| NTERCONNECT STRUCTURE FOR A SEM CONDUCTOR DEVI CE AND RELATED METHOD
OF MANUFACTURE TECHNI CAL FI ELD [ 0001] Enbodi nents of the subject
matter described herein relate generally to interconnect structures
sui t abl e fwo 2u8@11981t h seni conduct or devi ces. More par pewud2arloyisot
enbodi ments of the subject matter relate to resilient stress
absorbers for sem conductor device interconnect structures.
BACKGROUND [ 0002] The prior art includes a variety of techniques and

i nt erconnect structures for connecting sem conductor chips to circuit
boards, other devices, substrates, etc. For exanple, solder beads are
often used to connect flip chips to external circuitry. Such sol der
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f or med from | ead or lead alloy. Recently, silver has been used to
replace lead to | essen any inpact_ of discarded chips on the
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circuitry using reflow techniques.

BACKGROUND

[0002] The prior art includes a variety of techniques and interconnect
structures for connecting semiconductor chips to circuit boards, other devices,
substrates, etc. For example, solder beads are often used to connect flip chips
to external circuitry. Such solder beads arc typically disposed in a conductive
recess or terminal of the flip chip and reflowed to form a bead for connecting
to external devices, such as a circuit board. Such solder beads are typically
formed from lead or lead alloy. Recently, silver has been used to replace lead
to lessen any impact of discarded chips on the cnvironment,

[0003]  Another process for forming solder connections is the creation of a
pillar interconnect with a solder bead formed atop the pillar interconnect. The
pillar interconnect is typically disposed over a contact pad of the
semiconductor device and extends upward. An array of such pillar
interconnects can be fabricated with a very small pitch to accommodate high
density applications. The solder beads of the array can then be coupled to the
external circuitry using reflow techniques.

[0004] When using pillar interconnects, any force imparted by the external
circuitry is transmitted to thc pillar intcrconnects, In turn, the pillar
interconnects transmit the force to the semiconductor device at the coupling
site between the pillar interconnect and the device. As compared to solder

beads disposed dircetly in the chip (using conventional techniques), the pillar




100041When using pillar interconnects, any force inparted by the
external circuitry is transmtted to the pillar interconnects.In
turn, the pillar interconnects transmt the force to the

sem conductvarzethenioge at the coupling site between the pgiriusamiosn27set

i nt erconnect and the device. As conpared to sol der beads di sposed
directly in the chip (using conventional techniques), the pillar

I nterconnects have a narrower base, resulting in a greater stress
bei ng i nparted on the sem conductor device. The resulting strain can
mani fest itself in q&;i%d undesirqple 'S, . such as cr%qkin or
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cavity, the electrically-conductive platform having a perineter
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cappi ng portion atop the perinet gigReheiardnd a cushioning nateri al
di sposed in the cavity.
[0005] A semiconductor device having a device substrate is provided. The

semiconductor device comprises an clectrically-conductive pad formed
overlying the device substrate, an clectrically-conductive platform formed
overlying the electrically-conductive pad and enclosing a cavity, the
electrically-conductive platform having a perimeter portion extending away
from the electrically-conductive pad and a capping portion atop the perimcter
portion, and a cushioning material disposed in the cavity.

[0006] A semiconductor device structure having a device substrate is
provided also. The scmiconductor device structure comprises an clectrically-
conductive contact pad formed overlying the device substrate, a resilient block
disposed on the contact pad, the resilient block adapted to elastically deform in
response to a force, an electrically-conductive platform substantially
surrounding the resilient block, the platform coupled to the resilient block and
clectrically coupled to the contact pad, an clectrically-conductive pillar
interconnect disposed above, and electrically coupled to, the platform, the
pillar interconnect extending to a termination end, and a solder bead formed
on the termination end.

[0007] A method of forming a contact platform for a device substrate is
also provided. The method comprises providing a semiconductor device
structure having an electrically-conductive contact element, a passivation layer
atop the electrically-conductive contact clement, and a recess extending
through the passivation layer and terminating at the electrically-conductive
contact element, at least partially filling the recess with a resilient material,
resulting in a filled recess, selectively removing a portion of the resilient

matcrial from the filicd recess to form a resilient pad positioned in the recess,



[ 0006] A sem conductor device structure having a device substrate is
provi ded al so. The sem conductor device structure conprises an

el ectrically-conductive contact pad fornmed overlying the device
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resilient block adapted to elastically deformin response to a force,
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may be [0010] FIG. 1 is a perspective view of an embodiment of a semiconductor
device having a group of stress-absorbing interconnect structures;

[0011] FIG. 2 is a perspective view of an interconncct structure having a
resilient stress absorber;

[0012} FIG, 3 is a cross-sectional view of the interconnect structure of
FIG. 2;

[0013] FIG. 4 is a top vicw of the interconnect structure of FIG. 2;

[0014] FIGS, 5-14 are cross sectional views that illustrate the formation of
an exemplary interconnect structure that includes a resilient stress absorber;
and

[0015] FIG. 15 is a cross sectional view of the interconnect structure, after

formation of the resilient stress absorber.

DETAILED DESCRIPTION
[0016] The following detailed description is merely illustrative in nature

and is not intended to limit the embodiments of the subject matter or the



derived by referring to the detail ed description and cl ai ns when
considered in conjunction wwth the followng figures, wherein |ike
reference nunbers refer to simlar elenents throughout the figures.
[ 0010] FI Gwo 21e1@092er specti ve view of an enbodi ment ofcraus2010/027591
sem conduct or device having a group of stress-absorbing interconnect
structures; [0011]FIG 2 is a perspective view of an interconnect
structure having a resilient stress absorber; [0012]FIG 3 is a
cross-sectional view of the interconnect structure of FIG 2;

[0013]FIG 4 is top view of the interconnect structure of FI 2;
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resilient stress absorber; and ) ) _
implementation described hercin as cxemplary is not nceessarily to be
construed as preferred or advantageous over other implementations.
Furthermore, there is no intention to be bound by any expressed or implied
theory presented in the preceding technical field, background, brief summary
or the following detailed description,
[0017] “Coupled” — The following description refers to elements or nodes
or features being “coupled” together. As used herein, unless expressly stated
otherwise, “coupled” means that one element/node/feature is directly or
indirectly joined to (or directly or indirectly communicates with) another
element/node/feature, and does not necessarily connect a direct mechanical
connection. Coupled elements/nodes/features are understood to exert mutual
influence on one another. Thus, although the schematic shown in FIG. 1
depicts one exemplary arrangement of elements, additional intervening
elements, devices, features, or components may be present in an embodiment
of the depicted subject matter.
[0018] “Adjust” — Some elements, components, and/or features are
described as being adjustable or adjusted.  As used herein, unless cxpressly
stated otherwise, “adjust” means to position, modify, alter, or dispose an
clement or component or portion thereof as suitable to the circumstance and
cmbodiment. In certain cascs, the clement or component, or portion thercof,
can remain in an unchanged position, state, and/or condition as a result of
adjustment, if appropriatc or desirable for the embodiment under the
circumstances. In some cascs, the clement or component can be altered,
changed, or modified to a new position, state, and/or condition as a result of
adjustment, if appropriate or desired.
[0019] “Inhibit” — As used herein, inhibit is uscd to describe a reducing or
minimizing effect. When a component or feature is described as inhibiting an
action, motion, or condition it may completely prevent the result or outcome

or future state completely. Additionally, “inhibit” can also refer to a reduction




[0015]FIG 15 is a cross sectional view of the interconnect

structure, after formation of the resilient stress absorber.

DETAI LED DESCRI PTI ON [ 0016] The foll owi ng detail ed description is
merely il wistnativeg in nature and is not intended to pdmid2oioherse
enbodi nents of the subject matter or the application and uses of
such enbodi nents. As used herein, the word "exenpl ary" neans "serving
as an exanple, instance, or illustration.” Any inplenentation

descri bed herein as exenplary is not necessarily to be construed as
preferred or advantageous over other inplenentations. Furthernore,
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Similarly, the terms “first”, “second”, and other such numerical terms
referring to structures do not imply a sequence or order unless clearly
indicated by the context.
[0021] For the sake of Dbrevity, conventional techniques related to
semiconductor device fabrication may not be described in detail herein.
Moreover, the various tasks and process steps described hercin may be
incorporated into a more comprehensive procedure or process having
additional steps or functionality not described in detail herein. In particular,
various steps in the manufacture of semiconductor bascd transistors arc well
known and so, in the interest of brevity, many conventional steps will only be
mentioned briefly herein or will be omitted entirely without providing the well
known process details.
[0022] The techniques and technologies described herein may be utilized
to fabricate interconnects for any number of semiconductor-based devices,
¢.g., transistor devices, diodes, switches, transmission lines, cte. Additionally,
the subject matter relates to controlled collapse chip connections, which are
often utilized with flip chips, and are included in descriptions of the
scmiconductor device structures presented below.
[6023] For semiconductor devices employing pillar interconnect
techniques, a resilient stress absorber, similar to a cushion or resilient pad, can

be positioned below the pillar interconnect to reduce the stress transmitted to




descri bed as being adjustable or adjusted. As used herein, unless
expressly stated otherw se, "adjust” neans to position, nodify,
alter, or dispose an el enent or conponent or portion thereof as
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position, state, and/or condition as a result of adjustnent, if
appropriate or desirable for the enbodi nent under the circunstances.
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channels of clectrical conductivity through which features of the
semiconductor device 50 can be operated by an external circuit board, for
example, Other devices can also be coupled to the semiconductor device 50,
as well.
[0025] Although a certain number of interconnect structures 60 are shown
for illustrative purposes, the exact number can vary between embodiments.
Additionally, a skilled practitioner in the art will recognize that additional
interconnect structures 60 can be present in various embodiments of the
scmiconductor device 50. Morcover, different concentrations, arrangements,
groupings, and shapes can be used for the interconnect structures 60, as
appropriate to the embodiments.
[0026] FIG. 2 illustratcs a detailed view of one interconnect structure 100,
The interconnect structure 100 comprises, among other clements, an
clectrically-conductive pillar interconnect 180 and a solder bead 190 atop the
pillar interconnect 180. The pillar interconnect 180 is preferably coupled to
the interconnect structure 100 at an electrically-conductive platform 160.
Other layers, features, and/or components can be present, surrounding the

pillar interconnect 180 and/or solder bead 190, but are omitted for clarity.



sem conductor device fabrication may not be described in detai
herein. Moreover, the various tasks and process steps descri bed
herein may be incorporated into a nore conprehensive procedure or
process hawigwoadmdkt i onal steps or functionality not ges@tiobee7ion
detail herein. In particular, various steps in the manufacture of
sem conduct or based transistors are well known and so, in the
interest of brevity, many conventional steps will only be nentioned
briefly herein or will be onmtted entirely wi thout providing t he wel |
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diclectric materials, conductive metal laycrs, cte. These different material
layers can be used to form active devices (e.g., transistors), electrical contacts,
interlayer connections, and other features that are commonly found in
semiconductor devices. For simplicity and casc of description, the detailed
features of device substrate 102 (which will vary from one device to another)
are not depicted in the figures.

[0029] The device substrate 102 may include a semiconductor material,
which can be processed using well known techniques and process steps (e.g.,
techniques and steps related to doping, photolithography and patterning,
cteching, material growth, matcrial deposition, surfuce planarization, and the
like), which will not be described in detail here. The device substrate 102 can
be realized using a silicon-on-insulator (SOI) substrate, where semiconductor

material is disposed on a layer of insulator material that, in turn, is supported



[ 0025f Al t hough a certain nunber of interconnect structures 60 are
shown for illustrative purposes, the exact nunber can vary between
enbodi nents. Additionally, a skilled practitioner in the art wll
recogni ze whadioadedst i onal i nterconnect structures 60 g@HudeIRERSENT
in various enbodi mrents of the sem conductor device 50. Mreover,

di fferent concentrations, arrangenents, groupings, and shapes can be
used for the interconnect structures 60, as appropriate to the

enbodi ments. [0026]FIG 2 illustrates a detailed view of one
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and the sol der bead 190. The el ectrically-conductive platform 160 can
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used herein, thgrdRaie oS URStdRtrRalA3dd, ERIESENEnReRAN hbRh &f ehe
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features and el enents, along wth associated el ectrical connections
and conduct i veclggtaeds-combictieaqaagll @ cant g agaipbtaesienuiss theapwca gatenaty
 nclude any nuglar offy LRl Bhid HLALEEE HRILLE!SosdlCloAs tiRver s
of sem conductor material, layers of dielectric materials, conductive
met al | ayers, dtdticalliigerdudiifef padehltd ¢matler foerhed evjrer snycdmirdsetenlyagiet o
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however, including aluminum and aluminum alloys, silver and silver alloys,

and so on. Although illustrated extending a certain length along the device
substrate 102, the exact dimensions of the electrically-conductive pad 110 can
vary between cmbodiments. Moreover, more than onc pillar interconnect 180
may be coupled to a single electrically-conductive pad 110,

[0032] The nitride layer 120 and the oxide layer 130 are located above the
clectrically-conductive pad 110, and swrround the perimeter portion 162, The
nitride layer 120 can be formed from any appropriate nitride compound,
including silicon nitrides. As explained in more detail below, the nitride layer

120 defines at least a portion of a recess such as the recess 132 containing the




[ 0029] The devi ce substrate 102 nmay include a sem conductor material,
whi ch can be processed using well known techni ques and process steps
(e.g., techniques and steps related to doping, photolithography and
pat t er ni ngyo @i@higag, material growm h, material deposiddrawszoisurrface

pl anari zation, and the like), which will not be described in detai
here. The device substrate 102 can be realized using a
silicon-on-insulator (SO) substrate, where sem conductor nmaterial is
di sposed on a |ayer of insulator material that, in turn, is supported
by a carrier wafer (not shomn%. In alternate enbodiments, thF devi ce
substrate 102 Yeiglyrauursdulmmdoh B ritdde lpves A 24 eadsreat @lopgt her
than an SO  sulstlcadi@allyl QRSRLvAINOLOR AR Sditcald Svobie plopeduah or
material may be enployed, for this enbodi nent the sem conduct or
material in deﬁ!ih%;%)%‘t%%?fr"h? mtcrepnesh pprcrerd0Q tha meigp layat B0 @n bewher e
the term"sil '@‘B%xﬂﬁ&t@? Lgdo-5008 Ads@RHnRIGRIBE NIt RrERCABRAREnE hecag@Ber al | y
nonocrystalline and refatively pure silicon materials typically used
in the senicondinoeropr thiskysasidgsireds wel | as silicon admi xed with other
el ements such er ' [ . |.\L . g N t he
devi ce substrJ?gygozngghﬁg%%%?Fggﬂgg% ﬁﬁ%ﬁ?°§§FFF€%?%&§3%?&%¥Lor t
| i ke. [0031] Arendliegtpdddakdnfergoidiecsthineeot plaechittitle layan! 25e Thay te@xide
overlying the devi r ln. oAl e
electricalIy-c%ﬁﬁd§§F%%Q%%H%%%ﬁggg$ﬁggggﬁg§ oh%%gﬁgfg% ég%gimﬁode,
port, or connegtridonayeniltl Bhc dhide japirel30 man de tforsted dowuuy $HP®pristad t he
el ectrically-conductive pad.110 represents an.electrical inerface
for the inter c%%ﬁ%ag’tsu kf?sfflc"’c‘lbcf’ a Oiﬁﬁ.or &o()rw%r%at%earﬁlgefhet%ied%qayer ok

el ectri cal | y- ciendapptdxieatgdad 46300500an AgstoreOnthiok] slegugin Morceithie
source, gate, or drain of a transispo&.?evjpg‘fqﬁned on ;p%.d vi ce
substrate 102.cTHIPEIRNEE R BF (GResy fREKT o2 Y B LRFPPHECH BT 8 d
usi ng any desigedifggahni que and/ or process. Preferably, the

el ectrically-conductive pad 110 copprjses a cqnductive netal .
material , suchm§§”purgm%8ﬁﬁ5rl%}a%fg6ﬁﬁe?Y%fU§9.“T1W@W as clectrical

el ectrical | y- coaiMeti WadHBLEE] AlhsudaRobRssikmaoh agced afl ill@ghaf@rmébe
enbodi nent, however, including alum num and al um num al | oys, silver
and silver al | gy&vergag bepregmt malifferens gRbpimgats ohthe dntergensaeisHrctye
certain | engt hy@l QngieLBe s GRLoAHRGE " Bh&s, L06%in EhsBxaRd Al BHgi ons
of the electrically-conductive pad 110 can vary between enbodi nents.
Mor eover, nor esinghaprsgrdiopildyeamhilnetbere erviage (B W% be coupled to a
single electri y- o1 | 104 A _ 120
and the oxide ﬁg§ir 1 qﬁ%%hr@ggggﬁ%%%gyéggﬁéhﬁpggP%?%%ﬁf?#@%ﬁ%uctive
pad 110, and sthe chamidaliyh@ngetiverpadet L0pofhd prilig@2Dlockhi0np docpide it ayer
120 can be forne ) [ i L i NG i ng

i 11 on i tri dogy KR ARRLARLMEL T LR BPTRANR KR

| ayer 120 def i memdabentsetistresdicpiorlodkold0af foaneddiesty suatl @lgcetido thecess

132 containi ngcltgcrt]r?caily—conductive pad 110. Preferably, the resilient block 140 is

he

composed of a material having linear elastic stress/strain mechanical
propertics. Thus, the resitient block 140 is suitably designed and configured to
maintain its undeformed shape (e.g., a rectangular block) in an unloaded state.
However, when a force is imparted to the 140, it can undergo elastic
deformation in rcsponsc to the force, and rcturns to its undeformed shape
when the force is removed. Accordingly, the resilient block 140 can absorb

stresses through clastic deformation, much like a spring or cushion.




el ectrically-conductive platform 160. The nitride |ayer 120 can
extend along the electrically-conductive pad 110 as far as desired to
work properly with other features of the interconnect structure 100.
The nitridey bayehesi20 can be approxi mately 4000- 5000 /#rgsbs@osséihi ck
In certain enbodinents, it can be thinner, or thicker, as desired.

[ 0033] The oxide layer 130 at |east partially overlies the nitride

| ayer 120, and is shaped to conformto the shape of the nitride |ayer
120. Thus, the oxide layer 130 preferably defines at |east a portion
of the same recess 132 as the nitride layer 120. The oxide | ayer 130
can be forned frEmiagy thppseidpitibiack AR 8y beatefengd gnasgscughiening BlgRK.oxi de,

or a lowk matgrhghin m?cngp(htg:@b mmingﬂe%&p&@nt &t RRAr oxi mat el y
4000- 5000 Angstrons % i'n certain enbodi nents, it can be

e oo e oy Bk issionbt HSicrden et temahdh
[0034] The ni t r@%-aé@@ rﬁ‘ﬂ]ﬁngo%ﬂ ﬁ?net RbSprdadi&an \?&lréé‘%aésof%:%%ﬁ cal

i nsul at ors. Itiona oug passi vation | ayers are

il lustrated, nOne soeh ﬁ)ewe@f anrlb!elbpﬁewé)nmlden anld foiderelbly, éwberdy nént s of
t he interconne ture f Thus,
certain enbodlﬁ%%ﬁ&mﬁg Eh @%Q)&%anaﬁéagggg?va(?%&gfgggggl§ﬁﬁ%§*oth
can have two otd4dnaneif d@@@@,&]ﬂhme@as 4 cmposp@sttuctm: mvimgessplhdagiytofbl ock
140 can be for e electr ctlve d Q. The
rosi | pent bl ochte! FrekoRimetlS; ' FELbRRy! HafelMeinphenas e

el ectrical | y- contduaatblod pd(]atsf drrpmtéth& a&@ct&lgolm pmhm theurghaim to any
enbodi nents, the.r S|Ihent 40 1,s for %ﬁ I¥ on, and

adj acent to t hEA R PEY ec%ﬂwogboﬁdu EorgRebiatny S5 pcrUR §< UiHle
resilient block dedibd Praaposae efiicd Uidkand abs havingially gearilaedst i c
stress/strain nechani cal properties. Thus, the resilient block 140 is
sui tably desigﬁ@ﬁ3and configured to maintain its undeforned shape

(e.g., a rectamgsfjar PhOGklichn bRABK UBD ORHExhvs tAtiBcknERVWEY S heighh)a3 a
force is nparted to the 140, it can undergo el astic defornatlon in

response to t hBCPBice xteading poava rthes elegirisally- Caﬁalémwédl 18hapetaitn t he
force is re”DVQQ1n£&ﬁ&54bgﬁl$ft&?ﬁmh&ﬁ%ﬂ&ﬁnLﬂpLQE&1i£pﬂﬁﬂ%n§m§ﬁrb
stresses through elastic formation, much ke a sprin cushi on.

Accor dingly, tWisknesstsiof dhemithitio 10 mdoxidan3blysrenes netsuieblaglegrance
cushi oni ng bl O‘g’%ﬁ égﬁgu ﬁ%ﬁHkH&,b %qu]%gg@mf %oﬁﬂ&éﬁroaéaﬁ £ RiRga. CoRROBERNT .

and so on. [00 e resilient 'S there ore preferably
formed from resilient block 140 preferably has a height less than the combined height of the

surrounding nitride 120 and oxide 130 layers. In certain cmbodiments, the
resilient block 140 has a thickness within the range of about 600 to 1000
Angstroms, Additionally, the resilient block 140 is preferably spaced apart
from the nitride 120 and oxide 130 laycrs. In certain cmbodiments, this space
can be within the range of about 400 to 800 nanomecters.

[0038] An adhesion layer 150 can be used to facilitate adhesion of the
electrically-conductive platform 160 to the resilient block 140 and to the
electrically-conductive pad 110, as described in more detail below.
Accordingly, the adhesion layer 150 is located between the electrically-
conductive platform 160 and the resilient block 140, and between the
electrically-conductive platform 160 and the electrically-conductive pad 110.
As shown in FIG. 3, the adhesion layer 150 is preferably formed in the recess

in the nitride 120 and oxide 130 layers, and it covers the resilient block 140
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mat eri al s exhi biting such mechani cal properties, as well|l as ease of
formati on. One such type of material is a polyimde, and preferably,
for easy of manufacture, is a photo-sensitive polyimde. Moreover,
the resili@@fzbl@l 140 can, if desired, be realized asTaseeNRosite
structure having a plurality of different |ayers, segnents, or areas
formed fromdifferent materials. The resilient block 140 is depicted
as a rectangular prism though not to any particular scale or
proportion. Accordingly, other sizes and scal es can be used as

desired. Preferabl the resilient block 140 has a substantlally
quadri | at er al ¢ speion i THe chskicpivatanduative wad 40 0clgprigiahelow the

t hi ckness (i.e. peuﬁ@fegptgrtm@%’f@iatﬁb’ %@&ri@&i&%ﬂﬂ&ﬂv@ﬁl@ﬁ&n{ 0. Thus, the
el ectrically-conductive pad 110). Preferabl he ﬁHXIﬁUﬁ]helght of

Che resi 11 et DIoSKamAGA] ittt Warcys: Qi MAG D HecinBeady 8¢t he
nitride 120 aanR%kgqaéﬁpﬁiayers and by a suitable clearance that a
desired thickness of t'he capping portion 170 can be forned. Thus, the
resilient bl ocK0a30 pf@ﬁeﬂh@mylhﬂgléOW@mgﬂFmM§§@Nmﬁwma@h%C@@ﬁwﬁmed

hei ght of the Slﬂ%i %9@%1“&&@1‘1}1%&9 103‘%&00{1}%5_1 éb%@c%ﬂc c‘:%% fthlock 140

certai n enbodi eresilient as a t ness wi t hin
t he range of abwodtth®d6Btetiol m@@dbwhgsﬂmmhBUyﬁmduun@naﬂHy0(tgecpmﬁll|ent

bl ock 140 is pre rabI spaced apart t 2 i de
130 layers. In cgg nboﬂ*ﬁbﬁgsfflhlsnérgggaé &&%“m% %ﬁ3&9¥ﬁ€
range of about tH@&htoﬂgtBODheruaiheumﬁeycsis@ %ﬂ&]%rmaidhasslmnerhwceiﬁo can
be used to faci . of the el ec cond cti
Pl at Torm 160 ¢ CPHATEAPT FRrieBBER, THEUEn {4 o AT 186 can
electrically- CQﬁdM@EdeﬁntDﬁilgi ubifflm taiskiebes Glidhbe Getiwae DY @1ddidt aightrdaed, ow.
Accordi ngly, gﬁaag$e5| IS Ioc ted between the

it

pn | ayer
electrically-c ﬁkﬁ?¥ﬁwﬁ?@%§“§ﬁﬁcT'%hmﬁgﬁl|ent bl ock 140, and

bet ween the el ggp40) caliny e&@ﬂﬂh&@—éeﬁ@udﬂb@-bﬁaﬂ‘éfm ﬂfﬁﬂq @fé@e;&ﬂﬂﬁformed over
el ectrically-conductive pad As shown in FIG t he adhe

110.
layer 150 is priet ePeBIyyrapdnsdys midilHe d’l“éﬁ%%“t bﬁoctkl'tlé’banﬁFF girige and

oxi de 130 |ayergnd@iek blatfGYe6® cérhﬁmeseﬁlﬂehﬁeﬂer Iiabl%if 154Qnd @%p%lh@
section of the electrically-conductive | ocat ed bel ow

peri neter portitoione0of Théacranesert pariy @&'@f?ﬂﬂ%ﬁt PyEoupfisathe gesienso.
Thus, the uppery, %ﬁhgﬁ) t%l:’ﬁ&@{?t%?th% ebtllnzﬁtlg saa iaf'oe%c@ipmg peffonaas be

covered by the a esi oh | ayer [ he adhesion | ayer 150 can
conprise chrompeferably aveelayso rﬁfiﬁu mlamt@y pOI@PH otfRe pndraesdicng[black a 140,

promot es adhesi ,g@{)glﬁétgﬁfé“\r@hﬁ &FJ bRl thd FcE‘ihca;Q }_’%E 13&% Rsohdae A[E%gxﬁrh al

used for the el ctive copper an
copper al |l oys),ind8Gwa)| the atsce{sﬂetiﬁh ¢th1lCS];g>ﬂ¢tl @ctthpaie drﬁndijbx thei qapping

t her et hrough. Tr(])?tlo?id N Ithoengelfl{aﬁ}é?el pOl%%ll CI%Q fnd {hg re'i"%ﬂm?ﬁ(ylg)éﬁ%% %”I ng

process, deposi‘ting 1t~ e 1’nterconnéec ructure
adhesi on | ayer 150 leanrtéiavenbadiswinst thoprdhityr poriidrod 68 tdm lekenmsiggreduch
as between 20 and 40 An

r altho he nes
bet ween enbodi & @ngfﬁgﬁgffﬁ@h@F@éP ggﬁh? é%ﬂ&@ AR me%Pa%%n1160
is preferably figomadilovies capping portion 170 is only the portion directly atop the

resilient block 140. In different embodiments, the portions of the electrically-
conductive platform 160 are therefore referred to differently, but still perform
the same functions and have substantially the same features. The electrically-
conductive pad 110 is clectrically coupled to the clectrically-conductive
platform 160, including conduction through the adhesion layer.

[0041] The perimeter portion 162 is preferably formed in the space
between the resilient block 140 and the nitride 120 and oxide 130 layers. The
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the electrically-conductive pad 110 and resilient block 140. The

el ectrically-conductive platform 160 conprises a perinmeter portion
162 and a capping portion 170. The perineter portion 162 preferably
surrounds whegfasioki ent bl ock 140 up to the hei ght of pthestoasizhisent
bl ock 140. The capping portion 170 preferably overlays the perineter
portion 162 and resilient block 140, enclosing the cavity in which
the resilient block 140 is positioned. As shown in FIG 3, the recess
132 corresponds to the space defined by the capping portion 170, the
perimeter portion 162, and the electrically-conductive pad 110. In
certain embodi WEWNEET PHEOHEGT pstherforssdiaiapning gdhesign laysr L4y Hwied
extendi ng up tQq, LiAE FRROUIRNE WA 1Rf adhQEn8hRE T 50 KR Ibboh ARGy €
platform 160, while the capping portion 1707 s only the portion
directly atop tivesuiaed of bpelcpiigek-conductivhped | ilefererimglsoaeriehie’ t he
portions of th eetr L YR j at. .0 Ac r gfhor e
referred to di??gkgﬁ%?@%Qhﬁ$ygﬁpﬁ%Q%gﬁfggﬁ?%%ghggﬁgggﬁ%§¥%Qﬁgﬁghd
have subst ant i dlhkydhehion dayee | $eanstid SormThar@bebatwiawadht side wallhuditthyv e pad
110 is electricakl - -' yreond: I V. orm
160, nel udi ng oot PHEL Al dhd P BtL B,V TEORGHEL Ko 247

peri meter port iperterdi@ cxtsndsnefvenrdad boupleoritigtle cappinh posipac®). bet ween t he
resilient bloc and the.nitrid 20 and oxi de 130 . . e
bor i meter port 65 sty e A Re R Bt B Bt 4 oo
shown. | n ot hemnénrbddicrignthovd) invoire Rnibbdmaathesipahe paiyerer bafiohds2 been

renmoved fromthe syrface of the.electrically-conductjve pad 110, the
borimeter port POl ATE ST TPGIR0 i EREPY onon bl Bl St e
fel ectrical :cy- CQE@Mtb‘t&vdﬁﬁd: r&s(’jiﬁbm Iﬂlblek a@a&ﬁmmgl s;ab(slﬁa"nti&iﬁﬂ%ef,zﬂl&l ®tthd | .
orma surface between the side wa _.the resilient ock 140 an
the perimeter ﬁkﬂe&fscﬁfy-%gvctﬁ‘ﬁ@adpblﬁ Tt clge of &8 C?L%"E“g&i"étfoé‘rlgBW“
extends upward v‘éﬁ% 1eBbRh &nbotifchRe TRRBMBBARAY b1l RRmbED goiﬁeﬁmai allhe
capping portion 170 can be forned atop the resilient block &40 and,

as described als8RNE fORIUIONE DEsteably hevstadeiedt ¥i9ve ths elsefirsre@rdysdre i on

162 as wel|. They qwg&m&n{;&[}l LA b/@e ihéilgl?tr@ffﬁé itiYe d2e wosbamt isd 1y

pl anar nenber adapted to cover the resilient block 140, extending

substantial |y paics |Tus.tthe eoredieation of thearsiiencbipelubtt vdhepanlayarol50The
thi ckness of 1 g ERARLAG-BRASHI phlnf 2D YidkunReRNERE REhaflb iRl S-
The conbination of perirmeter OFPIOH 162 and capping portion 170

pref erabl y haveéhenitide g amdlyaids 18h&ayesect ri cal | y- conductive pad 110

substantial ly t @t i - of 4Lhe, Nl Lk 120..angd, 0x] dg,.A30
Layers. Thus, ﬁﬂg%Longpkg%FQﬁéggﬁp e“@e@?l%@%#gﬁpéégﬁgﬁgf adhegﬁon
| ayer 150, and pefiwettr.i Tlal durergqunicduet byventp mufidrynis1BOmpriefuer addny of i | | s
the recess sho in the njtri 0 and. oxide 1 l.ayers. {00 The
cappi ng porti o\r/%\pel‘?ﬁ’phngsp%lﬁo%t}? g‘r lglgr FRRINE PO iﬁo ilg’n%@rp O%Ce% %’rééﬂer .
The out er peri peti@ctcorpogtiineri 6boandargktcnds tdamssrake mesilientt blotk of40t he

i tion, 17Q. Th i tion 170 | ted by th
et L moter por PR TR AT TR Py iR TR R st a0

Accordi ngly, tRe ticnaglienp @ldcAEUE  and Svithitethb GuiRed asuhdae e rihdee gechyetérhe
outer edge of the resilient blaock 140, and wthin the jnner boundary
or inner peri mi%efaPPingPOERBIITRES BEPPTYPY1LE 6E?S§lcghlblaaﬁ {‘@dﬂw@ﬁﬁc
resilient blockdddRnidyeF pogh the adhesion |ayer 150. [00441The
perimeter portion 162 and capping portion 170 are preferably conposed
of a highly- contiifét i vdhawedmeirap@tional 62 aadchorans vuppet’? 4f o eﬁfﬂ’%ﬂ
silver, gold, %mgéslc@xsﬁ a B RAIndudNe nREN ITRERT, sRH &5l @PpctOduRidm,
capping portion 170 can be integrally forned as one conti nuous, or

i ntegral, el emsier. gotd, phaNoys thereof. The perimeter portion 162 and capping portion

170 can be integrally formed as one continuous, or integral, element, or they



can be fabricated as two distinct elements that are attached or
ot herw se coupl ed together. [00451The pillar interconnect 180 can be
formed atop the electrically- conductive platform 160. The pillar

i nt er conngg digR1pgief erably has a substantially cylingiEigabopbape, as
shown. The pillar interconnect 180 can be fornmed directly on the

capping portion 170, or with one or nore additional conductive |ayers
formed therebetween. Preferably, the pillar interconnect 180 is
conposed of a highly-conductive netal material, such as copper,

alum num or alloys thereof In practice, the Plllar i nt erconnect 180,
the el ectrical k- BorfehictEd @s gvatdivpsh dgnenin iyt preattached or otherwise

el ectrically- cg (el n pad 110 all can be formed fromthe sane
material. [004 th a |t|onaI reference to FIG 4, a top view of
the pillar |ntﬂWB&nne&ﬁcngﬁiaﬁﬂﬂumgpﬂﬁ@Cw®ﬂﬁﬂbmmm7@0méw€w€U§@@h with

the inner peri metlid7 g, Ol 6 S2RR DALPHLLARC RS BRMRIN daghed

| ines. The p|| I'ntefconnect 180 ¢ be seen tc e an outer
di aneter, outeBMmEnmﬁ@KEhmﬁﬁﬂimqm,muﬁewnbahﬂdahyuaﬂanmsﬁb&éemﬂhere it

coupl es to the el ectri a y conductlve p tf fo
perimeter 184 3%”? "EC th ggrgdxﬁ%%& 80 %ﬁ%%ggofﬁmﬁbﬁﬁhﬁ%ﬂas a
f oot print descbMﬂnﬂgeHm&ncﬁnmatﬂwamammhetWBﬁhuMhempnﬁmmnnmmbmmdonnect

180 and the cappin orti 170.  Preferabl eri neter 184
of the pillar Tl o7 eBprsed © aoglﬁ%ly‘c‘f@?‘ie o %?“L&Eﬁ%%bah VR 2 SPYP ¢ hi n
the inner per;g%hﬁﬁm%RQ.@%yihﬁnﬁ?ppn@gmﬁﬁ£Uh@@ﬂmF&na%huﬁa u?gﬂmillar
i nt er connect ref er couples to t cappi orti.on in an
area entirely 8@@&“5Wé”?§§qu%% mﬁﬂH@kmfwg?eﬂ%@ﬁagT%@W§mv?HMiHO
preferred enbogﬂaﬁnkfmﬂgmﬁuﬁﬂ@mmmﬁﬂnﬁgmtact surface of the plllar

i nterconnect 180 is dlsgssed overlying the erineter ogélon,
Ot her enbodi met046k an Yidy addiional r‘i‘f?fFﬁCFg‘HrEaI  ht tC[POG’Eg’] theppiflgray

i nter connect 1%@61‘@&&960@91%”51{@@5@ l%ﬁtl&{ het &mt By isédn, vﬁthchlcaﬁmé}t her
passivation or electricall uctive | ayers and/or pads

necessary for vﬁén@@vﬁ’féé)f © eappiggipertigeil Al Shovpy ‘érﬁéﬁheédmeth@hepPlli‘F‘ar
i nterconnect 180, F&{ﬁe&q & cih LI gﬁﬁav%n %ﬂt‘g v dife@t, olfed pdribternighat i ve

to the electrically-con uctlve pa term nati on end 182 can
be snooth or texpu.erewuaéarapprt@baqﬁaﬂ@rcr irountes teriy elyetcadly cardvatirst

t echni que. ?L?e o ?ﬁgdl“ﬂeg&(t&‘ (ifGer Eglrng":tgerﬂlnlalt nl]%ééo%lfl N84 LQend

182 or top of I nter nnect 18 ad 190 can be
conposed of | edupgisi ¢fver p boiprintodesanyin®ttive cordes i aresd berater thel pillar

interconncet 180 and the capping portion 170, Preferably, the outer perimeter
184 of the pillar interconnect [80 is defined or bounded entirely within the
inner perimeter 172 of the capping portion 170. Thus, the pillar interconnect
180 preferably couples to the capping portion 170 in an area entirely over the
resilient block 140. Accordingly, in a preferred embodiment, no part of the
contact surface of the pillar interconnect 180 is disposed overlying the
perimeter portion 162, Other embodiments can have other configurations.

[0047] The pillar interconnect 180 can be surrounded by other material,
such as other passivation or electrically-conductive layers and/or pads, as
nceessary for the device or circuit being implemented. The pillar interconncct
180 can have a termination end 182 at its top, relative to the electrically-
conductive pad 110. The termination end 182 can be smooth or textured as

appropriate for the employed attachment technique. A solder bead 190 can be
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[ 0048] Stresses fromthe connection between the interconnect structure
100 and external circuitry or stresses fromthernmal expansion
differentials can be received at the solder bead 190 and transmtted
t hrough t Rep RithA@6s1i Nt erconnect 180. The stresses or g@GRG0/027591
transmtted through the pillar interconnect 180 are in turn received
by, inposed on, or experienced by the electrically-conductive

pl atform 160. Because the electrically-conductive platform 160 is
coupled to the resilient block 140, certain stresses, such as

torsional and conpressive stresses, can be transnitted to the
resilient bl ocfermaben thedermansiips emt (93] csdap aldbe pidlpr wicerepreshl§0y Hef or m
| n response {Ouifie vERERHY B B ESRRRN of RS SMYeBRIOROI)GikdemiAAd

i nhibiting traﬁ%%?géggn t%g'ughout 8 |nterc%nnecf s?ructuré 100.
Accordi ngly, tmetcgalr esses received fron1externa| conponents as well
as thermal exp , ecting
fhem [ 0049 F QAT 1 §FQk Morh 360 BhREARAMOLAMhe | HEHARET w2 o
formation of ahleodrpicaralciicntteractrerest fret thamtal cepahoen diffsenticdomduct or
device. The intercaonnect stru desc ab b
fabricated in %5%?83%6% éﬂfﬁﬁkﬁgwm}gggsg%dgggrﬂﬁ d9%§¥33%° ﬁushould
be appreciatedhmﬁamn&mrmmtlthomedmibeﬁhmeSemmmdﬂmbﬂnmgmamelmbaude
any nunber of addi tlonq% or .al ternatlg% B I %Q ﬂm
exhaustively dBEETOBEl TR PSP AYRITTS6 1 Vymn’ﬁﬁ‘HMHBEWE ﬂ@% %o

i ndi cat e cert atlsctfi@#ydoeRiciv Ela%rm 9605 aé@ugehmcsaemrlcaﬂyusreidcta&oove,
except that, where applicabl e ey h ee ncrenment ed )
Addi L1 onal T eabiaE SRUGPOE) i L hioeE 440 B SHENES, ST

descri bed bel oWssionzDRROdonkr&esive sHQREC S bheaReifiedadducidilicdaticte in a
state follomnn? front end proce55|nqrand pri,or to formation of

i nt er connect sifckhgresdienifiesk 0 gapplasugallyfleformdp Frepnag © B3 156%Vdn ¢ he
overal | fabricatkQn RECGE a0t hehOMABLHiGAnE traniQIbnGBroa kSt At e

402, an electrically-conductive pad 410, a nitride layer 420, and an
oxi de | ayer 43meropaed rsmw{rfz 4P@d Adevilingly sthp stpsapsercerved digm prignrtide any
nunber of |ayegsgn Qhefll, I@E@Q&m@% féﬁﬁhﬁon SHOR @3tk PYER Sthef featurcs,

sem conduct or naterlal | ayers o ielectric materials, conductive
netal |ayers, E@&mmﬁﬂh@nlncprporate features such as active devices
(i LransiStis)  PIRCHIISGAl oERNLAGKAikALEE YR FORRRGHLATS. and
ot her features that arc comvon ound I n sem conduct or devi ces.

Addi tional |y, atmhamghysp&ﬂmﬂmeﬁcsnpmundwfaremn@mdmwu deiigsh alcoxi des
and nitrides t n

dielectric nat§%XCn%ggﬁhmﬂﬁc%Oggggqbgpﬁwgy%ﬁé% qﬁ%k§£@ éﬁ Sxi de
430 | ayers C&ﬂwﬁbﬁi\b@l@ﬁ:bStﬂ(@@Lheﬂd}Bb&t dr shootd Isstcrpp;cblayértl&t fanmatdxmrdfal n
processes, cribe el After epi ct ed
PLORTe °% has HERRMLABOIGEG it Berdr sunfombd e ARl REmiEs " o
forma recess #4a®, wischstimoi e RxGrustivelMaberibal his. sﬁhaabnavzg,l yhc
renoved fromthe n|tr| 4 0 and OXIde 430 nge f usi ng wel |-k nown
process techlqﬁ@E‘“$$¥ pig certaid fRapusgs| ) tarh¥l MR AREEcan be

formed overlyi ngvt h@(céﬁmﬁz& suetagpli@blel hey 430 bandinkbaeRéchy nask can
be used to selectlvelégetch t he oxi de Iayer 430 and the njtride |ayer
420 to define PAdtpREaqresand/opyagntions st Alsa heProsertor AescEpedietast i al
extends down t Qe ehREL depRls the CONEHALIIYCIRRE iftd et BIARFIRE Frb@e, the
device substrate 402 may require a plurality (e.g., tens, hundreds,

t housands, or ﬁﬂr@?ﬂéﬂﬂﬁﬁﬂéﬂ%@hﬁéé@“@ﬂ@hefUﬁ@@“mﬂéd$W6PW§IJanﬁthough
only one receS§C i drr ﬁ)xeug&gdté Qttdl%rlﬁ%rlﬁ&tdii %lfrﬂc!&]?oldrp?odcﬁ d@t%pfo%ﬁg)n' n
FIG 6, a practlcéi Iment may etch an array of recesses in the
nitride |ayer d&@daw@?$h@mﬁxﬂﬂedn&?@WC&@Gﬂ&@whééﬂ@H4@od@é@@hﬁwﬁate a
plurality of i u

described her e?inoeandé}gg)ﬁ&e %E{l lﬁ@{) Th (fs ustﬂt‘t@l dewag SRGERG ?«l&qu?c?udgl ock

I’ICatIOHO aresilient
any number of layers of dlffcrcnt materials, such as layers of semiconductor
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[0053] I n certain enbodinents, the resilient material 500 is formed by
a suitable deposition technique, e.g., a coating techni que, such as
spin coating. Preferably, the resilient material 500 is conformally
deposi t ed ypyeflohnads it conpletely fills the recess 4@Znudeeeidingl y,
during the deposition step, sone anount of resilient material 500 can
be deposited over the oxide 430 layer. FIG 7 illustrates how this
excess material 501 (referred to as "overburden") overlies the oxide
| ayer 130. Deposition of the resilient material 500, now having at

| east partially filled the recess 432, results in a filled recess
532. [0054] Thi Batsxiambversconticles atetplnrendict o fetabienest ithogidaphy
steps. In this;f&9ahLe rfhis Such! LéJ%EtEV%t B&vids p({ﬂ%t O{rhﬁsﬂﬂﬁi)al%ﬁ'cﬁmal
exposi ng/ exposure step, during which the resi ient material 500
(which is a phmrxbac@ensmt&vwommnsmd atier dsapueeidat e cammarly dpunde. g. |
l'i ght) having f d erdy evi ce,
such &5 a patt o RERCo BB aRkL e AlyiadR, SRAMLE, PUBHC RIS o
defined ther eomcdah sxb:é) alios plos el Iatmdv&e Otihemn*emii; |Se¢it agrgivey ¢l ulse0.

Li ght 512 of ap. a ri e frum
and not necessgrl y ge?{éw%f%’r@ﬁﬁﬁé ?Qlé%g d%)g/g%rlcr)@l gfmg?‘rgﬂedcte %g]ward
the i nter connetiyersteanictue @s tstop oudibatdver patpt leyane dorgleatsim pragesyes, 5460, as
shown. [ 0055] Adj ustgﬂJ %Wght 514 will pass through the patterned gl ass
| ayer 510 in a ¢8€™with the design of the pattern disposed

t hereon. The agjogslt edAlftegkite Etﬂu@ﬁ@@.l’&sb&p&&ﬂ&ﬁtﬂ@l@/has:im:ért @chvided, have
altered characteristi c from

speci fi c wavel E’ﬁ&f‘ﬁlsca“ 5%@§V?lé%m°fﬁé%af8]'ﬁ§fe§ P éo{” X Tﬁn E':\F[r} adij ust

the propertiesmificrbhh® RKPOSSH RREONSENGE thitiee me@ iahd emfae mab eayical , as
is well understood. The illustrated enbodl me Egc uses

phot ol i t hogr aphynsFelikngy pepess {sehidrep. orsvan p‘cﬂ“ftf‘%ﬁ pf)tfmfeﬂém

resilient mategj,i caR @O forfed SROWgl the dlp6k sulface dF tide 4301 &id tBE @fh madlj ust ed
light 514 is transmitted to the portions of the resilient material

500 in the fil pféuberté@b@sselsngcim*@ thg predelayy ddt prdethe nifdcdpyesr2Gigo i s

then devel oped yugi.ng: ALk APPY ‘H’Jfbr%i? HEME1ORRT nERERT SidhMs dovil 6 ARV E
sone of the resilient naterial 500 1ocated in the filled recess 532,

as shown in FI dectgcaliespaducher pachél & ebepygeidgthg aisiice e@bqn pie 0 may
represents t hee&lg ré 'ag) IQLY g@?h{eﬁ@h:uh '@és %&1@%@'01? tnt@é) d’f@%&@ﬁﬁct

renoved as a r Itia eveél opi ng 'step. [0056] T
remai ni ng resi b!ue:nttemﬁmr@ﬁgiﬁoﬂh@lmémnbaﬁmb@wwBP%(EQre@etEUEJ@OHHGCt

structure is depicted in FIG. 6, a practical embodiment may etch an array of
recesses in the nitride layer 420 and the oxide layer 430 as needed to
accommodate a plurality of interconnect structures. Thus, the process steps
described herein and below for the fabrication of a resilient block and
electrically-conductive platform can be carried out for any number of
semiconductor device structures.

[0052] After formation of the recess 432, the recess 432 can be at lcast
partially filled with a resilient material 500 (see FIG. 7). As mentioned above,
the resilient material 500 can be a photo-sensitive polyimide, which is
desirablc to accommodate subscquent process steps.

[0053] In certain embodiments, the resilient material 500 is formed by a
suitable deposition technique, ¢.g., a coating technique, such as spin coating.

Preferably, the resilient material 500 is conformally deposited such that it
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second exposure and devel op procedure. As shown in FIG 9, a second
exposure through a second patterned glass |ayer 560 can result in
adj usted |ight 562 provided to resilient material 500 along the

eri meter i.lled recess 532. Aft th
P &0 hieufi) er exposi ng t hoch iyl

mat eri al e adjusted |ight 562, the exposed materia

devel oped to formthe resilient block 540 as shown in FIG 10.
[0057]1t should be understood that although the illustrated

enbodi ment depicts renoval of a broad |ayer of resilient material 500
in the recess 632 before the renoval of the resilient material 500

al ong the peri nempietaf fi IJShfbe resce 932. 73@:01cti1h&y,dplém@!ﬁlh dermsicion biep, lseme

performed in rea\fneormsleo rem ern 62 ?‘gm&)\/ccmtbh':ed 2d ovesruthé oxnlag\ﬁ@() IlanetFI G
10. Additionally, qoUHT e exposure Tt I C proces

depi cted and dedGr i/ bkhdtratas Bown ghecﬂcms hogeréap i c (rp&ﬂcd? gsasuSivergur dcn”)

graduat ed, selective irradiati /or co 0 concent tions to
sel ectively rerfdyaics & P9en %358n HPORHY th éffsglgmbg'dtﬁ d{()%i\/ﬁ?‘%over,
a doubl e- exposu{demgutlb@gpea@&ﬂydﬂ]@ﬂﬂees&smm redullts Gef filkddnepd®3di nent s,

enconpass only |ngl devel opi n ste after both irradiafion steps.
The exace techdDegh"? ofhi EraeR wayS ShboTHGT s Mot ek S 500

can vary betweean tmabégdtmm;ss msﬁdt@r@ﬁm@m{oygrsbm@Lsxp&mgvabm;ef@épmatl on
of the resilient block 440 sgcced apart fromthe nitride 120&%
oxi de 130 Iayer@““&é‘“hschéwcil nfpgferiglp 00 ('["’(9‘8]?5!?]a PetenFISrHRYSEY 1Bf t he

resilient bl ockyxpbdaiso @&%ﬁﬁi&he{c%ﬂi@ﬁ@ lﬂhﬁ%%eﬂﬁde%échpﬁt% agdidit@Re of an
adhesi on | ayer 4%0 (see FIG esion |l ayer 450 can be

deposi ted usi ngPhaivyxresse device ééqim%qmeatteirﬁé el RyeicuB kevinpypuitable

i ncludi ng sputt 'E)Ioﬁgsk EgﬁE@E@mox,caﬁ Be 4Rehes live h%;mé@%awar%mds
the resilient ock . As described above, the adhesion |ayer 450

can be fornmed dtigp &lhgf e aprrenrot QOY“WdhmﬁlﬁqF@nqga@tm spECiramy m H0b e oS
732, ], 4
as we %gg@sag%ﬁwedﬁgm o 6 itob%c@dcfngal:@@m{é Y %he IRL&Rhat can

occur as well. rtron o ¢ adhesi oH fornme aongthe
el ectri cal | y- cotrdeuteitireughettic pad@mepeiagriater §1Q:aﬂrbhbefnr enoved.

[ O0O59] After th n. of dhesi o nelectrl ally-
conductive mat r{){)a] S%CPUthd lbgepsiﬁwnp a(%\’/glrmutgﬁe erpeagtfg'lm@ %as%!f%cklgAO
as shown in FlGa ai@xdaﬁb@weh ﬁetd‘emgmlof yhequtighn cispysed niete@ni aihe58Disted

typi Ca! ly a rregf%h ter ﬁﬁe[[%: W%{? %glgtlécli %gh%ggﬂeiem%tuﬁ:tenbtlcb from light

electrically-c
512, ailowmg for filtration of specific wavelengths, if desired. The adjusted

light 514 can adjust the propertics of the exposed photo-sensitive resilient
material, as is well understood. The illustrated embodiment uses two
photolithography steps to selectively remove a portion of the resilient materiat
500. As shown in FIG. 8, in a first step, adjusted light 514 is transmitted to
the portions of the resilient material 500 in the filled recess 532. The exposed
resilient material 500 is then developed using an appropriate developer
chemistry to removc some of the resilient material 500 located in the filled
recess 532, as shown in FIG. 9. Note that the recess 632 depicted in FIG. 9
represents the portion of the resilient material that has been removed as a
result of this initial dcveloping step.

[0056] The remaining resilient material 500 then can be subjected to a
second exposure and develop procedure,  As shown in FIG. 9, a second

exposure through a second patterned glass layer 560 can result in adjusted



i ncl udes copper or an alloy thereof. Alternatively, the

el ectrically-conductive material 530 can include, without [imtation,
al um numor an alloy thereof. [0060] The el ectrically-conductive

mat eri al 5% 8d8WiIB8Lf orned by a suitabl e deposition td€HAISHUS278UCH
as CVD or PVD techniques. Preferably, the resilient material 500 is
conformal |y deposited such that it conpletely fills the recesses 632,
732, both surroundi ng and above the resilient block 440. Sone

over burden 531 of the electrically-conductive material 530 can be

formed atop theg; (0] t te | n

over bur den 451q3£y$ﬁ£ 3%@%%?6%“ é“é&gakg§m#ﬁ8&aéﬁg§|on% 3§@?fi§g
preferably prometeessBndAfiacixpediag és resOigpl inagridd SOMeeth thhedjnm;i lighent

bl ock 440 and t |l ectri aII terjal 30 After

t he deposition 5}((}? g’lcecéP ﬂﬁt%lagés gﬂ’@toipve gg(i g e %i b %gé

mat eri al can behsenvda. ﬂron1the i nterconnect structure 400 (see FIG
13). More speci 1y ver urd i ons, of silJient, materia
501, adhesion I[héﬁg? éiShoél o PSS qoggp‘ﬁﬁlth?%gl}h‘? i (}‘ét”ﬁﬁ{ gphodimeps 1 can
be renoved by pi@bﬂc&hb;ﬂ@vaﬂ b€ a Wveidbiby o &N $csHR At mbRAalofob ih i Q)Sésﬁi@%i ayer

430. In this r r t he over burden, portions can be renpved
chemi cal necha%%@a? thsolemerl 94/t Ekiest g Jelong dhe, gerirpger séy e

llayer 430 as a 6d:aP732a4Rlopealictd OB K8 herfbrflediin albigolddy B acREveadpoi nt
measure. After the CMP process, the remaining electri caIIy conducti ve

mat erial 530 i fePEdegl H@“ﬁ‘efq Fe edo. pofdiigpnaligy vAHY & dpphligresiei on

470, col | ecti vejhoofphidi sbetB o%kwi%f’c& h& @Hcylb&p rad;m*gie Mtﬁo@mﬁa‘ RhBRs¢60.
The el ectrically-conductive platform 460 has an u surface 472.

Preferably, thdsapegadyated) sglectiypdifedipian phdier epniio @b Ch@@maathe:i dht
mat ching the '%¥1€étw9{%nﬁe%v§%§ii%&{m{d tdf"séd Lge aft dﬂgq)ealflgd 0"1\491%0‘%30

| ayers. [0062] As sho he renoval process,
el ectrically- clondleexosec bithokmphic mt(@m@@melccelmwnémdmmheencompa“

electrically-c %Cstu%%{@?&'cr%g g {QB %b%ﬁﬂnl d@%g&%%? Tl &R t%:éh%ir ug

I nterconnect 4 erabl one per sur 472 of
the cappi ng porfei oweled@ly Tnenopmgl acsﬂiﬁﬂt emtanaiec&OM&@n camybéefweenred i n

oY 5011201 RSt R0 TP AP R P TR ERRE D °
fabricated in apwoed etaaﬂcfamwhte hitddn\2@nti oniad 130ewyece as@howh ackIG ithg and
oo conductor Bagkyo! et Schin el A'G. sush ponvepti onal, L ech) aves
i nt er connect 489&)cb&150\0ﬂﬁpﬂﬁtdadd€tlohhﬁ“ &l edtcsib€ adyey 46O AU AIGY e 1)l @hd or m
100, AL onal L. S SN PLEhELaE Y e Bl At nconect, 409
perineter porticwD 462pVD, including sputtering. Preferably, the adhesion layer 450

surrounds the resilient block 440. As described above, the adhesion layer 450

can be formed atop the electrically-conductive pad 410 in the recess 732, as

well. Some overburden 451 of the adhesion layer material can occur as well.

The portion of the adhesion layer 450 formed along the electrically-conductive

pad 410 optionally can be removed.

[0059]  After the formation of the adhesion layer 450, an electrically-

conductive material 530 can be formed over the resilient block 440, as shown

in FIG. 12. The electrically-conductive material 530 is typically a mectal

material. In preferred embodiments, the electrically-conductive material 530
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[ 0063] As shown in FIG 15, after the pillar interconnect has been
created, a solder bead 490 can be forned atop the pillar interconnect
480. The sol der bead 490 can be forned using any desired technique to
position i WORIWHESt er mi nati on end 482 of the pillar PETESERHPRETH
480. The sol der bead 490 can be subjected to a variety of techniques
to shape it, including a reflow process, to aid connectivity with
external conponents and/or circuitry. [0064]Wite at |east one

exenpl ary embodi nent has been presented in the foregoing detailed

description, i tméb&%’l ggng F%pa{llg?t e M%dtﬁzcl‘é;aﬁlk eﬂrgmﬁey &;nductlve

vari ati ons exi st. e appreci ated that t exenp
enbodi nent or emj@r@h fthtes inbdslervibwdt lfreitation, samengropr armlbmd@deqf 0 I | m t

earoPe: appug@aﬁllhﬁ% CI5’)'{tli1&iﬂ'§)ore90|ng 3 ?éi%gg Ber ayQ&egt

matter in any escrlp on‘w | |
provi de those skitdbledepositivthecianquensich aa (dhvebVEBrtchnoack. nBpfcfably,

i npl ementing t

under st ood thapp%g?ﬂ ﬁémﬁ gnﬂglsga mggﬂﬁgagsfﬁqgﬁi%ﬁdh%¥$%%8§£g
arrangenent of thd enents6l UhnLHotMapmuhdamg afid elbavt hig: scibipat Wedk #d by
t he clains, whigch includes qui val ent s nd f oreseeabl e
equi val ents at 1H¥ ?Vﬁ@“%? %ﬂl&ﬂ tﬁFﬁ“ gY@W? ugthgl et ﬁR)CV%H? is
claimed is: 1. fovﬁqeﬂ%;ﬁﬁiadb&E&ﬂendﬂMIcﬁ‘@he(h@ﬂﬁtfdt SaRgiaRSEEMdEeBURISE I at e
and an |nterconn ct. structure, interconnect sfructure conprising:

an electrlcally o o 9@“b%ﬁ“ﬁé§n§@°d@@ﬁP9 g tHePrgistAb PR EREt 1 at e;

an el ectrical | ymg onadustd YeipRh@bdRedn horaBBnOMEs ¥donghdtBe clectrically-
el ectrically-conductive pad _and enclosing a cavity, the

el ectrical | y- coRtdietysBatptid6ibr m having a perimeter portion extending

away fromthe E{bmﬂ ri C@f’tér%a@ﬁ@ﬂ%'o‘f@ e%gdl@%n(ﬁ:cﬁ%htgﬁdlggb tde@ns at op
the perineter portion; a cushioning material disposed in the cavity;
and material can be removed from the interconnect structure 400 (see FIG. 13).

More specifically, the overburden portions of resilient material 501, adhesion
layer 451, and electrically-conductive material 531 can be removed by
polishing the overburdens 501, 531 off the oxide layer 430. In this regard, the
overburden portions can  be removed by chemical mechanical
polishing/planarizing (CMP), using the oxide layer 430 as a stop layer, stop
markcer, terminating layer or endpoint measure. After the CMP process, the
remaining electrically-conductive material 530 includes the perimeter portion
462 and capping portion 470, collectively forming the electrically-conductive
platform 460. The clectrically-conductive platform 460 has an upper surface
472, Preferably, the electrically-conductive platform 460 has a height
matching the level of the surrounding nitride 420 and oxide 430 layers.

[0062] As shown in FIG. 14, after the removal process, an electrically-
conductive pillar interconnect 480 atop the electrically-conductive platform
460 can be formed. The pillar interconnect 480 is preferably positioned on the
upper surface 472 of the capping portion 470. The pillar interconnect 480 can
be formed in any suitable manner, including a combination of known
deposttion and selective removal techniques. The pillar interconnect 480 can

be fabricated in accordance with conventional device manufacturing and
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an adhesion | ayer di sposed between the el ectrically-conductive pad
and the perineter portion, and between the cushioning material and

t he cappi ng portion 2. The sem conductor device of claiml, wherein
t he adhe3|gﬁ”WHW%Fm¥s further disposed between the cu@ﬁTﬁﬁﬁHﬂ”Tw*
material and the perinmeter portion. 3. The sem conductor device of
claim1l1, wherein the adhesion |ayer conprises chromum 4. The

sem conduct or device of claim1, wherein the perineter portion and
the capping portion are integrally formed. 5. A sem conductor device

conprising a deyiendidRs %E&E@n@@é@hﬁauésngﬂ SR anﬁnﬁp&gl%(ﬁl@s m?

i nt erconnect structure conmprisin an electrical y- conductive p
formed overlyi gt ﬁahéie@j:@qucbgl é@j{yg?lprgt gPreferably, thgpillar interconnect 480 is

el ectrically- C%%g& loVific Qll ;ERLB%B%OSI QN&H Xd{)ngA&(ﬂ n&ily, as shown,

el ectrically-conductive g a cavi
el ectrically- cqmdbﬁwvwbapﬂh{ﬁmwmnmawwﬁg(&eweﬁHhensﬁmmdﬁmmoﬁﬂbmn@nding

avey [rom the eloecld Loald ooeanduRiin padkanfyd capping portion atop

the perineter portion; cus posed in the cavity;
and an el|8d3f i ca%l sfieen MoKiCi llS’EElfipll tht aiilar inteeroomrnies bednomremd, at

| east partially }LIEFE%) gqg? g?f‘rnlb fﬁ{r%‘gdt a{té)rg: %l le!la,?Pn"flc%l:o%gectt 9%0. %Jhe solder

electrically- co
bead 490 can be formed using any desired technique to position it on the

termination end 482 of the pillar interconnect 480. The solder bead 490 can
be subjected to a variety of techniques to shape it, including a reflow process,
to aid conncectivity with external components and/or circuitry.

[0064]  While at least one exemplary embodiment has been presented in
the foregoing detailed description, it should be appreciated that a vast number
of wvariations cxist. It should also be appreciated that the exemplary
embodiment or embodiments described herein arc not intended to limit the
scope, applicability, or configuration of the claimed subject matter in any way.
Rather, the foregoing detailed description will provide those skilled in the art
with a convenient road map for implementing the described embodiment or
cmbodiments. It should be understood that various changes can be made in
the function and arrangement of elements without departing from the scope
defined by the claims, which includes known equivalents and foresceable

equivalents at the time of filing this patent application.
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6. The sem conductor device of claimb5, wherein the

el ectrically-conductive pillar interconnect has a cross-sectional
perineter, and the cross-sectional perinmeter is disposed entirely
overlying the cushioning material. 7. The sem conductor device of
claim1l1, wherein the cushioning material is adapted to receive a
force fromthe electrically-conductive platform to elastically
deformin regpoBSRIdse khe force, and to return to an undefornmed shape
after renoval of the force. 8. A senmi conductor device structure
havi ng a device substrate, the sem conductor device structure

conpri sing:1. Aseraicetdution 8dige- atpdisiag a\wevies Buatiatdxad dnofteRdnnect

overlying tt’le ﬁ_gvitce. fubst r(gt@; a resilient block disposed on the
cont act pad‘c,’ ¥ e’r'ées'in FERreDE %‘i&“rs&a?}f’a?i"% el astically deformin
response to a f oarcdectdnalipt@ciuctiveqlatl joroed duedyingethp datitosumstrate;

substantially su i he resilient block, th | at f.orm coupl.ed
to the resil %lentgrtggéﬁcagﬁﬁénéjﬁg& r&la#gﬁf' ?/O’Pg%gﬁi"%rg 'r’(ggh%)ﬁlg(j{:'%ﬂi/'&e?&]‘%h‘ée;
an el ect ri cedd andoneideioy aevifyi theatecirichibr codnaive phitftepo badgbparemetend
el ectricall 3 - £, t " i .
extendi ng. t20r S8t B Oal iEnfiha el Balile Bip p Ul £LEBMTEHion atop
t er m nat i onthef@rimeter parfien; semi conduct or devi ce structure of claim S8,

wherein the resijigRonklAfleraPiBidsa8h tﬂegg'%/ sRensi tive polyim de.
[ fc

o)
) A f
10. The sem conductor deévice structure o aim 8, wherein the

el ectri cal | y- corfflRedien lyeitdisposeshrtvermihe siestricalbpeanductivg pad-ped the

sem conduct gdrintket foRioh ! drdQetl@nQhe EdsRioMnd mNE& 8hdtHeR8pping portion.
el ectrically-conductive platform conprises copper. _

2. The semiconductor device of claim 1, wherein the adhesion layer is further

disposed between the cushioning material and the perimeter portion.

3. The semiconductor device of claim 1, wherein the adhesion layer comprises
chromium.
4. The semiconductor device of claim 1, wherein the perimeter portion and the

capping portion are integraily formed.

5. A semiconductor device comprising a device substrate and an interconnect
structure, the interconnect structure comprising:

an electrically-conductive pad formed overlying the device substrate;

an electrically-conductive platform formed overlying the electrically-conductive
pad and enclosing a cavity, the electrically-conductive platform having a perimeter
portion extending away from the electrically-conductive pad and a capping portion atop
the perimeter portion;

a cushioning material disposed in the cavity; and

an electrically-conductive pillar interconnect formed at least partially overlying,

and electrically coupled to, the electrically-conductive platform.
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12. The sem conductor device structure of claim8, wherein the
resilient block has a rectangular prismatic shape. 13. The

sem conductor device structure of claim 12, wherein the resilient
bl ock has a thickness within the range of about 600 to 1000
Angst rons.

6. The semiconductor device of claim 5, wherein the electrically-conductive pillar
interconnect has a cross-sectional perimeter, and the cross-sectional perimeter is

disposed entirely overlying the cushioning material.

7. The semiconductor device of claim 1, wherein the cushioning material is adapted
to receive a force from the electrically-conductive platform, to elastically deform in

response to the force, and to return to an undeformed shape after removal of the force.

8. A semiconductor device structure having a device substrate, the semiconductor
device structure comprising:

an electrically-conductive contact pad formed overlying the device substrate;

a resilient block disposed on the contact pad, the resilient block adapted to
elastically deform in response to a force;

an electrically-conductive platform substantially surrounding the resilient block,
the platform coupled to the resilient block and electrically coupled to the contact pad;

an electrically-conductive pillar interconnect disposed above, and electrically
coupled to, the platform, the pillar interconnect extending to a termination end; and

a solder bead formed on the termination end.

9. The semiconductor device structure of claim 8, wherein the resilient block

comprises a photo-sensitive polyimide.

10. The semiconductor device structure of claim 8, wherein the electricaily-

conductive contact pad comprises copper.

i1. The semiconductor device structure of claim 8, wherein the electrically-

conductive platform comprises copper.

12. The semiconductor device structure of claim 8, wherein the resilient block has a

rectangular prismatic shape.

13. The semiconductor device structure of claim 12, wherein the resilient block has a

thickness within the range of about 600 to 1000 Angstroms.

21




