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OR TNCREASING THE VOLUME OF SOLDER BUMPS, AND STRUCTURES

FIELD OF THE INVENTION This invention relates to the field o
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‘m croel ectroni c devices, and nore particularly. to sotder bunps—for——

m croel ectroni c devices. BACKGROUND OF THE | NVENTI ON H|g
m croel ectroni ¢ devices often use sol der balFls or sol der
el ectrical and nmechani cal interconnection to other m croe
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devi ces. For exanple, a very large scale integration (VLSI) dﬁﬁ% may be
electrically connected to a circuit board or other next |evel packaging

substrate Usi ngORTROLINGDISHAPEDHGEDERRESERVOIRS FHIETACHE A EHIEC! 09

isclosed in U S. Patent No.
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A significant advance in this technol

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

metal lurgy is

pads, and sol der bunps are for =14 nmet al | urgy opposit
the contact pads. The under buﬁ%ﬁﬁgtaﬁ?§$g§v55 t he sol der bunps and
the contact pads i Thizanvedtiofeelites Bthe ﬁ%&{fﬁﬁ&ﬁkiebﬁo%u%cééﬁﬁd& | ta“t t
etchants used to etch the under bunp netal lurgy between solder

Accordi ngly, PHtcHady tesoldpebumpsdfor miuoglectioniqpdeyivesved. | n many
circunstances, it may be desired to provide a solder bunp on the subst
at a location renote fromthe contact pad and also forman electrical

connection between the contg
m croel ectroni c substrate may

t he
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y desrgned Tor wire bonding wi
High performance microelectronic devices often use solder 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 reférred to
as "Controlleci Collapse Chip Connectio.n - C4" or "flip-chip"” tech;lology, and will
be referred to herein as "solder bumps". |

A significant ad\./a.nce in this technology is disclosed in U. S. Patent No.
5,162,257 to Yung entitled "Solder Bump Fabrication Method" and assigned to the
as;signee of the present invention. In this patent, an under bump metallurgy is
fonned on the rmcroelectromc substrate including contact pads, and solder bumps
are formed- on the under bump metallurgy opposite the contact pads. The under
bump metallurgy between the solder bumps and the contact pads 1s 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
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formed on the mcroel ectronic substrate including contact
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wJgoptact pads arranged around the outer edge of the substrate. At a later
tige it may *@0002* 2 be desired to use the mcroel ectronic substrate in
‘an application requiring solder 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 substrate away fromthe respective contact pad, an
I nterconnection or redistribution routing Zonductor may be necessary. U S
Patent No. 5,327,013 to Moore et al. entitled "Sol der Bunping of
Integrated Circuit Die" discloses a nethod for formng a redistribution
routi ng condugd @ésirddo 56 Thi s
met hod i ncl udes formng aﬁfgl%uﬁgfﬂg?@ghﬁsg%tg%ﬁg%%%/ﬁ(%}cj)}néuglflg sldet
sol der - vvettablbmummdmnlacedrmtlmrmahordﬁthe swhstratealln bﬂhi’tdﬂ&hle&emd pad
overlying the asswat er rempte froma nmetal contact and a runner

that extends f B?ﬁnfﬂ’é téé"lfi Rump ethg interor of the S“bA"ﬁéGy’abiﬁogbﬂlder i S
fl d t t h
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sol der bunp i sbfmecassdrypy pressing a mcrosphere of a solder alloy onto the
bond pad. In additiaon}, the spread of solder along the runner during
reflowis limted. WnSthHatent Nous32A083 taMieersi ateh entitieds'Sotiter Busiping é6or ned of

a polyneric s f li.ed. t0. t he er to confine the

sol der to theqhg%téoegﬁ‘%t B}raﬁagif/gcgs?cu @‘ﬁﬂé%’sfmwg asre‘ﬁi‘ Tbptien EOUtges or m

rel atively taldonﬁlﬁﬂtﬁie{ndlwmﬁbumfﬁﬁ aft ktoghed clradit 8. TRIsAREMEYHRAIJRL OVi de a

| ar ger openi n(% between a mcroelectronic chip and substrate 1n a flip-chip
'3

nodul e, whi ch 1pERINE jatterminal qfﬁpﬁb@@@akﬂ eanductiyeasalderrdestabld dompositaddi ti on, it
is generally t hat t r are nore reljable because
the straini ng?’bgérar?adnq?' Peéﬂlb? udef)f’gﬁ'ﬂ)‘fﬁ‘g%‘%ﬁwgr gipAssiyatien lyenfemotecr ease
in bunp hei ghtfronfa Woﬁtﬁ@t%ﬂqqﬁme?'iha't BRERRASHA 1236 n&qﬂaaﬂ%ﬂo% s to

i ncrease the volune solder with the sane di aneter soI der wever ,
this techni qué bQC&yp?féaldeylsrreﬂwab@tormed)oaﬂ@aétcnfmrmhelnmﬂolsdﬁdaﬂ&»therpaaﬂ at | ng

or depositing té]glecmcally coupled through the runner.

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 émbodiment, 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 circumstaﬁces, 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
irpproved cleaning and underfill. In addition, it is generally excepted that taller
solder 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



-addi t'i onal solder, and/or requires additional process steps. As a
consequence, the benefit of increasing the bunp height is often offset, at
least in part, by the increase in surface area required for a single bunp,
and or, the additional cost associated 3 wth providing additional solder.
Qt her net hods of decreasing the strain per,unit length in the solder

I ncl udes casting pillars, posts, or beans of high nelting point solder and
attaching these to the sem conductor using | ower tenperature sol ders.

Not wi t hst andi ng.tﬁmhe above nentioned references, there continues to exist a
need in the ar¥fgrogdingadditigns selder Qtheranethodstof deereasingthievsttain pealuhit do not

require additj | . C be fabricated.efficiently and at
a reduced cost!&%m@l%mg@%ﬁ% pl‘)§tst%é’|¢@5p£g’£ftf 'B‘EJ}‘%%PX‘BT t he
present i nvent saidertand pttachipethese tbmmsmﬁebnda@tbeiegiggw%rsérhﬂ%iﬁ&@sol&&s.' S

anot her object of t I nvention to provide solder bunp structure

e present
with a sol der redi sF’PY‘%HFFaBngé%?WPrmqnapnfrdrr@fmrengh@m@ommgm exdsta t hus
the hei ght, of,da6n sl [2IV]c) ol | e l.ec he present
i nvention to plrloyi_rclie aér%pforrrpr oveble\Paécﬁlﬁtrhﬂg%Qta&%geg 0y sycﬁgn%%fm&ﬁ%‘flﬁdi ng a
ni cr oel ect r oni alditéwnat aurfath ee, andctanbh dabrivhjed efficiaitly daN aGdedhiced sy di ng to
the present invention; by a controlled-shaped sol der reservoir which
provi des additional solder to a bunp in the reflow step for increasing the
vol ume of solder forning the SUMRIARYOF THRINVEQRFICRY! ed shaped
reservoirs. can be shaged and sized tTo provide predeterm ned anounts of
sol der to the sol détisghersforaamebjectind theeprgsent Divestion togeovite agimploded  bunp
can be predet ' to mention that the height is greater than that
of simlar sgﬁrogaeepgg'ﬁ'ﬁ%ga%ehout sol der redistribution reservoirs because

of the additional Isilafetherobjedtidf diaeseyinlBRionds Proraid soldekDuitipconMmodat e
the stringent space requirenent in many mcroel ectronic chip designs, the

sol der reser vofipeREWith  salderyedistributian eeserveinfprinaeasing the wflumpand thus

Consequent |y, tﬁ@ge@gl gp&lepaaasbuﬂmay have increased height without adding to
the space requirenents of the sol'der bump, or without increasing the cost.

It is another object of the present invention to provide an improved vacuum

in a sealed chamber_"igc_luding a microelectronic device.
These and éiﬁer objects are provided, éccording 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 requirenient 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 eﬁicient cleaning of flux

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



-t her 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 bunps. This allows for nore
efficient cleaning of flux and other residues, and nore efficient
underfilling. The tall'er solder bunps can,4_also be utilized in
conjunction with electrical contact bunps that do not have sol der
reservoirs so that the contact bunps are elongated by the relatively |arger
bunmps forned 'tg ttge ssi stance of the additional solder fromthe
reservoirs. C%ﬂﬂ% Soleioain yn CQIHUNGLIGR et clestgnl cantacthympsthatidginos hivescsoldee t he

strain is distgihul Y, ht),.bec use of the
relatively |ar geer vlgﬁjsl?ne %p?%@gcﬁ@{m&)%no%& geg é’ntp%ﬁegatﬁ'eig ?

relatively tal foened;wlxtﬂelne deispacecafthbadditibnal Z6ided Romithefesas6iré.he V0| ume, and
t hus reduce th ress of a sealed chanber in a MEMS vacuum package.

Thi s enabl es a BV&QEG?@“?} SRS RE T Predpiable becgusethe sirindy diseibutadt hout
the equi pment dv¢ph gRlatey 1138062, acuuns.
Further, a single %niégkl ng step rh @g%ﬁ@égofgieggkmeygﬁgﬁ%ﬁﬁns oy bunmp
structure, inc ﬁdm@elt #cb'astagdsrthatehh edativblyttalder sokleebwaps cansbecutilized wnder
bump netall ur.g ccordance wth one enbodi gnt of the present

.l
i nvention, a SO%S%SF){ECLWI vy Wrﬁg'fﬁe SRIeSS. o 2 sedledchambes ira MEMSes a

sol der reser vojatu@ phékape. aTHis @nati&y éﬂl%nvepﬁféas&é)oﬁduﬁﬂr er¥dnifeRt itk t he sol der
reservoir portion is non-linear in shape. The solder reservolr portion may

wrap around t tﬂé“@é\eé &rithoyhihe savipment typically neaded to genemteipuchdew psgsames | n

?ggleﬁ i/ginr fogret i ons ext engllctﬁlé{n%rl ?]ﬁ'gém“ G g%lbsgg%pg?tlﬂ%t???ﬁ ﬂ’lsgr%églgf ably, the

radial 'y exterbdmpgtraotuds incheting th@IsbBleﬁfeﬁlsﬁ'fbuﬁUb%s@Woii@hﬁdﬂﬁ%ﬁér bun§ 9t h,
t hough t he reserv |rs can be of varying lengths. In accordance w th another

aspect of t he MR} Her the sol der reservoir portion includes a first

[P near portion andigaaeffie Wifieak ciBbdii: ofh i one

straight side, and wherein a strai Sﬁl l %f gg %@4{ n%?:,l ngesg)?étﬁort I on

forms an obt gg'@ctemgm@ wcrwlmp@cstubmateaccnmghmlﬂeﬂesm‘boxs podionaadad
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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 r_esefvoirs 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 inc]ude_s 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.
Fuﬁher, 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 circmﬁstances. The pressure gradient may increase fhe 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



-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 circunstances. The pressure gradi ent may
increase the flow rate of solder to the solder bunp portion, or the
pressure gradient may decrease the flow gate of solder to the sol der bunp
portion. In order to reduce the area taken by the sol der bunp structure,
the solder - 5 reservoir portion may include a notch for facilitating the
renoval of the resi.dual. solder of the sol der reservoir portion subsequent

to the sol der FIFYYLWPYHFER By inciude a peigh {or fagifitating theqemeyal of dbe weidualay be
further facili L gh- r | may facilitate

t he i nconpl et gb?gﬁ\g/g§§ is%lﬂgroﬁ‘é%%%g?hfgﬂ SP ﬁ%aﬂer?ggér &%Sﬁ%p#ﬁ&é‘f P ré?%f@ us,

t he remai ni ng remppa of theyretidualisskdlet mayl be furthee frilhisted benhe utorhighi-eRd t her eby
allowing the re 'dualll. liOl d«%r .0f the.reservoir to break off at the weak

poi nt creat ed SBifeFEIRR may facifitgte;the inco convemstonRfaepper. in the updenr dance

W th anot her auRfGhedfl .eTHﬁs?%rﬂaﬂME%%(%Pgr@r rrng)é $0ufl8S1ved H t{ﬂ%%ﬁ%ﬁ@%&t a

m croel ectroni c substrate conprises a ervolr po
sol der bunp pe&tahistap, therabywhewsigthe nesidal stdderrof eerresdrvoip @ biealoffastha Wi dt h

which is non-unjiformin | east a rtion of. the reservoir portion.
Accordingly, & eﬁjr( g(snsnltjFrgateghafeemtc%gﬁgtg@a%yég&e HFhaftn the sol der
reservoir to eithefn hmr&a&@wﬁhadsﬁwﬁ?ecto?hﬁ:ﬁré&mrn@mi&{ alsBResol der to
the bunp structure during the solder flow process. As nentioned above,

control ling tREUFHESNagniCTesiectinicsybstrate comprises 8 sblder ref¢ryoir posivased amay be
‘desirable in ' y ' . ce. W th yet angther. aspect of
the present i foantinFRgtibf bl 3iReih MASKRE (RSB ot s Whishre
conprises a suobsuniore fra least 4 portion of fheeedrapapdrtio! Abé&aﬁl?iypa presfigk der
ring which bonds.the |id Lo t e_tﬁ%birtrate to define a sealed chanber

t her ebet ween, gWﬁE‘PEFW Beag CypP@thm §S?lﬁ_ﬁ‘l TGRFELOIRI0 GiiSE incERgse ordscrpase
reservoir assgelfRjverhtd SRHEVAIHE: ot § e Ulling' B! Bftek ﬂ%v&;qgcses% AEVE

device forned in the chanmber. A second solder ring that 1s concentrically
al i gned wi t h meatignedaboye; controllingthe flopwraiteeofi the belderdn thehsnldsrflowhgrosas ond

sol der ring ah3g bk AEditHRSnArdifAphQRESO! der

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 inclﬁdes 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 confacts 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



‘reservoir associated therewith. The MEMS nodul e may further conprise

el gngated el ectrical contacts within the chanber, wherein the el ongated
electrical contacts electrically connect the lid to the substrate.
Preferably, the chanber is a controlled environment naintained at a
vacuum | n accordance w th another aspect (of. the present invention, a
flip-chip structure conprises a substrate and a chip in spaced apart

rel ati onship, an elongated contact bunp which electrically connects the
lid to the substrate,,.and a lLurality of .mechani cal bunps bonding the chip
to the substraﬂ"ﬁc,ham@lrwstlﬂ%lﬁges AEGTAELE agmeqa W&Teﬂ‘ﬂn&‘- skhedelder eser voi r s
associ at ed t hge@Mdils 7 SSTY RV} ' REWR) ani cal
bunps may be non- I?lﬁeﬁg@éﬁﬁ% thehﬂg\g/e aglnl?)lﬁl-lgsrs{lﬁ ?%Pﬁhgmﬁjg}qh&b%éﬁgﬂ,ﬁ g‘g:s

di scussed abovasnonAgytami wigth portiom asdizodssedabovef t he present invention,
there is disclosed spl der bu tructure on a mcroel ectronjc substrate,
conprising a sol derﬁcscf)f(ﬁ% ﬁ’r%‘e q%%%?mé#épes‘ﬁf’?f& inverugn, ghere jsalisclessd and a
sol der bunp pabldepBump BEudHIR oA A midhSelechRh A ubseRe bl risﬂ%ratéo@&rgeﬂgﬁ}e.ses a
first linear segment, wherein the first |linear segnent fas opposed si des,
and a second I1P¢ieding 3 seidenreserypic pertiontand aseltdenbiump mestion, smbywhereinths opposed

si des, wherei g . . side of f j.rst linear..se nt. i s. adjacent
to at |east orr%(e)faé{ %fg&g#m?’ ngm?ecgg"ﬁg's?sl an@%# l‘%eeaéﬁr%%{‘?“a rﬁﬁﬁﬁ%hﬁti Ealat | east
one side of tsegrhertdins bppieed sidegarda sécdn@ linediisesmart, VheRi theRectnd!iffel t h
respect to the at |east one side of the second |inear segnent. According
to one aspect SEFMEN bas aRRosed sides, vhereimatdeast praseide of the fisstlingar segmentiast
partially w agsg; ' ' | ' 0,anoi her
Bapect  of |t noaBRNIR 168 Ond QOB B W ERRnl Mokl Rem P ML WAELHEROLAT] o,
rate of sol deont side of the fgstl lihear segonept is oricntod atian dbtgsesaiglt with reve@n@aRSS.
Furt her nore, tple s1qress]%ire r adi q_@t.can creates a negative in flow rate of
sol der to sai @ <o1 J8Fs ﬁ%&ﬁﬁf?q (N SEEMITS ai d refl ow step. Moreover, the
sol der reservoir peckbraiglddnk AU the HVeRton, R dobddr ridkAloh semyal of said
sol der reservoir portion fromsaid mcroelectronic substrate. According to
yet anot her elf3tiiapially wrps meundsaid solder bumtopartips. Aicserdingdd apother aspect

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

| solder bump pdi‘tion“duﬁng said reflow process. Furthermore, the pressure
gradient can creates a negative in flow i‘até of solder to séid soldér bump portion
during said retlow 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 bump portion. According to another aspect
of the invention, the pressure gradient creates a positive ﬂ_ﬁw 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



-sol der bunp structure on a mcroelectronic substrate, conprising a sol der
structure including a solder reservoir portion and a solder bunp portion,
‘and wherein said solder reservoir is tapered in shape. According to one
aspect of the invention, the solder reservoir portion at |east partially
wraps around said sol der bunp portion. Acgording to another aspect of the
I nvention, the pressure gradient creates a positive flowrate of solder to
said solder bunp portion during said reflow process. Furthernore, the
pressure gradignt can create a negative in flowrate of solder to said
sol der bunmp pd?ﬁggwl during said reflow step. Mreover, the sol der
reservoir portion cRmetielidecaiddiRt With thopleSgh iiVeRlibn F& Mitfine Alsofidh 4. oI der
reservoir portion fromsaid mcroelectronic 7 - substrate. method in
accordance wi tiymphigrugtuesema mierpelectranic substritercompgises the bidps of forajngsdnr uct ur e

burp et al | ur QYR R Tl SR Fkotlee DR Srue. S doruparng &
sol der st ruct yoRepstnichfe bh ey urﬁHﬂ&uﬂ?h@HlM ay@ppoSiRPRE hli€robRetronic
eln

m croel ectronic substrate, wher he solder” structure includes a
non- | i near solSBistrates bexes) the splder storeture includeph den-lipeansopdsr réservoirThe st ep of

formng the s r | nclude, t he .ste f formng.a sol der
structure i nc?’hgﬁﬁgﬁg agﬁtdrééﬁ?@)ég?iog bl@grstep r°§£%T‘H§$ ﬁ?.”ﬁ? SHEREE SR ¢ he
step of forni mghideahssteplef fosmingcd soléermicturGheldeinghelualigobidepr M ng a
sol der bunmp portion a ervoir which at |east partially waps around

da.r
the sol der buf§FeREOHN| B?@d%'f‘;éﬁls therstepcof formiag thesolder struetirermay insludethrer
. : o oo
structure may step oF Wﬁuﬂé‘?scﬁa&ﬁ)uﬂ{tp eﬁcﬁ{lgﬂ A ?re§8jvg§évlﬁ%l'[ &g%&oﬁ% aﬁggﬁ%ﬁéﬁl‘ﬂggo?

sol der reservolr shaped to create a pressure gradie

t he sol der regrundihe solder hemppdetivne Yat firtlenahdistep af freniingthe tsbiepr esent

I nvention, a thod of . form,ng, a | der bu structure on a

i croel ectronfic cggs&aydpgug%gfeggz%wngﬁé °T YRuctuse Pﬂcllﬂj{‘]%ﬁla $elder bunp
metal | ur gy | agservelr shipeditb feag! At ¢sarn Qacﬁﬂﬁl%‘ldr%tdalengﬂﬂ%ftﬁé)idﬂé?ge @l der
structure on the under bunp netallurgy |ayer opposite the mcroelectronic
substrate, wherei nln#&oianeravith anqtheraspect pfthg peesent invention, dmethodpdr t i on and

a plurality oformlglfloldd PRmMpYttuchitd od £ Hﬁcr‘éé)%é‘t?&hé‘&btsﬂ-?{e%‘i)&%ﬁ'ses the steps

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 sdlder bump
portion ahd a plurality of solder reservoir portions extending therefrom.

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



I n accordance with yet another aspect of the present invention, a nethod
for formng a flip-chip nodule conprises the steps of formng a contact
solder bunp structure on a mcroelectronic substrate, formng a plurality
of mechani cal solder bunp structures on the mcroel ectronic substrate,
wherein said mechani cal solder bunp strugtures have respective sol der
reservoirs associated therewith. Since the flow of nolten solder fromthe
reservoir to the bunp takes tinme, the present invention provides a neans
for sequencing asp?cts of the_soldering operation. _Further, the method

i ncl udes the steps Bfc ai"ﬁ"gwftﬁé“?ﬁhérr%F‘éé’f%ﬂrﬁs%hwﬁ%%awt@d afecond
substrate, an kS . s and the
mechani cal so?%rérﬁﬁ%ﬁ‘grﬁpﬂ;&'ygl?@(ﬁg %ﬁﬁepr%g%g%gfcgggigom&g%%g??a "¢ the second
substrate, whenegosletthanic sulistate, whérdinrsahi vopdeb eiag imdudds anpastetedoldet 0 t he
relatively Iarger. rrechanid[c'ﬁl sol der .bunps ,tha} wll formafter a brief

del ay. 8 ~In ESEIPHAMOS A Heumdenpatng e microelecianig substrate topsepandon, a
net hod of  f okWBstistedn b vhdneEd iftReichtoCRARE 5%&%’"&&%&%%68 dlaé@ rmng a

solder ring on a mcroelectronic substrate, ereins er ring
i ncl udes at | edlowing the solddeef the selderving toasadbd miwrdeledtamémsublstrateed theg t he

m cr oel ectronj te a _second ubstrate in a cuum envi ronnent to
define a cha eg?éjﬁ'goﬁs{ergtgtaﬁég%m%fﬁ? tﬁ?é’f’ﬁl&ﬁq{aﬁ? ﬁb‘“@lﬁdﬁ% e¢aEe Qdhtler ring
to seal the nincreasddeciluirfe bfthe Yséd eHatnbed, thdéhanitRs VW aTERATEIFIGV@Nd to

i ncrease the volune of the chanber. Thus, because of the increased vol une

of the seal edPEFHROERN theriacuun spwronmentt The methedimay furtheniaeludg thestapr e t han

t he vacuum enyg t ¥arki i de.t he st.e f. form ng
a second sol dégrﬂbirq?n r}ssﬁ %{%ﬁﬁgpﬁgsconcggw P@g ’("3‘%4"’(6%%’&8\}0(%‘3? ﬁ‘gdgrol der
ri ng, wherei ningevieeintie sscdmiesolder nigg invhides asleadt ohe sslteraeserssit der reservoir

associ ated therew t QO her features and advant ages of the present
i nvention wi |PSHAYE er%ghrent to one that is skilled in the art upon

exani nation of theofhe} feaitréihnd AUMMRS oR IR LA IShtRSGIIRELAE: 1t s
intended that all such additional features and advantages be i ncluded
herein wit hi rRPPA@nLlONRe thit it #idllqskia shmart hpaneeramingtioasf thiefollnwihg n t he
appended cl ai ff&wings and detailed description. It is intended that all such additional features

and advantages be included herein within the scope pf the present invention, as

defined in the appended claims.

BRIEF DE D

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 incorpomiing the

solder reservoirs of the present invention.



BRI EF DESCRI PTION OF THE DRAWNGE | 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
i nvention. FIGs. 6-10 are top views of a mcroelectronic substrate at
various stages during the manufacture ofga redistribution routing
conductor corresponding respectively to FIGs. 1-5. FIGs. 11-16 are top
plan views of various enbodi ments of controlled shaped sol der reservoirs

I n accordance with the resent invention. FIG 17 is a graph illustrating
the rel ationship offI6ht psexiepwlanrofisubsiramiactuding merhenical coptastbumps of t he
solder. FIG 0, struct.ure

i ncor porat i ng:h'?qr% l&ll?de%{??&? F%g%ggpfiscc)é% ‘Lnfr?ehse n Sef‘ﬂ\?@ﬁ tfodlnandQ FIG 19
is a top plan etdtricabedmdot ivmps.ncl udi ng nechanl cal contact bunps that

I ncl ude sol der reseﬁé0|rs #Q accordance with the present invention and

el ectrical contact (Gare 02%52@@“&5'\@3\‘,@ eéeﬂgeeﬁlpmc substiate @t a

m cr oel ect roni f a
control pr essﬁzé%%?r%@‘“@ﬂ"ﬂé (e AL B LRI pleltnt B MR 7 51
is a bottom phath tbépteh@ttlmnsmbstrate in FlGs. 20A— 20C. DETAI LED

DESCRI PTI ON OF PRE I\FI'S The esent ention W ll now be
descri bed nore ful Eﬁr'& o0 ohthe top, eﬁe‘éﬁt?éel'b#ﬂ:ﬁ é\%t?@ﬁ:panyl ng

drawi ngs, in which pref erred enbodl ments of the invention are shown. This

I nvention may, however, be enbodled in many dlfferent forns and shoul d not
be construed as |i TREBAILED{E: HONQF BRI RRET EMBQ Sat her, these

mbodi ment ‘ d he t h g and
o ere and v ] The pf yefﬁ#ve@@&e W@‘SC‘S'&% 8?°"?>ﬁ§"1°ﬁ%§ﬂ‘3 hereipafter Ngte. ski | 1 ed
inthe art. teferehe tdtecegmpansyisg GlawehgRemowiith prYatd éﬁKbdﬁxﬁ&ht@Bﬁth@r e

exaggerated for clarity. Like nunbers refer to |ike_ el enents throughout.
invention are shown. This invention 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.

I._Redistributi outing Conduct -

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 metallurgy
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
rhetallurgy 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.



1 Redistribution Routing Conductors A mcroelectronic structure 11 incl udes
a redistribution routing conductor and a raised solder bunp, as shown from
the side in FIG 5 and as shown fromthe top in corresponding FIG 10. The
‘microel ectronic structure includes a contact pad 14 and passivation | ayer
12 on a substrate 15. The redistribution.routing conductor 17 and sol der
bump 21 each include respective portions of under bunp netallurgy |ayer
16A-B and sol der | ayer 22A-B. 'The redistribution routing conductor 17 _
includes a relatively elongate sol der {)ortion 22B (also referred to herein
as a sol der reser vdscprdingly, thesqlderttiump 2legaprhgdoeatethatarpdintron the sutistrategy

ortion 16B. . ' an enl ar . W dth sol der portion
IC2)2A on a respgg}g tl"?/%' gﬁfé‘é‘gggg' t\ﬁméaéﬂ%lﬁ:ég%?“ B fhe Wgﬁsﬁfﬂfowobmﬁ ?‘Bﬁ_‘“i‘@ﬁ.
Preferably thd7erovidiagenztdcdisal gmntdtivn tBdBhdtwveét! Phik WRthigenidat Protttics enet he

enl arged width sol der portion 22A is raised, as shown in FIG 5. - 10
Accordingly, @fentagedhat asyhsirase having %@YP'&M@@irhmtatéppdllﬁtatgyﬁt[]g subzb[ ?LS
relatively di : ri Lan r
conduct or . 17Peeiernireécifiof et Rk aattol bt bllck Bimp b Sheon 1ooipy *

ar r angenent pﬂhiﬁiqaabemhﬂic;hdymsemggofop&, thﬁhrsﬁbﬂraf@hﬁsmgaﬁodt&%{mgt S\(/)v: égr a
contact pad 14 at on redeterm.ned | ocation. can,  have an associ ate

bump at 2 secH ?‘88&%56*}1‘.863%{i%1"%%911dﬁt& ﬁ%ff K AL EASHPY {0 usdhe subsirate l@z'x‘gnpld_e,n
when a substr gichipapalida@iR UThidisb] SRR ; i ondi ng,
and it is des?rﬁ% ; op}?}é_g ?he siﬁngstfgte_i%gareegﬁﬁ)ﬁ%hi p a polﬂc‘_éét%l’%%.n Thi s
sol der bunp aheifabsgated simpltanenustyoas dasgribadriwlor sithoagard be FIGh i kat ed

si mul t aneously, as | bed. below with regard FI.Gs. 1-10. Wile the

redistribution r oupﬁﬁl;eqé%ﬁegﬁfﬁb%wmﬁmgg\g cﬂg&é“tt‘?rafﬁ??f‘ bestrajelfas shopm, Hay al so
i ncl ude bendsmagdiso wiclede bends bltPEuFvEse Fukthernsdt dBE sdld&ibuddp 2P¥hal®e Circul ar
as shown or it_éﬁn have ot her shapes such as rectangul ar. The sol der bunp

21 and the retifyaragshowm or b Gan kayeodha shanss such agrectanguddrer abl y f or med

simltaneously. Fl e solact rifip 1 SRS RYltMiBon oo dofticell 1700 .

m croel ectronic structures at various stages O _ ication,
6- 10 are corprefapahlyl formetd spmuitanesusty. Flks. E-&nee cioss-seetiond] sideivievsd ¢fuct ur es.
The

microelectronic structures at various stages of fabrication, while FIGs. 6-10 are
correspond_ing 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 ih 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 AlTis, 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



‘mcroelectronic structure 11 initially includes a passivation |ayer 12 and
an  exposed contact pad 14 on a substrate 15, as shown in FIGs. 1 and 6.
_The substrate 15 can include a | ayer of a sem conducting material such as
silicon, galliumarsenide, silicon carbide, dianond, or other substrate
materials known to those having skill _inl%h_e art. This layer of

sem conducting material can in turn incltude one or nore el ectronic devices
such as transistors, resistors, capacitors, and/or inductors. The contact
pad 14 may conprjse alum num copper, titanium an internetallic including
conbi nati ons Q%f‘?‘ﬁ‘és%lﬁ%ﬁoéﬁ@lﬁﬂff e ddssivatiah dayer 12 AndigontaabpadiAd oAFIGS 1 and ot her
materials known to those having skill in the art. This contact is
preferably connected to an el ectronic device in the substrate. The
passivation |ayer 12naaderibaeiputietalp@ly layetles isSolh&Dén the Pabsiationilhyes &8
nitride, or otherggassivation matertals known to those having sKill in the

art. As. showioVvifa cpanestion betygen thgspldepbyrap apdthsconpt padgkd andrtei ons of

the contact pagyhide 2 QAR HR@H t Vi central portion
of the cont ac?ﬁl%ade ?Lg ex Sgseggw@gé W ﬁggGé'ﬁzdgf?o%Eg%@&§ﬁg@8 havi ng skill
in the art, theetaliurgy faybs16 alse prosgetsithe codtict padfldnad passivasioh ¢ayenh ude t he

passivation layer 12 and contact pad 14 of FIGs. 1 and 6, . An under bunp
netal | urgy | a%Fm&é‘ﬁ?%q‘f%’rt Hﬁ’&e§§W5p SAIGTQYideohsyrage to whichthesalder will

connecti on betuk&s. THE us@rRfpHERIG 1%%{3#?&?%@%%%; jaf)}:ll}?r(ggiu}r?glta%{}ro%\/i de a

plating el ectrode, as shown in FlGs. l"ur gy
| ayer 16 al so thgrpassivaton lagerd@rand contaetcpati4 4aa ghased shromtiumrcoppsrdayetan duri ng

b t ' . _and id f t ich the sold
i e her o, Moy 15RE anf 3 afier et oo fhe Pl eliaves s s tiradigres
chrom um | ayeto amd probetsths paskFhiiilay@yE aniZoatidt SN A Ghd ﬂ@épﬂo%dce aPhased

chrom unt copp%r | ayer on the chromum | ayer; and a copper layer on the
phased | ayer . Pas5ifef emnlated seldgrhishefollows. and protects the passivation | ayer

e STt BT B PG S5 oy USSR
barri er | ayer bethesentwrsubstmts anibthe ahrendma 18yee as disclobadninl1h\E Parat Mbscl osed in
U~ S. Patent %67;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 titaﬁium
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 a§sig11ee 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



5,767,010 entitled "Sol der Bunmp Fabrication Methods and Structures
Including a Titanium Barrier Layer," and assigned to the assignee of the
present invention. This titaniumbarrier |ayer protects the passivation

| ayer frometchants used to renove the other conponents of the under bunp
metal lurgy layer and also prevents the fqormation of residues on the
passivation |ayer which may lead to shorts between sol der bunps and

redi stribution routing conductors. The titanium |ayer can be easily
renoved fromthe passivation |ayer w thout |eaving significant residues.
Vari ous under SBeihgs titanism errcyorhigyeensthg nadeti mmipowetd! lufgyrlayex 46p Tae soldet). S.
Patent No. 4, 950,623..1.0 Dishon entitl|ed "Methad of Buildin ol der Bunps",
U.S. Patent %ogm @zﬂgfzbez%s‘fatt%c‘ﬁ‘ﬂ& ﬂé%ﬁo?%ri@ ‘*‘%8?”0%‘?? %Qﬁ%“)l@g PP on

Met hod", and rémévingeHectist osed)/FortiOn 6f the ubli& taln etaﬂﬂ‘gg 144 1690t der Bunp
Fabrication Met hodsg and S@?ﬂ_ct u)rlge‘bz1 | ncl udi ng a Tiptafgni um ar}r%ige‘rS Egyer !
Each of these cP¥sred by,selder, as disepssedrhedpw-oAtmeskdayar gAdsthen formedmnetbent

ent i rety her oratp 3, 2R bRsElayEAGR tonp RGBSR RN Shhek Pl U e,
bunmp net al | ur gyowayethodEhavidgsksll ®olheart. dam 18 preferably includes a | ayer

of a solder non-wettable nmaterial 12 such as titaniumor chrom umon the

under bunp met al | ufgy Maskdayer 80 isyriemngd fsovey s sellendam oner the fisstt o cont ai n
the solder if ref ' ' ri.Qr j j
(exposed) por P iarct){(\)ﬁc()):cf glt{ghlg}dgﬁgﬁerrﬁp Eﬁ%ﬁiﬁgﬁ}& lrng;so f‘lgcilog:éle élgnéc\)!tgthé L(}geéeljr({e by
sol der, as di 38 osgecschbaendportidn nfithk undgrdungOmealltigyiayeod Ged whick the sol der

dam 18. The ma l,ayer conpr.i se hot pr esi s sk or Qther mas known
to those havi Pfah%%%r’ ‘Fﬁﬁ%ﬂ‘é"ﬁ‘[‘?n ﬁ?@“gﬁg'ﬁ‘ﬁ\c é’Ylhi’ﬁmff’%“eﬁlatﬁ’érWéﬂvetr cover
the sol der daper@és of tHesolder 8hm iP@Eh kéovel théiebyitaverpibe IRl Ipeftibn | ayer
and to uncover areas of the solder dam 18 over a SWIIOH of the

under bunp nefbndsr Bymp maszllurgy loyerdf, ehshoven inddGaet particilaly,i but i on
routi ng condu 14l DRy i f the so].der dam
I's then rerrt)vglg(gt&haglrd oﬁ (ﬁ]n(}:fc}\éerl neé-gpﬁgq’géei@glﬁgy %JF{J?%EVIR%} 81?3?18?%5 nlf?'

met al | ur gy | athersoltiér dams and pawerned hadkdayes, inclidés an\énlegghwidts pbAioh16A

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 soider 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



-the second portion of the under bunp nmetallurgy |ayer 16, which is not
covered by the solder dam and patterned mask |ayer, includes an enl arged
width portion 16A and an elongate portion 16B. A sol der |ayer 22
is.preferably electroplated on the second portion of the under bunp

metal lurgy layer 16, as shown in FIGs. 4.3nd 9. The sol der can be

el ectropl ated by applying an electrical biras to the continuous under bunp
metal lurgy |ayer 16 and i mrersing the mcroelectronic structure in a
solution including lead and tin, as_ wll he understood by those having
skill in the &% fenlamwgwuah selderpartion 22A Hesrhydermme afaissd selder humpatshe o pe
formed sinmult |V - Izt f ' der bunp
ot al | ur gy | agne g VighoRicr pBiedhae, iR soffE 0H 18R Polbiil

Al t er nati vel y sprelding beylerd thaelohgate peB iandi elilyrged ovidthrl 68r pottiongofae angst e, by
evapor at i on, e- be deposition, by electroless deposition or by other
met hods knom%’ﬁ‘ptrﬁ% B4 Yﬁ@iéwﬁﬁho‘%"& ésaf‘ E“.‘gW] addition, while

lead-tin sol der isTHEQEIdECWIIPHEWHHRE hedted AbdVRl{saidufibut Rnpahigt the
specification, other solders such as gold sol der ead-1 ndi um sol der, or

tin solder cépphaximatsly 299°Gifor Sdiécrlhadieg%%ddacbw’ld hags eindzanidribis pkadebs isn t he

art. The solder _|ayer 22 i.nclud an. el opgat e rtion 22B and. an .enl ar ged
width porti 080%&%%ﬁf°&6d38%%q§3 reflgw. ng retlow, 3he syriace fansiog Qf the 1 o ¢

structure 11 selaér di€atbepfeRliveBUSWIiSteREpRudein the chlafp¥dWiaiR doltfer Pbﬁmat e
sol der portion 22B to 13 the enlarged w dth sol der &c;rtlon 22A 1 hereby

form ng a rai $&4 oyey the relplivpby widetgeometryipzavidad far thersoldsr bemppandia on 22A. The
| der dam 18 S t f. ' he el te 16B
2o on o e SPARES T SEpaChOSl £ RS RN Bl therae

and enl arged w porti gy Tayer 16, as
shown i n FI Gsreldivalydnatthw gévenetnyl jtevided fdr tiid rediswitarioh eaitig cdhdwetor. t S

| i qui dous tenperatyure approxi nptely 299C for sol der having 90% | ead and
10%tin), and thi strprge @ﬁrx&ze@@ﬁwﬁqﬂgﬁmreﬁm eregtigls sQlderdfiaws pmdbhe
During refl ovelohfife S18Er35cRtiE2ER RIthO bnibfkRd wilthdBldeF pER0RZ2A. T € atively |ow
I nternal pressure in the enlarged w dth solder portion 22A over the

relatively widecqdinghy the soldsy e afraised srddes dluhgrat thegnlargediwadth seldert i vel y
hi gh internal pottibr 2¥A%nH" rEllaﬁval' B ?Jy@r 3940‘11&? aPfE teio%@at%%gldgy S(grt&)rrll S28

over the redistribution routing conductor. Wher 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 cbnductor.

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 that a
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



-rel atively narrow geometry provided for the redistribution routing
conductor. In order to equalize this internal pressure differential, solder
flows fromthe elongate solder portion 22B to the enlarged w dth sol der
portion 22A. Accordingly, the solder fornms a raised solder bunp at the

enl arged width solder portion 22A and a relatively thin |ayer of solder at
the el ongate sol der portion 22B over the % edi st ributi on routing conductor.
Wheal the solder is cooled belowits |I|iquidus tenperature, it solidifies
mai ntaining its shape including the raised solder bunp and the thin |ayer
of sol der overto thebandpads thetsus nesnggestianrthatdbnrplativerdimensions dflbawunier t he art

of printed cirgcuj ) f re t.o apply | der a a,uni formlevel on
pce’l ands by SerionathebROHaAE Yt fscdloRBReBoBRr o ingaf e o e
i ncreased | ocabhy phy therdbgrfginiigg a ndfilevéllsoldee stnistete. He8ddiSWRHeRRer ofPCB

Assenbly: Assenbly Technol ogg in China," Electronic Packaging &
Producti on, pphesagefergpces syggashihat a sder stycturehavinganglengate portine ¢ed an

Applicants ar b i ctropl ated on a
m croel ectr oni%gfas gs‘%‘? g{ %&g?ﬂ gﬁlluﬁr{:lzlfé Sgri %@‘f‘/@% glﬁgerﬂﬁﬁjgg&ﬁggﬁrg l%erb‘? oduce a
rai sed sol der obdempo foret fedistritiutibn soutiagicehdidostitbgetheranitt MehisedGollee b@npon t he

substrate. Furt.hernPre,, Lf S. Patent No. 5,327,013 to More et al. states
that a micro¥8YR8PBIYA single Magking s16Poy can be pressed onto a pad, and that a

stop forned of a ﬁﬁkﬂ@ﬁd&dé&#%%ef&ﬂéfgsﬂﬁ ﬁ'fésﬂlce§ﬂ{]ﬁp§m%£)&l-tie{?§o o the
runner to confine the solder to the bond pad. I'e this patent states
t hat the spreéuluo¢d midroadpressunegf thegeflowed(liquitl) soldgr voefotrow thimrayee offi mi t ed by

constricting t wi.dt h .of the,runner tion relative .14 to the bond pad,

there is no sﬁgg}g%rsatti%benel?%ée iql.ierlpgﬁgﬁn%ig ﬁ%r?e‘ﬁ%sf"gﬁ%lg?ﬁb%a%ﬁ Argedect i on

and the bond padthgalePportis® d2A0 Tha iRemEIpreRure Pof 4 RYGilIdPEP 1 R1dedRAEhe t O the
bond pad thereby formng a multil evel solder structure. I'n addition, '

neither of tAdsEnined agcordingtosthgfamulanat a sol der structure having an
el ongate portion and an enlarged w dt I}=9?yrti on can be used to mask the
under bunp netallurgy layer in order to fotma redistribution routing
conduct or t ogwhererT isithdsuafacaitensicon of Hediquiddisqiderpsidngs did sadims SF tgl &zopraski ng

zhfféczlf eg‘;} g(r)]d d%%rré 1&191d rs]cei‘lrc.ig"ri is orrlglfla?%ega%lg is&rffaei‘:gesﬂc egs Llhg ugutl]e% bump

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

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 portioﬂ 22B and the enlarged width solder portion 22A are
approximately equal.

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



induced internal pressure of the reflowed (liquid) solder to forma thin

| ayer of solder at the elongate solder portion 22B and a raised sol der
bunp at the enlarged wi dth solder portion 22A The internal pressure P of
‘a liquid drop of solder can be deternined according to the formla:

P=2T/r, where T is the surface tension.ofgthe liquid solder, and r is the
radius of the drop. Were Iiquid solder is on a flat wettable surface such
as the under bunp netallurgy layer, the formula beconmes: P=2T/r'. In this

" . i us. of. t. | i quid sol der., and the apparent
radius s thdioaat BRE 3 P ot ity wriatist SelfFy Bot pmite ned by
the exposed suilérme soilﬁertpbﬂio%(izfﬂetb-thé@ﬂax%@@@'icﬁﬂEolﬁ@ldﬁdllﬁon?]ﬁﬂ%ﬂﬂpga%ﬂt on the

width of the underlying "solder wettabl e layer such as the secon portion
of the under Wﬂw%ﬁséppmxgyatelyabesammﬁmard%raidedberbbgcfommngn tdisedssoldder .

[ | f fl d l. d cture |s
fver sely. o ot HeBfe'\Plaer HERketis BeorSrmed o I fpricyine g Brsiporian eincler

burp net al | ur gite intdeg bainpahetutiirRy 1dyer FOhGtROversl By Bt JodeR G ureRt dS, @
solnger portion havi n?ﬁ?g a relatively w de under bu metal [ urgy portion

will have a rdngimetallic caphe formed hatwesn tkessolder ppstions 324 0B ded upder buop on an

| atl . I . portion w.l.l.have a
el ativel y' i greeNEeRBorBhl 1830 RPuRL e WhAIRBE iEelilic < ExiEaft 2.
when the appatestcharsicommibnlytused &l enet eheapideebun frietadilirg2 BA @oedih 519,

enl arged w dth .sol der rtion 22A are. approximately equal. Accordingly,
when tg he sol dé&Ms r‘};{?fé‘}e“’ggc WdPﬁesalmdﬁ‘ic%W&PE ghﬁéolqer Auang ke dallowingstepmfcs. ~ 4

ol ongat o Sol der oot Lar S e L Ry AP Rl R 1
each  porti ondisgaussedisy UxS.Ratent Wor 562,26 tealSpag entitled S8oldsr Bumpdapriéaioni ng a
the rirst por MEiEant antiffad8 oRorign R b Bietgpt BmRene not covered by the
sol der structure, BreferablyptheRindéd bueny@etaliergl0syeRde BRIVESR doPferagyeler
portions 22A Edjgge%t ltJhre]:ds(?){delr)gtrrrtlxjcture and the solder is a lead-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 Cu;Sn. 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), selectively expose the

second portion of the under bump metallurgy fayer 16 during the plating step

(FIGs. 3 and 8), and remove the first portions of the under bump metallurgy layer

not coveréd 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



-nmetal lurgy portions 16A-B adj acent the sol der wherein the internetallic is
resistant to etchants comonly used to renove the under bunp netal |l urgy.
Accordingly, this internetallic reduces undercutting of the solder during
the following step of renoving the first portion of the under bunp
metal l urgy not covered by solder, as discussed in U S. Patent No.
5,162,257 to Yung entitled "Sol der Bunp 8brication Method" and assi gned
to the assignee of the present invention. Preferably, the under bunp

metal lurgy layer 16 includes a copper |ayer adjacent the solder structure
and the sol decaussngithe gelder torflayo| kghis cages thedilonghate, 22Bhand silarpedvidth@3Ang t he

solder to floww |l cause the solder to react w.th the copper, t form an
i ntermetallicS Eﬁ%%ﬁ aéﬁécisf?ect%'ﬁggss&}?wedé)t“r%& theglongate 168 ang ‘?ﬁ‘?%g‘l"ﬁst allic

wi Il conprisewitBI6A thdeSbimp aiciituny dﬁcﬁti&%‘&nwmlé fRdiquid {otdtis Weldbl
etchants comonly used to renove under bunp netal lurgy |ayers there%y
reduci ng undér baungerduaip mptellurgly dié is nat wettable ¢o thEipessvitverdayeayldr 22 is then

preferably us . k to selectivel tch th first portio of the
sol der dam 18%%% hn%éyg?ﬁ%a 'V%({HZIFY edr°a9¥‘i’§“ﬁ € %@%P&Hnﬁ €% ea@l%.w A

chem cal et chaep, andnhdsoldadmiy cln Rietifffatédre under bunp netal lurgy |ayer
16 preferentially with respect .to the solder portions 22A-B. Accordingly,

no additional maskt#pthar @fematives thei solder dam san inshidearseldenden-weitable
metal lurgy |a | r f f sk Layer 20 is
the only mas kl)éﬁér %r% @%%g%qﬂﬁlﬁl rpgrhgttggu}ggt@éf }18 F ﬁdeg g@ﬁ%e‘%ag’g?ﬁ 1fggr( f—lfcés. 3 and
8), sel ecti vetoppexpaske $dider nsaamtdbkeda)teiropp@itetﬁbe.mdaﬁlblﬁmbmamlrm%}ala et gy

e

| 16 duri Az l.at j t E .3 d 8), and t i rst
ot 1 ons of -t FEAoteR ib b PR SgiH 1019 d0 RReKak eovbed opgecBhEr o t or
the plating SkapichfibfMetivddand Rhcturdh hﬁﬁﬁlﬂﬁf&-&‘imﬁif)@ﬁéﬁéﬁﬁ%ﬁ'% of the

under bunp netallurgy |ayer 16 not covered by so portions ‘and 22B
can be sel ectsolddryvatiabigaxer pHows salder16 be phatesli anportiensafitbiesoldey datnms. I n this

Fespect i vely SEBAEuE R AR bR {HES wilsh e et Bl B st Pufle 16
under bunp medodddr dagyorpeaski ons, and while the Iiquid solder is wettable to
the under bunp net Xl:cl,o%iggl’y, Il:hte nilassk rlla?);[er %E:zgna\txjrllc%véropotrt?gnspo%stﬂ g/o?éeir%gml aasyer 1z

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.

Asan exampie, 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



~Accordingly, the passivation |ayer can contain the solder during the sol der
flow step, and the solder dam 18 can be elim nated. |n another

alternative, the solder dam can include a solder non-wettable |ayer on the
under bunp netallurgy layer 16 and a sol der wettable | ayer, such as

copper, on the solder non-wettable Iayerlgpposite t he under bunp netal | urgy
| ayer, as disclosed in U S. Patent No. 5,767,010 to Ms et al. entitled
"Sol der Bunp Fabrication Methods and Structures Including a Titanium
Barrier Layer"'. The solder. wettable |ayer allows solder to be plated on
portions of t HERGHYE: aH%\rﬁf“é%atelMgB? (asa?lf’Wé“%‘éE%ﬂ‘élwportion of the under bunp

metal lurgy | ayer neheGRuRrdteP¥ ctoﬂﬁil}eﬁcgnqﬁé se]%gfeﬂrl B{Sjrii%ﬁsliﬁA-%??ﬂegéé)rl‘(wry’ the

mask | ayer 20 can uncover portions of the so am as portions
of the under bwepablenadénbump mhepburgy dayehby dieysokder dainr1@ ta wiiietathersolden! une of

solder to be plated. The mask |ayer 20 and underlyi ng paortions of the

sol der \/vettabﬁ'él{il paL et e&?‘fsﬁZ}FF ﬁ%&éﬁgﬁ?m\ﬁﬂ@ﬁvﬁ@&g ‘I"’éj%éspﬁﬂei‘@@"i%l’&iﬁ}gé t he
sol der to f| gpthelsbRleF @ARNHE RohoP Obhsisteht Wheh g l?é?élﬂ%ufﬁ%rhﬁbﬂn‘a gy, under
the solder will be dissolved into the sol der exposing the s er to the

sol der non- wetheantemal pigssure ofbe glonigatgisgldet pratigw R2B s weldtivelydiigkat to t he

xanpl e a1 Peplosifel S RUTPpadE) S ad bR predaf ol &7
covered by a ehiged widdnsdRleapsttion DBAKs ic@dﬁ%ga@w éé%ﬁﬁﬁﬁMelPGfgdS@@ 16¥p4 he
n

under bunp netallurgy |ayer. 16 is uncovered a as an elongate portion
16B that is 1802 %P8 aithe eriging) seldes heighbo ni croneters 1 ong, and a circul ar

I d width ' . M ' [ i dt h),
Shown i FiGs 3 andegdingstie hdve b BCHBIRI LI TGI8 Rl 0)  2°
t hen el ect r opérdarged sidth lselderemmtion 22p antil the imémbleessattereqhalive, thetedl| ur gy

| ayer 16 incl udi ng el ongat ortion, 16A and .epl ed width portion 16B, as
shgvvn in Fl G%E{m ?IS§8F@§FH?“§’FQMT enlereg &’“itB%a{dgﬁ Pertigh 224, a:$9Wing t he
mask | ayer 20in HIGS. SR, InFIGSH & AN MWeSolded dhnA'8! Al Shel first pbRHERSF fifeU’ ©

(approximately 299C) allowing it to flow The liquid solder”is contained on
t he second poidebbumpmetniyrgy lagersl§ nfs covered 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 solder portion to provide an adequate
connection to a printed circuit board. |

In the drawings and specification, there have been disclosed typical



-wettabl e under bunp netal lurgy | ayer by the solder dam 18 to which the
solder wll not wet. Because the solder structure has varying wdths, the
internal pressure of the solder structure is not consistent when the
height is uniform In particular, the internal pressure of the elongate
sol der portion 22B is relatively high -(approximately 1.283 X 104 Pa or
1.86 psi) and the internal pressure of the enlarged width solder portion
22A is relatively | ow (approximately 3.848 X 103 Pa or .558 psi) at the

original sol dgfefdrd®MbodM&RE G ¢ Qh}(ﬁenﬁﬁl RL afthd) gﬁ Eé@i %k Oé]ﬂ?]%? Fol der

portion 22B to the enlarged w porti & nal
pressures equthey ae, USB¢hm’egylerlb(andde@nptlvmenadoxﬁyIadéhobfd)ﬁpuqioséd'tﬁ‘ enl ar ged
wi dt h sol der portion 22A as.shown .in and 10. In FIGs. 5 and 10,
the sol der da‘?H‘i‘%“%H‘%%‘i@P??fr@? "HGP&‘%PFI%& Sf-’t‘lﬁ‘@‘h wh%fo lvipe flaims-| ur gy | ayer
16 not covered by the solder structure have al so been renoved. In this
exanple, equilibriumis obtained at an internal pressure of approxinmately
3.4 X 103 Pa (.493Hp§0)ntr041edeﬁjuipledlSnlddesél&yohisongate sol der portion 22B

i s approxi mately 1 ters and t e enl ar wi dt h sol der portion
22A i's approxi mat ﬁépﬁggnﬁ‘?t&ﬁo Iderppriion ﬂze@&mcrlaﬂ%am&ﬁ&éer radi us
of curvat ur&e@lfsmmﬁf)m@seﬁbﬁlmr @8%:&5}%&1%&%@1@ pORIA ANt He sxﬁ'{‘ﬁ% o | evel

sol der structure can be provided with a single masking step en cool ed,
this struct urtensiesoinduedi peesswiei didenentialtcanses thy moltenf solder in arelatively bigh t he

el ongat e sol r O mcroneters is
suf fi ci ent tg’%ss eilé}%g},eesggi&rzp | é‘é’“é@qag@ toﬁh‘g@ﬁat‘d’ﬁ oMt BTGy | ayer
portion 16B whiingedewidth pertibh@2A1 The iR@édsingbolfer VH@meltd G8Y erlPAtBRd WRIR! | UT gY
| ayer not covered by sol der. The enl arged wi dth portion of he sol der

structure maPORRR2ZA {gras 3 rpised saldgrdurp. i4 salder tampasogformed genrerglyrhdsen i s
1) O bk 0 5 0 SO RO,
met hod descr irésedvogisowteeniugilizingfihié sinenpddydiarastercahdrsel der plaemg tht:h&SQl ongat e
board. | t h b a RS At s o R e Rne e R Bep BB UGB Bk ed typi ca
18 between a solder redistribution reservoir and an elongate width portion, such as a
| solder bump, relatively taller bumps can be.advantageously achieved. The
following descrip'tion 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



-preferred enbodi nents of the invention and, although specific terns are
enpl oyed, they are used in a generic and descriptive sense only and not
for purposes of Ilimtation, the scope of the invention being set forth in
the following clains. Il. Controll ed-Shaped Sol der Reservoirs As descri bed
above, the el ongate sol der portion 22B functions as a sol der

redi stribution reservoir for the enlarged with sol der portion 22A. The
surface- tension induced pressure differential causes the nolten solder in

a relatively high pressure elopgate sol.der portion,22B to flow o the
relatively I 0\?3&"185&65 ?‘gef%wa@gé%y\fﬁ”aﬂlﬂg ﬁB&?‘?"&b Sllar Sq‘ﬁFé qum?r ng

sol der vol une thé sgabebeileas S@acent Blikps RUntar@ ardAah Bk iilided @ st6d P! der
bunp. A solder bunp so formed generally has a “relatively |arger height

t han sol der buaissr thet fews iite the idueing refloimst ri buti on reservoirs when
utilizing the sane i t and sol der pl.ati.ng .t.hj ess.,. Thus, by
t aki ng advant age ofﬁpsta%eeq‘saﬁ'ﬁeag‘gesp{ngr%i%aWH&!’%&*"B%‘@E@Iﬁg gip diamsisr o)

bet ween a sol gads 6real 05 Bitcha mﬂﬁm&mﬁpﬁciﬁglﬁ)r&'eatﬁﬁe@mﬂfegylé{ﬁ&ttl@mﬁl&@6f0n7
such as a solder bump, relatively taller bunps can be advantageously

achi eved. The 0-Weimempntyplatngsoldariti is G 0ynmpthicko dssaldas bumpetndst Bessol der
structures V‘h'cﬁ@urg%ﬁ'ﬁes %‘(xﬂfﬁa@?g sBidel DoiEmB %?3§%M§,faﬁp%'ﬁe'i t o@“ 8.0}2r oduce
and re e sol der e €10

nore efficient I abl structures. ere |G 11,
a sol der struaimr Ho3@vembppoyvidiaga soldert redistributipn fsevoiri 32\ oindohe 86lder

il lustrated. The solder struc e .30 includes a square sol der
redistributio W?@Fﬁispo‘gﬁ}ngﬁ 4, 8\“?& % 6%3&‘%‘%‘5? ape Afe dpE sAHEesBE der

redistributio ] e L4 ' 3 bunmp 34.
Bump SIRMYPinkredsest® 129 OGR! ﬁcc\gﬁllﬁ%lg{)sfjotclideés? rﬁg{rﬁll}fee:g%h?%

"The square solder_ redistribution reservoir 32 two |inear

segment s, eachighidicantdy ingreassslevhils nid affeqtingrthe saldérdwmstp piteh ipithkearedy. a fir st

| i near segnment is @r. obt use I i th respect. to east one
side of a second ﬁﬁéﬁ?‘@é@%@%ﬁ %glgjr g%uecrswe%p %@%f%%tsupf?fgeﬁr&@é‘&f‘ahﬁow’
Accordi ngly, #&yprefesablyifabritaedrivity thesingle hihek pficessdesdribed above MARGhbO it

i qui dus state, cause the solder to flow. commonly referred to as sol der
reflow, the SB’FILE? r@p%e$lp)bﬁip§q@ft§gqna§'rskﬂbmt§§ ait that pther puitablasellid, 32 to t he

DD, 56 IO g e e SRS B e B 1
t he vol ume of kr@wnjsythe 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, rectangular 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.



-19 forming the solder bunp, thereby formng a relatively taller solder
bunp. Thus, the space between adjacent bunps in an area array can be
utilized to store the solder that flows into the bunps during reflow As
~an exanpl e, assunme an area array flip chip with 0.125 mm di aneter pads on
a.0.25 mmpitch, a mninmmspacing for_fggtures in the plating tenplate of
0.025 mm and plating solder that is 0.05nmthick. A solder bunp under

t hese circunstances woul d have a solder volume of 6.4 E-4 mmB, and a

hei ght of 0.07 Vi 9,8 .sol der r.pbution reservoir
32 around the sold “w‘\{j}%ﬁﬁé B’ﬁg%e §‘n ’ﬁmﬁg&?e ?l ?fﬁ mbg HeN 063 mm wi de
and 0.25 nmm sgydéreirs ifnhy redeH mn‘ﬁ@ilu&%ﬂh %E@Qﬁ@&ﬂ‘&:&n& éBthie-s3ldeF Bow begms

Accordi ngly, sol der Hp hei g is significantly i ncreased whi | e hot
af fecting thetWtréﬁeSb @pnm\@mqmatth@c@rrmwnnml lergthamdtprithhettarhe sol der

f er abl
Fabr i cat e w TTChEedRR S AN ARee s BEARE DT i man s BIREEAR Y i1t e

recogni zed byillubtsted inf FIGs014:26.y AS khévwn inFIH @7 aht lihd JiditaRe intstal abl e sol i d,
l'i quid, vapor, and el ectronechani cal dep03|t|on nmet hods may be utilized, as
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I es for the sol der

redi stributign reservoir 32 is .square, other r
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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, 1t 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



-the solder redistribution reservoir, the volune, height, and area of the
sol der bunp can be precisely controlled. - 20 It is believed that the
'solder lines form ng the solder redistribution reservoirs may reach a
critical length where the efficiency of the solder flow begins to
decreases. To inprove flow at or near t-hiag eritical length, and/or to
better control the flowrate of the solder, a gradient Iine wdth may be
utilized, as illustrated in FIGs. 14-16. As shown in FIG 17, the line

wi dth and i nt S [ [ Lonal, Thus,
by desi gni ng ?‘hgéjsbo e@gaﬁg%yggﬁ Sgea)f?f%r%égarl\?gi&g(fsog’b reﬁ[og\%g;lée} %fd%a!shape,

havi ng an i ncreldst 6ftht sslderwedistribhitionteservdir 36 Bleak off dnd floapiway 1iRthe ufd
adj acent the bunp, the flowrate of the solder will_  be increased. An

i ncrease in t REMPBtakiurgy eighyntp & saall argp phthgiseldexisdisEbutigniresgrvolr Maye range
f plastic fl - of e |

ot Den. hg 1 BALSE i W8 o} B0 74 TP 08) WRKRIHORGY Gelt pdifh SIHCIERE Y

i ncl ude sol desldeedsevaoir bwll brsak LES thevably cobidoliing] tiethrealésgpaihi.vel y, whi ch

have continuous line wdth gradients, It is noted, however, that
continuous |ine wi S&Yh‘_vzyr%ftoq"é%p > gRemAted OHE%%PW‘T‘&FtCt%_@VW'QE%EbC
i nvention. ThgobdeReh e MhdlalflirgF1a§8L is BR¥seRehiki 1! s¥ider, Rﬂ&&lbﬂ!acﬁe}figlﬁéﬁe sol der

lines formng the solder redistiibution reservoir. Aternativ t he

sol der redi st tiviglmes dhre use of rapad soldenflava ae achi¢vable vik theltecimques desoribades from
-a distal end tp a prox wmate end.ad] acent. t sol der np_l,n order to
decrease the Fﬁ%v\ﬁ/’ g"a&’é{ t[ﬂgrse P msﬂgﬁé&? ﬁﬁrﬂe&/mt %regtﬂdualeﬁ,olfcge[r%h}e&f)@%rm havi ng
sol der redi stddistibition re@sediv @ dotnplete thel coniéision € tHel coppéra tHovadvet, iissol der
in the solder redistribution reservoirs may be desirable in various

ci r cunst ancesnotsd Ehat athentechniquesiraayt becutidized & previend the eqppleteicopvergippafices
instabilities p. [ . I {1 ' 1lity and
unpr edi ct abi | ft%y%%g\#%} hﬁlg%'ltb ggcfe? Elhé%a grﬁ?pd?gbéﬂaeg?ghyg?{ }a}?ea\klé;@lt%p 1fie%)f factors,
such as not atddistitutionlreservoiredfitheigubsiratal t aneousl y, grains of  hi gher
nmelting point alloys, etc. As discussed_.above .smal | appunt.  of sol der
remains in the sol &V“@@&P%ﬁ%%ﬁp? BFYEd pu ‘P%Fhersgméﬁd‘%@'é‘ﬁwﬁ‘hough

the sol der r eflisélvbirDiH dceBrdah@Switly te'pesefSifvéntiofl aRelafbrthaRsol8& bugied and
sized to take very little space on a _ ) , '
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 underfill 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



“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 conplete conversion of the copper (or other
wettable netal )l ayer of the under bunp netallurgy to an internetallic, the
remai ni ng copper may be renoved in the- 221 _ under bunp netal lurgy etch
step. The renoval of the copper allows the residual solder of the sol der
redi stribution reservoir to break off and float away in the under bunp

metal | urgy et . | L .ar f solder. redi stribution reservoir my
have a narrow%;2 {[eﬁj ‘?ﬁ%&r‘&%@%@@é}‘%?éﬁomm es a weak point at
which the sol der IFashémiire, thé talledthe aéldef Bump, s @bYe HmeEHanlally, ?&iab[ﬁhe

breaki ng point. By way of exanple, one net hod of causing inconplete

conver si on of Selder busgh nEhis isprimarilydpe tq the geductigr and strain persenitlengthh- | ead

sol der. Anoth L qie ~d se.of. rapi,d solder flow a

achi evabl e vi grstc sg&?gl(&:%i é)uﬂgg&gég\sﬁgﬁ?%ggthléarg%l{?gl?né)gh{ehs n %eérué"tiq%dgth fo

i nsuf ficient below thé tlastic liit forethe doldér. SKHisieill éliminag the plietic damagesthickut i on
reservoir to copplete the conversion of the copper. However, it is noted
that other tebt ﬁﬁ}ﬁgoh’é‘ﬁdg aygye fAlWe- t 0 prevent the conplete conversion of

t he copper, ther eb)&n@d@%tﬁ%’%\ega i ?ﬁtﬂ]&f ik B&?B‘H%vénﬁéﬁ fis ASkat & 41161?1%% the

solder redistribution res olr e substrate. vant ageously, Sol der
bunps fabri cal&®adndil9,|wherehy thteclisbilitieof ¢lediiad] cbimections inrefiprehip deviderare

accordance with the esent .invention are | | er thap sol der bunps w thout
a sol der re\éV: upRropsst %r?apgé'gf\'/‘\éﬁ ’CS‘F%‘PF ?ﬁgasiiﬁé‘ ‘é’&ﬂgﬁf"é‘%é?f’gﬂ’“égg pl ati ng

t hi ckness. Thingchania@birnps!8Rwhich WAt 81K GARGNSoider fdfigh RBEMHESS ans where it
is often difficult to adequately clean the flux and other residue from

bet ween t he c#icprdanee with tha praseat inyenting asspcidted thefewith, sndpne dimmoienconpl et e

renoval of fl II]EE ' . e or.,adhesi.on of the underfill
epoxi es, el ec%t%g?olﬁéea agpe#@gdrr ?%gﬁgélgg%ﬁﬁoﬁogﬁgﬁﬁe .eeinftgf ﬁ@%‘!ﬁ?“f‘& not

suf ficiently dubsiate B81(FkE19).hGivehispbstamiallg uhifbrnapRting Bfckrebeadieugntday v | ayer
of the cleanilé}f; sol uti on ul d re.\fent or restrict the flow of the

cl eani ng sol B & BEFhABIEA! Pyiepslf wilkhaye a greatersrolume ghas the contagtcbumaps) 86

sol der bunp rasithérefge,WilMettiterUithad bedd @t RIIRES that e kéﬁ%&t%ﬂﬁamsr eservoirs

will. inprove the effectiveness of the cleaning solution by
sl}ould 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 déscribcd 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 aﬁd associated solder redistribution reservoir
which can be utilized to stretcﬁ 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-



i ncreasi ng the gap between the chip substrate. The underfill process wl |

| i kewi se benefit fromthe increased gap size. The wunderfill epoxy is
typically of low viscosity and may not fl ow between the chip and substrate
if the gap is too small. The taller solder bunps provide inproved

cl earance, thereby resulting in better #¥derfill. The structure shown in

FIG 11, when scaled to a pitch of 0.250 nmand plated to a hei ght of
0.050 nmm could be - 22 expected to increase the gap fromO0.07 nmto 0.100
mm  Furt her n20@, artd . tlalpaeticuldrea K beledp 102nip pattéraedrovith aseddeasd swal Hiwgrel i abl e

the sol der . This is primarily due to the reduction and strain per

unit length ?ﬁ‘?ngﬂ'@%@gé’b@%?‘l@m@ﬂgéif% CrERig 4 seajed ghamberlQftinghe of t he
strain per upi . . o W Thi s

Wil ol napnopHEa MkRucl s S RaftRe 16 is Bl e ABGRCRG 1012

failure. An anpramtdopdiabgityphdughdt isaot nécetdaey forabepiesémievention, asdest

illustrated i,nh FI Gs. nd.19 ereby the reljahility of electrical
connect i ons flﬁlssatgaﬁfbf‘ﬁfﬁiﬂ_- et e ‘?F_BP&\?@SF‘“BH_IMF Yot grPresipich
ref erence t ogfffetentihBacrasshe ﬁrs@@edﬁ%gqggpwﬁ@ciﬂ@& RA adh s 'Hﬂ? 194, ¥fy ch have

one or nore solder reflow reservoir in accordance W th The present
i nventi on asisatleastcehet sobdesvédisiributivo reseevair 11 ireaccondanee witb shelpresdntinp 86 for

formng electrical nt acts between..the chip 80 d a ubstrate 88 (FIG
1o & en® cliivefin SIS 3o RE! HERRiR i arfresBOdR B Gso” {fe
nmechani cal  bihRgatd2 dshbddimeneitds REGAHI R tHRX tHEBoliBrrledishfbution résetvdigps 86,
and therefore, will be taller. It has been determ ned that the contact

bunps 86 shean b haped andyizadastdesraibed hergin topchieve @ dssir¢diregelt. t han t he
ds 92 ' | . | [ t act
oot peds 52 AR B NS, Mg B 0D £

pads of the sane arger w con e nechani cal
bunps 82 wi | favarhg gvasuunaegronnienglis disposed iisidd the ¢habera 08ntWhilé the cont act

bunps 86 have lered_to the substrate 8. Alternatively, the flow rate
of the sol de#@% eyice 1g iskera Fbwmr@geﬁthq%w%erpmeﬂi but i on

LS o B N S el i R 3,
tal | er mechagithenpr bethyibe Bd 182 ard e subsmatpet06gap or openi ng between the chip

" 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
shape. . | : -
‘ With particular reference to FIGs. 20A-20C, the cap 102 is initially 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



- 80 and substrate 88, which stretches the contact bunps 86. As di scussed
above, the elongated contact bunps 86 are nore reliable because the strain
_per unit length is reduced. It is noted that the bunp designs and
-configurations of FIGs. 18 and 19 are nerely exenplary of a bunp and
associ ated sol der redistribution reserwvoi2a -which can be utilized to
stretch or elongate a contact bunp to inprove the reliability of the
contact bunp. In yet another advantageous application of the present
invention, anyiRpyeyed vacuum may be fornmed in a seal ed chanber, as
illustrated in FIGs. 20A 23 20C, and 21. In particular, alid or cap 102
is patterned with shssmleatemplt, asiag theiingeastGd ghpheipbi i digabbive tha ggpibst r at e
106 for creating a sqﬁjed %ﬁénbgr éOSw In the enbodinment illustrated, a
second seal riva%"w 1mersase e §- 07 8mm 'y ovhess Ayis thecared ensiased iy tha seabi 1 i ty,
though it is g : a I ] a\Y | ik ustrated
0 FIG 21 g o am A THR okl RS MR bP L Bl Bhinier S, ¢
differential pressse istineers¢ly propeginal tonwlurie the\siessmratviltibs\B0Ys 1ewehthaeal ring
104, 110 is at,least.one splder redistribution reservoir 112 in accordance
with the pr esgh?outﬁﬁ?/&?ﬁaﬁﬁfg%i le the solder redistribution reservoirs 112
are rectangul ar i nig the drawihpSiddheMbcaignodi lobn | g&ﬂgﬁ d that the
sol der redistribution resergoifgﬁ_can gg’ﬂ%ﬁ%@%méﬁglgég@d a %égcribed
herein to achPifres embgdiaents eSthe invention, and eltherighopedifia tirma laresgraployed, VENVG)

device 112, o J favorin vacuum .envi ronnen i s di sposed

i nsi de the chg]ﬁgé&e‘%Bg%Y{]/\ﬁ%egc?ﬂgdesﬁgpﬁvﬁ%e\???:gnlh@di’?tgﬁ&\i}mp\‘@ﬁﬁs ted on
the substr at elimittior; thedcope bthe @negnibrzbsing kot oMo ffthe folhwihpfaimski |1 in the
art that the MEMS device can be fabricated on either or both the lid 102
and the substrate 106. On the substrate, bonding regions 114 are provided
inthe formof a netallization 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 dans 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, rectangul ar, polygonal, or any other



-shape. Wth particular reference to FIGs. 20A-20C, the cap 102 is initially
plated wth solder 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 solder redistribution
reservoirs, thereby expandi ng the volufre of the chanber 108. The i ncrease
in volune decreases the pressure in the chanber 108. Thus, the pressure in
the chanber 108 wll be less than that of the vacuum environnment in which
it 24 - was sealed. As an exanple, €i4aMBhe increase in gap hei ght given
above, the gap volume will increase fromQ0.070mm*A, where Ais the area
encl osed by the seal ring, to 0.1 nmm*A. The volune increase is then 10/7
or 1-43Wﬂé?@f§r99{}ﬁ%ﬂ6win§ii§&§imdaf essure is inversely proportional to vol une,
the pressure will be 30% I ower than w thout the increased gap. In the
drawi ngs and ,s i ficati I n ViRl 1deRrsafi&nreed
enbodi nent s é‘f&ﬁ%eé b|un eér%ﬁllraglﬁ% ggrﬁngﬁé g%ﬁx@ssgté%fa}té?gﬁﬁgbﬁgg;afég (}arrpl oyed,
they aren lanscideg e air potticteant apoldee tsens poriohy andinwhenein Sawst selder
purposes of lTimtation; the scope of the invention being set,.forth in the
f ol | owi #R§eEPiiRestion sondinganand shppsdsiogreate  RLESPUE | BERGEHY 3MWed ‘éﬁ“%?@a‘)}} Si{.b A
sol der Qung I%E{r%‘} Bﬁio‘ﬁrhl.?ing]a%d?@érer@ﬁ(!s@rﬂr&éy@/ﬁ&rreﬁi Said SEIABY teSérGir poiidnder
struct ure i neludi g a solder reservoir portion and a sol der bunp portion,
and whelimilwdes ai firss bhehe portianears ¥ séqong dineproperfign,nesigh [hapiagrat Jeast §ﬂ%1}§§%lg¥“o

create a pressure gradie alopg.a.length of. . saj I i tion
Gur  ng Bty hereogelE, a6 SHE P e riitefins B oBGe RARE IR LerReY

i ncl udeg, 2sidifisidel TR sBEUNdilRBardsdttich. second |inear portion, each having at
| east one straight side, and wherein a straight said of said first |inear

portion fornms an obtuse angle with respect
2. A microelectromechanical system (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 includes 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.



to a straight side of said second linear portion. 2. A

m cy oel ectromechani cal system (MEMS) nodul e, conprising: a substrate and a
lid in spaced apart rel ationship; a solder ring which bonds said lid to
said substrate to define a sealed chanber therebetween, wherein said

sol der ring includes at |east one solder reservoir associated therewth;
and a MEMS device fornmed in said chanber. 3. The MEMS nodule of Caim 2,
further including a second solder ringzgubstantially concentrically
aligned with said solder ring, and wherein said second solder ring includes
at |east one solder reservoir associated therewith. 4. The MEMS nodul e of

Claim2, furth 1Sl ed electrical contacts in said chanber,
6o o oo S AR

wherein 'said’ e ontacts electrically connect said lid to
said substr atsgbstiate abdea MV spackd apattirelationstiip?, wherein said chamber :

includes a controlled environnent maintalned at a yacuum, -%§@_6.
flip-chip stauglopgaed spstibympgvhigh glgerEicall eonppets said ﬁfiﬁo s53id spantats; é‘giar t.
rel ati onshi p; - i Ch T i d
T o sai d 2 hapRyRRARCRCRBLAGE pBiTRg Ul Chpl SELUpRaty dfRR AL SR
chi p t onsehahicalbstmpaireluditg 4 ezldtr reseevaf assadiated thecdvathi.cal bunps incl uding a
sol der reservoir associated therewith. 7. The flip-chip structure of Claim
6, wherein said nechanical bunps have a first volune after reflow and said

el ongat gd cont,agp bHFREubAYECIRRE 8NFhMeInKAR] MEERhicAEblAYS havker fkivolgmeé d
first volune is greater than said second volune. 8. A nethod of formng a

sol der Bitepredloruandisaid sipngateil ootakebamph havesa beond tvwlume gfipt refiony Wheeeist eps
of : form. n under bu tallur I r. on the mcroelectronic
subst r af%‘?%ﬁd’# erﬂsrgéeaggsfg%sndsea%&% C%dcmajl?{%lebn the under bunp netal | urgy
| ayer opposite the mcroelectronic substrate, the solder structure
i ncluding a solder bunp portion and a plurality of solder reservojr
portion 8. ext @mm;goq mdr Egrmdfpg @ solder bump structure on a microelectronic substrate,
comprising the steps 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, the solder structure including a solder bump portion and a plurality

of solder reservoir portions extending therefrom.

9. A method of forming a flip-chip module, comprising 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;

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 taller mechanical solder bumps.

10. The method of Claim 9, wherein said step of:forming a contact solder bump structure

includes the step of forming a contact of a first volume and said step of forming a plurality of



. 9. A nethod of fornming a flip-chip nodule, conprising the steps of:
formng a contact solder bunp structure on a mcroelectronic substrate;
formng a plurality of mechanical sol der bunp structures on the

m croel ectronic substrate, wherein said mechanical sol der bunp structures
have respective solder reservoirs associated therewith; mating the

m croel ectronic substrate to a second substrate; and refl owing the sol der
of the contact sol der bunps and the hani cal sol der bunps to bond the

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

sol der bunp becones elongated due to the relatively taller mechanica

sol der bunps. 10. The nethod of Claim9, wherein said step of-formng a
cont act neeshafaeal tsglnlpr lsumpscmglruées thasten @ formieg Breehnnigal solder bianns. whpteictheof a
first Vﬁ Fn@ ﬁg she o nlng a plurality of -27- nechanical sol der
bunps i HEH ¥ ngf% 5% éﬁfﬁse?gw 10" Frechani cal sol der bunps, wherein the
first volume is less than the second volune 11. A nmethod of formng a
flip-chip nodul e, rising the steps of: formng a sglder ring on a

m cr oel é@t r oAumetbQﬁb@ﬁr%m’l@g aghiprchipmeditley °§6'Ipﬂéll“grﬂi’erﬁeﬁsrﬂﬂ udes at |east one

sol der resery %gr{gr ?ocf&l,rq}ngdont DEEGYAIL BronfBlibbtt h?heg% ?.rsgl‘:c’il Rfder Pl grgc?ﬁ’(nﬁt rate

to a second vacuum envt ronnent to ine a cha
t her ebesmesnonasolider eéseomimgsdcheedsthedeithpf t he sol der ring to seal the
m croel ectroni ¢ substrate to the second %§ éate SO0 as to increase the

vol ume of t h@aBRhsaRicragiEien( syhl SR ASEFONOS BT Pt Ty SPVIPBRER ©
pressurgeﬁr{éadrbhgﬁlbgr%?[%P&We&p\éhaonnent 12. The method of Caim 11, further

i ncluding the ste ormng a second solder ring substantially
concent refloatingy thel sogmaecbfvme Isoklar ding ab dseal tblenglcrcwll\@trenw slstate de dhel seonder

ring ing¢ludes at |east ope sol der h th

sol der B’ﬁ’l%atgts? AR LQUIGTERE e R p Fg?ﬂl ersﬂ@?fﬁ%% c{)nkpﬁss%@nr?greratléé?'d
st r uct Ufoyver predurélinag ssdSabdri edve®ameai.r portion and a sol der bunp portion,
and wherein said solder reservoir portion conprises: a first |inear

segnent, wherein the first |inear segnent has opposed sides, and a second

linear segmepf, WHRGEIFTLAR 19SARME: I NRATy HEAERNEE RARIRPPISRHdSoRRS ring
substantially concentrically aligned with said solder ring, wherein said second solder ring

includes at least one solder reservoir associated therewith.

13. 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 portion comprises:

a first linear segment, wherein the first linear segment has opposed sides, and

a second linear segment, 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.

14.  The solder bump structure of Claim 13, wherein said solder reservoir portion at least

partially wraps around said solder bump portion.



-wherein at |east one side of the first linear segment is adjacent to at

| east one side of the second |inear segnent, and wherein the at |east one
~side of the first linear segnent is oriented at an obtuse angle with
respect to the at | east one side of the second |linear segnent. 14. The

sol der bunmp structure of Claim13, wherein said solder reservoir portion at
| east partially waps around said solder bunp portion. -28- 15. The sol der
bunp structure of Claim 13, wherein sg&?_pressure gradient creates a
positive flow rate of solder to said sOrfder bunp portion during said reflow
process. 16. The sol der bunp structure of Caim 13, wherein said pressure

gradient creates a negative in flow rate of solder to said sol der
porti on 1duri rAigeswilder rammpwiragtats, of) ¢laimp £3,swherein %W’%%SPWCS@Q'@%FTCGC&% 13,

wher ei “pggtlsal gmgr FSoik t8's£1d%8fdtet a;rn%ﬁstpuﬂaﬁrm APt Srofagi i tate

renoval reservoir nlcroe ectronic
substrate. 18. A solder bum structure on a m cr oel ectroni ¢ substrate,
conprising a solder structure includin ol der reservoir portion and a

sol der Hénp petsodier biymp fRestaienoks Glams d@ erejne§id \REFSUTCS ETAGITRY EKFaLeR, 2
shape. 19. Trﬁggaﬁme%? flPQL}g{@ of Eélﬂ&ltﬂr %Bldg' R ?x&tlowaﬁﬁ thid ?éfﬂ)v@ﬁ%fﬂer

reservoir portron at [east y wraps afound sar sol der
portion. 20. The sol der bunp structure of Claim 18, wherein said pressure

gradient cre ositive fl r.at e, of. sol der t said so

or t1 on Hur 1 e safier Bamp il LA 3. S 57 op Rt st PR ire ERes i m
18, wherehick atbdfal?ﬂl?a‘i§ YERotd1a6K 68 BIRAIBSrvoir PSRN ¥idn Raill R¢rédédroalc

sol der to said solder bunp portion during said reflow step. 22. The sol der

bunp st sulstiatee of C ai m 18, wherein said sol der reservoir portion includes
a notch to facilitate renoval of said solder reservoir portion fromsaid
m croel ectroni c substrate. _ ‘

18. 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.

19.  The soldér bump structure of Claim 18, wherein said solder ‘reservoir portion at least *

partially wraps around said solder bump portion.

20. The solder bump structure of Claim 18, wherein said pressure gradient creates a

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

21.  The solder bump structure of Claim 18, wherein said pressure gradient creates a

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

22. The solder bump structure of Claim 18, wherein said solder reservoir portion includes
a notch to facilitate removal of said solder reservoir portion from said microelectronic

substrate.



