance {(&& hc@[lﬁ?t?i&%?ﬂ’h&ﬁnmﬁ tgig{ltge]glr%?xiugghﬂg%gh&g troot};]o%% Wi@%’ beam
detector 297 and a nmonitor or control unit 298 may be provided. For

exanpl e, YHECTCHMPBRENNS SloV)y doseartyVitle hicsseng chstp%ﬁqé&gf Borssrairenq. the
configured to 15 perform el ectron m croscopy, which, in sone illustrative
enbodinen@syeﬂhwubeddpéMaweabumgneappiwkm@nmhéwmmﬁh@mkmaazghﬁﬂsga&Qmihe
metal li zati on system 220. Consequently, additional information with respect
to pateriabht shegbhadaidi@ncdnt dang mhdckenibBYtdae obtained fromthe system 220,
preferably in the vicinity of the contact el enent 210 by using the
nonitoring system 297, 298. For exanple, the occurrence of any cracks may
be reliably detected on the basis of electron mcroscopy so that
correspondi ng gata o btal ed fr he system 298 may be u

est abl i shi ng aﬁlbé{bepr o }rnl L[Fb??lé(% éf’?‘&%‘“n& PResLR et ‘H)e/uﬁ’é‘ish%{n‘??:é‘}“’% { e
applied to the co éact elenent 210 and the correspondi ng mechani ca
response GIMRUENSYSF drinppfizatigt sxpien 220t indubich g, ireayaisi bt Wetosmetie, 1fgr
continuous material nodifications nay be observed by the neasurenent system
290 upon @pipnhed mgheSreceiahi cakk S62@sway tike pdicsy Stsamii2@0d, ssighifitdatdrap
correlation with a desired fine resolution wth respect to a certain

chad act erofsihi datofal thee syaparmP 2 nmybdlcasliabdl stedin hasll kgt VTGt
variation in material density in the vicinity of the contact el enent 210

may be deﬁ}@ﬁ&?ﬁ)@ﬂ% Yo108] X%ﬁ@lgwt%g[ gogﬂgr| -l bpﬂlcograékkﬁﬁc@% ﬁ@éntl esponse

of the systen1 respect to I ed nechani cal” sti S provided

by the rob e schemati cal | st rat t he

ngasuregé%} E@%ﬁ&h?5@@hﬁ@85FHqH§$PB“FﬂPfﬂ%?&ﬁwp W&TF@E %ﬂ?ﬁ@ﬁﬂ§ in

which, in addition to or alternatlvely to a pure nechanical indication,

such as asfakfighes sorasrlpslefipppdnuimd amenlighveriieripn doipyeklirtng thavigetiaicased as

a paraneter for indicating the state of the system 220. In the enbodi nent
state of a metallization system of semiconductor devices. For example, a critical force

L5 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
tun, 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 o the mechanical stress conditions induced by the measurement system 290,

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

J O]
L

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



10 shown, the probe 291 may conprise an electrically conductive probe tip
291 A that is in contact wwth the el enent 210. Moreover, the contact el enent
210 may be electrically connected to any type of conductive region 222,
such as a contact pad, a contact elenent simlar to the elenment 210, and
the 1ike, cothpared eondult inenmRatiierdRl iRet@bl 45 heteadd Bidnihe ®tal i 2@t i on
system 220. Furthernore, the neasurenent system 290 may conprise an

15el ect r o prAR6n %)%%c%q £ '[’&h)Ll@@%isl%%i%@aﬁ%&ashﬁn%np #Hd?t?(}ns,v\gottﬂatt QI? in
conductive region 727. Consequently, en mnmec ?nlﬁa y stres;bng ?' I
contact e ] 10, the nechani cal  response of the system 220 nm) nal |y
resul t inhﬁyg%été%fe?%?mﬁFgﬁ%ﬁgﬂdﬁfﬁé1 %ﬁﬁ“?ﬁfFuWhP@ﬁlﬁﬁvg; %sﬂﬁgxﬂéiected
by the neasutenent_ﬁrsten1290. For exanple, an increase in resistance or a
conpl et e TBAE NERlRIeN Rysiens Hetieh seldapbympedisanrrided ynsradstiragel ng t he
system 220. In this manner, also a paraneter value or a value range may be
used as aPitlpist ifethepararstigevitlog sevalalpillang thheonred lkkmianal | & tatuswelt- t he
metal |'i zati on system 220. It should be appreciated that other electrical

par anet er delimay shefaees &d, bestic borascithdy e eh@et 19 Icnahakagbeidest Wes: ABY e
detected, which are correlated to the nechanical stress applied to the

syst em 22Qduded RO off LibMehi@dd ey BORALLIBNNS vel Q) 1%&-&3{%' cal probes may be
provi ded, independently fromthe probe 291, so as to determ ne an

el ectrical property, such as resistance, capacitance and the |ike, between
correspondi ng contact elenents, the 5 electrical response of which may be

i nfluenced by ﬁhe‘ h@nicaj ﬁtt ss‘inplied via the contact el ement 210.
For exanple, t Suﬁgﬁfﬁ Rl %bﬁﬁﬁﬁﬁﬁé1%P“66PfW6W$$ﬁEV1QQOHHEWQéﬁC@U by
the mechapi cal stress and the capacitive nodifications resulting therefrom
maylbe deigbeled ysiadedicadednaiedt r whigh, pr odiionnia HoutpreteqdPt iang thve probe
291 to be electrically conductive. 10
corresponding mechanism (not shown) for operating the probe 291, a monitoring system
may be implemented, for instance in the form of a probing beam, such as an electron
beam 296, beam detector 297 and a monitor or control unit 298 may be provided. For
example, the components 297, 298 may represent a part of a system configured to
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. Moteover, if desired, even substantially continuous material

modilications may be observed by the measurement system 290 upon applying

2
i

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

b2
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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 296B. The
acoustic energy 296B may be applied to the system 220 in the vicinity of

t he cont aetitheteepaentio Z1OertaMichivac@ysticlor e FREMAMI0ahhY RCELASBELDY Fhhe
probe 291. To this end, the system 290 nmay conprise an appropriate

transm tt gisldnecel \M@lréltlac)ﬁ)[ll tﬁ@t@Hzﬁtdeﬁsim‘ﬁrtﬁ’é’vﬁﬁwz@?’o{@1?@ JRYacfLEReRe YSK bc,
acoustic mcr OSCOpy tools and the Iik 1S acousti c ener ay,

{1 equonci cacriey bR il {53 *tﬁdﬁ%ﬁﬁ“Qﬁ%‘lzf&@@%ﬁiﬁﬁ%'pﬁés%' YRELEEh o

therefro ich may thu etected by the detector 297B. 70 For
exanpl e, nﬁwrhﬁﬁ%ﬂﬂeﬁ Byga%ﬁHM#ﬁ Y Wé?@gw E&t@%ﬁ@P%ﬁ @iz may be used,
and may thus be sensitive to changes in the surface of the system 220 and

alsé to a certain degree in the depth of the system 220, thereby enabling
determ ning one or nore characteristics of the system 220. For exanple, the
formation of ahigucr delsshabatanilly nidastratehehs undaceneht thees ySDemcdRhdray be
efficiently detected on the basis of acoustic nmechanisms, for instance, by

provi di ngfusther tilhwidarias euivddpinee s andoianal xeing the: a[teﬁ{ah@& eg ylptu;@sound
pul ses. By providing the conponent 29713 in i mediate vicin y to the

el enent 2l:119¢hdllﬂ,ap§{dtld'lﬁw’l asructhlE AGK3, BN %gohﬂ&{& il & !‘ﬂh% ar %i{eh NS been
caused in the vicinit l'enent 2 o mechani ¢ reSS|n
dielectric nateria S) 0. For e copponent. 29713 nay
be nechan? é??tm%%ﬁgagﬁiﬁﬁ?hxéﬁﬁp%ﬁﬁ @@fﬂé %Sﬁﬁ§n@%5 Tpdhyr g W&“§“bart
th?he t her eby autonmti cal l approprlately allgnlng t he conmponent 29713

t he Hou4, §F F?IHP‘e?%%tm&WO‘PHéS%@t e sl emdygisteatipbobp 2PhA dhaids in
illustrative enbodi nents (not shown), the conponent 29713 nay be
i ndi vi duagdinjacs peindd GdonosS 18 p‘dmteiotzm', dfe ¢dmgacs yitremt 220 mayhisr elbytricalor easi ng
the region of interest for obtaining information on any nodifications of
t he net alddnnatiedo aysiypavPaMhdudtiv@ rExlbh NET MG as 8Sodidipadt Lebntatk bleARANi C
sound of high frequencies may require a nnderately dense nedi um f or

conveyi ngifer Acas slehenENa, d)d Qf%tli’ffe‘e@la arl%nﬁf?c gﬁf?lt’)ﬁgc%ﬁbﬁ%tdtvbﬁnﬁm Lem
220. In this case, an appropriate |iquid, suc s water, may be applied,

for inst n as; t tain appro e neasur enent
COﬂdItIOﬁg&g bgn@héﬁﬁ?+rggt?gg?%ggaﬁgh%qwgm?unmyﬁgﬁggﬁg@ﬁg it “O8E Y apply
acoust i ner ctI 15 via the probe 291 to the contact el enent
g and ﬁﬂﬁgcﬁ %élgégiéﬂ¥l b nay) BF%%P‘E%%é%“m@h@“%éW%bWé%%“?@?B“Way be
dlrectly coupled to the surface 220 so as to excite the surface on the
basi s of 44 r asenicaugiilys eghennivgdsbaricalbauiiessiny dhy cvddict | Oeaenti A @r Wedi at e
medi um Figure 2g schematically illustrates the nmeasurenent system
290 accorméubgnicel @rpanst v theatystem Efbody mently resulttin ahconter fykitenmrz9haray be
configured to establish specific environmental conditions 299, for instance

by i mrer sjartg22 ?J]Q’\fm(ﬂpbl@f/ 20% rdicbhe bRh@ldehddbhan s$3ehem23Q; LRI dnl qui d,
such as water and the like, while, in other cases, other environnental

condi ti onge. R RE EShARI I, 42&91] ﬂl{:;lg (,Bﬁiattofamu%f ma@%%%@&'égdttﬁﬁﬁ%h@ Wil

25pressure, humdity and t or exa ressures or

a uid
id q stressing the system 220. I[n 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.

[t 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



mediumin the environment 299, a global determnation of a state of the
netallization system 220 may be acconplished, for instance, by ultrasonic
probing of the sem conductor device, thereby obtaining information in a
nore gl obal manner, which nmay thus al so be used as an indication of the

response oilethie dhatichiszat ihen bs yisteed 2 Qichand cdifusic@fo iHesmemahian ¢aks

st at us. Figure 2h schematically illustrates the measurement system
290 accorﬁlﬂ?lgdtt@ilﬁr&yktmuﬁf()r &yl G S NRQAIE Ry, b 1¥<\,Aﬂ Clvd BEcpL qf? lge y be
configured and contfolled so as to substantially pfovide the era. force

conponent o} a vertical, faorce conponent.
Fo?pexarer(gb( o Wﬁiﬂ %{“ e ntty héoq?)?lb ggbgé ﬁrﬁ?/ BHE K gd%{B]t”é"d‘mt %}GTLH%‘l SHASEY of t he
contact el efrent 210 so as.to obtain | ar ge two-di nensi onal contact area,

t her eby VB dr S SR AR idrifatix KorhOVaen CRECTURT A8 CORREIARCIDS O1c
Cbnsequently, the resulting force response of the contact elenent 210 may
eveh nor eclptided! sedpynisorireipontytie nHecrved hanhcakcrespbsisess ahplidievia the
netal li zati on system 220 as a whole. 15 Figure 2i schematically

i Il ustratesudcheleneas Gl @ et SysipeN ROQap Mewhics hwbh@npiabe p@9ibnimayhave any
appropriate configuration so as to grasp the contact el ement 210, which may

thus al | owragRky bpghaméchyRel SfesiRahan c%ﬁﬁmﬁ@d’ﬁ%&hc&'rlﬁl@Iéssult‘ir{oatﬂ§ ﬁ fmonal
forces, torque forces or any conbination thereof. Mreover, In addition to

down for C?ﬁ bg%% : Elquf & &%cdrr@%ct%c%lo 1l8&5f B\Rtloﬁt I’CQUW%FE% ¢ POb%VjéqrtOg%?anpl e,

superi or fexi bi y 1I"'n desi gni ng at at egi es

t he prob % ] a tmeezer-llke conflguratlon for exanpl e conprising
a pIuraI|?V:5giyﬁ8F®f§u conponents 291E, 291F which may be operated so as

to firmy enclose the contact el enent 210 and thus all ow the desired
me¢Hani cal stinulus to be applied to the contact elenent 210.

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 encrgy 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 lransmitter/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 2978.

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



95 As a result, the present disclosure provides measurenent
systens and neasurenent strategies in which the nmechanical status of a
conplex netal lization system nmay be eval uated by providing a nechani cal
stimulus to an individual chip contact el enent and by determ ning at | east

one par anefiettel alioh@l p@sParmnpbeididd @t chb&pofent DAV &Y ln\a’z%(,@lfeﬂct\h@ingﬁhani cal
response of the netallization systen1to t he mechani cal stinmul us I nce the

correspong. Qﬂn‘i@ﬁ hap &8s RLILSSaARRY 1y%1 it0n dﬁfﬂ.% MRkl 4 1JH7' m\’e%u§é g&'\ Jray be

created with hig preC|S|on and 1n repro uci bl'e nman stan i zed test

rocedure and crlter abli,s
gff|C|ent§%v mlILflon ?k?ﬁﬁt 5a%5t gﬁ* VE?HﬁgCﬁg%dﬁWhgfé“Lwﬁpgﬁﬂgyah%he
test procedure strat |es may be 10 readily correlated with
seni condudtlm §e@| 85 Wfﬁnﬁ &r lhé(?mafdvah%%’/‘cﬁ ﬁﬁﬁdﬁd&%@&wmgl seaped withdhe when
packaged, thereby provi di ng additional information about the effects of the
nechan|caW0§¢é@ugmdfm@héhmmﬂak$m2axp@ht@y@ﬂeﬁwamyhhémnEMMabumpumuamhfe time
and the |like of the packaged sem conductor device. For exanple, the thernmal
stress i ndigned; dhardongohbhie 9FBraith dre @éa bhntpackaged rsemicapdueian 2devi ce
may be correlated to the nmechanical response of the nmetallization system

obt ai ned Bysth&raIIBASHE %H%Bﬁurﬁﬂsa(h@@h%@ng'tﬁ@b’(ﬁﬁﬁ(ﬂqgﬁp% nﬁ? bk hddivialiQly
instance, a plurality of paraneters may be establi shed respect to t he

rel evance; Qllrf'?crde%clu?sg' l 0t1¥01 thhe s&?%ﬁirﬁ() LT cbgefnctﬁzﬁﬂllggthe 1%?811 8Fert]c§t§st {glISd osed

above are | rative on e T nvent

practiced i dbffefent but eqU|valgﬁg manner s &p argag to those skilled in
Phe art  HARUFARE: HRCBEALET 1 obf MohdeCL LRGSO hete] M BRarpHEn LAl
process ste s set forth above nmay be performed in a different order.

Ful'? her mofusthepsore; # indicpisAsularenicrivertiechish fehecngiss aldyseafirconstyraichi on or
desi gn herein shown, other than as described in the clains below. It is
thereforekmvidedhmlﬁHUxmh@dmaﬂmkmumamcma@gdmnmnmshdbsmbmsmd29U®mﬁdMay be
altered or nodified and all such variations are considered w thin the scope

and spiridysefn the iinvent ¢es. aPesnbeingliuid hacPaotagsl dmyspuaphliderai n is
as set forth in the clains bel ow
instance in a local manner, so as to obtain appropriate measurement conditions. In other
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
lustrative 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,

i~
U

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



CLAI M5 WHAT | S CLAI MED: A net hod, conprising: 5inducing nmechanical stress
in a dielectric material of a netallization system of a sem conductor

devi ce by applying a nechanical force to an individual chip contact el enent
formed in said netallization system and extendi ng above a surface of said
di el ectri metthfeld &le; cr@nment 299, a global @ADL BY adkaid 608 QBGI l%ﬁ@{mt er
val ue indicative of a response of said 10dielectric material to said

i nduced ”?y%%ﬁ” 173 nﬁ&f 55 - acdIRpIMRENO G OfinGhAleM y - WARLGLN St S, ChYi Rpeont act

elenent is a | ead-f

semiconductor device, thereby obtaining information in a more global manner, which
may thus also be used as an indication of the response of the metallization system 220

and thus of its mechanical status.

L

Figure 2h schematically illustrates the measurement system 290 according to an
tllustrative embodiment in which the probe 291 may be configured and controlled so as
to substantially provide the lateral force component Fx without requiring a signiticant

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.

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

probe 291 may have any appropriate configuration so as to grasp the contact clement

210, which may thus allow applying any type of mechanical stress, such as transiational

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.

2
wn



sol der bunp. 153. The nmethod of claim 1, wherein said chip contact el enent

Is a nmetal pillar. 4. The nethod of claim1l, wherein said netal pillar

conpri ses copper. 205. The method of claim1, wherein determning at |east
one paraneter value indicative of a response of said dielectric materi al
sai d i nduced nmeehanirealt, Stheepsese@MaiscBRse MRS Mgkadurbh@B: PyOgRESThen of

at

10

[

2

[
w

| east one nechanical force acting on said chip contact el enent and

associ at i REasdded] BNQINLIHIN 1 hitcRantlAtuf ofa dofbRikerbli i erial.
25 portion of said surface.

5

0

system may be evaluated by providing a mechanical stimulus to an individual chip
contact element and by determining at least one parameter value for a parameter that is
indicative of the mechanical response of the metallization system to the mechanical
stimulus. Since the corresponding mechanical stress applied to the metallization 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
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
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 o

the relevance on reliability and lifetime.

The particular embodiments disclosed above are iflustrative only, as the invention
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. [t is therefore evident that the particular embodiments disclosed

above may be altered or modified and all such variations are considered within the scope

to



7, The nmethod of claim®6, wherein determning a state of a portion of said
S5surface conprises searching for a crack in said portion. 8. The

met hod of claim 1, wherein determ ning at | east one paraneter val ue

i ndi cative of a response of said dielectric material to said induced
mechani cahndtidssl the inventio@NPIdcsRBn@PRhY iph@eALMURLILIR [REEH &Y ad G S&iUd in

netal lization system and detecting a reflected 10acoustic energy obtained
from sai dyyet.ahkihg@ati on system 9. The method of claim1, wherein
determ ning at | east one paraneter value indicative of a response of said
dielectric material to said induced nechanical stress conprises determ ning
at least one electric property of said netallization system when 15appl ying
sai d nechanical force to said chip contact el enment. 10. The met hod
of claim9, wherein determining at | east one electric property of said
metal li zati on system conprises contacting said chip contact el ement by an
electrically conductive probe and establishing a current flow through said
chi p contact



20el enent . 11. The method of claiml, wherein determ ning at |east
one paraneter value indicative of a response of said dielectric nmaterial to
sai d i nduced nmechani cal stress conprises nonitoring at |east a portion of
said dielectric material by electron mcroscopy when inducing said
mechani cal stress. 12. The mathaevief claim 1, further conprising
assessing a nechanical stability of sard netallization systemby using said
at | east Q@ﬁAﬁﬂE@@Eﬁﬁ&g&?Jue- A met hod, conprising: 1l0determning a
critical force required to create a non-reversi ble deformation of a
dielectric material of a netallization systemof a sem conductor device by
applying a force to a chip contact elenent formed in said netallization
system and using, said critical force so as to assess a
mechani cal st abi | it { 'Bfthehi @OREEHE] i zati on 15system 14. The met hod

of claim13 wherein applying a force to said chip contact i
5 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

10 dielectric material to said induced mechanical stress.

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

solder bump.

15 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.

20 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 [east one mechanical force acting on said
chip contact element and associating said time progression with a state of said diclectric
material.

25



el ement conprises applying at least a lateral force conponent so as to

i nduce tensile and conpressive stress in a dielectric material provided

| aterally adjacent to said chip contact el enment. 15. The met hod of
claim 13, wherein said force is applied individually to said chip contact

el ement . 6.  16he Thehsetohathief 1¢|f@itmrlé&mpriiidabee@ARe 8istde of a
determ ning at | east one nmaterial property of said dielectric material when
appl yi ng sairdnfoptagsti@csai d chip contact el ement. 17. The method of
claim 16, wherein determning said at | east one material property conprises
exposing at least a portion of said netallization systemto at |east one of
an el ectron beam and acoustic energy and detecting a response of sa}d at

| east a portiop of id tallization systemtq said at | east one_ of an
electronpbean12nd aigﬁgFﬂgﬂéﬁé#@9¥Gdﬁhm%ul“*WTBW“$Hé“W%956@OHﬁ“b¢%ﬁ%ﬁ 13,
further conprising determning at |east one electric property of said

net al | i zab§r6Ke sYEpaTps aearalting hplaydirany i aid foslice to sai d chip contact

el enent. 1519. A neasurenent system conpri sing:

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

10 acoustic energy obtained from said metallization system.

9. The method of claim 1, wherein determining at feast one parameter value
indicative of a response of said diclectric material to said induced mechanical stress

comprises determining at least one electric property of said metallization system when

15 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

20 element.

Wl



a probe configured to individually apply a force to a chip contact el enent
formed in a netallization systemof a sem conductor device; and a
detection systemconfigured to provide at | east one paraneter val ue

i ndi cative of a nechanical response of said netallization systemto said

force 20applied|to $B¢ the@ttid RNkALwWIRIETERE:m AT g IBARUS LAREL: SME em of
claim19, wherein said at | east one paraneter value is a nmagnitude of a

lateral fopganacti @1\?\}{%9 Raid &b Hieﬁ%mca&giteﬁlapma@iid i?&?ceJ rh‘?uﬂﬁﬁ%édr&%@pt
system of claim 20 wherein said at |east one paraneter value cCOnprises at

N i gnal_val ue, an.inage of an el.ectron. m croscope
| east Onec&fz}?r?fls%s %%%ngltxhg atslle *t% pm‘t?onuoef S&i% ci1electhc matenapby electron microscopy P
and an el ectfic signal.

when inducing said mechanical stress.

12, The method of claim 1, further comprising assessing a mechanical

stability of said metallization system by using said at least one parameter value.

13. A method, comprising:

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

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

13 system.

14, The method of claim 13, wherein applying a force to said chip contact
element comprises applying at least a lateral force component so as to induce tensile and
compressive stress in a dielectric material provided laterally adjacent to said chip contact

20 element,

15, The method of claim 13, wherein said force is applied individually to said

chip contact element.
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16.  The method of claim 13, [urther comprising determining at least one
material property of said dielectric material when applying said force to said chip contact

element.

7. The method of claim {6, 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 metaflization system to said at least one of an electron beam and acoustic

energy.

8. The method of claim 13, further comprising determining at {cast one
electric property of said metallization system after applying said force to said chip

contact element.

19. A measurement system, comprising:

a probe configured to individually apply a force to a chip contact element formed
in a metallization system of a semiconductor device; and

a detection system configured to provide at least one parameter value indicative
of a mechanical response of said metallization system to said force

applied to said chip contact element.

20. The measurement system of claim 19, wherein said al [east one parameter

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

(V5]
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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,



