METHOD FOR ADVANCED SOLDER BUMPI NG AND SYSTEM
MANUFACTURED BY SAI D METHOD BACKGROUND There is a
wdeei7restie decrease bunp pitch for high 1/0 fl poTaISR@S/047333

i ncludi ng, for exanple, "Controlled Collapse Chip

Connection" (C4) technol ogy. The push for reduced bunp

pitch may result in correspondi ng decreases in via

si ze openi ng, solder bunp size, solder bunp height,

and other features, as well as tighter tol erances for

same. To adequately address many potentia

applications, an understandi ng of | C package design

and processing, including an understandi ng of

mat eri al s and process fl ows naX be needed. Reliabilit%
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t he sol der bunps and ot her assenbly factors, including

under standi ng and controlling the systens and net hods

to create the sol der bunps thereof. Variations in a

bunpi ng process or aspects thereof may result in a

failure and/or reduced relggeKakrpuNpa flip chip

devi ce or manufacturing process. BRI EF DESCRI PTI ON OF

THE DRAWNGS FIG .1 is a flow chart of an ex _Ia
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eRthey faptpres) assvehas é‘ﬁQtQSftO‘&ﬁa%&ﬁ?afPé?ag‘e ato adequately
address many potential applications, an understanding of IC package

design and processing, including an understanding of materials and
process flows may be needed.

Reliability of a flip chip may be impacted by the construction of the
solder bumps and other assembly factors, including understanding and
controlling the systems and methods to create the solder bumps thereof.
Variations in a bumping process or aspects thereof may result in a failure
and/or reduced reliability of a flip chip device or manufacturing process.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow chart of an exemplary process, in accordance with
some embodiments herein;

FIGS. 2A — 2E are exemplary illustrations of an apparatus, at
various stages of a manufacturing process, according to some
embodiments hereof;

FIG. 3 is a flow chart of an exemplary process, in accordance with
some embodiments herein;



vari ous stages of a manufacturing process, according
to some enbodi nents hereof; FIG 5 is another flow
woheor7o78filc an exenpl ary process, in accordance RCTHSSOB47333
enbodi nents herein; and FIG 6 is an exenplary
illustration of a system according to sone
enbodi nents hereof. DETAILED DESCRI PTI ON The severa
enbodi ments described herein are solely for the
purpose of illustration. Enbodi ments may include any
currently or hereafter-known versions of the el enents
descri bed herein. Therefore, persons in the art wl|l
recogni ze fromthis description that other enbodi nents
may be practiced with various nodifications and

alterations. Sonme enbodi nents hereqf provide a
manuf ad% IG - pASR gg%exémpm&@@pﬁgoag p? \élla aPRAfAtus, at

PRI RUS sthdeSONE nPAFISEIORAG proddss, hbidrdaly © seméor med

usi ng a wafer substrate that has a conductive sol der
buefpbedimants haregf: opening in sol der resist material
di sposed on a surface of the substrate. In a process

of fornFim 8 ikearfotheeiow ehart of aRBsdeMBibey pdcess, in acovridnce
after a refrlﬁgw Err‘oce s of solder, in accordance with
sotth sppeREREMeRE &iereini Adone enbodi ment's, as

illustrated in sonme of the acconpanyi ng draw ngs, an
upper sEIG.&is arf exérepkry diestratisn of arsystam ahcamngingdo some

subshagtiall EI ar (i.e., flat), the mask materi al
me§ M PRAMUS DL er resistant mask material that is

resistant to adhering to solder, and conbi nations
t her eof . DETAILED DESCRIPTION

The several embodiments described herein are solely for the
. purpose of illustration. Embodiments may include any currently or
hereafter-known versions of the elements described herein. Therefore,
persons in the art will recognize from this description that other
embodiments may‘be practiced with various modifications and alterations.

Some embodiments hereof provide a manufacturing process for
producing a flip chip packége. In some embodiments, the flip chip is
formed using a wafer substrate that has a conductive solder bump formed
in an opening in solder resist material disposed on a surface of the
substrate. In a process of forming the solder bump, a mask material is
removed after a reflow process of solder, in accordance with some
embodiments herein. In some embodiments, as illustrated in some of the
accompanying drawings, an upper surface of the solder resist material may
be substantially planar (i.e., flat), the mask material may include a solder
resistant mask material that is resistant to adhering to solder, and

combinations thereof.

Providing the solder resist material with a substantially planar upper

surface, providing the solder resistant mask material, removing the mask
2



Providing the solder resist material with a

substantially planar upper surface, providing the
weabdarstiesi st ant mask material, renoving the PCT/US2006/047333

maskmaterial after the reflow of the sol der, and

vari ous conbi nations thereof may facilitate a

mechani smto provi de sol der bunps that have an

i nproved consistency in features such as, for exanple,

hei ght. Referring to FIG 1, there is shown an

exenpl ary flow di agram of a manufacturing process for

produci ng an apparatus in accordance with sone

enbodi ments hereof, generally represented by the

reference nuneral 100. Processes herein, including

process 100, may be performed by any conbi nati on of
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enbodi ments, an opening (e.g., a via) is forned

t hr ougRt §pbARIon 58, $bidBR r&SisBhaterthi is applied, obtained, or
otherwise provided on a substrate material. The substrate material,
consistent with IC manufacturing process flows, may include for example,
organic dielectric materials of one or more layers. The substrate may
include various IC featuresksuch as, vias and conductors.

FIG. 2A illustrates an exemplary wafer 200, including a substrate
205 having resist material 210 deposited, placed, farmed or otherwise
provided on a surface of substrate 205. Solder resist material 210 may be
selectively patterned on top of substrate 205.

In some embodiments, an opening (e.g., a via) is formed through
solder resist material 210.

At operation 110, a solder resistant mask (SRM) material 215 is
applied on solder resist material 210, as illustrated in FIG. 2B. SRM 215
may have properties that reduce or eliminate the ability of solder to adhere
thereto. The ability of SRM 215 to resist adhering to solder may be based
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At operation 110, a solder resistant mask (SRM
material 215 is applied on solder resist material 210,
waoirgmsrated in FIG 2B. SRM 215 nmay have pPOpaISki06®47333
that reduce or elimnate the ability of solder to
adhere thereto. The ability of SRM 2 15 to resi st
adhering to solder nmay be basedon a physical and
chem cal conposition of the SRM In sone enbodi nents,
t he physical and chem cal conposition of SRM 215 are
such that the ability of solder to adhere (i.e,,
stick) to SRM 215 is reduced or elimnated and the SRM
can withstand tenperatures and other stresses of an IC
manuf acturi ng process. For exanple, SRM 215 may retain
the sol der resistant properties thereof when subjected
t ontaepinysical andschemicabeomposjtian ebtheeBRMef lnosorpeocess.
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nodi fi ed nonol ayers havi ng
In some embodiments, SRM 215 is facilitated in being resistant to

adhering to solder based a coating applied to a surface thereof. For
example, a coating of a polymer such as a polytetrafiuoroethylene (PTFE)
(e.g., Teflon®, registered trademark of E.1. du Pont de Nemours and
Company) may be applied to coat the surface(s) of SRM 215. In some
embodiments, an ultra-thin chemical vapor deposited tear resistant film of
material may be applied to a mask material (e.g., alkyl or alkoxyl trazine-
thiol based coatings, etc.), and silicone modified monolayers having
controlled uniformity may be spray coated or vacuum deposited to a mask
maternial.

FiG. 2B shows an opening 220 provided through both solder resist
material 210 and SRM 215. Opening 220 may be formed through both
solder resist material 210 and SRM 215 using a variety of techniques and
technologies compatible with IC manufacturing flows and the various
aspects and embodiments herein., In some embodiments, apening 220
may be selectively created through solder resist material 210 and SRM 215
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controlled uniformty may be spray coated or vacuum
deposited to a mask material. FIG 2B shows an opening
wa27prembded t hrough both sol der resi st mat er pair/uR1@6/047333
and SRM 215. Opening 220 may be formed through both
sol der resist material 210 and SRM 215 using a variety
of techniques and technol ogi es conpatible with IC
manufacturing flows and the various aspects and
enbodi nents herein. In sone enbodi nents, opening 220
may be sel ectively created through sol der resi st
material 210 and SRM 215by sel ectively patterning
sol der resist material 210 and SRM 215 in sel ected
areas and/or selectively renoving areas of sol der
resist material 210 and SRM 215 (separately or
shiynsslectivedy paiterning sglder resistengtedl 2@ @ndBRMp2ii&incal |
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At operation 115, as further illustrated in FIG. 2D, solder located in
the opening formed through solder resist 210 and SRM 215 is subjected to
or undergoes a reflow process to create a solder bump 230. FIG. 2D, by
way of example, illusirates three (3) solder bumps 230 formed on wafer
200. The reflow of the solder may be accomplished by subjecting the
solder to temperatures sufficient to reflow the solder. In some
embodiments, the opening may be a solder resist opening.

At operation 120, illustrated in FIG. 2E, SRM 215 is removed from
wafer 200, after the reflow process. In some embodiments, the SRM is
removed from at least an area adjacent to solder bumps 230. In some
embodiments, the removal of SRM may be accomplished using a wide
range of techniques and process that are compatible with other aspects of
the various embodiments herein. For example, SRM 215 may be removed
using a number of chemical etching processes, mechanical techniques,
laser ablation, and combinations thereof.
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200. The reflow of the sol der may be acconplished by
subj ecting the solder to tenperatures sufficient to
woebd7omstibe sol der. In sone enbodi nents, the opemiusgn06/047333
may be a sol der resist opening. At operation 120,
illustrated in FIG 2E, SRM 215 is renoved from wafer
200, after the reflow process. In sone enbodi nents,
the SRMis renoved fromat |east an area adjacent to
sol der bunps 230. In sone enbodi nents, the renoval of
SRM may be acconplished using a w de range of
t echni ques and process that are conpatible wth other
aspects of the various enbodi nents herein. For
exanpl e, SRM 215 may be renoved usi ng a nunber of

chem cal etching processes, nmechanical techniques,
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FIG. 3 provides an exemplary flow chart in accordance with some
embodiments herein. The process of FIG. 3 is generally referenced by
numeral 300. Process 300 may be further understood by also referring to
FIGS. 4A—4G, in conjunction with the following discussion of the flow chart
of FIG. 3.

At operation 305, a wafer including a substrate having solder resist
material on a first surface of the substrate is created, obtained, or
otherwise provided for use in process 300. The substrate may be
produced or formed using any number of methods and techniques of IC
(integrated circuit) manufacturing processes that result in a substrate
suitable and compatible with the various aspects and embodiments herein.
The upper surface of the solder resist material is substantially planar.

It is noted that the surface of the substrate that may be used as a
platform or base surface for the solder resist material (and other IC device
components or features) may not be planar or flat. In some instances, a
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enbodi nents herein. The process of FIG 3 is generally
referenced by nuneral 300. Process 300 nay be further
wonoevwesaed by also referring to FIGS. 4A-4G  PAT/US2006/047333
conjunction with the follow ng discussion of the flow
chart of FIG 3. At operation 305 a wafer including a
substrate having solder resist material on a first
surface of the substrate is created, obtained, or
ot herwi se provided for use in process 300. The
substrate may be produced or formed using any nunber
of methods and techniques of IC (integrated circuit)
manuf acturi ng processes that result in a substrate
suitabl e and conpatible with the various aspects and
embodi ments herein. The upper surface of the sol der
r substrateatnayibe warpesi(bet, aary il ¢yrvptusadiom peingsplanagd In

t@sfm{ Pﬁ;téﬁgefsa seastm 8 il gg ey b @.fnr{sﬁyad@@tdlg)%gu as
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rmmelulaaion(saarrw giohakcur@atdes.i Eeor evappladesa singlediesubsirate

2 el PRBLRR Y varyHoou A0RTE| RRIcRIERre) andne
b@lmlgal pdumvatuye may \veoyrsbous4&:560asm. [Stchusiatiane imavipritte
catiprfufe bR e idwa i OiUPBUBE B i RF Blner 1O
I (ueaicajaplmoachmg areijonvexopedingisolder Bomprgoplanarity goals.
(m cromsters) and the gl obal curvature nmay vary about

40- 50 a}rg\ogﬁ a%ﬂ Q%BB Hi&f%%ﬁ?ﬁ owfm\/érb%éo R¥luding

contrlbute to lip ch

otah%mbst@ta AfiScas dgrsribeetat m@e&mrbﬁo%x Hdeap tf@t a@ pper
a‘eapéfag%@tr%aé m@ls%ot%oﬁapué@)rbrawefrhaﬂsem FHrY

stratl on o ,including a substrate 405
a§tmf@§§rqfkﬁé@sﬁﬁt%‘&%’i vaiegminggvature s noted that an
upper surface of substrate 400 is not conpletely

pl anar . Fi@)afB illgstrates wHTBL400 with solder resist material 410 placed
on the non-planar upper surface of substrate 405. The (Jpper surface of
solder resist material 410 is substantially planar. In FIG. 4B, the upper
surface of solder resist material 410 is planar, in contrast to the non-planar
surface on which solder resist material 410 is located.

In some embodiments, the upper surface of solder resist material
410 is made fiat by controliing a flow behavior of a liquid solder resist
material prior to a cure thereof to compensate for the local and global
warpage, a hot-press lamination process on pre-cured solder resist
material to flatten the upper surface of the solder resist material, chemical
polishing, mechanical polishing, and combinations thereof.

In some embodiments, the planarity of solder resist material 410
may be controlled or improved by controlling the deformation and flow (i.e.,
rheological), and shrinkage aspects of the solder resist material upon a
cure thereof. Some, but not all, examples may include photo definable
benozocyclobutene based materials, alkoxy silane modified orgénic—
7



surface of substrate 405 varies in curvature. FIG 4B
illustrates wafer 400 with sol der resist material 410

wolewadsTan t he non- pl anar upper surface of sub®CTASE006/047333
405. The upper surface of solder resist material 410
Is substantially planar. In FIG 4B, the upper surface
of solder resist material 410 is planar, in contrast
to the non-planar surface on which sol der resi st
material 410 is |ocated. In sone enbodi nents, the
upper surface of solder resist material 410 is nade
flat by controlling a fl ow behavior of a |iquid sol der
resist material prior to a cure thereof to conpensate
for the | ocal and gl obal marpage a hot-press

| am nati.o I.Qcess red sol der resist .nmate
t oprATERYBNES. e M afiifif 10 BefiedihpleRl RbuPB) SloBts
dﬁirhﬂatloﬁhémmgho,ﬁﬁl' es&nplb, coathgnprirlprocéssstptirgization
conbi nati ons .t her { Iﬂﬁsoms enbodi nents, the
pI | (6 Wg-siep cortiRgs. el) QYR8 USed 410 may be
controlled or inproved by controlling the deformation
and fl om ¢ome.embodinients, zehgt-press |ahimatioagrocassean 8 poé-

t he sal der i st, material upan

puE g RISt Py Bauped BTl Wb 4Bk Sy, S vover
befilax n-rawhohﬂbe?dybmmmategmﬂamate (a.IeIngE_s';T};l | ane

nodi fied organi ci norganic hybrids, etc. In addition to

Ir g.lp;?wneg‘t ggéatlo%l 3‘%3 Sa' r%gsk prfeﬁ%ﬁ&s(s %%rct'ér?t &ﬂﬁé)ﬂanar upper

opsufacgeof the salder res:smn&ew cBas |a§gect @tm‘0?€$ﬁa§0%t§

usﬁlﬂstré{édslﬂrﬁcf W@%gﬁﬁﬁ Thask rngter&'i 8358 i QH% ﬁtdlsgg)sed gn.top
rocess on a precured resist na may

or of/\xhdudanaaunpelesurfademf sPdergesist nTatqermlrﬂ)O i ncl ude

Pol yet hyl ene terephthalate (i.e., PET). At operation

310, a R8kmeEPdRbbaimdrits ArAGSSerurtdt® ¢Xl MBASK nide®dl 415 is
made planar (i.e., planarized). Those methods and techniques discussed
with respect to making solder resist material 410 planar, as well as other
planarizing methods and techniques, may be used to planarize mask
material 415.

At operation 315, solder loccated in an opening formed through or in
both the solder resist material and the mask material is reflowed to create a
solder bump in the opening. The reflow process is compatible with other
aspects and embodiments herein.

FIGS. 4D - 4F provide an exemplary illustration of operation 315.
FIG. 4D illustrates an opening 420 provided through both solder resist
material 410 and mask material 415. Although four (4) openings 420 are
illustrated, any number from one to more may be provided. In some
embodiments, openings 420 may be vias that include features of IC
devices such as, for example, metallization, interconnects, etc.



surface of the solder resist material. This aspect of

process 300 is illustrated in FIG 4C wherein mask
worb@rwrgdic 415 i s shown di sposed on top of the pLamar006/047333

upper surface of solder resist material 4 10. In sone

enbodi nents, an upper surface of mask material 415 is

made planar (i.e., planarized). Those nethods and

t echni ques di scussed with respect to nmaki ng sol der

resist material 410 planar, as well as other

pl anari zi ng net hods and techni ques, may be used to

pl anari ze mask material 415. At operation 315, sol der

| ocated in an opening formed through or in both the

sol der resist material and the mask material is

refl owe 0,LCr. ateasolde i.n the opening. The

ot | ow bl arBa iAol WiBrB solfe R s iophR the
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temperatures associated with the reflow process are compatible with the

materials in the various embodiments herein.

At operation 320, the mask material is removed. it is noted that the
mask material is removed after the reflow of the solder. Thus, the solder
bump is formed prior to a removal of the mask material. In this manner,
process 300 reduces or avoids creating solder bumps of varying heights.
That is, the consistency of the solder bumps may be controlled per the
operations of process 300.

FIG. 4G illustrates wafer 400 with mask material 415 removed
therefrom. It is noted that solder bumps 430 exhibit a consistency or
uniformity. The consistency or uniformity of the solder bumps formed by
process 300 may be achieved due to the planarity of solder resist material
410 and mask material 415 that contributes to a quantity of solder sufficient
to render consistent solder bumps, and to the removal of mask material
415 after the reflow process that minimizes, reduces, or eliminates a lift-off
of solder from wafer 400.



material 415 may be controlled due, at |least in part,

to the planarity of the solder resist material 410 and
woask/otetieri al 415. In FIG 4F, sol der 425 hasPOga182006/047333

subjected to a refl ow process. The thermal

tenperatures of the refl ow process may cause a |liquid

flow of solder 425 and the formation of a sol der bunp

430 therefrom The tenperatures associated with the

refl ow process are conpatible with the materials in

the various enbodi nents herein. At operation 320, the

mask material is renoved. It is noted that the mask

material is renoved after the reflow of the sol der.

Thus, the solder bunp is forned prior to a renoval of

the mask material. In this manner, process 300 reduces

or avoiRdS- Brsavifag agsxemplanvfiew shattdn pcagrdesicg with some
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r educes, elimnates a lift-off of der from waf er

4@8Sist @at@aér%wmgntsﬁily@!@nw akt s ot thakihe sufface to which
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of FIG 5 is generally referenced by nuner
peemas instanses; i issopledtbgha gybsirale magyagy inetnsatugg from

a%iefed planar.

At operation 510, a solder resistant mask (SRM) material is applied
on the solder resist material. The SRM may have properties that reduce or
eliminate the ability of solder to adhere thereto. The ability of the SRM to
resist adhering to solder may be based on physical and chemical
composition of the SRM. The SRM may be made resistant to solder
wetting by a number of processes, inciuding those disciosed herein with
regards to other embodiments. An aspect of the SRM, in accordance with
some embodiments herein, is that the composition, including a coating
thereon, minimizes, reduces or eliminates solder wetting to the SRM.

At operation 515, solder located in an opening formed through or in
both the solder resist material and the mask material is reflowed to create a
solder bump in the opening. The reflow process is éompatible with other
aspects and embodiments herein.

At operation 520, the SRM material is removed from the wafer, after

a reflow process provide to create a solder bump. In some embodiments,
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al ready discussed with regards to process 100, process
300, and FIGS. 1, 2A - 2E, 3, and 4A - 4G At
woper7arsan 500, a wafer including a substrate PRaviusgoo6/047333
sol der resist material on a first surface of the
substrate is created, obtained, or otherw se provided
for use in process 500. The upper surface of the
sol der resist material is substantially planar. It is
noted that the surface to which the sol der resist
material is applied to may or may not be planar or
flat. In sone instances, it is noted that a substrate
may vary in curvature from being planar. At operation
510 a sol der resistant nask (SRM material is applied

or M40 o B ot BB Bt e socer
soqup tlo smii_membokie‘n?gh th‘Emenawal |dfytée)SRMﬁ1£§1‘wltmay ge
' I e |
chabormPiRiBe end Aafidsrbag Rt Ie e Rt PeBs 28
r esompatiblet witls othaeraspettsi ofghé yvasous ehdvodifneptsdusebes,
i ncludi ng those disclosed herein with regards to other

embodi may %%Rl@ﬂna i%?s&%é&%@@ﬂtﬁb%ﬁ&&%%@&&dyt?he

some enbodi nent's ere n osit
| neouer hymp isdatmed ptibeicea remoival of the§RMgvate@@l oin this

rﬂ@ Sro% L‘.&' § ‘Pﬁé#e:{ﬂ&%c*ggcghéll@dsfﬁfhﬁggr gﬁﬁé%wﬂg;r the_
bor¢mov@ cs‘dhel &RM agatetiahuBy conlrolding thé quantity df@pbiar @Irowded

| 360 hb AR HROGIE UL SOUACHRUID o LR Dt

cess 1'blre "W her
an maéeb@lo(and riheg SiRM ematenat inGgomea emodipents) Ira@dSRMoving the

ma%%\'ﬂ z#latieﬁaf %%ﬁg réﬁ&amotf h?e %ESF,’thgfc'bﬂéistency or uniformity of

the solder bumps formed by process 500 may be controlled.

In some embodiments, an opening (e.g., 420, 520) may be formed
through both solder resist material and mask material (e.g., SRM) to a
depth that extends down to a solder bump pad (e.g., a bump site). In some
embodiments, the opening may extend down through both solder resist
material and mask material to an under bump metallization (UBM) layer
(not shown) and/or other material.

in some embodiments, sidewalls of an opening (e.g., 420, 520) may
act to contain the solder therein during a reflow process.

In some embodiments herein, removal of mask material {including
SRM) after the reflow process to create solder bump facilitates a
- mechanism for providing consistent or uniform solder bumps. By
controlling the size of the opening, the amount of solder placed in the
opening, and removing mask material after the reflow process, the amount
of solder subjected to the reflow process may be consistently maintained.

11



a reflow process provide to create a solder bunp. In
sone enbodi nents,the SRM material is renoved from at
woOeeEt078me ar ea adj acent to the sol der bunp. | nPEeDMIS2006/047333
enbodi nents, the renoval of the SRM material may be
acconpl i shed using a wi de range of techniques and
process that are conpatible with other aspects of the
vari ous enbodi ments herein. The SRM material is
renoved after the reflow of the solder. The sol der
bunp is fornmed prior to a renoval of the SRM material.
In this manner, process 500 may reduce or avoid
lifting-off solder during the renoval of the SRM
naterial By controlling the quantity of sol der

o1 THuEPneraah T Gtor Bt RiBoS ARALhEPrafied inaqepoance
SRD\/itmsbme af therermbodinmerits thereint s) and renovi ng t he SRM
material after the reflow of the solder, the

consi ot pEmBoI RS o heldif o fh¢Iggdabg Bk gt in

by process
anacpedance (Aetrgsomasmbmopn\m)}erbm inayrsdy shoouthubot h

sotfiRt rE?ﬁér%LoP@%gré@éh gk ppeerial (e 0., SRY

at extends down to a sol der bunp pad
(e g bunp site). In sone enbodi nents, the opening
may ext bhﬁpmé\mnbwlmﬁjﬁs herain.dhe emening createshthspugh both the

anéolﬁ@ﬁl‘eéﬁtrﬁ al bAd e HIMAR m AR léf‘écfﬂé é&@étéﬁﬁbn&%'\&e

| ayer (not [or other materia I'n sone
ensamemes Fog %am@ gheppghingdéruah beththe soder resisy

M Arial lEhdCPR! AbEK thhgeﬁéllrﬁsxy ﬁbf}ﬁéé’é Us% régeﬁPésH. W LPP

process. I n sonme enbodi nents” herein of mas

maflaserprojgationratiegnisplpraceser Qther m@IﬂPQﬂ@ ;ﬁe@w@se&, @nd

cr sS85 ARty BYTReH 36 Chddt i he sold

prgfﬁ% ng co s?stent or unlé?orﬁ?eﬁﬁg %@rﬁp é © soider
resist material and the mask material. In this manner, allgnment of the
opening through the solder resist material and the opening through the
mask material may coincide. That is, the opening through both the solder
resist material and the mask material may be coincident through the

different materials.

In some embodiments, the opening through both of the solder resist
and mask materials may be made at the same time to achieve alignment of
the opening through the various layers (e.g., solder resist material, mask
material) of the opening. In some embodiments, an alignment tolerance of
about 5 um or less may be achieved by making the opening through the
various layers at the same time.

In some embodiments herein, the mask material is not constructed
of a photosensitive material. For example, in some embodiments herein
the mask material is removed using, for example, a laser beam. .
Accordingly, the mask material need not be photosensitive to effectuate an
etching process that depends on the photosensitivity of the mask material.

12



controlling the size of the opening, the anount of
sol der placed in the opening, and renovi ng nmask
waorb@rorgidic af t er the refl ow process, the anount POT/US2006/047333
sol der subjected to the refl ow process may be
consi stently mai ntai ned. Thus, consistent or uniform
sol der bunps may be provided in accordance with sone
of the enbodi nents herein. In sone enbodi nents, the
hei ght of the solder bunps created in accordance wth
some enbodi nents herein may vary about 10 um
(mcroneters) or less, such as about 5 um In sone
enbodi ments herein, the opening created through both
the solder resist material and the mask material is

done s tantiall t a. E I h

openi n; 'f#rﬁﬁlﬁ%‘%%q'ﬁ‘ﬁseﬁ?a"b eﬂ’é%’%?‘%ﬁﬂf%?%r%aﬁ ¥a

tL Egnsrra&blmﬁk ﬂiatérsal e sauthe ausishgavingasedy be aealizeddy
tternin rocess

o0 the PlethGie PhatasE bt bthEs Titein b rample, the

cr ?ﬁisﬁ r?élengp?ﬁlyrmm?veu%hampmp@m@emém inesthet IC

mat er | an e nas eri

o RO brea3sen sHgh ehr Gr MRS Jadlareraiyiy, ot

MeDapfoshbRNY#abk enateAsisigbniputilg ithnsm@ elnboalireents herein.

coincide. That is, the openi ng through both the sol der

resi st terial an b

coi nci d ?W‘ﬁﬁdﬂ% %ﬂﬁg E’?%ﬁ{ %r?g?a”alj @ﬁs’ 431'53 mayRe are-
enbsableanask maherialpeni ng t hrough both of the sol der
resist and mask materials may be nade at the sane tine
to achi eve alignnent of the openlng thro h the
var i ousFlGy@issan exgmplayy| depictiongfa sysk f?%@ incicling an
”a"aﬁﬁér%ltl)s %r é%ﬂl&%‘ﬂﬁﬂch:ﬂ)ﬁb a§8%@d' ABh§ ’sg&fér bumps

(1:|nmsnt t ol erance of about um or | ess may
acﬁ 8 eeepteg inareerganee Wkesame ambedigigntserein. Flip chip 650

may be connected to a memory 625. Those in the art should appreciate
that system 400 may include additional, fewer, or alternative components
to flip chip 650 and memory 625. Memory 625 may comprise any type of
memory for storing data, including but not limited to a Single Data Rate
Random Access Memory, a Double Data Rate Random Access Memory,
or a Programmable Read Only Memory.

In some embodiments, system 600 may include solder bumps 615
created in an opening (e.g., a via) in solder resist material 610 having a
planarized upper surface. Solder bumps 615 may be created by applying
solder resistant mask (SRM) material (not shown in FIG. 6) on the
planarized upper surface of solder resist material 610, subjecting solder
placed in an opening formed through solder resist 610 and the SRM
material to a reflow process, and removing the SRM material from at least
an area adjacent to solder bump 615 after reflowing the solder to create
solder bumps 615.
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various layers at the sane tinme. In sone enbodi nents
herein, the mask material is not constructed of a
wohot7asensi ti ve material. For exanple, in SonePCT/US2006/047333
enbodi nents herein the mask material is renoved using,
for exanple, a | aser beam Accordingly, the mask
mat eri al need not be photosensitive to effectuate an
etching process that depends on the photosensitivity
of the mask material.ln some enbodi ments herein, the
mask material (e.g., 515) is a disposable nmask
material. As such, a cost savings may be realized by
some of the nethods, apparatuses, and systens herein.
For exanple, the mask material may not have certain

ties needed i.n oth L C.ma act roce
lch as ¥ FaeaBRAREentn D LEES BAOE placeleh BoREGT RS
Di sph!seabbmpm g deviek $20anaRcohtat wolder BaAps 615 at
enbodi nts eretpfg)ln song, enbodi ggnts

t he nas .
e e e clot s, PAts, 0 (AGS (OL Bhav PP M lgrtrical
FI Confedtivitgbetwesiv | @ devite620 had sabsteatee05; m.ﬁ&gh solder

v B BB s e b, A Govico may
ac mmgadw bimpe&A mgwmtanbﬁhgldsm iat&idl pnéb 0
onnected to acrj}e é? Those in the art
RPN E BRI ispRaed Shdpb Al A0lserASS LRI 670 and
ad éubs@qwénuyfrewms/ed Qherdftonh At 4N RPOEIYsuded thl drBate

ch| E' 5% and ry 625. Menory 625 may conprise any
Wr storing data, including but not

'D'oL"bf o KsheicbR SebrainRaRaC R ek e Tldrarte of
Pr 0griamsrabﬂ:®ct§€eﬁd1d)ahﬂuohfb1mmtys.hdrelns aokexhtstiveofitise present
SY AABLIL. FBY ok BGPHIG ST be UHRSCiSH2 that FIGS. 2A - 2E, 4A —

4G, and 6 may include under bump metallization (UBM), underfill materials,
and other flip chip features, components, and attributes.

The several embodiments described herein are solely for the
purpose of illustration. Persons in the art will recognize from this
description that other embodiments may be practiced with modifications
and alterations limited only by the claims.
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created in an opening (e.g., a via) in solder resist

material 610 having a planarized upper surface. Sol der
wouor 76716 may be created by appl yi ng sol der r eerAISa006/047333

mask (SRM nmaterial (not shown in FIG 6) on the

pl anari zed upper surface of solder resist materi al

610, subjecting solder placed in an opening forned

t hrough sol der resist 610 and the SRM material to a

refl ow process, and renoving the SRM material from at

| east an area adjacent to solder bunp 6 15 after

refl owi ng the solder to create solder bunps 6 15.1n

sonme enbodi ments, 1 C device 620 is placed in contact

with sol der bunps 6 15. I C device 620 may contact

sol der bunps 615 at conductive connectors, pads, and

traces (not shown) to provide electrical connectivity

bet ween | C device 620 and substrate 605, through

sV TS IAIBED 1$5h sone enbodi nents, an appar at us,

system and device may include sol der bunps 615

created by renpbving a SRM material (not shown)

previously disposed on top of solder resist naterial 6

10 and §ubsédﬂg Pf”PEWEW&E therefromafter a reflow

process used to create solder bunps 6 15. It should be

appr eci pteddingaolddreesisbmiatgrtallvar 2 surfaceof & Isubstrats, Hee

of various aspgects,of. the odi. ment erein, )

o Rt FeReORBRTET pRoh A =B aMAR Rtnalciid solees
shoul d be appreciated that FIGS. 2A - 2E, 4A - 4G and

6 may i applyieg selder rasistpnhmask (SRM )i roatefiabpp the upper surface
un ' ' .gnd other flip chip features,
cog'ﬁgﬁée%‘%lg,gpée%ﬁoétg{@rep Ut es. The several enbodinents

descri bed herein are solely for the purpose of
i |1 ust r seflemMngseldasiecatad imananeniig formeddhrauah potghe
t NiSider resist material and the SRM material to create a solder bump; and

removing the mask material after the reflowing of the solder.

2. The method of claim 1, wherein the upper surface of the solder
resist material is made substantially flat by at least one of the following:
controlling a flow behavior of a liquid solder resist material prior to a cure
thereof, a hot-press lamination process on pre-cured solder resist material,
chemical polishing, mechanical polishing, and combinations thereof.

3. The methad of claim 1, wherein the SRM material is selected
from one of the following: a reusable solder mask and a disposable solder

mask.

4. The method of claim 1, further comprising:
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description that other enbodi nents nmay be practiced
with nodifications and alterations limted only by the

wolei7mesMEAT |S CLAIMED |S: 1. A nethod conpri BCH®S2006/047333
provi ding solder resist material on a surface of a
substrate, the solder resist material having a
substantially planar upper surface; applying sol der
resistant mask (SRM material on the upper surface of
the solder resist material; reflow ng sol der |ocated
in an opening formed through both the sol der resist
material and the SRM nmaterial to create a sol der bunp;
and renoving the mask material after the refl ow ng of
the solder. 2. The nethod of claim1, wherein the

upper surface of the sqlder resist terial Js

subst anf§'@YIDg @ﬁergg,cajgg I"éﬁ??urgﬁté( %f%qqq@qsofprrg\%ﬁﬂﬁrzough
CoBbithkl stidér ridsisynistBaxl Aid e raabk enaterislabdesatees plairality of
material prior to a cure thereof, a hot-press

| afPIH&E PUMAS 888ss on pre-cured sol der resi st

mat er i aktem6eViRg thalmask ety afte tHwarunodling of tHehsdiger in the
and conbi nati ons thereof. 3. The nethod of claim1,
mh@l"é?'ﬁyﬂgé’pgﬂm%teri al is selected fromone of the
foll owi ng: a reusable sol der mask and a di sposabl e

sol der sk. 4. Th thod of claiml, fuyrther . .
conpri sPng: rgﬂwﬁ'&r@&a@m 1 oWaeksin frha areing yegange in
opeBightl forf thergAdérbiatp lis BBl 10gmser 18es. 1 esi st

material and the mask material to create a plurality
of sol der bunps; and renoving the nask material after

the reflgow TeeGhethod FAIdlRT 5, héret eNadrics iAtheight is about
Opesnllxrggosf"less.

7. The method of claim 1, wherein the opening through both the
solder resist material and the SRM material is created by a process
selected from at least one of the following: irradiating both the solder resist
material and the mask material using a laser beam, and lithography.

8. The method of claim 1, wherein the removing of the mask
material is accomplished using at least one of a chemical technique and a
laser ablation technique.

9. The method of claim 1, wherein the SRM\ material is planarized
to have a substantially planar upper surface.

10. The method of claim 1, wherein the SRM material is resistant
to adhering to solder based on at least one of the following: applying a
silicone modified monolayer to the mask material and applying a coating of
solder resistant material to an outer surface of the mask material.
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5. The nmethod of claim1l1l, wherein in a wherein a
variance in height for the solder bunp is about 10 nm
wonod7a887166. The net hod of claimb5, wherein theCcT/US2006/047333
variance in height is about 5 mMmor less. 7. The
met hod of claim 11, wherein the opening through both
the solder resist material and the SRM material is
created by a process selected fromat |east one of the
following: irradiating both the solder resist materia
and the mask material using a | aser beam and
l'ithography. 8. The nethod of claim1l, wherein the
renmovi ng of the mask material is acconplished using at
| east one of a chemical technique and a | aser abl ation

t echni aye. R&%ﬂlﬁgpg}e’ﬁgﬁ& % claim1, wherein the SRM

material '1s ave a subst antially planar
upper surface. 10. The nmethod of claim1, wherein the
SRM mat praviding solderiresishmateyial dinea snjac@otalauléstrb@sed
on at |east one of the follow ng: applying a silicone

modi fi edp B@gq Sol8ér FesidthAt MaSK (gﬂwrmﬁienéngnwﬁbﬂﬂﬂﬂs&der

coati ng of der resistant material to an outer
sufgsigtanaterighie nask material.11. A method conpri sing:
provi ding solder resist material on a surface of a

substr at'éﬂovﬁﬁ@ Isbldw |6€4teain BADpENRTY formel thﬂ'@g% both the
mat erl al o a% %Rj‘ﬁ resi st mate I
r ePPIGRI Fng' %’ 88d:he matspahtory e?tf—‘r ?née der; by and

both t he sol der resist material and the SRM materi al

t 0 cr eat@maviagltie maskipiateriad aftenths refloinireg ohitHe solder.
material after the reflow ng of the sol der.

12. The method of claim 11, wherein the SRM material is a
reusable solder mask.

13. The method of claim 11, wherein the opening is about 70
micrometers (Wm) or less in diameter.

14. The method of claim 11, further comprising:

reflowing solder located in a plurality of openings formed through
both the solder resist material and the SRM material to create a plurality of
solder bumps; and

removing the SRM material after the reflowing of the solder in the
plurality of openings.

15. The method of claim 11, wherein in a wherein a variance in
height for the solder bump is about 10 um or less.

16. The method of claim 11, wherein the SRM material is resistant

to adhering to solder based on at least one of the following: applying a
17



12. The nmethod of claim 11, wherein the SRM nateri al
is a reusable solder mask. 13. The nethod of claim11,
woher’avsrit he opening is about 70 m croneters (ROY/USR006/047333
less in dianeter. 14. The nmethod of claim 11, further
conprising: reflowi ng solder [ocated in a plurality of
openi ngs fornmed through both the sol der resist
material and the SRM material to create a plurality of
sol der bunps; and renoving the SRM material after the
reflow ng of the solder in the plurality of openings.
15. The method of claim 11, wherein in a wherein a
vari ance in height for the solder bunp is about 10 mm
or less. 16. The nethod of claim 11, wherein the SRM

ma i | Sy [ | n | der on. .

at Sieale hSuhET WidBhrla e fie kbRl «0gappRREa Lating o

nodofdes desisiant meterialdotameoutes kurfatesof thie rmask agatésialng a

coating of solder resistant material to an outer

surface of the mask material. 17. A nethod conpri sing
provi di7ng Asmetherd caapdsingat eri al on a surface of a

substrate, the solder resist material having a

D B kiGN 1R FfatSHAT AP B e ABEL ¥ A% IR ke, the

mat eri al e upper surface he S reS|s
matseldealresistmiatertial dhasingoe substaatially plananuppemsurtace;
formed through both the solder resist material and the

mask nma r
the ntas%fmrF*E%S"‘a'ﬁ?‘s?'a?ﬁéQ#%?Fa%“%%f%?é“?fh@%% ddtosist
materia

reflowing solder located in an opening formed through both the
solder resist material and the mask material to create a solder bump; and

removing the mask material after the reflowing of the solder.

18. The method of claim 17, wherein the upper surface of the
solder resist material is made substantially flat by at least one of the
following: controlling a flow behavior of a liquid solder resist material prior
to a cure thereof, a hot-press lamination process on pre-cured solder resist
material, chemical polishing, mechanical polishing, and combinations
thereof.

19. The method of claim 17, wherein the mask material is a
disposable solder mask.

20. The method of claim 17, further comprising:

reflowing solder located in a plurality of openings formed through
both the solder resist material and the mask material to create a plurality of
solder bumps; and
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18. The nmethod of claim 17, wherein the upper surface
of the solder resist material is nmade substantially
wohei7/00§71at | east one of the follow ng: controPCTug2@6/047333
fl ow behavior of a liquid solder resist material prior
to a cure thereof, a hot-press |am nation process on
pre-cured sol der resist material, chem cal polishing,
nmechani cal polishing, and conbi nations thereof. 19.
The nmethod of claim 17, wherein the mask material is. a
di sposabl e sol der mask. 20. The nethod of claim 17,
further conprising: reflow ng solder located in a
plurality of openings fornmed through both the sol der
resist material and the mask material to create a

pl urali : - Vi .he sk L
at er | aremBVi R Ihe K BTerid 54e% IR g oF g ider in the
pl phakblityyofafpenjpregs. ngs. 2 1. The net hod of clai m 20,
wherein in a wherein a variance in height for the

sol der bunp is about 10 mmor |ess. 22. The nethod of

cl ai m 121. whatha methodl ofect&in20 ewhateih i alwisreirzg datiance in
haye. ubst ant i al.l . anar .upper surface. 23. A
syb?@tzgr is:ﬂt'%‘ﬂ:b‘éngﬁﬁage‘?"éttﬂfpg‘co'i'8§§'t one | ayer of
sol der resist material on a surface of the substrate,

t he sol si St t eri al Vi a substantially .

pl anar %%Leﬁ?d??@gg;& '%ﬂﬁi‘ﬁ@grﬁﬂgl?gwa?ﬁé"%?"%qéﬁst

ongldraarizeddd ravedesubstanttdlyrplbhear @bper surface.
23. A system comprising:

a substrate;

at least one layer of solder resist material on a surface of the
substrate, the solder resist material having a substantially planar upper
surface;

an opening through the at least one layer of solder resist material;

a solder bump in the opening, wherein the solder bump is created
by:

applying solder resistant mask (SRM) material on the upper
surface of the solder resist material;

subjecting solder placed in the opening to a reflow process:
and

removing the SRM material from at least an area adjacent to
the solder bump after reflowing the solder in the reflow process;
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a solder bunmp in the opening, wherein the sol der bunp
is created by: applying solder resistant mask (SRM
worbt@rargdicon t he upper surface of the sol der reerTAIS2006/047333
mat eri al ; subjecting solder placed in the opening to a
refl ow process; and renoving the SRM material from at
| east an area adjacent to the sol der bunp after
reflowi ng the solder in the refl ow process;an
integrated circuit (1C) device electrically connected
to the solder bunp; and a nenory, wherein the nenory
is a Double Data Rate Random Access Menory. 24. The
system of claim 23, wherein the ICis a
m cr opr ocessor.

an integrated circuit (IC) device electrically connected to the solder
bump; and

a memory, wherein the memory is a Double Data Rate Random

Access Memory.

24. The system of claim 23, wherein the IC is a microprocessor.
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