SC14688HP METHOD FOR FORM NG REI NFORCED | NTERCONNECTS ON A SUBSTRATE
BACKGROUND OF THE | NVENTI ON [0001] The present invention relates to a
method for forming interconnects on a sem conductor wafer or SSIlidwesdp
circuit board (PCB). Mre particularly, the present invention relates to a

met hod for rm reinf interconnects having a support structure
therein to &@ﬂ?%@gFog %P%hﬁgﬁhﬁ@ﬂ3¥¥ﬁq¥%b6§FTB§W@P3$W35ﬁggﬁ*SUBSTRATE

m croel ectroni cs packagi ng has been continually driven by the quest to
reduce costs and achieve t 1 higher packaging density and inproved
performance while still maintaining or even inproving circuit reliability.
To neet these ends, a fli pPRREGR i 7% PEBHCENEENRASNe a seni conduct or
chip is assenbled face down on a substrate or <circuit board, has becone a

popul ar chdP881in nﬂbﬁo@t@@ﬁn@nﬁayepadbagkﬁ@atébimxcm|mdmhmm m@ﬂsst_

d t u normal Ly requi,re or or _connections
B e e g e R L
superior petiontanbeaird hiegh) .f r sguengyrapplileationshd @9Q3krA flip-chip

assenbly is typically fabricated in three stages: form ng interconnects or
bunps on a*BHF FloatgﬁéﬁFﬁﬁ fRe@blifpbadchry foraibgarsimiosgsst rate, and

filling th@n%@@@@nﬁ@&@b”h&@iﬂgdsrsEEBoQE”B%guEQhBéMqH%f%Q gbegtkp%%g!y
non-conductive material. Therée are hany conventiona et iods 6f ﬁornlng
i nterconneétbigh atasdmp€bnductor wafer. One nethod includes formng a gold
stud bunp on a substrate with a wire bonder and formng a

[0002] Development of microelectronics packaging has been

g@) continually driven by the guest to reduce costs and achieve
higher packaging density and improved performance while
still maintaining oxr even improving circuit reliability. To
meet these ends, a flip-chip bonding process, where a
semiconductor chip is assembled face down on a substrate or
circuit board, has become a popular choice in
microelectronics packaging. Flip-chip bonding is
advantageous because the space normally required for bump or
connections within the chip is eliminated. In addition,

flip-chips generally provide superior performance in high

frequency applications.

[0003] A flip-chip assembly is typically fabricated in

R

three stages: forming interconnects or bumps on a chip,
attaching the bumped chip to a board or substrate, and
filling the space remaining under the bumped chip with an
electrically non-conductive material. There are many
conventional methods of forming interconnects on a
semiconductor wafer. One method includes forming a gold
stud bump on a substrate with a wire bonder and forming a
second stud bump thereon with solder to increase the

interconnect stand-off.



second stud bunp thereon with solder to increase the interconnect
stand-of f. 1 SC14688HP [0004] Although in theory, additional stud bunps
may be stacked in succession to obtain a high stand-off, the SQrAfcP i s
problematic. Firstly, the top surface of each stud bunp is unlikely to be

flat, thus ing st i.n diffficult. Secondly, if a stud bump is formed
over three [L@% re ?’t%?g@}bdﬁpg%qocrlﬁ's RSP EuchpRBRe Mg be
formation. sthenelone dhedmiicRimWIgr 0t $ilsh @‘V%Ht%ﬁd—' £)igd ed and the

stand-of f height restricted to about 60 mcrons. a l'ow stand-of f of
about 60 NMPECEESS tlfe KNI emiad igr.on& ire tdlyearc st rtaim samifsiowy off erach

m smat ch | I Ci: t-her mal expansi on (CTE) .between . t.he

sem conduc{égyﬁg%%dpaﬁ?]@%g\f;{vaeflg’r ESubst :fg‘taé: s St ngs\tl\sre%cﬁﬂﬁ’&n cause
bunp fract di€fiiesuld.i ngdoonidid, uie of stthel Yundd ichifrassemiar JHQ5lor
Anot her net hod of forming interconnects involves providing an el ongated
pi | lar witHeEe &E&C REFEEr Béi dift 1ikelehéor oedd apse8@WrG nt20 ni cr ons

formed frometeghonganeldy pollar tnelhbs aRthodibegl 0% B4 p5hfonm ng 2
flip-chip. the p

| ayer of photo-resist on a ort1ons o oto-resist ™ |ayer

may then béimitedi andd the toamdtbidugkibblesdstrtiheed ayembolite 6|m)ol es a(rje
separately filled w opper followed __by a solder to forman elongate
pillar. [0DO6] °T6 fi 'I&N{itglhg ﬁSWeésFaflﬁgogﬁ_t P;f_ea&ﬂl&cﬁ?r BH7EP TR r §0€ BRI aced
I n a coppetshaibnandocekeekiopkated beideResitt-ontaPRmak hgnhol es.
Subsequently, the entire structure may be placed in a solder bath and
eIectropla?@&fﬁécﬂﬁppstﬁé thermal expansion (CTE) between the

KT) semiconductor chip and the wafer substrate. Excessive

strain can cause bump fracture resulting in failure of the

flip chip assembly.

[0005] Another method of forming interconnects involves
providing an elongated pillar with a total stand-off height
in the range of 80 to 120 microns formed from two elongated
pillars. This method begins by first forming a layer of
photo-resist on a flip-chip. Portions of the photo-resist
layer may then be irradiated to form through holes in the
layer. The holes are separately filled with copper followed

by a solder to form an elongated pillar.

{“) [0006] To fill the holes, the entire structure may first
: " be placed in a copper bath and electroplated to deposit
copper in the holes. Subsequently, the entire structure may
:be placed in a solder bath and electroplated to fill the
remaining space in the holes with solder. The photo-resist
layer is then removed by chemical baths to expose the
elongated pillar. Reflow of the elongated pillar can then

be carried out to connect the flip chip to a substrate.

[0007] Unfortunately, this process for forming

interconnects is expensive and involves numerous chemical



remai ni ng space in the holes with solder. The photo-resist |layer is then
renoved by chem cal baths to expose the elongated pillar. Reflow of the
el ongated pillar can then be carried out to connect the flip hi4c88Hm

substrate. [0007] Unfortunately, this process for form ng interconnects

i s expensive and involmé_gls nuner ous chem cal 2 SC14688HP sol utions, which
generate cliHitta1oR s HE CEARRITEA 15 SEISEHCals asfes he AoiiRiomr dilame

pillar is lignidipd hd heddd-Jeress nd s 1RROt o asiyst 1l t hough
t hi ckness olf t he photo-resist |ayer can&ﬁbe ingréeg?en&téé%%% tS,H(;(‘—\l'lirrits t he

pitch of tH&iskness af theasthiote-rewd opdreivegs | Rlttheygintidvirdsiets @y er

typically ve r.evers oni_cal._ sha i.e., t openi ngs taper towards a
narr ow enng}e fqe'iijeC) Oo%rfselpsgcdsrl.ay‘ﬁﬁercgflg%g Jinl‘crfafsie%g 61%36}9 %so dedir e, tishe
t hi ckness pdftdrhefpheiogiadisst. | ayeprimt ke | ivhd Qg)érﬁ Yln 8GdM crons.

o]

Hence, there is a tradeoff between a high stand- off and a fine pitch.
[0008] | n WK OFIHEY JeGdi (P Lice Mo g vise adesiviesisiee aastidedy shapest hod

for form ng int erngonnechs [ ng .49 i.nyol v
chemcals. 1'n addition, | tntg}v%gfjtlagﬁﬁje%\g&%gﬁsa%l glat 0 %\g\?gl%ta ant_isllchoedefﬁv%\fﬁ
provi des hipglisst arftheafeffoamed iffi me fpntecipitBRI B BESGRICRT] @NeOfk Mk IRAW NGS

[ 0009] The present .inventian w.l1 be readily . understood. by the follow ng
detail ed dgél%c%i PER N TES AP EVEN Hitth Pt Hé™EEomFan Ry td¥&i ngs. To

facilitatenikirsndescriapideon theliek 8 or ef @ranee rrumRkalcendeshgnal &dide
structural elenments. [00010] FIG 1 illustrates an enlarge
cross-sect Pékapnd a fine pitch.

{f} [o008] In view of the foregoing, it would be desirable to

have a method for forming interconnects that is low cost and
does not involve wet chemicals. In addition, it would be
desirable to have a method that provides high stand-off and
fine pitch.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The present invention will be readily understood
by the following detailed description in conjunction with
the accompanying drawings. To facilitate this description,

like reference numerals designate like structural elements.

[G0Q1l0} FIG. 1 illustrates an enlarged cross-sectional
view of a semiconductor wafer in accordance with an

embodiment of the present invention.

{00011] FIG. 2 illustrates an enlarged cross-sectional
view of the semiconductor wafer of FIG. 1 receiving an
adhesive in accordance with an embodiment of the present

invention.

[00012] FIG. 3 illustrates an enlarged cross-sectional

view of the semiconductor wafer of FIG. 2 receiving a solder




view of a sem conductor wafer in accordance with an enbodi ment of the
present invention. [00011] FIG 2 illustrates an enlarged cross-sectional
view of the sem conductor wafer of FIG 1 receiving an adhesi$el4688HP
accordance wth an enbodi nent of the present invention. [00012] FI Gf3 f
illustrates an enl arged cross-sectional view of the sem conductor wafer o
FIG 2 receHHSF &%&‘%Fé?rdoaélocﬁ?fWééLBF@l FRATETH R oitrarRees®th an

enbodi nent afvdie g esent invention. [00013] FIG 4 illustrates an

enl arged through view of bunps fornmed on the sem conductor wafer of FIG 3
after sol | ow g a raanas- W ff[’lbc I f. t.he . present

i nventi on. dﬁ)oo%% FIE‘Gﬂ; B%%%st rat%ﬂség;naﬁ-gn ar Srgdcier%?é()llslgqu l%t\floé;‘"é!OFVi ew of

t he sem corduptsorfonafest of tHeGsemieaeivdtng amfamder fotd. |:a%feeftoéﬂ‘1] G eA
accordance wi.th an enbodi,nent of the present invention. e- [0Q0015] F

i Il ustrates atenlfarged’ dé’rﬁféjﬁﬁciﬁél% &% Horamh Slhssiterst rifctite forned on
a sem condygtentafiefvdrtigL.cordance wi th anot her enbodi ment of the present
invention. [00016] FIG 6B illustrates an enlarged through vi ewglf an ]
i nt er conneqlo RNU S HEd.Ne SUPRRAN, AILIGHTE, 10f Nedoggidance wt
an enbodi m(;[tnt of 1t he present inverﬁéﬁz)n. Oegjol%ﬁgFeiﬂGéégé :Lﬁ ustrates an

enl arged péfispectyi ey isemi cofduue dmtverfconrectr of. Bl Ge@Biimgceor dance

wiih an (SRR qhyde B R M DFLER R OF THE

ayer 1n an t
| NVENTI ON 3% embodiment o
present invention.
,F} [00015] FIG. 6A illustrates an enlarged perspective view
o of a support structure formed on a semiconductor wafer in

accordance with another embodiment of the present invention.

[00016] FIG. 6B illustrates an enlarged through view of an
interconnect enclosing the support structure of FIG. 6A in

accordance with an embodiment of the present invention.

£00017] FIG. 6C illustrates an enlarged perspective view
of the interconnect of FIG. 6B in accordance with an

embodiment of the present invention.

DETATILED DESCRIPTION OF THE INVENTION

[00018] Methods for forming eleongated interconnects or
bumps on a substrate in a semiconductor chip or printed
circuit board (PCB) environment are provided. In the
following description, numerous specific details are set
forth in order to provide a thorough understanding of the
present invention. It will be understood, however, to one
skilled in the art, that the present invention may be

" practiced without some or all of these specific details. In

other instances, well known process operations have not been



[ 00018] Methods for form ng el ongated interconnects or bunps on a
substrate in a sem conductor chip or printed circuit board (PCB) o
environnment are provided. In the follow ng description, numeretBisperfic
details are set forth in order to provide a thorough understandi ng of the

resent invention. It, will be understood, however, to one skilled in the
grt, t hat tcff’e“p‘?lg%%%tlf? ot YriP b enferRIT e Wi APRHT & die drresentof

these specifrfertletati!s. In other instances, well known process operations
have not been 4 SC14688HP described in detail to not unnecessarily obscure

t he presentygg Nt i UlodN.ane enhodi ti the present.invention is
a rrgt hod o Och(")!L\r/ﬁ ngqgn c({)rg%uct R/deﬂ“burrp', i nc%;u%%;egn% He s %%%O%fls f%r ni ng a
support st mgithade aoh fomubst raatemdtdtaichd ngngol defcludiddelsdippdgs of
structure; and .nelting the solder to formthe_  conductive bunp. The support

structure conprises oggléjgﬂrt OrerWiHe 1Bops THISHE M 1 R af D oirdider
process. The, wnl defoean basaldashed dia denasild nhan: lve Qfk N8e

support structure and then depositing solder on the esive.
Al t er nat i véISRARG e Vo e .carftise satoraotie & thyic tdiyspiargnpizhies esuppor torst r uct ur e

into nolte I t [ Refierring now ta FIG 1,  an enlarged
cross- secﬁog%aﬁg\ﬁéé%og') "a f;%gr%?egoﬁv&ﬁc&& e%oﬂ‘f{?f‘.n(ﬂ %%Te |qﬁ’e
accor dance swilidera danr $te enhedinEntbyofddde ipriesetn idaian ofd Sshown. A
support structure 108 is fornmed on the substrate 104 by, for exanple, a

wi re bondi FYERECHT &I Swickes TE BePssidddcomed dssndipdds 112 of the
substrate L@hesqke0Ont %1%@%%'1@1%’]%%“ $o1H2S 'E%tnerﬂealatft%rcﬂe%e biuppor t

{m} dipping the support structure into molten solder bath.

[00020] Referring now to FIG. 1, an enlarged cross-
sectional view of a semiconductor wafer 104 or substrate in
accordance with a first embodiment of the present invention
is shown. A support structure 108 is formed on the
substrate 104 by, for example, a wire bonding machine. The
Wires may be bonded onto bond pads 112 of the substrate 104
or onto thermal stand-offs. The material for the support
structures 108 may be chosen from gold, copper or any alloy
that is solderable. 1In one embodiment, the support

structures comprise copper wires.

iﬁ} {oooz21] In this particular embodiment, the support
structure 108 is formed by a single wire loop. This support
- structure 108 is generally suitable for forming
.interconnects having a small cross-sectional area. If a
larger cross-section or a more voluminous interconnect is
desired, other configurations of the present invention such

as the embodiment illustrated in FIG. 6A may be utilized.

[00022] The height of the support structures 108 may be in
~the range of about 150 microns to about 300 microns, subject

to the capabilities of the wire bonding machine. Most wire



structures 108 may be chosen fromgold, copper or any alloy that is

sol derabl e. I n one enbodi nent, the support structures conprise copper .
wires. [00021] In this particular enbodi ment, the support st raft468&SHEO8 is
formed by a single wire loop. This support structure 108 is generally

suitable for formn i.nterconnects having a small cross-sectional area. If
a |larger M%é‘%\%r{ﬁs £ ¥ o ian sFendnediic et iof wredia 80

ot her conf iygunadOnsuafct hes RIRSEMad BNt Y e amadigent
illustrated in FIG 6Acmay be util iazdeég). Fg%ngg] ﬂﬁrﬁga%el t or%‘)ilgﬁe support

structures y beni: r f: ; ncrons .to about 300
m crons, su[g%cﬂﬁ to%t lerb c(%g%bi |t?ﬂéogloe%b%lv]\cﬁsaaéyboen |er¥glenr’1§:§h| ne. Mbst

wi re 5 SCl14688HR cilsoridiafy tr}mzim'arleammsrjro@lvi(«taﬁa srtjam&ﬂaﬁl : _Hie&m@a;tn[ ggogg] to
300 mcrons,, which js advantageous for flip chip _.applications. _
Flip chip assefty e@%&%@éﬁ ? &Xhér FaTES PESefildiiam RS (IeeadES expansi on
(CTE) i smatealsbet waewpmict) canal CIERPOULuBstPadoPaLEE BELLAT LI Lgnyper
degrees Celsius or PPMC) and ceram c substrate ? TE about to PPM O ,
or between BEM/’€bn endbeypresl stilicont ahdarusi¢&€TEciaboit B2atds 18CPRM C).

Because of 1 Smat b i pterconnects, ar ubject, to thermal
fatigue dura'ﬁoggltcﬁgrrp@é)r gt%u?éh\{({ygfl‘ ngﬂg?a‘tl“ﬁ% ?gb\%}f‘@afe’? nmlbf’%étég}él' o 8uri ng .
normal use ioftetrhentleic schire devijeet Excessiwalt Ferfotie Stur@sg My result in
fracture of the interconnect, and/or delam nation or cracking of the

sem conduct§FPERPY U Rhic¥k L 18de Rfudiey fregdsatd caeprosersi loar €Urfiog024] The

incidence @briactuees s snRotrably RighaeviRe. Excessive thermal
éﬁ) stress may result in fracture of the interconnect, and/or
- delamination or cracking of the semiconductor chip, which

eventually leads to device failure.

[00024] The incidence of fractures is notably higher in
devices that use low-K (dielectric constant) materials,
which have a low mechanical and cohesive strength. Thig is
important because the use of low-~K materials for
semiconductor fabrication is growing rapidly. As the
magnitude of thermal stresses depends on the CTE mismatch
between the materials and the length-height ratio of the
interconnect, the stand-off height of the interconnect must
fﬂ} be increased to withstand large temperature fluctuations and
CTE mismatch. The range of stand-offs provided by the
present invention is therefore advantageous in improving

-reliability of the interconnects.

[00025] Referring now to FIG. 2, an enlarged cross-

sectional view of the substrate 104 receiving an adhegive

116 in accordance with an embodiment of the present

invention is shown. An adhesive 116 may be deposited by

dispensing it directly onto the support structure 108 or by
- dipping the support structure 108 into an adhesive bath.



devices that use lowK (dielectric constant) materials, which have a |ow
mechani cal and cohesive strength. This is inportant because the use of
low-K materials for sem conductor fabrication is grow ng rapiSIbA654R he
magni tude of thermal stresses depends on the CTE m smatch between the

materi al s d.t th- he ratl the _ intercqgnnect, the stand-off
hei ght of 6&rjr‘;‘el“%’P?Lé‘%c SR er‘r’cc{eeé’sefo‘-% WIS Bhd Gy gead

t enper at ur @dfildeat lﬂtu:@navaad& s@ilﬁHEeS ratsd anf & d-aNGe Pfri1skand-gf f s
provided by the present invention is therefore advantageous in Inproving
reliabilityhorlchés mmrashindeds tHad002s8x Refmlergg WEW ity Firg @nﬁm@!

enl arged cry i of .t r at recei vin n adhesi ve
116 |g accor aﬁgg%v%nt OLngr?le bodi nen%%(%%‘qﬁhten pr@é’@%tm ?R? e%n% % shown. An
adhesi ve 1iémomye herdepdsidred bynd dixsgenrsiong ﬂﬂondlﬂlﬁCtdLMfﬂmieO dfhe-psupport

structure 108 or t he support structure 108 into an adhesive
bath. 6 SC%’&’@%P@dySSﬁ‘tzaﬁingﬂ Edh ESPREL @ F HUT W e 1981 ux, such as, tin-Ilead

sol der flux, water soluble flux and no-clean flux. It shoul d be

appr eci at ed %0926 1f | uEMRYSv ed Lt fiieAg Nebrrdl Hiso rrdicrig © esbidlf ttldh@s S@lfp?edtder 1 I'n
addi tion, Y- D idation fromthe
surface of E'lttﬁ)gc bondqp)g(sjg%ltlf% ang%g%%gg)ppor @ltruzlte%%go 8. [00026]
However, fkuksiantietliye frr@@uprfedﬁiﬂatthensupmfr bppdticact vhe o]E081| ifg uba eshl ]}/
prepared and t herefore anti al I free of oxidation. If application o

a flux is*Rot*® Ee GaiFHed = ?h'?uﬁp%’ Ot BhetGtaT 08 Ofaale P fFE®<% nto a
mol t en SO|QﬁtobatﬂouQe%Q@blEE% SHRPOEL SbEUCHWEe P8 0rt structure 108

e,

) with solder. The coated support structure 108 may then be

(gcllba_\

removed from the solder bath and the molten solder allowed
to solidify. In this manner, the solidified solder forms an
interconnect, one embodiment of which is a substantially

filled capsule around the sdpport structure 108.

[000271] Referring now to FIG. 3, an enlarged cross-
sectional view of the substrate 104 receiving a solder
source 120 in accordance with an embodiment of the present
invention is shown. The solder source 120 is attached to or
placed in contact with each support structure 108. The
solder source 120 may be pre-attached to a semiconductor

fﬂ} integrated circuit chip 124.

[00028] The solder source 120 may comprise a eutectic
solder, for example, eutectic tin-lead solder (37% lead and
. 63% tin), or eutectic tin-silver-copper solder (96.5% tin,
3% silver and 0.5% copper), or high lead solder (95% lead
and 5% tin). Alternatively, a lead-free solder could be
used. Preferably, the solder source 120 has a melting point
that is lower than a melting point of the support structure
material so that the support structure 108 remains solid

- during reflow. The melting point for the solder may range




wi th solder. The coated support structure 108 may then be renoved fromthe
sol der bath and the nolten solder allowed to solidify. In this manner, the
solidified solder forms an interconnect, one enbodi ment of wWH&HE&3HEP
substantially filled capsule around the support structure 108. [00027]
Referring now to FI 3, .an enl arged cross- sectional view of the substrate

104 recei vitg"ELoIaRGUE doift Geoimes Felcdditditc ehduth 329 dasgdiefent of t he

present i pvadi@n is shown. The sol der source 120 is attached to or
pl aced in contact with each support structure 108. The sol der source 120

may be pre- ed t,0 ! r. . integrated.circut chi 24.
[ 00028] Theﬁisogl er séAur%eﬁ(l?g} %%}%gosgplrsi s%rg&eezi éjﬁtl éco s&rglgrs,dqf%err exanpl e,
eutectic t bwireadrsdmder(Bifkdead 22nds 636wH rin FUG .eut.ecMcke _
tin-silver-copper .sol.der (96.5%¢tin, 3%silver and 0.5% copper), or high

| ead sol dePHGBHIEFEY rarfd SAMSHEATA tiéhh &1 sigpi condegdorr édisoll@d coul d

be used. BIef efdaflan dienstl dele SOURE 1204035 130181 R RUrHred hal 1S

lower than a nelting point of the support structure material S0 that the
support st Eidttgkd 1 0® dfe e fidomi dr awssnglapefidown The meltemiglpamt for

th | d r 7 6 P t ween _abou 50 degree | sius to
abgutso328r§g%¥esg?&%gl sslgu%sgc% ﬁ%@ofﬁ%eﬂalyeﬁa&ﬁepﬁjg%gfgq g%(? ri(igcﬁJ out to form
sol der budpgrees Meddonett 2bb28 a3 (SlERWrddy BeGsihs Mberiparticul arly,

the substrate_ 104 and semiconductor chip 124 are heated to nelt the sol der
sour ce 120Fe'eférﬁ>fﬂ7€r537ﬁré§ldseﬁﬁ EEBE S g2 &t hecrarsofopietesadddyess o thhe

materi al Okhe adhesive 116 and then enclosges the support structure

£y 108. Since the support structure 108 has a higher melting
i_‘w 4

point than the solder 120, the support structure 108 remains

solid throughout the reflow process.

[00030] The semiconductor chip 124 is brought towards the
support structure 108 until the semiconductor chip 124 is
juxtaposed with the support structure 108 to form an
electrical connection between the chip 124 and the substrate
104. When the molten solder solidifies, an interconnect 128
is formed around the support structure 108. FIG. 4
illustrates an enlarged through view of interconnects 128
formed on the substrate 104 of FIG. 3 after solder reflow.
f“) It should be appreciated that one embodiment of the
interconnects 128 is a substantially filled capsule, which
_is structurally reinforced by the support structure 108 for

improving the mechanical strength of the interconnect 128.

[00031] Referring now to FIG. 5, an enlarged cross-
‘sectional view of the substrate 104 of FIG. 4 receiving a
dielectric material to form an underfill layer 132 in
accordance with an embodiment of the present invention is
shown. The dielectric material may be introduced between

the semiconductor chip 124 and the substrate 104 to provide



t he sol der source 120 and may range between about 150 degrees Celsius to
about 320 degrees Celsius. During reflow, the solder source 120 becones
nolten and fuses with the adhesive 116 and t hen encl oses the SUpgE&EaHP
structure f 108. Since the support structure 108 has a higher nelting

poi nt than the sol der_, 120, the support structure 108 remains solid

t hr oughout THEYLT 158\ itede<slty doodie ‘ﬁ?é“%"é?ﬁmifctc&l& Hi3#t Bogt jtde

brought t owayids-ddi®iecURRY | MG &l QR dintdd fﬂée ftctu o Chip 124
is juxtaposed with the support structure 108 to man ectr cal

connecti on 155& v%@ertot W@maﬁﬂmeandlttdwcmmtr A28 fi@h a\tﬁadjtah:@nml ten

sol der soli. terconne 8 f.orned around the support
structure er Oanaég:t 9 FHT A éﬁe etrﬁ fﬂad'e r}r]:a gugh vi ew of

i nt erconne t he substrate 104 of FI G 3 after sol der

refl ow. zlt?éé%d bg[r”%ragg zft]é:&let ™ TAHCH FEPWTOR Y FEC i ftretd6nnect s
128 is a smumt sy f |1|2|099na§za@§éllae sMHEN poRiedt RAACtrRihy reinforced by
t he support structure 108 fo i nprovi ng the nechani cal strength of the

inter conne@tonf@anln[go@@@ﬂ]em@m@am@lmngt @ @Iatstlﬁrl%lcﬂlamaqegeebfcr 0Ss-

secti onal uls 04 of .Fl recei ving
nat eri al t\g)lef% \g;re %Ea?ta%ﬁngelr%f gnll%tr%g]seio FPT L BdFESRse vm:%thﬁ %&dl nent
of the presentiicieentizes sy sll@;vmbeTIm%em elieCishiof 1@RLRY adh Ry shed

i ntroduced %et en the sem conduct or chip 124 and the substrate 104 to
provide 8 § gﬁgersﬁ’ﬁﬁ&lf: End 1SEEDIEM  9FY Lithé Ns dATgeRd dater comng 24

and the |Bhgkeonnachilel. Ajglhel PlLPORG éi%E LHe pdettll oheineld2 19
to separate the interconnect 128 froman a
£ ) support structure 108 and attaches t0p the adhegive 116

- previously deposited onto the support structure 108 before
the reflow. In such a case where solder powder is used, a
further reflow may be required to electrically connect the
semiconductor chip 124 to the substrate 104 through the

interconnect 128.

[00033] Referring now to FIG. 6A, an alternative
configuration of a support structure 608 formed on a
substrate 104 in accordance with another embodiment of the
present invention is shown. A first wire to form a first
loop 612 and a second wire to form a second loop 616 are

bonded to the substrate 104 to form the support structure

Voase

608. The two loops 612, 616 preferably intersect each other
to encompass a greater area therebetween relative to the
single loop embodiment of FIG. 1. The double loop support
structure 608 enables supports more solder material than the
support structure 108 of FIG. 1, and is thexefore suitable
for forming interconnects with a larger cross-section. The
first and second wire loops 608 and 612 are formed with a
wire bonding machine. While any wire, such as copper or
gold, may be used, it is preferred to use copper wire

because of its high mechanical strength.



i nterconnect to prevent electrical shorting. [00032] Instead of the
configuration shown in FIG 3, the solder source 120 may be a sol der
powder reservoir containing solder powder having a particle dé@neiesHDS
bet ween about 5 m crons to about 10 microns. Wile other particle sizes
may al so be it shoul be ]2‘1? reC| ated that larger particle S|zes may

result in Ireﬂ' it § nt dridonn L8R 37 TN ANIRA sHRIh oW 955

deposi t ed Q¥ SHurgdIRROT{ @éfé&ﬂﬁg&l@ﬁa%@é o L4 aé%lhgf e 116
previ ously dep05|teuc?§§lonto trhe support structure 10 be?%re [}Eg re

such a cas@mr@%dmommm@me@S aof fERG hefA r ef$ioni Ty the trk&qw r ed

to electri negt t sem _cond ctor 4 to the substrate 104

t hr ough t hé%{%e\r%ceo(r}%lonér:ltesct{%ffr%gg ésrcl? v ARPIRGE 2 t}f‘?

al t er nat i veehecanfiieguratrian 2 @@%dbﬁa{ﬂ@iﬂﬁf 608 fQf TE%&)S,QI!L@

substrate 104 i n accordance wth another enbodi nrent of the present

i nvention "IHodF SEFUGEIrad bk noininraed fhy dthe |sap e Siﬁfdlcaﬁ@é}mnd )

wire to for J.00 ts 04 to formthe
g0 saspnd 40 R &AL BN LN 1 efoteg%rgebc;y i

support structure 608 The t oops _ er S6Ct° each
ot her to ercopass dhy caterramsmedtherkbeiamwen el atbore: t 0 Hite. & ngl e

| oop enbodi,nent of FIG_ 1. The doubl e | oop support structure 608 enabl es
supports U St G SmiterS aqgﬁséﬁ ﬁe?'fégpes‘ﬁﬁﬁ’ﬁf VI & e EeEegreopnGe
and is thersafsare suitable for forming interconnects with a | arger

cross-section. The first and second wre Ioops 608 and 612 are forned vvith
a wre bongigp@sachine YR Y M e FHEY e i%Yn 1%,0' Sz (TRY,

used, it is preferred to use copper wre because of 1ts hi ani caI
éf}ength aspect ratio of the interconnects can be 1ncreased
‘E.

Conventional interconnects or bumps are typically spherical
and therefore have an aspect ratio of only about one. While
some interconnects may have aspect ratios greater than one,
such interconnects are usually formed by coupling two or
more elongated pillars and using chemical processes, both of

which are more expensive.

[00036] In the present invention, an increased aspect
ratio of greater than about 1.5 can be achieved without
'forming multiple interconnects or bumps. Since the size of
bond pads are usually in the range of about 40 microns to
{ME about 100 microns and the stand-off height of the
~ interconnect formed by the present invention may be between
- 150 microns to 300 microng, a much higher aspect ratio of
greater than about 1.5 can be achieved by the present

invention.

[00037] Another main advantage is the high stand-off that
can be obtained by the present invention. Stand-off is

dependent on the height of the support structure 108 or 608,
which may be adjusted by varying the loop height. 2As such,

' height of the interconnect 128 or capsule may be as high as

10




9 SC14688HP [00034] FIG 6B illustrates an enlarged through view of a

sol der bunp or interconnect 628 formed by depositing solder over the
support structure 608 of FIG 6A. Simlar to the interconnectscugssr Fl G
4, it should be appreciated that the interconnect 628 is a substantially

filled ca e, . which is structurally_reinforced by the support structure
608. That pf]g’,o THE RGN (OIS ETETS JRHEH A AhehaREDaHdrY 4 t he

i nt er conneathel 28 Wessdridedy ahuend! G 6C illustrates an enl arged
per spective view of the i%ﬁ'j{er connect 628. [00035] One advantage of the

resent i nvgyg i's ty, 4 ASRECI s 4 atd fs the,lnterconnects .can be
Pncr eased. lq’jg:)tor?(\/%l(;]nti %ﬂg‘ I%ln ersconneg(%f sa‘"{)ér&’bcaens‘ps&aerrem ypﬁlecca a}nylcsaplherl cal
and t her ef it asmes amuespbdty ratdoe fidrnt afoutheanel \Wigss ST CTE)

i nt er connect.s n%&lh%ect%%gect rati os greater. than one, such interconnects

are usual | YO AT D 2GR 18 onghit e B | ARSI disishg
cheni cal procagses. el hrpige WH Ch &) & MAG 1RXRENRSI NG, 1 QQ%%%I Hbe& the
than about 1.5 can

present invention, an increased aspect ratio of greater
be achi eve&Th tiFodhe femgen®imiiz il 68 .nt erMenidols ety & née t he

ize of b S I Ly i e.ran of abput 40 m crons to about
ibé mcr ong)ri%r?%%t hé?lé]t%élt%{égjf fr)ér%é?i%dgthet gfhet %gcrelsr‘?t éeorﬁfect?ef Sﬁ%tad by t hga
present i nwdstiaghmaydoeheetayeimpks¥ ol giodns @ 130%iNGRANS Tra TWGH JfH gher

aspect ratio of reater than about 1.5 can be achieved by the present
i n\eenti on. t?’&oéé’ﬂ%gﬂwﬁh@%a&%ﬁvéﬁt-é‘geup@ﬁtlh@%‘ G Slamd- d¢f Brchat

lower CTE of a circuit board at 12), the pregent invention

g“) is suitable for devices with a CTE ratioc between the circuit

board and silicon of greater than about 3.

f00039] Another advantage of the present invention is that
it reduces interconnect diameter and therefore provides a
finer interconnect pitch without risking an electrical
short. Conventional interconnects are typically spherical.
Because the interconnects of the present invention are
generally more elongated, a higher density of intexrconnects
can be achieved without increasing the risk of having an
interconnect coming into contact with an adjacent

interconnect which would result in an electrical short.

.EM) - [00040]  Yet another advantage is that the present
invention does not involve wet chemical processes, which are
expensive and environmentally damaging. A further advantage
is that mechanical strength of the interconnect is improved
as a result of the reinforcement provided by the support

structures 108, 608.

{00041] While the above processes are described in
relation to forming interconnects or bumps on a
semiconductor wafer, the present invention is also

applicable to PCB substrates. Other embodiments of the

11




can be obtained by the present invention. Stand-off is dependent on the
hei ght of the support structure 108 or 608, which nay be adjusted by
varying the | oop height. As such, height of the interconnect 328 cGt8HP
capsul e may be as high as 10 SC14688HP 150 microns to 300 m crons

dependi ng o ab| | i the wire hondi ng machi ne [00038] The hi gh
st and- of f uecngts &P Lt%/%car%ﬁ%eﬂ S r%é%ge?s hoertti drem  of
t her mal expﬁﬂsam:{a@i@n J¥ I Cépédhﬁ;*&ﬂ%%ﬁid‘%f@éﬁd@'éﬁ t3id 1 con

typically has a CTE in the range of 2 to 4, while a circuit board has a
CTE in t he FBifgeism 12 R%t@rwfhuwmmmmlmlqme har dsent usméent i on

rel eases thg, sty 1{]@& d.thereby roves .j oi nt
reliability. Inl’\sels?w fgt egfoﬁsg:oﬁlé (ﬁ é’(la tgptr éﬁé‘l& Si at
4 and | owe?rheCI:Eem‘era dirrvewitti dyoar dried e]:rﬁ:)qdzlrrtwltw %ﬁﬂltpﬁéﬁ&&téc‘pn is

suitable f eV| ces th.a CTE ratio between the circuit board and
silicon of s tdr?zfr? s ag’o"[et) st ke sddairth s e . pr esent

i nvention lws.'Lttl'f"é!-:lhe it VeRAUCES WAt Mgl dia eera[ﬁﬁ%% hergf.qre provides
a finer interconnect pitch wthout risking an ectrica ort.
Conventional interconnects are typically spherlcal. Because t he

i nterconnects of the present invention are. generally nore elongated, a

hi gher density of interconnects can be achieved w thout increasing the
risk of having an interconnect comng into contact with an adjacent

i nterconnect which would result in an electrical short. (00040] Yet

anot her advantage is that the present invention does not involve wet
%henical processes, which are

P




expensive and environnental |y damaging. A further advantage is that
mechani cal strength of the interconnect is inproved as a result of the
reinforcenent provided by the support structures 108, 608. (00041] While
the above processes are described in relation to formng interconnects or
bunps on a semiconductor wafer, the present invention is also applicable
to PCB substrates. O her enbodinents of the 11 SC14688HP invention will be
apparent to those skilled in the art ftbm consideration of the

speci fi catyvph: @Rpinéfict | ce of the invention. Furthernore, certain
term nol ogy has been used for the purposes of descriptive clarity, and not
tolimt the present invention. The enbodi nents and preferred features

descri bed ahgvtslioM Briifg HRANMAIRECtEARLBLAte cWinbfsiid!SolnMEAtd Bo?f' ng
defined bystidatireBReNAIQHsEERI Whereir the supgortstruciftelis form&d Erﬁ% dihg first an

met hod of deRbnd RgreaBops e the OUBEFAte OthedfirSIURR 5&RdCRRPIdoBE Mers fnlE.‘)‘, Bfg @
support  siiiereihugagh @R tHeWirs 1605S has BaveiRE Bhd séddRdUNRR Wdt o7& HURALY B the
formed by dubbiite andl iteihtepdtdtiors BERAUNMbFIA df RABS of te Wi ISSHA: HAb&rioh bt 1 1 St
and seconds spaced|iapihe isObrats &ht FGmiry 8l capdORS RbuhBRE BuSfort iRiciird B thePs has
have firstthainters@teod ends that are bonded to the substrate and the
intersection is at a mdpoint of each of the wire loops at a | ocation that
i's spaced fromthe substrate; and formng a capsule around the support
struct ur e 2 d’heomathod loé formiirgy thenineedonnadct abeerdimgt toogaier 1,f WhéreiRdioltifg the

i nt er connexapside éwthei ngmprises! dépositingwineadiesivé onrthagupgiet starpset @positiidier
conpr i ses:sotitepos [hei auipesive; st asditing tbe stilier te tigrpothe capsulect ur e; deposi ting

3. The method of forming the interconnect according to claim 2, wherein a melting point
of the support structure is higher than a melting point of the solder.

4. The method of forming the interconnect according to claim 2, wherein a height of the
capsule is between about 150 microns to about 300 microns.

5. The method of forming the interconnect according fo claim 2, wherein the solder is a
powder having a particle size between about 5 microns to about 10 microns.

6. The method of forming the interconnect according to claim 2, wherein the solder is
- one of eutectic tin-lead solder, eutectic tin-silver-copper solder, and high lead solder.

7. The method of forming the interconnect according to claim 1, wherein the capsule has
an aspect ratio of greater than about 1.5.

8. A method of forming a conductive bump, comprising: forming a support structure on a
substrate, wherein the support structure comprises two intersecting wire loops formed by

~ a wire bonding process, wherein each wire loop has first and second ends that are
bonded to the substrate and the intersection is at a midpoint of the loops; depositing an
adhesive on the support structure; depositing solder on the adhesive: and melting the
solder to form the conductive bump.

9. The method of forming the conductive bump of claim 8, wherein the solder attaching
step comprises dipping the support structure into molten solder.




sol der on the adhesive; and nelting the solder to formthe capsule. 3. The
nmet hod of formng the interconnect according to claim2, wherein a nelting
point of the support structure is higher than a nelting poi ntS&¥4&4IP
solder. 4. The nmethod of form ng the interconnect according to claim 2,

wherein a hej f | e i 0 0 mcrons_to about 300
m crons. 5. %Fﬂ@‘)nigﬁ%%e%% 0 m%@h@é%:ﬂ&mw rfb TEHTH 2,
wherein the solder is a powder having a particle size between about 5

m crons to about 10 microns. 6. The nethod of form ng the interconnect
according to claim2, whereiABPHRBASE 88r THE INWENBEIOHuUtectic tin-I|ead

sol der, eutectic tin-silver-copper solder, and high |ead solder. 7. The
nmet hod of forming the interconnect according to claim1, wherein the
capsul e has anZagpddioc dtdro fofrngrentreyirttan abdutt eedonrbcth ret haghef
form ng a conductive bunp,. c ising: farmng a support structure on a
substrate, Whér éslurlijst%ﬁgléfu&ﬁ’&ﬂf" d%giﬁte f%’&l‘i”ﬁ%gs@s TP TR ST HS Wiy e

| oops for medhebuba tWiate .hondishe RERRESS, 1 MBMEILY A Wd & d q9Rhas first
and second ends that are bonded to the Substrate and the intersection is
‘at a mi dpoifRrTed pROUNGopde @epESInt g T tladhdsi foron arhd npponnect. .
structure; pas|.t | der,_on_t adhesi.ve; a mel ti the solder to
formthe cgﬁghg?¥%%%%ﬁﬁgéq9Fa$hge%§Fh%d%bl &rﬁ&ﬂ&ﬁiﬁg g%ﬁd&ﬁf?§@5bunp of
claim8, wherein the solder attaching step conprises dipping the support
structure FalgQ W8l ten sol der. METHOD FOR FORM NG REI NFORCED | NTERCONNECTS
ON A SUBSTRATE ABSTRACT OF THE | NVENTI ON A net hod for form ng reinforced
interconnects or bunps on a substrate includes first formng a support '
é;ﬁucture on the substrate. A substantially filled capsule is then forned
around the support structure to forman interconnect. The interconnect can
reach a height of up to 300 mcrons. Fig. 6B :
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