0 6 )UN 2006 - 1 CONTROLLED SHAPED SOLDER RESERVO RS FOR | NCREASI NG THE
VOLUME OF SOLDER BUWPS, AND STRUCTURES FORMED THEREBY FI ELD OF THE

I NVENTI ON This invention relates to the field of microelectropg g ces,
and nore particularly. to solder bunps for mcroel ectronic devices.
BACKGROUND OF THE | NVENTI ON Hi gh performance m croel ectroni c devices often
use solder balls or solder bunps for-eleetrical and nechani cal

i nterconnection to other mcroelectronic devices. For exanple, a very large
scale integration (VLSI) chip may be electrically connected to a circuit
board or other next |evel packaging substrate using solder balls or sol der

bunps. This ¢ .,  f ed

Col | apse Chip Jtltiﬂjﬁ%ﬁﬁsbip MSE @iﬂﬁ C(#QIR ' be
referred to heTﬂErVQ&lﬂ‘QEIQErSQMHgB'B YD SERY 2 FQ Ps
technology is disclosed in U S. PatmERﬁtB 5,162,257 to Yung entitled
"Sol der Bunp Fabrication Method" and assigned to the assignee of the
present invention. In this patent, an under bunp netallurgy is formed on
the m croel ectronic substrate including contact pads, and sol der bunps are
formed on the under bunp netal |l urgy opposite the contact pads. The under
bunp nmetal | urgy between the sdIEED OFFHE INVENFEONont act pads is converted

to an internetallic. which is resist % 0. etclhants sed to etch the under
bunp metal lurgy W8t ¥eRtianelptss tg thefield af migraglaeironic defacesqaand mere he sol der
bunps is prﬁﬁﬁg t be desired to provide a
sol der bunp *on T ly {d’ {aﬁtugipg,‘[i’ a ch%?rgﬁfcrdg@n%%é% fromthe contact pad and
al so forman el ectrl caI connection between the contact pad and the sol der
_bunp. For exanple, a mcroelectronic substrate may be initially designed

“ for wire bondi ng with the BASHKCIRY Ji-:',s Akl RN X ENIIOMNd t he out er edge of
the substrate. 3 %rfe IEHIEEI{CC xmc::[oc nic ge“rllye@ O%Pen use so%dcr balls or solder

bumps for electrical and mechanical interconnection to other microelectronic
devices. For example, a very large scale integration (VLSI) chip may be
electrically connected to a circuit board or other next level packaging substrate
using solder balls or solder bumps. This connection technology is also referred to
as "Controlled Collapse Chip Connection - C4" or "flip-chip" technology, and will
be referred to herein as "solder bumps".

A significant advance in this technology is disclosed in U. . Patent No.
5,162,257 to Yung entitled "Solder Bump Fabrication Method" and assigned to the
assignee of the present invention. In this patent, an under bump metallurgy is

formed on the microelectronic substrate including contact pads, and solder bumps
are- formed on the under bump metatlurgy opposite the contact pads. The under
bump metallurgy between the solder bumps and the contact pads is converted to an
intermetallic which is resistant to etchants used to etch the under bump metallurgy
between solder bumps. Accordingly, the base of the solder bumps is preserved.

In many circumstances, it may be desired to provide a solder bump on the
substrate at a location remote from the contact pad and also form an electrical
connection between the contact pad and the solder bump. For example, a
microelectronic substrate may be initially designed for wire bonding with the
contact pads arranged around the outer edge of the substrate. At a later time it may



be desired to use the mcroelectronic substrate in an application requiring
sol der bunps to be placed in the interior of the substrate. In order to
achieve the placenent of a solder bunp on the interior of the quﬁﬁ@ te
away fromthe respective contact pad, an interconnection or r% S ution
routing conductor may be necessary. U S. Patent No. 5,327,013 to More et
al. entitled "Solder Bunping of Integrated Circuit D e" discloses a nethod
for formng a redistribution routing conductor and sol der bunp on an
integrated circuit die. This nmethod includes formng a termnal of an

electrically cpnd i ve,, sol der.- wett able conposit material. The term nal
i ncl udlas a ﬁ%?rf&sﬁg(ﬁol)%%ﬂ%%lﬁém ssé“:bisltﬁctF g:ﬁaq %&P@Pati%ﬂ@ﬂnsrss L nmetal -
cont act a”d’cﬁmﬁFk{lg%ﬁi&@&ﬁgﬁ%g&ﬁﬁ&ﬂﬂ&&&%@gﬁﬁ&&#ﬁ dThted ggpnt act. A body

of solder isr onto pbond pad to rma bunp bon to the pad
and el ectri qdddeynenoopi esldértbumpodn the éntetiomefithe $ubstrite away fioatithenowever, the
sol der bunp is fornmed by pressing a microsphere of a solder alloy onto the
bond pad. | rfesRegYe egntadt pad,apirtsgopnectign Qe Fedisiribytipnaauting eandpctonniaig ref | ow
is limted. Jn the i]lustrated enbodi nent, a solder stop fornmed of a

pol yneric soqed'glge st material is applied to the runner to confine the

sol der to the bong, 9aphtertNoYB327,013 (/WMo \Qas. entitled SHE& ButlpiRgbp form
relatively tall solder bunps. For exanple, taller solder bunmps provide a

| ar ger openilnteghatedvEamuib Dieti dischask ez methoddor fimpingwiredistrifutianeontmga 1 i p-chi p
nmodul e, which facilitat | nproved cl eanj ng and derfill. In addition, it

i s general | FOBSRGIBE g@a%bpg&ogram% %‘%H’ﬁgmar $ipethoddneludese pecause

t he straini 211@11{] in | 5 ks | ' t he increase
in bunp hei 3%{ R nownl‘lfec %l%cﬁécapgrgglﬂél%?lgggkin&g& g%ﬁ%grgggigg%gﬁei ght is to

i ncrease t hemateéfibliMEheomuiail intludestaltond pag oderdying thie pasdicktionfiaybr réfgvever, this
technique typically requires nore space on the substrate for plating or

deposi ting t aguefel contast ard? maper thaipxgands qol the pad tathe imsilicoptagtess st eps.

As a consequgnc h benefit ,of incrteasing the b eight is often
of fset, at |‘§§§§y Pﬁs‘ﬁg?’t‘? “feﬁémfon@? é§§‘£pac?[|‘? gﬁpeﬁﬁﬁp}pgﬁei té’cfﬁ? P& for a
si ngl e bunp, arAWe@ficallytBupied thirb@slothe figtifer.associ ated 0 6 JUN 2006

In this method, however, the solder bump is formed by pressing a

microsphere of a solder alloy onto the bond pad. In addition, the spread of solder
along the runner during reflow is limited. In the illustrated embodiment, a solder
stop formed of a polymeric solder resist material is applied to the runner to confine
the solder to the bond pad.

In many circumstailces, it is desirable to form relatively tall solder bumps.
For example, taller solder bumps provide a larger opening between a
microelectronic chip and substrate in a flip-chip module, which facilitates
improved cleaning and underfill. In addition, it is generally excepted that taller
sé)lder bumps are more reliable because the straining per unit length is
proportionally reduced with the increase in bump height.

A known technique for increasing solder bump height is to increase the
volume solder with the same diameter solder pad. However, this techniqﬁe
typically requires more space on the substrate for plating or depositing the
additional solder, and/or requires additional process steps. As a consequence, the
benefit of increasing the bump height is often offset, at least in part, by the increase

in surface area required for a single bump, and or, the additional cost associated



- 3 wth providing additional solder. Qher nethods of decreasing the
strain per unit Jlength in the solder includes casting pillars, posts, or
beans of high nelting point solder and attaching these to the %FWH@PQ@FCtOf
using lower tenperature solders. Notw thstandi ng the above nentione
references, there continues to exist a _need in the art for solder bunp
structures that are relatively tall, do3not require additional surface
area, and can be fabricated efficiently and at a reduced cost. SUMVARY OF
THE INVENTION It is therefore an object of the present invention to provide
an i nproved witloprbwidilgiadditiérnaliodidereOther meshorls f Hedreasingethie sahint gee upitesent

i nvention to provi&g sol der bunp . strycture with a solder redistribution

reservoir fdfngthen thsspldgr meludes,gasting pilags. Pty or beamsef Bigh meding peint | der

bump. It is %h' ﬁ% ' b 1-996'& I mproved
vacuum in a&sﬂ%g e%lac a EF&%ﬁépﬁﬁS&%H?ﬁztg?%%&ég%?\%p ¢ ewéggo.l&#fiese and
ot her obj ects ar eNpiwithstrding siecabioste ngntionddhefepences nthere coatimies o exista a
control | ed-shaped sol der reservoir which provides additional solder to a
bunp in  neneed i Bwagtttgbsqlgﬁunm%a@r\ﬁ@s tbhtearwq%m@?:b@llsév et 1eAdif%i ng t he

o ovi de. pr o onaf A0 ucE 3 EE ARG S el o 1BRRRATRR.  Fhe |
hei ght of the resulting solder bunp can be predeterm ned, not fto’ ment i on

that the height is greater .‘: L4 § ,J;.” der bunmps wi t hout sol der
redi stribution reservoirs b C sol der vol une added by

the reservoirs. TH_i%E&meQﬁ‘bﬁjteEﬂﬁ'tﬁf géegaﬁ'ﬁvenﬁé?&&?p&@%iah Rveln many
m croel ectronic chip designs, e r be s

he so r reservoir ‘can aped to take a
m ni num anouselderfbuspastmctunsequent |y, the sol der bunps nmay have increased

“hei ght wi thout addi.n o the space requi.renents of the | der  bunmp, or

wi t hout increasi ng't %5’.&!&5?[;3.“ 1 ¥a5 PLg mvfggg’.l&prfﬁ’ges%fd%égmg?r uctures
formed in acgaictad%th solder ARlistAb@fTesdroif firliftRedsiify e SoRind, BRd 8R8E openi ng
or gap in a flip-chip structure because of the taller solder bunps. This

al | ows for nthedeight,iof thersoldsr bumbng of flux and other residues, and nore
efficient underfi itlié Qr%thept])%_]ctcfatl)fl iitS plse%'l:nq%ve?lﬂgﬁ) to Br%wr}ide an improved vacuum

in a sealed chamber including a microelectronic device.

These and other objects are provided, according to the present invention, by
a controlled-shaped solder reservoir which provides additional solder to a bump in
the reflow step for increasing the volume of solder forming the solder bump. The
controlled shaped reservoirs can be shaped and sized to provide predetermined
amounts of solder to the solder bump. Thus, the height of the resulting solder
bump can be predetermined, not to mention that the height is greater than that of
similar solder bumps without solder redistribution reservoirs because of the
additional solder volume added by the reservoirs. To accommodate the stringent
space requirement in many microelectronic chip designs, the solder reservoir can
be shaped to take a minimum amount of space. Consequently, the solder bumps
may have increased height without adding to the space requirements of the solder
bump, or without increasing the cost.

Other advantages of the solder structures formed in accordance with the -
present invention include an increase opening or gap in a flip-chip structure
because of the taller solder bumps. This allows for more efficient cleaning of flux

and other residues, and more efficient underfilling. The taller solder bumps can



9 6 JUN 2906 - 4 also be utilized in conjunction wth electrical contact
bunps that do not have solder reservoirs so that the contact bunps are \
el ongated by the relatively larger bunps forned with the assist?gqgwgmﬁthe
addi tional solder fromthe reservoirs. Consequently, the contact bunps are
nore reliable because the strain is distributed over a greater length
(i.e., height) because of the relativélf I"ar ger vol une bunps. Yet anot her
advantage is that the relatively taller solder bunps can be utilized to

i ncrease the volume, and thus reduce the pressure, of a sealed chanber in a
MEMS  vacuunlgmbkutglized ihicenjunctionovitiaelenieal contastshumpsthetdomeshave soldemt t o

the generated without the equipnent typically needed.t ener.ate such | ow
pressures VICHURES Scﬁ%‘ﬁ 8F,°&ﬁc@|"_% I@%@g&gﬁ@’@@ﬁt@gﬂv g?q}g%rgbwsdefi ne
both the sol figmed WiHth hdsiibinde sfthbralahfﬁ«éhﬂ&oldwﬁ%ﬁi @8redeRifst 11 bution

reservoir, and the under bunp netallurgy layer. In accordance with one
enbodi ment ofonsequentlys thetcontaoidnmpsrare moseteligble because ther stragmisadistributed

m cr oel ectroni c _subst r.at OIMAr i a solder reservqgir portion and a sol der
bunp porti on?v°5ﬁﬂ93 rlgri’ﬁl_1 f’ﬁ%&%@?{ﬁ“ﬁ%@é&% ?F%Fkyﬁﬁg"?g"wrh%ar in
shape. The syktfiothicpa@Vattige iP@at iheRelaBivelYiARr S6186H Hinigicaf Bed@ilizH portion
in order to take up | ess space. In addition, the solder structure may

conprise a icraase theyobime gndjthus reduee thei pregsure; pHmscadod chamibeyinf 2 MEMSBe sol der
bump portion, _Preferabl y..the,radiall xtendi ng sol der reservoirs are of
Subst ant i al | YecuiEkeCllE, vhhis cHaplsa S Euld it SRSt T 1 1
lengths. | n peaepdtedwiBowthdle btitypisdlBCieedéd foenbRYERichW6w prétsures! der

reservoir portion includes a first linear portion and a second |i near

portion, eacWaqyaisngugher, p simgle masking sten eambeisgd to dafinehioth tiesoldest r aj ght
e of ot . . i . : L9
trai ght o o2usp StrucRCRIh RN e Solol WBisuhBR LSS ol il dde LBBAFC. ) Uo7,

portion may Retwsdhépeldyéro create a pressure gradient along the |length of the
sol der reservoir mtion during a solder reflow process.. Accaordingly, the

rate of solder fl ceorlapee wihope Fmbgdimgrt Eﬂhﬁﬂl;ﬁsﬁ'& lﬁYQjmogt,aggQ;rr able in
ticul | L kL ' 1.0 t
g ]‘?r . gfgefr . ghﬁée{ﬁﬁgo I}gﬁ%ﬁ:goeT&%oﬂfcesﬁﬁéHﬁe Qérﬁﬁﬁs%% sOR¥r fe@&rﬂzﬁ%ﬁ;%rﬁ&heanfd QW rate

unp portiron, or the pressure gradient naey decrease
t he solder bump portion, and wherein the solder reservoir portion is non-linear in

shape. The solder reservoir portion may wrap around the solder bump portion in
order to take up less space. In addition, the solder structure may comprise a
plurality of solder reservoir portions extending from.the solder bump portion.
Preferably, the radially extending solder reservoirs are of substantially equal
length, though the reservoirs can be of varying lengths.

In accordance with another aspect of the invention, the solder reservoir
portion includes a first linear portion and a second linear portion, each having at
least one straight side, and wherein a straight side of said first linear portion forms
an obtuse angle with respect to a straight side of said second linear portion.
Fﬁrther, the solder reservoir portion may be shaped to create a pressure gradient
along the length of the solder reservoir portion during a solder reflow process.
Accordingly, the rate of solder flow can be controlled, which may be highly
desirable in particular circumstances. The pressure gradient may increase the flow
rate of solder to the solder bump portion, or the pressure gradient may decrease the
flow rate of solder to the solder bump portion.

In order to reduce the area taken by the solder bump structure, the solder



flowrate of solder to the solder bunp portion. In order to reduce the area
taken by the solder bunp structure, the solder 0 O JUN 200b - 5 reservoir
portion may include a notch for facilitating the renoval of the U&$Mﬁﬁ@ﬁ

sol der of the solder reservoir portion subsequent to the sol der refl ow
process. The renoval of the residual_s%IQer may be further facilitated by
the use of high-lead solders which may facilitate the inconplete conversion
of copper in the under bunp netallurgy. Thus, the renaining copper may be
di ssolved in the subsequent etch step, thereby allow ng the residual solder
of the reserigssrvolr porioaanayointiude ampteh forfikilitatingtthe resaevad obtheresidyadt ch, and

float away i C t. .. ln accord e W th anather saspect of..the
br osent | meRggr e sgBit sseroft GEGGH ARBRRSH o g SRR ORF IRt T <
conpri ses a gplolal of the Assiduhl salderima3beitthér fasititA&1 by th¥use Of highllead@nd Wher ei n
t he sol der reservoir portion has a wdth which is non-uniformin at |east a

portion of tsmderasdichgnay faeilitate the ineeroplatercgnyersignof eoppardn thgrumdeent can be

achi eved w t]j eseryoi.r.to e L NG, r reas t he

L ow rate of Sie R bRt oBpl B b Bisi P RL A BERERRE:,
process. As etk glepherdby AlyWingahdicsidhubl soltek BEthelroserveit o reak HfF abtheder in the
sol der flow process may be desirable _in certain applications. In accordance

with yet anowselk peistreatedby thenqiehs gad floatapaytin ghe etehanki croel ect r onechani cal

system ( MEMS) nod i1k apart

rel ati onship, a S%ﬂ%g?ﬂ?ﬁ%ég@ﬁﬁ%ﬁgﬁgﬁhi&%ﬁgﬁﬁiﬁgﬁﬁ%ﬁ@ﬁgﬁ@g{ie to define
a seal ed chastheturkloanabeiosheroniviabstate édmprisel dgolder rgervoi ipottizm addd 2 east one
sol der reservaoir associated therewith. |In addition, .the device includes a

VEMVS  devi ceSlderRugnn portieR aadarhsesin the soldes FreesigirRartion hag & Wdth whuch is |
concent i cal b ghirGiaeth athda 4 Bribh of theYeledir péridn, kol alptéithe VNer el n

the second solder ring es at [east” one so servolr
associ at ed t igexdiank tdn beldvhievEd/Bithithe sokdanyreservoin és eitimrmdrese of dewgedsed

cont act s ¢l o HEHTI LB RISET e I Suetie duBBRe et AR BORE Ry A% ho
chanber is amdrABhdddbofé! BRMLIAR TR HlowFitd bR RB1dR} irfth¥ 36148 Mow process
may be desirable in certain applications.

In accordance with yet another aspect of the present invention, a
microelectromechanical system (MEMS) module comprises a substrate and a lid in
spaced apart relationship, a solder ring which bonds the lid to the substrate to
define a sealed chamber therebetween, wherein the solder ring includes at least one
solder reservoir associated therewith. In addition, the device includes a MEMS
device formed in the chamber.

A second solder ring that is concentrically aligned with the first solder ring
may be included, wherein the second solder ring also includes at least one solder
reservoir associated therewith. The MEMS module may further comprise
elongated electrical contacts within the chamber, wherein the elongated electrical
contacts electrically connect the lid to the substrate. Preferably, the chamber is a
controlled environment maintained at a vacuum.

In accordance with another aspect of the present invention, a flip-chip
structure comprises a substrate and a chip in spaced apart relationship, an
elongated contact bump which electrically connects the lid to the substrate, and a

plurality of mechanical bumps bonding the chip to the substrate, wherein the



I n accordance with anot her aspect of the present invention, a flip-chip
structure conprises a substrate and a chip in spaced apart relationship, an
el ongat ed contact bunp which electrically connects the lid to theUsBu{E i@t e
and a plurality of mechanical bunps bonding the chip to the substrate,
wherein the O 6 JUN 2006 - 6 nechanical_ bunps include sol der reservoirs
associ ated therewith. The solder reseérfoiTs associated with the mechani cal
bunps may be non-linear, and nay have a non-uniformw dth portion, as

di scussed above. According to one enbodi ment of the present invention, there
i s di scl osedmechaswhbiumps inplude seldérueserovirsassocisted tieréwithni The sdidér at e,
conprising a solder structur I ncl udi,ng. a sol der, reservoir portion and a
sol der bunp WBW?%?SS%W&M@&@%“FHW@%PH@PS F@é’é}e\)'lﬂnf'l“&&‘stapaﬁw&ﬁi‘b’ﬁ ses a
first 'i”earaﬁﬁgﬁﬁ%mmﬁbﬁi\ghh&&&Jﬁs:ed'dbﬂ@ér segnent has opposed si des,
and a second |1 near segnent, erein the second linear segnment has opposed
si des, wherei n at Abemdingamensemibodifnentef the petsenti ineartionctherens disslosedla acent to
at | east one gide of the second . linear se nt, and wherein the at |east

one side of SHIFTRUMRASIEHESFN 8 ayFRORlecTaniE SHeals CHPPERNG BEalder SHARCw 1 h

respect 10 ! figlydily d Rk reRRvchl Slrti0H add'® sA8EUng hOIERR, ARONRAED deCOr ding to

one aspect of theinvention, the solder reservoir portion at | east
partial |y w sqlderaessavadr partion samhprises st lpwat segmentorherdinrthe fisst inegrher aspect

of the invention, . the pressure gradient.creates a positive flow. rate of

sol der to saf’%mcgbfl‘?fe‘?&ﬂﬁﬁ‘fl}‘éﬁﬁr zﬁ}cganseagpq ﬁﬁea'gﬁF@n?g‘f WEWC @8 second Hneqry, o mor e,
the pressuresghmat BAY ofpdSeddifa! RRerdin R Ietst ¥t difle b AW firalImeds sephleflels 10 said
sol der bunp portion uring saild reflow step. Moreover, the solder reservoir

portion can adjetantito at least ete sidwof the s¢dond linearsgpmnght, afd vhextisbkedbleasteser voi r

portion fromsai. Leroel ectronic  substrate, According t et ot.her
Brbodt ment ot Hle PHHE ek iebentiy o5t Bt SEREC e MY A L o on
a m croel ect pORaSt ofie! Bidk bRt se€chdfdeat gol der structure including a

sol der reservoir portion and a solder bunp portion, and wherein said solder

reservoir is tapefégordingstnape aspretef the inyeption the splgeresesyoir pRrtiphoknt i on, the
sol der reserygiy pa?@z{lw Qﬁpgﬁround said solder bump portion. According to another aspect

of the invention, the pressure gradient creates a positive flow rate of solder to said

solder bump portion during said reflow process. Furthermore, th_e pressure
gradient can creates a negative in flow rate of solder to said solder bump portion
during said reflow step. Moreover, the solder reservoir portion can include a notch
to facilitate removal of said solder reservoir portion from said microelectronic
substrate.

According to yet another embodiment of the invention, there is disclosed a
solder bump structure on a microelectronic substrate, comprising a solder structure
including a solder reservoir portion and a solder bump portion, and wherein said
solder reservoir is tapered in shape.

According to one aspect of the invention, the solder reservoir portion at
least partially wraps around said solder burnp portion. According to another aspect
of the invention, the pressure gradient creates a positive flow rate of solder to said
solder bump portion during said reflow process. Furthermore, the pressure
gradient can create a negative in flow rate of solder to said solder bump portion
during said reflow step. Moreover, the solder reservoir portion can include a notch

to facilitate removal of said solder reservoir portion from said microelectronic



| east partially waps around said sol der bunp portion. According to another
aspect of the invention, the pressure gradient creates a positive flowrate
of solder to said solder bunp portion during said reflow process. {g JuN 7006
Furthernore, the pressure gradient can create a negative in flow rate of

sol der to said solder bunp portion durhng said reflow step. Mreover, the
sol der reservoir portion can include a notch to facilitate renoval of said
sol der reservoir portion fromsaid mcroelectronic O 6 JUN 2006 - 7
substrate. quﬁéhod in accordance with the present invention for formng a
sol der bunp S8PFA%ure on a nicroel ectronic substrate conprises the steps of

forning an  undera Riod BiaBkdrdarbY witVBE pRAedtAvelifoh T8t forfnimid Soldatbst r at e,

and formng a solder structure on the under bunp metal lurgy |ayer opposite
t he mi croel deimpstiusture ob e tmigtoglectubric sibstiateccosuprises thet stepstof femiing boides a

non-|inear sold reservoir ortion_and .a sol.der, bu tion. The step of
forning the %F‘S%'fmgfnreﬁa\c(ﬁfﬁy .agg n ﬁg}lffﬂﬁle?‘ﬁ%m%?‘élﬁ?@&}??‘%ﬁﬂrﬂﬁ‘}%?sol der
structure i noldedsidctireRInth@blindef blnpSRbtaRirgy IBILbYIsite thd Mickedbdddp the step
of form ng the solder structure may include the "step of form ng a sol der

bunp port i orsubsftirte, whesein $is soldgnistcture includes aoaor-lingar yoldesgsservairound t he

sol der bunp portion,. Yet further,. t st.e formn he solder structure
my 1 ot ue TRE0R B ofpber imigpetion, o Fu e o  topp et RoldREs RS Ty G
reservoir shigglde tHe stépestifBriding a@bRief Sintbhad ifihidiag 8@ Plurality&Tbldepf the sol der
reservoir. In accordance wth another aspect of the preSent invention, a

met hod of - figserveiss. dnaddition, the sisp of faroing thesaldgr ptiregtars|mayt inghide theubst r at e

conprises th s . of L Ng_an der, bu tallur aver..on the
m-croel ectr o‘ﬁ?‘iaéﬁﬁ%{nﬁaat %’?&g‘r? Hglpfpé’rlﬁ]%adldaa 5 %%or&%r}? @%ﬁtﬁéﬁ@%ﬁa}t‘%mder bunmp
metal | urgy | aweid ereRlet Burhp fortivhC Yee hiitet, e Step bDfdrmidCthe WbELT N t he sol der
structure included a sol der bunp ortion and a plurality of sol der

reservoir po¥tfucHHs mayiaHue e siep P@E?Wg ? poldetssrugtine inclipding 3 saldemot her
eopect 10 | BN oAl | BT e ki o0
m croel ectroni ¢ slibsicoriance with anatheraspect ofithetpyesaht ineertion, & adetlxad gfer  bunp
SErUCtUres Op s Asolaer bump stutiuve of & THitroclsbtronlc sebsiraie Comprscs (e sicas ) 0"

of forming an under bump metallurgy layer on the microelectronic substrate, and

forming a solder structure on the under bump metallurgy layer opposite the

microelectronic substrate, wherein the solder structure included a solder bump

portion and a plurality of solder reservoir portions extending therefrom.

In accordance with yet another aspect of the present invention, a method for

forming 2 flip-chip module comprises the steps of forming a contact solder bump

structure on a microelectronic substrate, forming a plurality of mechanical solder

bump structures on the microelectronic substrate, wherein said mechanical solder

bump structures have respective solder reservoirs associated therewith. Since the

flow of molten solder from the reservoir to the bump takes time, the present

invention provides a means for sequencing aspects of the soldering operation.

Further , the method includes the steps of mating the microelectronic substrate to a

second substrate, and reflowing the solder of the contact solder bumps and the

mechanical solder bumps to bond the microelectronic substrate to the second

substrate, wherein the contact solder bump becomes elongated due to the relatively

larger mechanical solder bumps that will form after a brief delay.



bunmp structures have respective solder reservoirs associated therewth.
Since the flow of nolten solder fromthe reservoir to the bunp takes tine,
the present invention provides a neans for sequencing aspects of the

sol dering operation. Further, the method includes the steps of mating the
m croel ectronic substrate to a second gubstrate, and reflow ng the slggr
of the contact sol der bunps and the nechanical sol der bunps to bond the

m croel ectronic substrate to the second substrate, wherein the contact

sol der bunp becones el ongated due to the relatively |arger mechanical

sol der bunps t hatingceerdanpenyitl anotheg appectef the pregent ingention, s methedxf06 | n

accordance w.th. .ner.a t of t.he sent.4 nventi o a. et hod of

formng a fm"ﬁp"?‘é‘%{l‘ghﬁiﬁ%m @%@ﬁﬁﬁngégesfﬁ% % Sfog}'ung&srﬂrfc}leé THEMMYer ri ng on a
i cr oel ect r afiiceoeteta®hicHubstraté) &¥ifdrdin SaiidoRiet ARg inchities hhlehst@as saldet east one

sol der reservoir associated therewith, mating the m croel ectronic substrate

to a second resamRir pssoeiated therewith. matingthe oriereglectronig sebstrateto@rsgnonst

t her ebet wee . | t r e l.der. r.ing to,seal the

m cr oel ectroni %ﬁb@f&%ﬁ%w%vﬁ%n%&e@?ﬁf ésﬁ%%??éﬁ(}etggﬁ#tWS%’%f‘ease t he

vol ume of t heflewaipte sold&ust thbsldetsingab stdlehe infsioelacitshiy Qibsteteqd thehe seal ed
chanber, the chanber is at a relatively ower pressure than the vacuum

envi ronnent . sepid substRE apd o ngreasrthe va theyghambes. Thps,tseauspgf thesecond
o 7100 UL 46O AL LA SR, 1110

wherein the secon one so reservoir

associ at ed tjressayd thhn tHavaenurheatvidoeneran The thetinidag ey finthet ielydeabesttp i nvent i on
wi |l beconme apparent to one that is skjlled in the art upon exam nation of
the fol I owi ngf foRnmgiaRgsonchpldrs ring substentially cpnegically aligned with thesoldeat al |
such additio . ' | ithin the scope
of the pres eﬁﬁé’ i»{r}l@egx%i[f ?ﬁ]ﬁec%msoﬁ#?%gggﬁﬁd%gﬁél%%ﬂp@%%ggégF%F%gw BRI EF

DESCRI PTI ON &3sociated DitteGCS FI Gs. 1-5 are cross sectional side views of a

m croel ectronic syhstrate at %/fflrious Stlaﬁ es during.the nanufacture of a

redi stribution rotfhehicatyRYERd Htvanageshidhapresent innenipR ¥t PecaRint i on. Fi Gs.
6-10 are t opayapuf tPbncAndi i§ SRS & fhe RitGupdH BRimhBhRoR bf MR ThMWing! ages

drawings and detailed description. It is intended that all such additional features
and advantages be included herein within the scope of the present invention, as

defined in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGs. 1-5 are cross sectional side views of a microelectronic substrate at
various stages during the manufacture of a redistribution routing conductor
according to the present invention. |

FIGs. 6-10 are top views of a microelectronic substrate at various stages
during the manufacture of a redistribution routing conductor corresponding
respectively to FIGs. 1-5.

FIGs. 11-16 are top plan views of various embodiments of controlled
shaped solder reservoirs in accordance with the present invention.

FIG. 17 is a graph illustrating the relationship of the reservoir width and the
internal pressure of the solder.

FIG. 18 is a cross sectional view of a flip-chip structure incorporating the

solder reservoirs of the present invention.



during the manufacture of a redistribution routing conductor correspondi ng
respectively to FIGs. 1-5. FIGs. 11-16 are top plan views of various

enbodi ments of controlled shaped solder reservoirs in accordance Ehb¥hﬁﬁ
present invention. FIG 17 is a graph illustrating the relatlonshlp of the
reservoir width and the internal pressyre of the solder. FIG 18 is a cross
sectional view of a flip-chip structure incorporating the solder reservoirs
of the present invention. 0 6 'UN 2006 - 9 FIG 19 is a top plan of a

substrate including nmechanic contact buynps, that_ include sol der reservoirs
in accordance w tﬂ%t A& ipp @éﬁ?ﬂ P& ebsirels I‘éﬁ%'épln&ﬂ?&b@mﬁadlcoﬁ'éﬁ‘twpsburrps

FI Gs. 20A-2 ubstrate at
vari ous. ot agha oA Sifr SR h ol e il B HE R Sk Sl er i
accordance eledtiicdl hentactdamigs. i nvention. FIG 21 is a bottom plan of the top
substrate in FIGs O0A- DETAI LED DESCRI PTI ON OFPR EFERRFD ENMBCDI MENTS
The present mvenﬂct% Qﬁﬂ%%ﬁﬁ?ésﬁeéélﬂﬁb’éﬂvmaemf‘ﬁw Igetrmicsubstratgat \j ¢ b
reference toydifs pts of
the. i nvent | Gaas SRERTRMEMOrhaL RSl d Sriol pReRELARSA S RRAMARE ° Dry
di fferent fwiththespreserhimventiornt be construed as limted to the enbodi nents
set forth herein her, thes di men S are o that this

di scl osure wil | bgld %r‘%ﬁ@ﬂ“ ?mb%brfﬁ?@&’e““ strte 1 sfé‘gﬁ&oionvey t he scope
of the invention to those skilled in the art. In the draw ngs, the

t hi ckness of Iayers and reglons are exaggerated for clarlty Li ke nunbers
refer to |ike el erl2tlA ' 12 RED PDIMENT®Nnductors A

, 0 , ‘

m croel ectronic styuctur cl d| i buti rout i nduct or

and a raised sol dRe BEHRL Kook wi‘l?fw%e (B bt AR fueAg G ductor
the top in gFéreReRonkd i&oﬁ?ﬁi Agdmm@gfwmehgsé&@éwnsww&wcl udes a
cont act pad 14 and passivation Tayer 2 on a substrate 15

redi st ri but i dventéan arp ghewmdlhis srvention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein;

rather, these embodiments are provided so that this disclosure will be thorough and

complete, and will fully convey the scope of the invention to those skilled in the
art. In the drawings, the thickness of layers and regions are exaggerated for clarity.

Like numbers refer to like elements throughout.

L Redistribution Routing Cond

A microelectronic structure 11 includes a redistribution routing conductor
and a raised solder bump, as shown from the side in FIG. 5 and as shown from the
top in corresponding FIG. 10. The microelectronic structure includes a contact pad
14 and passivation layer 12 on a substrate 15. The redistribution routing conductor
17 and solder bump 21 each include respective portions of under bump metalturgy
layer 16A-B and solder layer 22A-B. '

"The redistribution routing conductor 17 includes a relatively elongate
solder portion 22B (also referred to herein as a solder reservoir) on a respective
elongate under bump metallurgy portion 16B. The solder bump 21 includes an .
enlarged width solder portion 22A on a respective enlarged width under bump
metallurgy portion 16A. Preferably the elongate solder portion 22B is relatively
thin while the enlarged width solder portion 22A is raised, as shown in FIG. 5.



17 and sol der bunp 21 each include respective portions of under bunp

metal lurgy |ayer 16A-B and sol der |ayer 22A-B. '-The redistribution routing,
conductor 17 includes a relatively elongate solder portion 22B (al &duN 2006
referred to herein as a solder reservoir) on a respective elongate under
bunmp netal lurgy portion 16B. The sol der Bunp 21 includes an . enlarged

w dth sol der portion 22A on a respectfv% enl arged wi dth under bunp

metal lurgy portion 16A. Preferably the el ongate sol der portion 22B is
relatively thin while the enlarged wi dth solder portion 22A is raised, as
shown in FIG 5. &ceordinghythwssoldet bumpdmadibedogated dta poitdarthbsubstrdte can be

I ted at ' th trat tively distant f th tact pad
195w th e Taalivel bl ot 8 canftsT nad A Biye deal SRt rhieER CnuERr | ol
connection tb’ﬁbﬁﬁrﬁiiﬁ@%‘ele@ﬁicﬁlhc%h@diﬁﬁ@é}&b&%éﬂ. dPis m&ngE@a&swt a

substrate having a layout with a contact pad 14 at one predeterm ned

| ocat i on canadnantags thad @ substeatechiving allayoutuwith acontaggaddd atonait i on.  This can
be particularly useful, for ex | e, when substrat e _has a J.ayout with
Contact | padePieAPRE cebin FRCRHE Gn alte i IOF oo AR 18 e
substrate i nThis cahbe paRicRladRistfB fbOdkample, Swiefllad@bstRite Basdd Ry 6@di8h 1 i but i on
routing conductor can be fabricated sinultaneously, as described below wth
regard to FI centact-pads arpgriged fertwire bonding, iapd it is desiredito neg the substmata ink7 can be

straight as gho I1,. na SO _jnclude nd ]. curves. Furthernore, the
sol der bunmp ?ip'xr\r@? aBéhcagpﬁ.C %grsdé@r %ﬁ%ﬁ@@%@‘%ﬂﬁsﬁ%ﬁ@@ﬁ%s such as
rectangul ar . bdebrivaled SimiltuEBoRly, a9 dedchibed BelowwitlbtdgafitolFIGs] Rgoconduct or 17
are preferably fornmed sinultaneously. FIGs. 1-5 are craoss-sectional side

views of microel dchijethesedistribetionreyting cenduriond7 sambe straightiagishowaiit on, whil e

FI Gs. 6-10 : ' ' ' | [
Structures. Ty SRHERAE BRIl Bl i, Ml bR (RABTITbER R B 60 ©
passi vati on lcirgelar dskhond oriit cadhpos etlecshapexcduchasirebtangniaf substrate 15, as

shown in FIGs. 1 and 6., The sybstrate 15 can include a_,layer of a
seni conduct i ng nat'@gisaldesbmp 44 an%ﬁqeire@ﬁm%gapm Fowting ceudictdr 1781¢ i con car bi de,

R
- microelectronic structures at various stages of fabrication, while FIGs. 6-10 are
corresponding top views of the same microelectronic structures, The
microelectronic structure 11 initially includes a passivation layer 12 and an
exposed contact pad 14 on a substrate 15, as shown iﬁ FIGs. 1 and 6.
~ The substrate 15 can include a layer of a semiconducting material such as
silicon, gallium arsenide, silicon carbide, diamond, or other substrate materials
known to those having skill in the art. This layer of semiconducting material can
in turn include one or more electronic devices such as transistors, resistors,
capacitors, and/or inductors. The contact pad 14 may comprise aluminum, copper,
titanium, an intermetallic including combinations of the aforementioned metals
such as AlCu and AlTi;, or other materials known to those having skill in the art.
This contact is preferably connected to an electronic device in the substrate.
The passivation layer 12 can include polyimide, silicon dioxide, silicon
nitride, or other passivation materials known to those having skill in the art. As.
shown, the passivation layer 12 may cover top edge portions of the contact pad 14
opposite the substrate 15, leaving the central portion of the contact pad 14 exposed.

As will be understood by those having skill in the art, the term substrate may be



in turn include one or nore el ectronic devices such as transistors,
resistors, capacitors, and/or inductors. The contact pad 14 may conpri se

al um num copper, titanium an internetallic including conbinations of the
af orementioned nmetals such as AlCu and AITi 3, or other materials kfiowhlilb
those having skill in the art. This contact is preferably connected to an
el ectronic device in the substrate. The_passivation |ayer 12 can include
pol yi m de, silicon dioxide, silicon ﬁi}giae, or other passivation materials
known to those having skill in the art. As, shown, the passivation |ayer 12
may cover top edge portions of the contact pad 14 opposite the substrate
15, | eavi ng d¢finedesntas & ingndeithepas$ivation layertl2cndradtattipasddsboefdIGs. Nendv | | be
under st ood bF those having skill in the art, the termsubstrate nay be
06JUd2006 defined so as to include the passivation |ayer 12 and contact pad

14 of FIGs. 1 andAnfGndébwhsl fictadurgy 185dralel iy Enedanahe pissivatib® ayRfleon t he

ti
passivation |ayer to provide a connection between the sol der bunp and the
contact pad pepvided camnegiiombictiween the solderdusipeand the eontaet pelddrandto FI Gs. 2 and

7. Th d b .al | | 16 t t t act d 14 d
passi \e/a;J inoﬁr P'éO;JVé © ﬁggﬁlg%?lg%@%u%\s@ém% %t)‘?g@pe%@]ﬁgf%@g‘gf g‘%ﬁﬂa;r oeﬁdes aan
surface to Wiiegdiutfelaged msd\fsﬂoiectsqﬂé]@dxﬁactt’gb@ 1436& pasivalonBiyet 127 gy | ayer

preferably includes a chrom uml ayer on 1e passivation |ayer 12 and
contact pad @uringsybsegusdt processingsfepand proviges-a suface ewbichdhd soldérayillr ;. and a

| he, ph | Thi ture.adh t tect
Che pass vat Faeapnf UREF DunBilntel Bd mterd eGSR rirml B ot o
the plated sehedessivitichlaye! 120148 cotaet Mﬂdﬂfa?ﬁﬁ@d@&i@ﬁhﬂ@)ﬁp&ﬁﬁ%r dgrey al so

include a titaniumbarrier |ayer between the substrate and the chrom um
| ayer as di sdeodwemium layers anga cepper Myer omtheghageridayer: Thisssructose adhergsunp

Fabrication i Ti ' I: ayer," and
assigned to ﬁ%@@@?egﬁg“é‘?é&%g&g?‘ ééﬁ&%nd\;’gﬁﬁ B?ld ié%‘h#sm SE?S@%&&%— barrier

| ayer prot ectasd foetheasdsted sélderrwhialy followsom et chants used to renove the ot her
conponent s of theaﬁlgder bunmp rregﬁl | urgy | ayer and al so prevents the

formati on of resi andey li‘!’-i%l? pes: nga(ﬂ?mmaéfw&?o %ﬁ]l“éﬁaﬁﬁ?’mémeélﬁl@ho.rts
bet ween sol defrudiRite &tirate dhd e Rtrhihh 1aPs ds Wk FRBFHEHOS Pateli Vg | € Ni um

5,767,010 entitled "Solder Bump Fabrication Methods and Structures Including a
Titanium Barrier Layer," and assigned to the assignee of the present invention.
This titanium barrier layer protects the passivation layer from etchants used to
remove the other components of the under bump metallurgy layer and also
prevents the formation of residues on the passivation layer which may lead to
shorts between solder bumps and redistribution routing conductors. The titanium
layer can be easily removed from the passivation layer without leaving significant
residues.

Various under bump metallurgy layers are disclosed, for example, in U.S.
Patent No. 4,950,623 to Dishon entitled "Method of Building Solder Bumps", U.S.
Patent No. 5,162,257 to Yung entitled "Solder Bump Fabrication Method", and
U.S. Patent No. 5,767,010 to Mis et al. entitled "Solder Bump Fabrication Methods
and Structures Including a Titanium Barrier Layer." Each of these references is
assigned to the assignee of the present invention, and the disclosure of each is
hereby incorporated in its entirety herein by reference.

A solder dam 18 can be formed on the under bump metallurgy layer 16.

This solder dam 18 preferably includes a layer of a solder non-wettable material



| ayer can be easily renoved fromthe passivation |ayer w thout |eaving
significant residues. Various under bunp netallurgy |ayers are disclosed,
for exanple, in U S Patent No. 4,950,623 to Dishon entitled "Mthod of

Bui | di ng Sol der Bunps”, U.S. Patent No. 5,162,257 to Yung entitIeBdJ ",@ggﬁder
Bunp Fabrication Method", and U. S. Patent No. 5,767,010 to Ms é]t aH‘.
entitled "Sol der Bunp Fabrication Methods and Structures Including a
Titanium Barrier Layer." Each of these Teferences is assigned to the

assi gnee of the present invention, and the disclosure of each is hereby
incorporated in its entirety herein by reference. A solder dam 18 can be
forned on t HachagBtanimpr chyoruiumy oy yhe wider burep metdlusgy tiyeel6.08he 3@dden ef er abl y

i ncludes a | gyer, 0f sol der__non-wet tabl erial .0 6.JUN.2006,.- 12 such
as titani um %‘" i%?”élrln%ﬁﬁ otcﬁﬁmfna&”@ﬁlhga@%‘yF%Péi/p?rg CdPEIOT {0 S ol der
dam 18 wi || femowifadhé Girdt 0éMpakdll) pbRioRAFARS urider Bthfnhaam&g?wes 169bf or med

t he under bu nmet al | ur gy

prior to renoving the first (exposed)ygortion of t
| ayer 16 notCove eigldsy, asslisgussed helow. & mask dpysel®is then farsiediamthe 20 is then

formed on th | 4110 I Q i hot or esi st mask
or ot her msﬁ%‘dﬁ??ﬁfﬁ- gﬂgfég%( lﬁ%\e\%i"rqw%ﬁéé{'{’%gFﬁﬁgﬁégsé%asgﬁé%%%gEm’g}éyer 20 is
patterned towommlﬁqh@@mmﬁrﬂ]@m,r the first portion of the under bunp
nmetal lurgy | ayer and to uncover areas_ of the solder dam 18 over a second

portion of the un¥bs masilayercdis patiered ycoventhe saldandam overcthe fisstder bunp and
distributi : ' ' f ' f
he sol der  d2olib8 b HarSErAG) ieialltgy 18fer sl 8F focol PP GUBE SBIgcR Bl °F

under bunp nE8 avdrwsgyoridyition 6f the snddrbump mMetallagy 18yer16 o whibh the
particularly, the second portioon of the under hu metal lurgy | ayer 16,

whi ch is notsldgrdump WWH@@BP@@“"&&&PW‘%&?H&%@H“%S@Q uraverednc| udes
an enl arged td : qﬁla,gﬁ uﬁ)(?.'b l: der | ayer
22 is preferﬁ%ﬁ&ng g%tép%g%@dsgﬁg{ﬁgm?gcon %or |%%R%P£'§E%Odﬁt}ﬁ)giel$bunpy
met al | ur gy | afidet bumpsnesdibuspy layerr1 6as skovamnih FIGsThend 8) Néore panichiarly,

el ectropl ated by appl yi.n n electrical bjas to the confi nuous b
P gm s}el:con‘glppc}:/'tliong ota the unger ulmp mctailu:gy ayer 12, whjcltn Iis #ot%ovg'gg %)rr Hrm

the solder dam and patterned mask layer, includes an enlarged width portion 16A
and an elongate portion 16B.

A solder layer 22 is preferably electroplated on the second portion of the
under bump metallurgy layer 16, as shown in FIGs. 4 and 9. The solder can be
electroplated by applying an electrical bias to the continuous under bump
metallurgy layer 16 and immersing the microelectronic structure in a solution
including lead and tin, as will be understood by those having skill in the art. This
electroplating process allows solder layers to be formed simultaneously on a
plurality of second portions of the under bump metallurgy layer 16. The solder
will not plate on the mask layer 20. Alternatively, the solder can be applied by
screen printing as a paste, by evaporation, by e-beam deposition, by electroless
deposition or by other methods known to those having skill in the art. In addition,
while lead-tin solder is used for purposes of illustration throughout the
specification, other solders such as gold solder, lead-indium solder, or tin solder
can be used as will be understood by those having skill in the art.

The solder layer 22 includes an elongate portion 22B and an enlarged width
portion 22A. After removing the mask layer 20, the microelectronic structure 11
can be heated causing the solder to flow from the elongate solder portion 22B to



metal lurgy layer 16 and imrersing the mcroelectronic structure in a

solution including lead and tin, as will be understood by those having
skill in the art. This electroplating process allows sol der | ayerng [ 08
formed sinultaneously on a plurality of second portions of the under bunp

metal lurgy |layer 16. The solder wll. nef plate on the mask |ayer 20.
Alternatively, the solder can be applied by screen printing as a paste, by
evaporati on, by a-beam deposition, by electrol ess deposition or by other

thods k tg th ' i 1Lt t_In addit] whi Le | ead-ti
Col der 1 i TaseO iR SelaBooibn ozh Aaer R Ate Dl bupbk HRcat on, |
ot her sol dereslapstdwidth &8¢t poRidifI2A | TRSsoldd idaff F9h&0ents Be dolder fdtler can be

used as will be understood by those having skill in the art. The sol der

| ayer 22 i nepreaddingdayendohgglongpterloBand zalrgadiwidth toA pogiamswif thendonr t i on
22A. After nenovi t he .mask | ayer 20 e marael ectronic structure 11 can
be heat ed Qﬁ‘?-%&g‘?ﬂ‘é’ggé?yaeéﬁ“t%yﬁ%f‘%“?an‘ﬂﬁ-éﬁé‘ﬁe‘ﬁmgme sol der portion 22B to
0 6 JUN 2006 - 13rhetsoRiee Wil flaRdwhértidatedAbded itP RGtidOHs ipetdigeeby formng a
rai sed solder bunp at the enlarged width solder portion 22A. The sol der dam

18 prevent s (approxisatrly 209 €nfor spldenbpving ¢ dengt andd 04 tin)y and thisprogess ienl ar ged
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process is comonly referred to as solder_reflow During reflow, the

surface t enshénovy theyelatiyelyqeide geernetsy provided £oy the sgldepbpmpiasdial pressure in
t he enl arge e el i . i ,L,de geonetry
provi ded fo&e%gélg ik e‘ﬁ?%ﬂaﬁ%gsgﬁg %a%éé%%levég@r hﬁgﬂ&‘u 2r#e%/‘ﬁe\(ély:ﬂqapr essure in

t he el ongat eehtivelgmatrowt geometr® proxided foh the redisaibutien yonimgroondgeanet r y

provided for the redistributjon routing condu r. .In qrder to_ equalize this
i nternal pressur ndqrﬁ?réPéﬂ‘t“’rl%%F?méH}tE‘B&RrF% lﬂgﬁ’?ﬂlﬁles‘gi@?r frodheier

portion. 22By4 &1 &5 gﬁdz § iR 51951%@3\&9 teb sAqcordingly, the
sol der forns aﬁgag]se%&?gft er 2g‘urrp %t the en arsgfeagréng‘gtoﬁ s& der portion 22A
and a r el at i Aedoydinplyntheapkier fifrms @l rdised silddrfbang athperdarged sedthgolder on 22B
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over the redistribution routing conductor. When the solder is cooled below its
liquidus temperature, it solidifies maintaining its shape including the raised solder
bump and the thin layer of solder over the redistribution routing conductor.

It is known in the art of printed circuit board manufacture to apply solder at
a uniform level on PCB lands by screen printing, and that the level of solder can be
increased locally by enlarging a part of the land. See, Swanson, "PCB Assembly:
Assembly Technology in China," Electronic Packaging & Production, pp. 40, 42,
January 1995. To their knowledge, however, Applicants are the first to realize that
solder can be electroplated on a microelectronic substrate at a uniform level and
then heated to produce a raised solder bump together with a redistribution routing
conductor on the substrate.

Furthermore, U. S. Patent No. 5,327,013 to Moore et al. states thata
microsphere of a solder alloy can be pressed onto a pad, and that a stop formed of a
polymeric solder resist material can be applied to the runner to confine the solder
to the bond pad. While this patent states that the spread of solder along the runner

during reflow can be limited by constricting the width of the runner section relative



| i qui dus tenperature, it solidifies maintaining its shape including the
rai sed solder bunp and the thin |ayer of solder over the redistribution
routing conductor. It is known in the art of printed circuit board

manuf acture to apply solder at a uniformlevel on PCB | ands by %Erﬁﬁqmﬁ
printing, and that the |l evel of solder can be increased locally by ™
enlarging a part of the land. See, Swanspn, "PCB Assenbly: Assenbly
Technol ogy in China," Electronic Packaging & Production, pp. 40, 42,
January 1995. To their know edge, however, Applicants are the first to

realize that, .saolder can be el ectroplated,on a.m groel.ectronic substrate at
a uniforml é?/él?eol?i paﬁh@ﬁ”ﬁ%&? é‘dﬁﬁeﬁt?%'bah@g relative dimgnsigngyel the SUNCEY o get her

with a redi skétidididie bod pdioan BRRYME {0 ¥austsdidd tﬁﬁ@%ﬁﬁr@rﬁﬁhe hithEPRIdor e, U
S. Patent No. 5,327,013 to More et al. states that a mcrosphere of a

sol der al | oypondpat) ¢hesehysfoedingratroultilqyabisolderdtruttate. dnsiddisiohoneither of a

pol ymeric sqlder resist material can he led to the runner to, confine the
ol ter | to’ HEeslrensEesBan o pib o drusfie Letine af elesele Mo B01 ol der

al ong the runREed Witith PortioRichRbe G5 tBMndsk Thd ﬁiﬁepﬁuﬁg@ﬁéﬁlhﬁky ebfip W dth of

the runner sectron relative 0 6 JUN 2006 - 14 to the bond pad, there is no

suggest i on tdrder toHerm aredistubutiinrentingeenduttor kagethenmith a mised soldenbump he bond

pad can be used tq causgﬁr solk(iler tto flow fromthe runner to the bond pad

t hereby for nPHP PSS SVRNEI e structure. In addition, neither of

these references phofiehod dBribed heleHrelied snidiferdicbPin the sfacBlieigat € portion
and an enlarged width portion can be used to nmask the under bunp netall urgy

| ayer OIi n I grid uceddnwaradrp@ss@elpéﬁmirﬁlnweﬁ{liﬂuifﬂ Bﬂéeﬂ@rfdunﬁéhintl@ﬁ?etglﬁgr Wi tB g
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pressure of Wwitth sallepurtor 22AUTHg intéthalgiredstre/ oA Hqiillidfop efRldedlcan BO! der  at
t he el ongate sol der portion 22B and a rai sed solder bunp at the enlarged

wi dt h sol derdgsermineshaczoplingrioethe farmyulasl pressure P of a liquid drop of sol der
can be determ ned according to the ferRgla: P=2T/r, where T is the surface
tension of the liquid solder, and r is e’radi us of the drop.

where T is the surface tension of the liquid solder, and r is the radius of the drop.

Where liquid solder is on a flat wettable surface such as the under bump

metallurgy layer, the formula becomes:
P=2T/.

In this formula, r’ is the apparent radius of the liquid solder, and the apparent radius
is the radius of the of the arc (radius of curvature) defined by the exposed surface
of the solder. The apparent radius is dependent on the width of the underlying
solder wettable layer such as the second portion of the under bump metallurgy
layer which is in contact with the solder. Accordingly, the internal pressure of a
reflowed solder structure is inversely proportional to the width of the second
portion of the under bump metallurgy in contact with the solder. Stated in other
words, a solder portion having on a relatively wide under bump metallurgy portion
will have a relatively low internal pressure while a solder portion on an elongate
(relative narrow) under bump metallurgy portion will have a relatively high
internal pressure. The internal pressures will equalize when the apparent radii of
the elongate solder portion 22B and the enlarged width solder portion 22A are
approximately equal.

Accordingly, when the solder layer 22 with a uniform level illustrated in



Where liquid solder is on a flat wettabl e surface such as the under bunp
netal lurgy |ayer, the formula becones: P--2T/r'. In this formula, r' is the
apparent radius of the liquid solder, and the apparent radius i ggtng 088di us
of the of the arc (radius of curvature) defined by the exposed surface of
the solder. The apparent radius is depefsglent on the width of the underlying
sol der wettable | ayer such as the second portion of the under bunp

metal lurgy layer which is in contact with the solder. Accordingly, the
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are approximately equal. Accordingly, when the solder layer 22 with a
uni f or m | eveintarmetpdlic eancre formeyl ptwesn tho gelder nationy 23A- dgr bumpeat ed

above its |i ' fe re, I romg he. el at e sol der
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appr oxi nat el  éttianS&APnAGIA LS to r@E bvistht hGd&BuniPmelallgrgy. 1A dcoadingly] der
bunmp. If the solder flow step is perforned prior to renoving the t1rst

portion of Hweintgrestallin reguges upderchttne Pﬁ'}’érsgllj@f deringtho dollawing stepeofsol der

structure, |3 {]F}ﬁ.al 146.4,C 255 tions 22A-B
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i nt ermet al | i distwssédini 1 SirRatent Moe$ ¢ 62053 tocVumpaititled $'SoldepBumipRabricitonunder

bunp netal lurgy. Accordingly, this internetallic reduces undercutting of
the sol der dieths"iand assigricdip the assigpeenf the presnt iyepHens i rst portion of the

under bunp netal | t , 1641 ' . Pat ent
No. 5,162,257 to %%mgﬁt ﬁ%ﬁﬁé‘gé"'l%“o@d%’rmgg‘% lafel 26 gg?ﬁ%%%e‘%ﬁ'? Erolgy ergnd
assi gned t o hdiecan shegobder strudtive apd dwecsolder fsvelehd-tin.solder. Accordingly, the

step of causing the solder to flow will cause the solder to react with the copper to

form an intermetallic region adjacent the solder structure, and this intermetallic
will comprise Cu3Sn. This intermetallic does not readily react with etchants
commonly used to remove under bump metallurgy layers thereby reducing
undercutting of the solder structure.

The solder layer 22 is then preferably used as a mask to selectively etch the
first portions of the solder dam 18 and under bump metallurgy 16 not covered by
solder. A chemical etchant can be used which etches the under bump metallurgy
layer 16 preferentially with respect to the solder portions 22A-B. Accordingly, no
additional masking step is required to pattern the under bump metallurgy layer.
Stated in other words, the formation of mask layer 20 is the only masking step
required to pattern the solder dam 18 (FIGs. 3 and 8), selcctiveiy expose the
second portion of the under bump metallurgy layer 16 during the plating step
(FIGs. 3 and 8), and remove the first portions of the under bump metallurgy layer
not covered by solder after the plating step (FIGs. 5 and 10).

Alternately, the first portions of the under bump metallurgy layer 16 not

covered by solder portions 22A and 22B can be selectively removed prior to
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Preferably, the under bunp netallurgy |layer 16 includes a copper |ayer

adj acent the solder structure and the solder is a |lead-tin solder.
Accordingly, the step of causing the solder to flow will cause the sol der
to react with the copper to forman intermetallic region adjacent l6Hel 2006
sol der structure, and this internetallic wIll conprise Cu3Sn. This
internetallic does not readily react wilh etchants comonly used to renove
under bunp netal lurgy | ayers thereby reducing undercutting of the sol der
structure. The solder layer 22 is then preferably used as a nmask to

sel ectivel y ehgthgtthesollérts FloRo Thitkissase] tHelttorpaled2B ddenlfrgad didden bunp
netal lurgy 16 not covered by solder. A chem cal etchant can be used which
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the formati op thé uAd&bUngyMEtaBirgly Sit id ot WRktdblens Kieiassivaion lagsiuiz,ed to pattern
the solder dam 18 (FIGs. 3 and 8), selectively expose the second portion of

the under bufscordingly,hepassixgtion layercap cautatnibe polder digingtheysoldenflew 3 and 8),
and renove t i icﬁHF t %mgﬁ% bunmp netal lurgy |ayer not
covered by s%?%’edrnda%?g@a‘%rhe p}s;%nntg:eesl ep 1‘—'I Gs. 5 and 10). Alternately, the

first portions of i hsothérddternative) theedodddr dagiycahdyctidelHsoldér nohowettabde by sol der
portions 22A and 22B can be selectively renoved prior to O 6 JUN 2006 - 16
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to Ms et al SO8ft 8 | der Bunp

Accordingly, the mask layer 20 can uncover portions of the solder dam as
well as portions of the under bump metallurgy layer 16 thereby allowing a greater
volume of solder to be plated. The mask layer 20 and underlying portions of the
solder wettable layer are then removed. When heat is applied to cause the solder to
flow, the remaining portion of the solder wettable layer under the solder will be
dissolved into the solder exposing the solder to the solder non-wettable layer.
Accordingly, the solder will retreat to the second portion of the under bump
metallurgy layer which is wettable.

As an example, a first portion of the under bump metallurgy layer 16 is
covered by a solder dam 18 and a mask layer 20. A second portion of the under
bump metallurgy layer 16 is uncovered and has an elongate portion 16B that is 150
micrometers wide and 500 micrometers long, and a circular enlarged width portion
16A with a 500 micrometers diameter (or width), as shown in FIGs. 3and 8. A
uniform 35 micrometers high solder layer 22 is then electroplated on the second.
portion of the under bump metallurgy layer 16 including elongate portion 16A and
enlarged width portion 16B, as shown in FIG. 4. This solder is 90% lead and 10%
tin. After removing the mask layer 20, the solder is heated above its liquidus



Fabricati on Methods and Structures Including a Titanium Barrier Layer". The
sol der wettable [ayer allows solder to be plated on portions of the sol der
damas well as the second portion of the under bunp netall urgy ng@nmﬂp%
covered by the solder dam or mask. Accordingly, the mask | ayer 20 can
uncover portions of the solder damas- 1el4 as portions of the under bunp
nmetal lurgy |ayer 16 thereby allow ng a greater volune of solder to be
plated. The mask |ayer 20 and underlying portions of the solder wettable
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35 m cronet € ten® second.
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and 10% tin. Affer. repovin h sk, | ayer 20, the solder is heated above
its |iqui dus®o? %é WtngBHEg‘if?so‘fqegﬁﬁ ightit ure (approxi mately 299C) allowing it
to flow The "qumc&r&inggr sbi3erCl @ﬁ&ﬁ%@&oa% SQAEYbrfigH 2B 484 B of the

sol der wettabl e under l'urgy layer r dam 18 to which
t he sol der mlaﬂgedmudmmdeepm‘aus 22A hmtik the dntermat pmsmmcseeqnahzwﬂleycbyg wi dt hs,
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psi) and the internal pressure of the enlarged wi dth sol dér portion 22A is
rel ativel y | ueder dpmponetakiurgy Jaysr 8@ gotcovergd by the solder structure have also been

removed.

In this example, equilibrium is obtained at an internal pressure of
approximately 3.4 X 10° Pa (493 psi). At equilibrium, the elongate solder portion
22B is approximately 10 micrometers high and the enlarged width solder portion
22A is approximately 130 micrometers high, and both portions have a radius of
curvature of approximately 281 micrometers. Accordingly, a two level solder
structure can be provided with a single masking step. When cooled, this structure
solidifies while maintaining its form. In addition, the elongate solder portion 22B
with a solder height of 10 micrometers is sufficient to mask the respective elongate
under bump metallurgy layer portion 16B when removing the first portion of the
under bump metallurgy layer not covered by solder. The enlarged width portion of
the solder structure may have a width (or diameter if the enlarged width portion is
circular) of at least two times a width of the elongate portion of the solder structure
in order to ensure that the solder bump formed by the method described above is
sufficiently raised relative to the elongate sclder portion to provide an adequate
connection to a printed circuit board.

In the drawings and specification, there have been disclosed typical



or .558 psi) at the original solder height. Accordingly, solder flows from
the el ongate solder portion 22B to the enlarged wdth solder portion 22A
until the internal pressures equalize, thereby formng a raised S(ﬂ|ﬁdﬁm ToRsp
at the enlarged width solder portion 22A, as shown in FIGs. 5 and "10. In
FIG. 5 and 10, the solder dam 18 and th® first portion of the under bunp
nmetal lurgy | ayer 16 not covered by the sol der structure have al so been
renoved. In this exanple, equilibriumis obtained at an internal pressure of
appr oxi mat elpfefd ( R ep Iuloh Rbdds sol der
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cooled, this structure solidifies while maintaining its form In addition,

the el ongate solder portion 22B wth a solder height of 10 mcroneters is
sufficient to nmasi. GoatraliegeSiaped SeldemReservoirsder bunp netal | urgy | ayer
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met hod described ahove. is ., sufficignily.raised relatiye to the elongate -
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a solder redistribution reservoir for the enlarged w th sol der, Port on 22A.
The sur f ace-Thus, by taking advantage of the surface-tension induced pressure differentia

between a solder redistribution reservoir and an elongate width portion, such as a
solder bump, relatively taller bumps can be advantageously achieved. The
following description is of various embodiments of solder structures which take
advantage of this pressure differential to produce more efficient and reliable solder
structures.

With reference to FIG. 11, a solder structure 30 in accordance with the
present invention as illustrated. The solder structure 30 includes a square solder
redistribution reservoir 32, and a channel 34 that connects the solder redistribution
reservoir 32 to an enlarged with portion, such as bump 34. The square solder
redistribution reservoir 32 includes at least two linear segments, each having
opposed sides, where at least one side of a first linear segment is oriented at an
obtuse angle with respect to at least one side of a second linear segment adjacent
the first linear segment. Accordingly, as a solder forming the solder structure is
heated to its liquidus state to cause the solder to flow, commonly referred to as
solder reflow, the solder flows from the solder redistribution reservoir 32 to the
bump 36 via the channel 34 due to the internal pressure differential. The additional

solder from the solder redistribution reservoir 32 increases the volume of solder



tension induced pressure differential causes the nolten solder in a
relatively high pressure elongate solder portion 22B to flowto the
relatively lower pressure enlarged width portion 22A. The increasipg jsipliier
volune at the enlarged width portion 22A forns a raised sol der bunp. A

sol der bunmp so fornmed generally has a I®latively |larger height than sol der
bunps formed w thout solder redistribution reservoirs when utilizing the
sanme pad dianeter and sol der plating thickness. Thus, by taking advantage
of the surfag Hgﬂﬂgp | | der
redlstrlbutlon r e#%@?é an gﬁﬂé n at§QlL%t gg??#ggREFWEﬁBaghag sol der
bunp, reIat|&whymtakhemnhdmpanmanmba1admamaagﬁomsbquﬁmhﬂaueﬂneEhe foll ow ng
description | of v |ous odi nents of _sol der structures which take
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|'i abl | d t t
reliabl e sol der tgﬁgwﬁﬁg ”mgaﬁ%gaﬁﬂ;ﬂ}# IUfﬁhOliLZS ﬁmzai#ﬁé erStructure

30 in accordance w bresent I nve ustr at sol der
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si des, where at [east one sid first linear sedment oriented at an
obt use angl emm tHowe‘sqneh)t prowiding 4 salder redistribiztien mfscraro:ré!dcnnduﬂd the soldeegnent

adj acent firs ear, ol der formng the

sol der struc PR PR E W?sﬂlflﬁqa@cgégsm’gt‘é@g @3&3@ Sapare s@f’der to
flow, Commnbwm%miﬂeqﬁcfesseaso1§9l51§h1ﬂ3efAéa&d,ﬁgg ﬁﬂ&é}w g R4Shefig Om t he

sol der redistribution reservoir 32 to the b via the channel 34 due to

‘the inter nal signidisantheindicasesrvinle at affwmlgathdsmldmtalm}) pitthiiorthe amay.t he sol der
redi stribution regervolr..3 |nc ases..the,vol of _sol de 2006 -
form ng the sol de t f)ﬂ%dﬂfaﬁ SB cfﬁ??ﬁ“#fagg }?"gﬁge? R’trﬁﬁ ‘?la?usﬁﬁ]t?fil? ’bunp
Thus, the spasefeRdlyRdricaed di0nhe GHER Mask mcﬁ@acz%é@abwarth&ﬁgmtl lized to
store the solder that flows into the bunps during reflow. As an exanpl e,

assume an ar ¥all he reepgnizedby Hiope of erdingryisiall intbajagttatetherisuitablesolid, 0. 25 nm
pitch, a mni;mem G061 NG ofirohEalatiaP ddfdsitidh nbdfddsiday SRR, & well

known in the art. Further, it is noted that while the solder bumps described herein

are circular in shape, one having ordinary skill in the art will recognize that the
solder bumps may take any geometry, such as square, recfangular or polygonal.

It is further noted that while a solder redistribution reservoir 32 is square,
other geometries for the solder redistribution reservoir are within the scope of the
present invention. The different geometries and dimensions of the solder
redistribution reservoir may be controlled by various design parameters, such as
the amount of solder to be added, the speed of flow, the minimum feature spacing,
etc. For instance, as illustrated in FIG. 12, a solder structure 38 includes a U-
shaped solder redistribution reservoir 40 of the same width as the solder
redistribution reservoir 32 may be utilized in order to provide additional solder to
the bump. As another example, a solder structure 50 comprises a burnp portion 52
in a plurality of regularly extending solder redistribution reservoirs 54, as
illustrated in FIG. 13. Thus, by engineering the particular dimensions in shape of
the solder redistribution reservoir, the volume, height, and area of the solder bump

can be precisely controlled.



0.025 mm and plating solder that is 0.05mmthick. A solder bunp under these
ci rcunst ances woul d have a solder volune of 6.4 E-4 mmB, and a hei ght of
0.07 mm However, by providing a solder redistribution reservoir Sré {@ d
the solder bump pad, as shown in FIG 11, that is 0.063 nm w de el ”8 Eﬂq
square, the bunp volune increases te 2o23 E-3 mmB. Accordingly, solder bunp
height is significantly increased while not affecting the solder bunp pitch
inthe array. It is noted that the solder structure 30, and those structures
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decreases. TOHIROPHE sblalNids Bimilg He dolte? réidelibiiin reS94, and/or to better

Alternatively, the solder redistribution reservoir may have a line width that
decreases from a distal end to a proximate end adjacent the solder bump in order to
decrease the flow rate, as illustrated by the solder structure 70 having solder
redistribution reservoirs 72. Slowing the flow rate of the solder in the solder
redistribution reservoirs may be desirable in various circumstances, such as with
eutectic solders where rapid flow produces instabilities and unpredictability.
Specifically, the instability and unpredictability with eutectic solders is caused by a
variety of factors, such as not all the solder melting simultaneously, grains of
higher melting point alloys, etc.

As discussed above, a small amount of solder remains in the solder
redistribution reservoir after reflow. Even though the solder redistribution
reservoirs described herein can be shaped and sized to take very little space on a
substrate, it may still be desirable to remove the solder redistribution reservoirs
after the reflow step. In accordance with the present invention, by inhibiting the
complete conversion of the copper (or other wettable metal)layer of the under

bump metallurgy to an intermetallic, the remaining copper may be removed in the



control the flowrate of the solder, a gradient line wdth may be utilized,
as illustrated in FIGs. 14-16. As shown in FIG 17, the line wdth and
internal pressure are essentially inversely proportional. Thus, b% w008
designing the solder redistribution reservoir to be tapered in sh ﬁ)e'*f‘i‘i
having an increasing line width from a distal end to a proxi mate end

adj acent the bunp, the flow rate of t-h&lsolder will be increased. An
increase in the flowrate nmay be desirable with solder having a w de range
of plastic flow so that the sol der can be noved before it is conpletely
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anount of soledRiributioR kddervioit th REmPIASHBE cofiveiidion bf théicopper! ¢hswever,litief ter
refl ow. Even though the solder redistribution reservoirs described herein

can be shapeiptedhthatotherteehniques aaydeyutilized toprayrnt thegompletg gpayarsior of i t  may

still be desj t . | ' ' Lrs after the
Pt o ot o T 880 Bl BUBKG £ RN oot B it eRsf BRSONEY T 201 B
co(rjrpl etg comed'rsﬁliblmioﬁfresbhmixaﬁ}mesub@ﬁme.ot her V\Iﬁt table nmetal)layer of tge
under bunp nmetallyrgy to an intermetalli.c, e.r.emgi ni coppel may be
renoved in the 0 éﬁ?’@%"? B’S-Ol‘&ﬂ VRO uﬁ&l&%@i}%@ Stg{"étﬂ?n The
removal of tfgeCBRORT acBbldRiR: Wil tHePésehiGhvention are taller than solder bumps

without a solder redistribution reservoir given the same pad diameter and plating

thickness. This is particularly advantageous in flip chip designs where it is often
difficult to adequately clean the flux and other residue from between the chip and
substrate following the reflow step. The incomplete removal of flux and other
residue may cause poor adhesion of the underfili epoxies, electrical leakage, or
corrosion of metals. If the gap is not sufficiently large between the chip and
substrate, then the boundary layer of the cleaning solution would prevent or restrict
the flow of the cleaning solution between the chip and substrate.

However, the taller solder bump resulting from the use of the solder
redistribution reservoirs will improve the effectiveness of the cleaning solution by
increasing the gap between the chip substrate.

The underfill process will likewise benefit from the increased gap size. The
underfill epoxy is typically of low viscosity and may not flow between the chip
and substrate if the gap is too small. The taller solder bumps provide improved
clearance, thereby resulting in better underfill. The structure shown in FIG. 11,
when scaled to a pitch of 0.250 mm and plated to a height of 0.050 mm, could be



sol der of the solder redistribution reservoir to break off and float away in
the under bunp netallurgy etchant. A small area of the sol der

redi stribution reservoir may have a narrow wi dth or notch 74 (FlﬁﬁjﬂﬁﬂMB
whi ch creates a weak point at which the solder reservoir will break off,

t hereby controlling the breaking point.28By-way of exanple, one nethod of
causi ng i nconpl ete conversion of the copper in the netallurgy layer is to
use a high-lead sol der. Another technique involves the use of rapid sol der
flow, as acm’x?g@@dg,Mbﬁﬁgﬁeggﬁﬁgﬁwgﬁﬁﬁp@.ﬁ@@%_above, so that there is
insufficient tin left in the residual solder in the solder redistribution
reservoir to conpfusthenmors, thenalter themoldst bumgp, theppene médbarically reliableshe not ed

t hat ot her techniques . be utilized to prevent the.conplete conversion of
t he copper, _%bﬂ?&@‘ﬂ?&@a ‘fthi"'}l‘? ?B“‘étﬁﬁ‘p@dtﬁ%ert"r‘?éttle‘?%ﬁease t he
sol der 1 edi gifdusidtdbave.” ©F SpeéRl berhit idtRe faRtibRbLthe ARYMTRAURR Ystlghh toS Ol der
bunps fabricated utilizing the solder redistribution reservoirs in

accor dance virelow thecelpstigdionit forAhesoldesn Thisewillgliminatetheplesticidamagerylsich wi t hout
a sol der redi teri bls“'tif%«ie§etw0ifr'3€i ven the sane pad dianeter and plating
thi ckness. THIAC §ause.of solder tahaus failiie, 2 jeous in flip chip designs where it

is often difficuhhafivandsiREuSdlivatidnCiithé PRsért vention & iNAstrdtesirdkrGsf r om
between the chip and substrate following the reflow step. The inconplete

renmoval of fl18i3ndai whereby the reliability efeglectnical sopnsstionsimasiliprehitf device areder fi | |

epoxies, electri I or orr osi of, et al .t the gap is not
sufficientl y1 pé‘r)ge?' b%?\%ﬁgcﬁﬁfh@ﬂ%eﬁ%e%% oﬁﬁbig’raa‘%hé? ﬁ?ﬁéaﬁctomfr%%undar y | ayer
of the cl eaninechaaalibinips SPWhithMa®d 6% orahoreddlder 8éflow Rerfvbity84fn t he cl eani ng
sol ution between, the chip and substrate. However, the taller solder bunp

resul ting freserrdsacewith he pragent mvertion asseiated therawith apd 98¢ 9OMEEE Wi | | i npr ove
the effectiv i : | | | et ween
the chip subg rat 3&5“?{1@&%%@?%1.%%2%%é@gw%%éeﬁg@e&ggn ﬁ‘?&@r%m t he

iy ot 11 onpotwsen Lhe. Chip. AN, oubstTate L Eho an Lo on emair. The
taller sol degn'ﬁfi‘?&%ﬂ"éﬁﬁ g‘é‘“?"ng? WZ ved E&‘I‘%ﬁ\i@?’*ﬁ%‘é‘éﬁ/@%b@‘ﬁﬁsﬁn better
underfill. T [ I D | 4ch of 0.250
- and pl at o4 DEEATE A GOANE. (Db Ueen ddtermMPEThe? BR) B Ounil 46

should have a contact pad 90 as equal to or larger than the contact pads 92

associated with the mechanical bumps 82. By using contact pads of the same size
or larger with the contact bumps 86, the mechanical bumps 82 will not grow larger
that the contact bumps 86 until the contact bumps 86 have soldered to the substrate
88. Alternatively, the flow rate of the soldered to the mechanical bumps 86 from
the solder redistribution reservoir may be slowed using a solder redistribution
reservoir of a suitable dimension and shape, as described above. As shown in FIG.
19, the taller mechanical bumps 82 create a larger gap or opening between the chip
80 and substrate 88, which stretches the contact bumps 86. As discussed above,
the elongated contact bumps 86 are more reliable because the strain per unit length
is reduced. It is noted that the bump designs and configurations of FIGs. 18 and 19
are merely exemplary of a bump and associated solder redistribution reservoir
which can be utilized to stretch or elongate a contact bump to improve the
reliability of the contact bump.

In yet another advantageous application of the present invention, an

improved vacuum may be formed in a sealed chamber, as illustrated in FIGs. 20A-



- 22 expected to increase the gap from0.07 nmto 0.100 mm Furthernore,
the taller the solder bunp, the nore nechanically reliable the solder bunp.
This is primarily due to the reduction and strain per unit |engthj{gdjigsicitsed
above. O special benefit is the reduction of the strain per unit length to
below the elastic imt for the solder.-Tdds-will elimnate the plastic
damage which is the cause of solder fatigue failure. An advantageous
application of the present invention is illustrated in FIG. 18 and 19,

whereby the r y ti.an ice are
| nproved. In %grt?lmcl:du i Inoémarﬁhﬁ g?%kgef ?ﬁf’l% ﬂéae%gm‘ga‘c%dlggggﬁgm%ﬁénpri se
mechani cal burips f&%cﬁdn@whhueummateommmeresﬁhgiesealafémweesosvm th§ 84 in

accordance with the present invention associated therewith, and one or nore

cont act sol deehefngy ilustrateds argegnd pead fipg dap IS:DWNH@M'OM@@MHCY aed chip 80
d bst 9 hi ck
TRIETCIT L e e

contact bunps ifstratedrifl FIGe? Bf Nofetheléds) the@edorldlsesl rilg IMdh&@mh syufg ned
that the contact bunmps 86 _should have a contact pad 90 as equal to or

| arger than tﬂéff@'éﬁfﬂadéﬁfoéﬁﬁ‘fi fost sealgingcl 04k tssorpietediwith eachisealiring 104ubdl 82. By
using contact ;p qgas?t)géhgolﬁ? §tﬁ&ﬁmn95e#v%9?f tqq&%éb{@]&%e%}? ttﬁgb{)e?éﬁ@s 86,

t he nechani cal urrps grow larger e con unps 86

until the contimantibnWhild thealder salitgb@tibntresdri@irs1iRsire adctanglifr in the
Alternatively, the flowrate of the soldered to the nechanical bunps 86 from
the sol der rediustrative embadimeab itis recogriged hatihgselder sadiiributing rgservoirs

ol SUrT DUt | O SE S ahq Shefpe ML TR0 A BRI P25 doscr | bed

above. As shown in nmechani ca Create a | arger
gap or openi ng bet weearcrohlecttdrechaRioalaystes(MEMS) deBiBe 112\ oz lotisdr devicbies t he

contact bunps 86..As discussed above, ..the elq ted contact nps, 86 are
more reliabl e fRETHEAVACHIMEYIPHNGL 1S GPﬁPPSqdéﬁﬂagﬁﬂq fiﬂp@a%% ‘%ﬁpt&c not ed
that the bunp Mﬁmya@n zqeeﬁdvﬁufaehba@@omh dgust“%%@riﬂwihﬁbe&e Fy

exenplary of a bunp and associ at ed sol der uti’on reservo whi ch
can be utilizdgy thmeslfroedmhrycskﬂlamoh@at ﬁlaathcddEMS déuogeandel fabmcaret d:rhe
reliability of .the t n er advant ageous application of
the present i gnr?rt.ia glﬁthdbfﬂipand strate(ibgl

" On the substrate, bonding regions 114 are provided in the form of a
metallization or other conventional solder wettable material for bonding to the
respective solders seal rings 104, 110. The fabrication of the bonding regions is
well known and need not be described further herein. Alternatively, solder dams
may be utilized, as with cap 102. It is noted that the solder seal rings 104, 110 may
be square as shown, or alternatively, circular, rectangular, polygonal, or any other

J shape.

With particular reference to FIGs. 20A-20C, the cap 102 is initjally plated
with solder seal rings 104, 110. The cap 102 is then placed on the substrate 106 so
that the solder ring aligns with the solder wettable pads on the substrate 106. This
procedure is preferably performed in a vacuum environment so that the resulting
chamber 108 is at the pressure of the vacuum environment. Upon reflow, the
solder seal rings 104, 110 increase in size with the additional solder from the solder
redistribution reservoirs, thereby expanding the volume of the chamber 108. The
increase in volume decreases the pressure in the chamber 108. Thus, the pressure

in the chamber 108 will be less than that of the vacuum environment in which it



i nproved vacuum nmay be fornmed in a seal ed chanber, as illustrated in FIGs.
20A 0 6 JUN 2006 - 23 20C, and 21. In particular, alid or cap 102 is
patterned with a soldered seal ring 104 for bonding with a substﬂ@quygﬁ

for creating a seal ed chanber 108. In the enbodinment illustrated, a second
seal ring 110 is provided for redundancysand inproved reliability, though
it is not necessary for the present invention, as best illustrated in FIG

21. Nonet hel ess, the second seal ring 110 reduces the pressure differential
across the t&rs%aggal ring 104. Associated with each seal ring 104, 110 is
at | east one %Hﬁ r'redistribution reservoir 111 in accordance with the
present inventi ofs at\bxdngplé iRingtthélRicrdagslinsgap Heidhit @iven@B6ve, ehe Sapl 12 ar e
rectangular in the_illustrative enbodinent, it is recogglzed that the

sol der redi stolwpewilinorease fipg) 0.870remi Apwhereah deitha seragmelogediby hessenl bed
herein 0 achiey®odndSeh T e Lotilincruid iChRR 1607 STRENARL ALY Sl (VEMD)
devi ce 112, or-’ot her device” favoring a vacuum'environnent, | I Sposed

i nsi de the chrassufyis IerseWplopoitidhal tyyfuntts ieCsredsure will 5630% 16w themt ed on
the substrate 106, it will be recognized by those of ordinary skill in the
art that the Pbe fabricated on either or both the Iid 102

Fas
and t he substrat \ ,ﬂﬁgﬁ@ j .are provided in
the formof a ngFé$PF?&?P%ﬂﬁg%$%?ﬁ§?&§bnven W§%§%§§%ﬁggﬁﬁ&§Fﬁgble materi a
for bondi ng preferfed enibedixpaits yfthe divéation, 2adblthouphspddific térid. ard aplogbd,i cat i on

of the bonding regions is well known and need not be described further
herein. Al t ctBRATOMSE] In & geneBic and dgscriptiye srnse enly; motafgrtipmmow a2 |1t is
noted that the: ' : GHASGi wn, or
alternativel i}%tg‘?étgglﬁ%%%% gﬁ@ﬁﬁ%‘ﬁ?‘g?’} b%‘%‘??g%ﬁ%‘??’ﬁéé any‘ﬁlél E:éé:iﬂlg’s hape. Wth
particular reference to FIGs. 20A-20C, the cap 102 is initially plated wth
sol der seal rings 104, 110. The cap 102 is then placed on the substrate 106
so that the solder ring aligns with the sol der wettabl e pads on the
substrate 106. This procedure is preferably performed in a vacuum
environment so that the resulting chanber 108 is at the pressure of the
vacuum envi ronnent. Upon reflow, the solder seal rings 104, 110 increase in
size with the additional solder fromthe sol der



redi stribution reservoirs, thereby expanding the volune of the chanber 108.
The increase in volune decreases the pressuré -in.the chanber 108. Thus, the

pressure in the chanber 108 will be less than that of the vacuum o
environnent in which it 0 6 !UN 2000 - 24 was seal ed. As an exanpflé,ltidllig
the increase in gap height given above, the gap volunme will increase from

O 070mrA, where Ais the area enclosed by the seal ring, to O0.1m¥*A. The
volume increase is then 1017 or 1.43 tiges greater. Since pressure is
inversely proportional to volune, the pressure will be 30% | ower than

W thout the increased gap. In the drawi ngs and specification, there have
been disclosed typical preferred enbodi nents of the invention, and although
specific terns are enployed, they aE€BAIBEY in a generic and descriptive
sense only, and not for the purposes of Ilimtation; the scope of the
invention being set forth in the followng clains. 0 6 JUN 2006 -25 CLAI M5

Wher ef ongherbfage, i foPohvites iseldiad:ned: 1. A sol der bunp structure on a
m croel ectroni ¢ substrate, conprising a solder structure including a solder

reservoi;r porgti nd. a r.b riion n erein..said | der
Feservolt port paerBing s RiiEiar L i8Rl sRbftatly So@bHER e PRhrur
al ong aidchilih$ 0kolgé ebservolrdgdrtio® 08 VP ks61dROblum@Npsiibh NEnd wIRKERsafl®kbiavy
process wherein said solder reservoir portion includes a first |inear

port i on TesEEVOH pastomds hombingar 9ad shaped te steatermpicatyra gradiens nlapgee kengthi aftmrid
side, an rein.a strai.gh i f id first, lineat rrtion forns _an

obt use. ISP Rir bRt pihe TsfeP ol Proctls Shperk i Gia B AR BT BEIR f on
2. A M eichedes Gl ifgiRiRBANDTEbN 2316 taestedENRar THREtIS caEIP BRVINE a4 Jéast dné UhsiphAt e
and a lid in spaced apart relationship; a solder ring which bonds said lid

to sai dsiighand wherein sfedighieside efcsaidefirst hagap pertionHorms an wbwse angie mathrrespeitd

Zﬁljder rt('g Qgtréigﬁtls'i’&jeeosfs%fd geg&sdtlil%glepgr%ger reservoir associated therewth;

2. A microelectromechanical systern (MEMS) module, comprising:

a substrate and a lid in spaced apart relationship;

a solder ring which bonds said lid to said substrate to define a sealed chamber
therebetween, wherein said solder ring iﬁcludes at least one solder reservoir associated
therewith; and

a MEMS device formed in said chamber.

3. The MEMS module of Claim 2, further including a second solder ring substantially
concentrically aligned with said solder ring, and wherein said second solder ring includes at

least one solder reservoir associated therewith.

4. The MEMS module of Claim 2, further comprising elongated electrical contacts in said
chamber, wherein said elongated electrical contacts electrically connect said lid to said

substrate.

5. The MEMS module of Claim 2, wherein said chamber includes a controlled

environment maintained at a vacuum.



a MEMS device fornmed in said chanber. 3. The MEMS nodule of Claim2, further
i ncluding a second solder ring substantially ‘concentrically aligned with
said solder ring, and wherein said second solder ring includes at ([lfefstlitne
sol der reservoir associated therewith. 4. The MEMS nodul e of O aim 2,
further conprising elongated electrical contacts in said chanber, wherein
said elongated electrical contacts electrically connect said lid to said
substrate. 5. The MEMS nodul e of O aimg. wherein said chanber includes a
controlled environment naintained at a vacuum 0 6 JUN 2006 -26 6. A nethod
of formng a solder bunp structure on a mcroel ectronic substrate including
a layer of a sem conducting material, conprising the steps of: formng an -
under " burp et hicticdof!Bieihg Qkoldee bihf sOEMBELNA inforsdi MY SiblBAL HEgnd 1o

| ayer of the sem conducting material; and formng a solder structure orrthe
under burlpyeref asnicenducting maggsisbiomprising thestesafl ect roni ¢ substrat e

i ncl udi ng the er of the semc ucting materi.al, the solder structure
i ncluding a sof%’%élrgégﬂ#ﬁdﬁrgl?wl?)ﬁw%@ %Y%roéll t&“f‘ Jrigheelegironic sybsirate,ipeludiggthe ons
ext endi ngaydbemfsm%nauctﬁgﬁﬂt&@ﬂ; #d formng a flip-chip nodule, conprising

the steps of formng a solder ring on a mcroel ectronic substrate, wherein
sai d sol der rifPEgningce ushdder strugturestonotie swidere rourmgs enstollurggs byer atppdsite the
therewith;: [ 1 h i croel ectroni c,substrate ta a second substrate jn a
vacuum erri:l\jllf:{rsg%ﬁeﬁ?lstsglb%%ﬁ W@ﬁl H}‘,ghﬂ}%éaryeﬁ i r@ﬁeﬁ%&?ﬁd“ W MeAteRRL o Seider

sol der ofstriuftaresatld@ing fai soltick BuipdortidiCantl £HRLNIBELF QMG 184N fdrBotO i
second substrate so as to inc?lg?se t he voﬁsurre%gf t he ghanberﬁé mﬂer%’%%}ﬁt%e
chanber ithergffors. el ati vel y lower pressure than said vacuum environnent. 8.
The nethod of Caim?7, further including the step of form ng a second sol der
ring substantially concentrically aligned with said solder ring, wherein
sai d secdnd sl siethod iofiforniifng h AdteshigimddaRs botipRsifP Hiaeps@ger voi r associ at ed

therewith. 9. A solder bunp structure on a mcroel ectronic substrate,
conprising a ﬁmyg gfsoler ring on a microelectronic substrate, wherein said solder ring includes

at least one solder reservoir associated therewith,

mating the microelectronic substrate to a second substrate in a vacuum environment to
define a chamber therebetween; and

reflowing the solder of the solder ring to seal the microelectronic substrate to the
second substrate so as to increase the volume of the chamber, whereby the chamber is at a

relatively lower pressure than said vacuum environment.

8. The method of Claim 7, further including the step of forming a second solder ring
substantially concentrically aligned with said solder ring, wherein said second solder ring

includes at least one solder reservoir associated therewith.

9. A solder bump structure on a microelectronic substrate, comprising a layer of a
semiconducting material and a solder structure including a solder reservoir portion and a solder
bump portion, and wherein said solder reservoir portion comprises:

a first linear segment on the microelectronic substrate comprising the layer of the
semiconducting material, wherein the first linear segment has opposed sides, and

a second linear segment on the microelectronic substrate comprising the layer of the
semiconducting material, wherein the second linear segment has opposed sides,

wherein at least one side of the first linear segment is adjacent to at least one side of the
second linear segment, and wherein the at least one side of the first linear segment is oriented

at an obtuse angle with respect to the at least one side of the second linear segment.



sem conducting material and a solder structure including a solder reservoir
portion and a solder bunp portion, and wherein said sol der reservoir
portion conprises: a first |inear segment on the mcroel ectronic supgtiialles
conprising the layer of the sem conducting material, wherein the first

| i near segnment has opposed sides, and a second |inear segnent on the

m croel ectronic substrate conprising the layer of the sem conducting
material, wherein the second |inear segpent has opposed sides, wherein at

| east one side of the first Iinear segnent is adjacent to at | east one side
of the second linear segnent, and wherein the at |east one side of the

first lipear nt s orjented .an, obtuse angle.wth respect tq .th at
| east on{et?si dgﬁ%ﬁg?{eblg%% Sh'a&men%faéfaérgg)meqm&smjfﬁ@pg LeSeFVqTH POTtR fgolfe%f r
bunp st rptisllyewabs Soahdsdd swlder Rimp patidnsol der reservoir portion at |east
partially waps around said solder bunp portion. 11. The sol der bunp

structure of Claim9, wherein a pressure gradient creates an increased flow

rate of | d to.saihd sold bu ordian during said reflow process. 12.
The sol dbr buttss S8 bmpeeibluey B TR G i e g i8 iy TSR 608e s o
decr easeflow ritoWf §d@ 16kaid @bider biirep §@&idnﬂqﬁﬂggai@uéﬁbngrobésan during said

refl ow step. 13. The sol der bunp structure of Caim?9, wherein said sol der
reservoir portion includes a notch to facilitate renoval of said sol der
reservoi{, por4 o [.Qm Sai 1. Gl t I ¢ .sub e. 14, | dgr. . _bu
struct ur{ez'on ’gﬁem%ééecr)gﬁa tértglr? |mcrg S g?&?&a%’%&%%‘%‘rﬁ? ré%sg%e %r 486 tdé:\rF ‘%g% ?ﬁlgﬁraarsgé’

i ncl udi nﬂmﬂrz&@bﬂﬁﬂddfre@%id@blﬂemﬁiép portiendufing edid e¢fldwisgp.por tion, and wherein
said solder reservoir is tapered In shape. 15. The sol der bunp structure of

Claim 14, wherein said solder reservoir portion at |east partially waps
around saj d d Qﬁ&' - Te der. .of - Lm 14,
wher ei n gj'pr (ﬂeuﬁd%%gg}pgn %:L{r?‘gg{ ggalgnﬂﬁ%gélggélggld@ 5\?\% S%ﬁéagrtﬂé)?t lso1nglé1? l::{Q(i)

sai d sol shech foubgilifacd feh@valdeft saitigsobder tesebirgortisrofem Saidindicroe trdnicdabstiatsp
structure of Claim 14, wherein a pressure gradient creates a decreased flow
rate of solder to said solder bunp portion during said reflow step. 18. The
solder b SLT f i yggﬁ]r i L i

i ncl udesﬂ:gp n%tsgﬁferéﬁ?lgcﬁ%@g%&%e%valg%@ n%:% S@%F’ggd;mé es %g%ﬂrd eIB%r Pgﬁ
f r om sai ichilingoe|selder eedeevaitipsitiont and a solder bump portion, and wherein said solder

reservoir is tapered in shape.

15.  The solder bump structure of Claim 14, wherein said solder reservoir portion at least

partially wraps around said solder bump portion.

16.  The solder bump structure of Claim 14, wherein a pressure gradient creates an

increased flow rate of solder to said solder bump portion during said reflow process.

17.  The solder bump structure of Claim 14, wherein a pressure gradient creates a decreased

flow rate of solder to said solder bump portion during said reflow step.

18.  The solder bump structure of Claim 14, wherein said solder reservoir portion includes a

notch to facilitate removal of said solder reservoir portion from said microelectronic substrate.



