METHOD FOR ADVANCED SOLDER BUMPI NG AND SYSTEM MANUFACTURED BY SAI D
MVETHOD BACKGROUND There is a desire to decrease bunp pitch for
hi gh /0 fl wop shtpsris ncl udi ng, for exanple, "Controll ed gealdaigRsir3ss
Chi p Connection"” (C4) technol ogy. The push for reduced bunmp pitch may
result in correspondi ng decreases in via size opening, solder bunp

si ze, solder bunp height, and other features, as well as tighter

tol erances for sane. To adequately address many potenti al
applications, an understanding of |IC package design and processing,

i ncl udi ng an understanding of materials and process fl ows may be
needed. Reliability of a flip chip may be Inpacted by the
construction of the sol der bunps and ot her assenbly factors,

i ncl udi ng_under st andi ng_and_controlling the systens and nethods to
croate t EYBERLEO" BRIESE NoH GG Soleb PR Y e BPRe B dust oteper
aspects thereof may result in a failure and/or reduced reliability of
a flip chip device or manufacturing process. BRI EF DESCRI PTI ON OF THE
DRAW NGS FIG 1 is a flowchart of an exenplary process, in

accordance with sone enbodi nents herein;
: BACKGROUND

There is a desire to decrease bump pitch for high I/O flip chips,
including, for example, “Controlled Collapse Chip Connection” (C4)
technology. The push for reduced bump pitch may resuit in corresponding
decreases in via size opening, solder bump size, solder bump height, and
other features, as well as tighter tolerances for same. To 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 impacied 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 QF THE DRAWINGS

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

FIGS. 2A — 2E are exemplary illusirations 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;



FIGS. 2A - 2E are exenplary illustrations of an apparatus, at various
stages of a manufacturing process, according to sone enbodi nents

her eof ; wo 2061638713 i1s a flow chart of an exenplary preegaSsookfs7333
accordance with some enbodi ments herein; FIGS. 4A -40 are
exenplary illustrations of an apparatus, at various stages of a

manuf act uri ng process, according to sone enbodi nents hereof;

FIG 5 is another flow chart of an exenplary process, in accordance
wi th sonme enbodi nents herein; and FIG 6 is an exenplary
illustration of a system according to some enbodi ments hereof.
DETAI LED DESCRI PTI ON The several enbodi ments described herein
are solely for the purpose of illustration. Enbodi nents may i ncl ude
any currently or hereafter-known versions of the el enents descri bed

herein. Therefore, BRSNS | theoRlolh i JRRRRNIA e 4 BTA0L 5

descri ption that ot ‘enbodi ren vari'ous
nodi fi cati ons weartbusl stages pbasnanufacturing process, according to some

embodiments hereof;

FIG. 6 is another flow chart of an exemplary process, in accordance
with some embodiments herein; and

FIG. 6 is an exemplary illustration of a system, according to some
embodiments hereof,

DETAILED DESCRIPTION

The several embodiments described herein are solely for the
. purpose of fllustration. 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 variocus modifications and alterations.

Some embodiments hereof provide a manufacturing process for
producing a flip chip package. 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 theregof.

Providing the solder resist material with a substantially planar upper

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



Sone enbodi nents hereof provide a manufacturing process for producing
a flip chip package. In sonme enbodi ments, the flip chip is forned
usi ng a waf &0 RubheRv@t e that has a conductive sol der bunpchassidoiRs
an opening in solder resist material disposed on a surface of the
substrate. In a process of form ng the solder bunp, a mask materi al
is renoved after a refl ow process of solder, in accordance with sone
enbodi nents herein. In sone enbodi nents, as illustrated in sone of
t he acconpanyi ng draw ngs, an upper surface of the sol der resist
material may be substantially planar (i.e., flat), the mask materi al
may include a solder resistant mask material that is resistant to
adhering to solder, and conbi nations thereof. Provi di ng the
sol der resist material with a substantially pl anar upper surface,
providing the s i st Wﬁ erlal renovi ng the mask
8159
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substrate I\/ater %’esu str eria

manuf act uri ng" 'é% PRESS f’rﬁ@ ri"ﬁ% GOl N exesHipRle Godganine code
dielectric mamaylbaé stooéd onangrsuitaile drikye bs methen shdlss babecsmys kiswhde
various |IC features such as, vies and conductors. FIG 2A

illustrates an exeﬁpbgéaéﬂwﬁf@g g?g?:relt?e&#or ng%lqs gg@ﬁetc{r%b%ggé Jpaving

resist material 210 deposite W'se provided
on a surface emegwgtnrawéeéwas@hs&@te frederial. Thesubairazroatesia!, be

sel ectivel y pabhgsieatwith ICQﬁaMfa&UEﬁ? bﬁk%sggéws ma mcl de ﬁf}?am
enbodi nents, an openj ng g a vja for med sol der resi st
mat eri al 210, ©rganic dielectrlc matenals of one or more Iayers The substrate may

include various IC features such as, vias and conductors.

FiG. 2A illustrates an exemplary wafer 200, including a substrate
205 having resist material 210 depaosited, ptaced, formed or atherwise
provided on a surface of substrate 205. Solder resist material 210 may be
selectively patterned on top of substrate 205.

in some ernbodiments, 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, as illustrated in FIG 23. SRM
215 may havevgpieopemstices that reduce or elimnate the abi ladtyw®bos047333
sol der to adhere thereto. The ability of SRM 215 to resist adhering
to solder nmay be based on a physical and chem cal conposition of the
SRM In sone enbodi nents, the 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 w t hstand
tenperatures and other stresses of an | C manufacturing process. For
exanple, SRM 215 may retain the sol der resistant properties thereof
when subjected to tenperatures acconpanying a sol der refl ow process.
In some enbodi ments during a thermal reflow process, a surface
tension of solder in.contact with SRM 215 w yse the solder to
pul | ey (o 15 pbpaiba A busiop Brapestionprabe SV oo semeo151 | n
accor dance w tdmisadimesatd)dié phpdisal@uaihemita cohglosition ot GRMSI1EI 08 such

including a c ' ner.eon,, mnim.zes edu i i nat.es sol der
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applied to a X of a
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registered tr MWﬁslaﬁmpﬁmeﬂemﬁedwmmmmm @m;pmawesray be
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trazi net hi ol b@l@\ﬂl"%@%b'ﬂg@so@bpto) pullaérWaﬂé &. CQ@SarQ%jFr&‘ng%e{@ﬁm axfr s

havi ng control | ed un)g F%{/I 1% ’6‘\%‘; coated or vacuum deposited

to a mask mat éSPEFLOTS G‘aﬁﬁ’@ﬁ wih, SeRERMBOIDENS B‘%‘ietfbdﬁ that

t hrough bot h shé dempoeiont srﬂn;tdaig aboatlrﬁa PBekcPRMintTze S ReMIcG #20 may

be fornmed thrao qlﬂﬁ]h ot h Ider F é_i@\éeri al 210 and SRM 215 using a
c @P

variety of te &8 58 onpatible with IC
manuf acturing fl ows and the various aspects and enbodi nents herein.
in some enbodi nent 31 sepEnmMpoedioenisBRM 298| iefadilitetey o betgeesistand trgh

sol der resi st emteﬁﬁb% sQiter BQQe@BMo%ﬂ@ a;?%e%etl)%\cét'gya%jeythgpéotf ef&i N9

sol der resist material 210 and sel ected areas and
sel ectivel y r 80NNy HFealinasf aspplyaer ped) as amehdpiralluczoethsiede SRIFELS

(separately or(esg dflone eegibdeled FhaemanvGH e, By wint%er%%brs aysi cal

and nechani cal rocesses nd techni ques. I n_sone enbodi nents herein,

openi ng 220 Beaf P@PgB?‘éiEq anééh%ﬁurﬁﬁeéﬂ %TIS@MO?%l IRFoge

| i t hogr aphy pressiessments ahaﬂﬁé-tﬂiiﬁ Ty Y txa@d} SfloRibd Yﬁr%eé@ﬁ'nYﬁlﬂgoisRM
215 on top of | der_ resi.st, .materi al

t
| aser beam mﬁ%&"ﬁ T08Y P8 HAEH 3 ASERY Tafﬁ”@hfeeg't ﬁg‘ngﬁreﬂ% f"@?‘ﬁ’@d
t hr ough sol derthiobbasdd cedtngsakte)] SndnitlcStieMndtiBied monolayers having

controlled uniformity may be spray coated or vacuum deposited to a mask
materal.

FIG. 2B shows an opening 220 provided through both salder 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, opening 220
may be selectively created through solder resist materiat 216 and SRM 215
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FIG 29 illustrates wafer 200 having sol der 225 placed in the
openings 220 of FIG 2B. Solder 225 may be in the formof a paste
that i s apphicegoiakmceach openi ng 220 using a sol der pri BorAg2006/047333
process. At operation 115, as further illustrated in FIG 20,
sol der located in the opening fornmed through solder resist 210 and
SRM 215 is subjected to or undergoes a reflow process to create a

sol der bunp 230. FIG 2D, by way of exanple, illustrates three (3)

sol der bunps 230 formed on wafer 200. The reflow of the sol der may be
acconpl i shed by subjecting the solder to tenperatures sufficient to
reflow the solder. In some enbodi ments, the opening may be a sol der

resi st openi ng. At operation 120, illustrated in FIG 2E, SRM
215 is renoved fromwafer 200, after the refl ow process In somne
enbodi nents, the SRMis renoved fromat |east an ar ea acent to
sol der burrps by selertively RUBNAFOIERK resist materialgy §ank S P be

accorrFI Ib Ished y@leﬂ?ﬂaareaglena?ngelfe@mélpeém\qu@&r@dmbﬂymaeskhmht@rag
conpat | e W (0] S ClLsS O e varl ous e reln or
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processes, Weéﬂimmcﬁmphyelehnlaﬁd&ﬁecﬁaaﬁﬁr paiekasdnand tsvhnirbi MatomBS
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appreci ate thiseaRaestyCad G TBNH B WD oo ASRAALNOleond, O scussi on

of Specl fic s materi a correspon ow terrperat ur es
are not i ncl udedotisnerita, a iaser beammay bﬁ@nsed top hanultaieonalylcrmteém al is

renmoved after?b&ﬁ ﬁ‘%’%@‘; g%\'ﬁg&ﬁérdr%éfst Mtqltzblﬁ Aol S8fa BB IS

formed prior mask materi a I'n thrs manner,
process 100 reduce yoids liftin f sold in e rem)val

of the mask nat er| 2§'"(‘:'SH'E"%I“V?fﬁbg@‘ﬁgaﬂ[}%ﬁf’ﬁe&ggg pé%‘?edigf‘ % ovi ded
for the reflomp@mgeasoaiﬂm{semvmgjawesmkbgm &feifal'mai‘ftaqmst&ﬂ'\at is
refl ow of the_s h onsi cy. or Lform.t he sol der
bunps forned ngfﬁde%os ‘?bép%%{g}sggaﬁéi”ﬁt%%ﬂaﬁr print pro B 3 provi des
an exenpl aryflow chart in accordance with sonme enbodi ments herein.

The process of FI Ght gperatigeidpans {uriher Blustialed iny1GuaBr seldspiocateddress

300 be f
may be fug{hgs hrlﬁgiol ﬁrg%qﬁ énghaéomrrreé@mmgnﬁ (3= i] §$s .éeuﬁ}&tea@o

conj unction V\A tht scussi on of | ow_chart of

3. At 6{)@‘?‘&?"96?\5 §G§ﬂ°‘é[ RrRgess ﬁ@%ﬁ?rﬁ@'@?’s‘l&ﬁ%@ 2aPe FFév?Q»gby
sol der resi st wapmexainpmn na;s&ﬂalté?d thidd (33.e8!def bliimsRADSHFAEE ohSvafer
created, obtali ﬁ@d or oth er H@_ow dEd for ﬁ process 300. The
substrate may28® PP8AE %06 ?%‘?1 d"8% PRFCERYP ﬁ'?ﬁfﬂ.?yﬁﬂ“bjﬁ@fﬂ% € and
t echni ques of sbifef fonteagratttes sufficieh) torefiad do¢ sokdeg {wsamasses t hat
result in a subg)trate sujtabl e.an the vari ous

aspects and efB5y %%th roéaer?mgrﬁ’gy?i’ﬁpae?dgﬁr ﬁ‘eg‘ci‘oBFmpﬁe sol der

resist material is substantially plan
At operation 120, lllustrated II'I 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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It is noted that the surface of the substrate that may be used as a
pl atform or base surface for the solder resist material (and other IC

devi ce conp@eeRbBeficf eatures) may not be planar or flat pckRissREBs7333
i nstances, a 6 substrate may be warped (i.e., vary in curvature from

being planar). In sone instances, |C substrate warpage may be
attributable to | ocal undul ations and gl obal curvature. For exanple,
for a single die substrate the | ocal undul ation may vary about 10-20
pm (mcroneters), and the global curvature may vary about 40-50 pm
Such variations in substrate curvature nmay contri bute toward sol der
bunps of a flip chip and other |C device approachi ng and/ or exceedi ng
sol der bunp coplanarity goals. FI G 4A provides an exenplary
illustration of a wafer 400, including a substrate 405 as descri bed

at operation 305. |t is noted that an upper surface of substrate, 400
is not conpletely HISQHHId.beI'ﬁ%‘PreP'?fe‘?ﬁ@tﬁ‘gb@m%@tluéﬁcﬁe%‘?e sipyithe 405
varies in cury¥@der fhay vary, depeh@ngiBr bkamplel ot @8 oRhacaldddpysitionsstl der

resist materigl 4 | aced gn. t he non-pl anar, upper, surfac f
Cubstrare dosherfden 5w Mlinddh 576 EPuit s POl Auprigfe Bipasnect
subst anti al | yoplGramufdatudrdG Adddrdinaly, appstussishicicpecific soldde matesilst
material 410 is,planar, Ln copntrast to. th on-.pl gnar . surface on

whi ch sol der POSRETeRRenda Fetiph Bhipqraiirp af fotindlided Retod

enbodi ments, the upper surface of solder resist material 410 is made
flat by controlli ngfanme@lvm@h&\fn%k gratefigl jsyigmpved alter the sgflow of the

mat erial pri ogeofd@r.aTRUS &né REIRPbul) ISIREEPRIG th ¥ rehftial 8E@e sk
gl obal war page, a _hot-press |am nati onlél)rocess on pre-cured sol der

resi st nat eri gatedal Iaghig mannenBpesssiPY irduces of Aoids lifine-ofberiger
materi al, chedufad thRodrBNANGF tHEIGBSI EAdrid 0 IBySdinhollingtHe goERiit&F i ONs

th f. I di t th I it f I i st
mater i ai 410 FAeDRTOURE B PrIpw hrprase e PrEore Bhe Fiskiaenal °
dﬁf or rrfmfj i on anttef tfevweflowef the beldegghe abisistancly ehmizifdragg ctﬁsmfm??f
the solder re Q " me, but not all,
exanpl es may ?Hﬁﬁ?&ghﬁ%&%ﬁk pg‘g?%%ﬁgtﬂ%éaggkggﬁ%% ’%eo%gt ene based »

materi al s, al koxy silane nodified organic- ) .
FIG. 3 provides an exempiary flow chart in accordance with some

embadiments 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 resuit 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 orflat. In some instances, a
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7 inorganic hybrids, etc. In addition to inproved naterial design,
process optim zation relating to, for exanple, coating, print process

optim zati oy Rofers7isWo- Step coatings, etc.) may be usedpcrysaoosodBss
sonme enbodi nents, a hot-press |lam nation process on a pre-. cure

resist material nay be used with or without a cover film The cover
filmmy include Polyethylene terephthalate (i.e., PET). At
operation 310, a nmask material is placed on the planar upper surface
of the solder resist material. This aspect of process 300 is
illustrated in FIG 4C wherein mask material 415 is shown di sposed on
top of the planar upper surface of solder resist material 410.

I n sone enbodi nents, an upper surface of nmask material 415 is nade

pl anar (i.e., planarized). Those nethods and techni ques di scussed
with respect to nmaking solder resist material 410 planar, as well as
ot her pl anari AYRNURER ABYLewarne8dhas yardn chpyptye fremdeing pPaAar e

mask material gbke instances, At sQp&iFaé Wpé’q&maﬁcﬁé@ﬂﬁﬂ&é&é@@ﬁcﬁl an
opening formed through or in both the s dernryﬁm t material and the

mask material $YRYS gigbal quryatuce. v faa of & sfriske disestashaterne
L ef | ow pr ocesshisocpaiidibn riay h;:jrgtalmem ﬂwelqim (mn?klammdj, ﬁﬁﬂﬁﬁe;
erein. F . 40- 4F provi de e illustratio

oper ati on 315.91ebel curyature ebrfe A M TRy e yaiRiensin Sbaum

bot h sol der r esirsgétunaieny aintdiile vdamesideratuenpsabf alflip.chip s ofifer f@ur

(4) openings 42Q. ' any 0 y be

provided. In s%%é%%%%’lcﬁa#gﬁéga%%gcﬁem n%@Hgggrdr%%gﬁ]éj "\E'/l?epz’a%'? r[{gps?i% ude

features of I C devices such as, for exanple, netallization,

i nt erconnects, et c.F!G. 4A provides an exemplary illustration of a wafer 400, including
a substrate 405 as described at operation 305. it is noted that an upper
surface of substrate 400 is not completely planar. That is, the upper

surface of substrate 405 varies in curvatura.

FIG. 4B illustrates wafer 400 with solder resist material 410 placed
on the non-planar upper surface of substrate 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 solder resist material 410 is located.

In some embodiments, the upper surface of solder resist material
410 is made flat by controlling 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 controliing the deformation and flow (i.e.,
rheoclogical), and shrinkage aspects of the solder resist material upon a
cure thereof. Some, but not all, examples may include photo definable
henozocyclobutene based materiais, alkoxy silane madified orgénic—
7



FIG 4E, illustrates wafer 400 wherein solder 425 is shown in the
openi ngs forned through both solder resist material 410 and nmask

mat eri al 41%o0 to07/681M& enbodi ments herein, solder 425 is RgaRLIGHITBRE
openi ngs using a solder printing process (e.g., squeegee printing).

In accordance with some enbodi nents herein, the quantity of sol der

pl aced in the openings through the sol der resist material 410 and
mask material 415 nay be controlled due, at least in part, to the
planarity of the solder resist naterial 410 and mask nmaterial 415.

In FIG 4F, solder 425 has been subjected to a refl ow process. The
thermal tenperatures of the reflow process may cause a liquid flow of
sol der 425 and the formation of a solder bunp 430 therefrom The
tenperatures associated with the reflom/process are conpatible with

the materials 'irﬂ)% \f@,{,hggsetewhpga J?ijeréH aten Id'%mg PEiRELON

320, the mask mat ted t nmat eri al
is renpved aft @pttm!?@t\oéfrataimgﬁo.tfnéem@l@r coatings PFIDHéTOF:@iFSj@PWb@ﬁﬁPH S

formed prior t hRBOMEH cBhtid gl. I'n this manner,
process 300 reg%ges or avgl dsI é(;grsgatl ng” sol Sb burrps of vary| ng

hei ghts. That is, e _consi s fny ff thg sol L{‘}P g/
control |l ed per the EP'4Ei R ‘3 Bt PSS, Smina NRIee 5?(9"3':"'3'
il ustrates wakaredd@@istinvdterialshayrbt esedwithkl withow edovbefief.r e cdveri s

Consi st oncy or T PARBIGER YR Ycke SRR N BT L brect a00°

may be achi eved due to the planarity of solder resist material 410
and mask material 4% opreatiafohtd spnagsmaterigl isrlaced 9n dre Blgnaeyrper

sufficient to apdes oﬁm@s@am@sﬁs@h@%nabumﬁ@,a@%ét bRbrageseLsmyl  of
mask material 415 after rocess that m.nimzes, reduces,

or elimnates éltﬁfﬁtedo%é'@r 4?0?’8%"@"'?‘?‘6‘% W@Fa'zﬂdé is shown dispeped og.top

provi des an exeffHeapanhl oppetaifacenf 8clder it enatetill S@wre enbodi nent s
herein. The process of FIG 5 is generally referenced by nuneral 500.

i soussed w th regarisors aabodfiehit)sh boBl Ehfhely AERERETARINSN),

2E, 3, and 4A m 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 319, solder lecated 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 compatibie with other
aspects and embodiments herein.

FiGS. 4D - 4F provide an exemplary illustration of operation 315.
FtG. 4D lilustrates an opening 420 provided through both solder resist
material 410 and mask material 415, Although four (4) openings 420 are
iHustrated, 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.



At operation 500, a wafer including a substrate having sol der resist
material on a first surface of the substrate is created, obtained, or

ot herw se pmayiodeehsi@r use in process 500. The upper sur fp@Ga;59f0sh833
sol der resist material is substantially planar. It is noted that the

surface to which the solder resist material is applied to nmay or nay
not be planar or flat. In sone Instances, it is noted that a
substrate nmay vary in curvature from being pl anar. At operation
510, a solder resistant mask (SRM material is applied on the sol der
resist material. The SRM nay have properties that reduce or elimnate
the ability of solder to adhere thereto. The ability of the SRMto
resi st adhering to sol der may be based on physical and chem cal
conposition of the SRM The SRM nay be made resistant to sol der

wetting by a nunber RG] Abhi i i
with regards to ot‘hgﬁéﬁ)’ggﬁﬁeﬁﬂgg. aﬁ%{@p@%&ﬁé@ﬁ%ﬂ%ﬁ%&%%@
accordance wi t [9PSBiRgs &xpersl thsaugh hethaotderirgsishmatariab 420 mpd snaskonaterial
including a coalsngn in I r
werting fot he G o ibodhitily FEbin FBRE BPGRE picedid Hethorfiat®
openi ng f or med YEWEGLEMICAEE PintinghRrieces(esd) seveqqes iintingleri al and t he
mask material is reflowed to create a solder bunp in the opening. The
refl ow process is conmpatdrdbecavvith sotrieeembsdiarints Rokkire he duariy of solder

her ei n. A i he SRM erial . is.re d from.the
waf er, after apﬁaecf% ﬁgl\r}vﬁé‘%g %@égﬁﬁ%\%" eog@ogcﬁ%raﬁeglsénga&?%ag%\ﬁﬁm_m?ﬂ(
sone enbodi nentrgtedd 41ShnagiRe gratretied Hue, satlexsive gafty orthatpldresity ofdhe
area adj acent %?Id%}g%ﬁqug{mgp% ﬁég e sahqdients, the renoval of

the SRM materi a acconplis using a w de range of techniques
and process that ar ible wth other aspects of the various
embodi nents herein. f E@pﬁ’ﬁ?ﬁ%ﬁsnﬁsﬁ% qutgecﬁ%‘i’rﬁ/%ﬁew gfocere The
refl ow of the stwdroel tenfperatiobdef thwrglovprocssamapicb0se hliqaid fowyRl  of
the SRM nmateri %ll Irg %hi tﬁrﬁznermr qcess 63}%@?%& or .gvoid
lifting-off soPJ9e" &4 f"ﬁ@ N PP 2o, Ryirpm. é@we
control | ing thémpenatirey assodatadiowitipthevetied frocedsharercehipatible witle twe
based on the pl : ] i . resist material (and the SRM
material .in so&%gﬁ%%ﬁ %%OJ&%E%&%\%M%@%%@ SRM material after the

refl ow of the solder, the consistency or uniformty of the sol der
bunps formed by profbSEeEHENAZY. Hie wark Metera 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,



In sone enbodi nents, an opening (e.g., 420, 520) may be forned

t hrough both solder resist material and mask material (e.g., SRM to
a dept h t hatyexbeagdscdown to a sol der bunp pad (e.g., a BeFRsSiokBdrs33
In some enbodi ments, the opening may extend down through both sol der
resist material and mask material to an under bunp netallization

(UBM layer (not shown) and/or other material. I n sone
enbodi nents, sidewalls of an opening (e.g., 420, 520) may act to
contain the solder therein during a reflow process. In somne

enbodi ments herein, renoval of mask material (including SRM after

the reflow process to create solder bunp facilitates a nmechanism for

provi di ng consi stent or uniform sol der bunps. By controlling the size

of the opening, the anount of solder placed in the opening, and

removi ng mask mat ee&% after, the refl ow &qocess t he apount of sol der
(o]

subj ected to the r » pPydes anfxe W rastin| apcpidancaiwibsome

Thus, dConSI st esnh'hb@clhmﬁmté bér@irSOTlﬁ@brdwﬁﬁ%fm Dr gﬁr@félﬂﬁ@férénced by
accordance with so

erbodi mon s, (TR 10 ERSGeRs Wi RErorin e thniudes A et g1asescts
with sone enbalremlytdisdussed withapgamis\to ipotdss MO0 process GOONBIEFK3S O,
l'ess, such as fbou: 5 %F’EA - I n some enbodi nents herein, the
openi ng created thrdug o& ?(f%'e sol der resist material and the mask
material is done substantially at the same tine. For exanple, the
openi ng through botM qg?éaté%!@ﬁ? awafies inglygdiag paubsiretethayvingsilderesist al

my be made ushagkral bﬁ%errstt&mcbrbf%éﬁﬂas(nla@é%rcreé@deesia%do&term ng)
process. CIher thods J;fn ﬂ and grocesses may be used

create the opéet ‘a‘"?‘hPfﬂY&ﬁi OF HS¢ AbP&se F’Opeglh@t“pﬁ’&f gyifage %frﬂfietsﬁ@ef
maislé mat er i al .rebist tri‘at@arrw;mﬂ:r]s,taraiallgWhﬂflshﬁﬁdﬁﬂmh@%mwwWhidlhe
sol der resi st the ppeni rough the mgs ter

coi nci de. ThatH? %Heﬁée%%éﬁ?tﬁﬂaﬁ% gﬁd% V%Hé“@bf' eprgxaprsgrf?at in”
mat eri al and tdumeriskanceseit isahoted thdie substratal svaty viaby Dughrvathee from

di fferent mat dﬁéﬁr nar. I n sone enbodi nents, the opening through

both of the so resi'st and mask materials nay be nade at the sane
time to achieve al ;ﬁnnent of the openi ng through the various |ayers

(e.g., solder resi 10, gesgldorgesistant ynask (BfMopaieriabis anpliséne
enbodi nent s, mlelmnbsubgh@f@m eTRé SHIAWhayPhaVa ﬂbpbﬁ%% th&reBEce or
achi eved by malj [q rlﬁ %(? nfgst’hrou h the various | aye at the sane
time. elimifiate the ability of solder to dhere thereto. The abmty 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 disclosed 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 6ompatible 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,
10



I n sone enbodi nents herein, the mask material is not constructed of a
phot osensitive material. For exanple, in sone enbodi nents herein the
mask materi @lo 1057489Rved using, for exanple, a |aser beamerusio06/047333
Accordi ngly, the nmask material need not be photosensitive to

ef fectuate an etching process that depends on the photosensitivity of
the mask material. 12 In sonme enbodi nents herein, the mask
material (e.g., 515) is a disposable mask nmaterial. As such, a cost
savings may be realized by sone of the nethods, apparatuses, and
systens herein. For exanple, the mask nmaterial nmay not have certain
properties needed in other IC manufacturing processes such as, for
exanpl e, photosensitivity, etc. Disposable nask materials conpatible
wi th sone enbodi ments herein. I n sone enbodi nents, the mask

material (e.g. ihélgﬁM WEtehs) |§rérﬁb|§t%3fr6mr&$¥aé’f%eérbﬁlad}acent to thEls&ide?
is an exenpl ar)ée epi ctlon of a s stem 600 i ncl udi ng an apparatus, for

exanpl e a flipPEAR NEyme rEkhed 6’3@“t3h‘z§‘\9lr REval efdhe é“%tfﬂa‘df‘éﬁbéd

in accordance WckBmpRome®ibing ek ya t@chﬁhues@humr@@sw $e
connected to a rrerm%% 625. Those in the art shoul recj ate that

syst em 400 may “PA le Wil pfhes @gpects e"‘iﬁ‘mﬁ"l ‘?’EP‘PFH ans ReRffonent s

to flip chip 650 and nenory 625. Menory 625 nay conprise any type of
menory for storing daesSRivhobtetiahiy reotovedtafier thet mdlotvoofahSkolgee Tagt a

Rate Random Ac ?ﬁﬁa&gggpﬁ % foﬁvﬂéﬁ’ng%ﬁo[ﬂe%ﬁﬁafl of l??e”gﬁm l%%ge? i}ﬁtﬁ%r Y,

or a Programmab enbo
system 600 may mamam@rms@léao mwprgdamocam:ié@rigqof&noldpedum@ e g.

a via) in sol degmbesi éﬁtha@m\n'rﬁéteﬁéo é&é‘é’ddrgﬂauﬁlg%@lﬁiahﬁlgﬂbé%%‘r rowded

surface. Sol der bunps 6 may be creat’e reS| st ant
mask (SRM) mat &p1 the reﬂ%w PEPERRAT h%eﬁloethe)olwrtzﬁﬁorpp Hersoldal ragpler

surface of sol Q'ﬁéteﬁé Bl thE SR %at@rl:ﬂ |n%HMe&%b@&m%Pﬂté}%rndﬂJeﬁrFo@ﬂ1g'tﬂean
opemngformadt the SRM material to a

refl ow process> %{?Hﬁg?fﬂ tpégg %Pé"i?‘gqr' Fegansisteneyqr ugifornibpof

adj acent to soltl@kesolhunbuﬁnb'é fednted by pfdoges 500trhaey Belceatroled. Creat e
sol der bunps 615.

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
depih that extends down o a soider 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 apening (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



In sonme enbodi ments, |1 C device 620 is placed in contact with sol der
bunps 615. | C device 620 may contact sol der bunps 615 at conductive

connect or s, wRpslgeRng traces (not shown) to provide el ectirh@hoosng 333
connectivity between | C device 620 and substrate 605, through sol

bunmps 615. In sone enbodi nents, an apparatus, system and device nay
I ndude sol der bunps 615 created by renoving a SRM materi al (not
shown) previously disposed on top of solder resist material 610 and
subsequently renoved therefromafter a refl ow process used to create
sol der bunps 615. It should be appreciated that the draw ngs
herein are illustrative of various aspects of the enbodi nents herein,
not exhaustive of the present disclosure. For exanple, it should be
appreciated that FIGS. 2A - 2E 4A - 40, and 6 nay include under bunp

metal lization WﬁMcoﬁm A & ﬁnn@?rtn%ro'lcf’ér%unﬂﬁ%n% BE' anPQd ﬁﬂé%ordar{oe

features, conponents, attr Jera
descri bed hereNﬁthzﬁOén%@f &Wembﬁdlmﬁélt§3mf|§%e of il I ustration. Persons
in the art wilt recognize fromthis description that other

enbodi ments nmay be ma@me@ﬁbmlménfmméh&gﬁt&ﬁﬁe@.amealbhﬁ{p%tdr@ét&d in

limted only b cl ai

cl)rrprl si ng: ypré‘i gﬁﬂcgfﬁ"fn%‘esrom%EﬂbP%lﬁ?'g?|h§fe"6ﬁ18<¥ W@EHt ﬁ'gu'é'
substrate, the (swrdeeigreyosiesspdiehial abawbngna substantial Iy pl anar
upper surface;

In some embodiments herein, the opening created through both the
solder resist material and the mask material is done substantially at the
same time. For example, the opening through both the solder resist
material and the mask materal may be made using a laser beam in a LPP
(laser projection patterning) process. Other methods, techniques, and
processes may be used to create the opening through both the soider
resist material and the mask material. In this manner, alignment 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 embadiments 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



fonni ng an opening through the solder resist material; applying
sol der resistant mask (SRM material on the upper surface of the

sol der resi o sRt/@itRl having the opening therethrough, WghRhibehiBss
sol der resist nmaterial and the SRM material applied thereto are

aligned to create an opening through both the solder resist materi al
and the SRM material; reflow ng solder |located in the opening forned
t hrough both the solder resist material and the SRM material to
create a sol der bunp; and renoving the mask material after the

refl ow ng of the solder. 2. The nethod of claim11, wherein the
upper surface of the solder resist material is made substantially
flat by at | east one of the following: controlling a flow behavior of
a liquid solder resist material prior to a cure thereof, a hot-press

ol i ohi ng. echan ool “aBE b AinR irolt B otk it e 1 Rp
nmet hod of cl ai gisposableraask matersR\Aseuehi acostssavings may be realized by
| some of the methods, apparatuses, and systems herein. For example, the
mask material may not have certain properties needed in other IC
manufacturing processes such as, for example, photosensitivity, eic.
Disposable mask materials compatible with some embodiments herein,

in some embodiments, the mask material (e.g., 415) may be are-
usable mask material.

FIG. 6 is an exemplary depiction of a system 600 including an
apparatus, for example a flip chip IC package 650, having solder bumps
615 created in accordance with ssme embodiments herein. 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 Memaory,
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. 8) 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 616.

13



selected fromone of the follow ng: a reusable solder mask and a

di sposabl e sol der nask. 4. The method of claim1, further

conpri si ng: weetdgwigig sol der | ocated in a plurali ty of OReRIUGF6/ 047333
formed through both the solder resist material and the mask nateri al
to create a plurality of solder bunps; and renoving the mask materi al

after the reflowing of the solder in the plurality of openings. S.
The nmethod of claiml, wherein in a wherein a variance in height for
t he sol der bunp is about 10 uni or |ess. 6. The nethod of claimb5,
wherein the variance in height is about 5 i.trit or |ess. 7. The

met hod of claim.1, wherein the opening through both the sol der
resist material and the SRM material is created by |ithography.

In some embadiments, IC device 620 is placed in contact with
solder bumps 615. IC device 620 may contact solder bumps 615 at
conductive connectors, pads, and traces (not shown) to provide electrical
connectivity between IC device 620 and substrate 605, through solder
bumps 615. In some embadiments, an apparatus, system, and device may
include solder bumps 615 created by removing a SRM material (not
shown) previously disposed on top of solder resist material 610 and
subsequently removed therefrom after a reflow process used to create
solder bumps 615.

It should be appreciated that the drawings herein are illustrative of
various aspects of the embodiments herein, not exhaustive of the present
disclosure. For example, it should be appreciated that FIGS. 2A - 2E, 4A —
4G, and 6 may include under bump metallization {UBM), underfill materials,
and other flip chip features, components, and atiributes.

The several embodiments described herein are solely for the
purpose of ilfustration. Persons in the art will recognize from this
description that other embaodiments may be practiced with modifications
and alterations limited only by the claims.
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[ [ [ f the SRMmaterial is
met hod of claim1, wherein the renoving o _
Sﬁscghel I shed using at | east one of a chem cal t echni que and a | aser
o 9. The nethod of claiml1l, wherein the SRM

tion technique. .
ﬁg![ gri al is pl aﬁari zed to have a substantially planar upper surface.

i i aterial is resistant to
. The method of claim1, wherein the SRM ma T e _ |
raftgheri ng to sol der based on at |east one of the follow ng: applying a

I fi ' | ying a
i nonol ayer to the mask material and app
S0t Lng of sol tes ént material to an outer surface of the mask

CO?tG'r ingl of sol degyresigiant | 1s:
rat e ' 1. A method comprising:
providing solder resist material on a surface of a sub strate,
the solder resist material having a substantially planar
upper surface;

forming an opening through the solder resist material ;

applying solder resistant mask (SRM) material on the

upper surface of the solder resist material having the
opening therethrough, wherein the solder resist materjal
and the SRM material applied thereto are aligned to
create an opening through both the solder resist material
and the SRM material:

reflowing solder located in the opening formed through

both the solder resist material and the SRM material to
create a solder bump; and

removing the mask material after the reflowing of the sol-

der.
2. 'The method of claim 1, wherein the upper suriace of the
solder resist material is made sub stantially flat by at least one
ofthe following: controlling a flow behavior ofa liquid solder
resist material prior to a cure thereof, a hot-press lamination
process on pre-cured solder resist material, chemical polish-
ing, mechanical polishing, and combinations thereof,
3. The method 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:
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

removing the mask material after the reflowing of the sol-
der in the plurality of openings.

5. The method of claim 1, wherein in a wherein a variance
in height for the solder bump is about 10 wm or less.

6. The method of claim 5, wherein the variance in height is
about 5 1m or less.

7. The method of claim 1, wherein the opening through
both the solder resist material and the SRM material is created
by lithography.
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8. The method of claim 1, wherein the removing of the
SRM material is accomplished using at least one of a chemi-
cal technique and a laser ablation technique.

9. The method of ¢laim 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 mate-
rial to an outer surface of the mask material.
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