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

AR e

m croel ectroni cs packagi ng has been continually driven by the quest to
reduce costs and achieve higher packaging density and inproved perfornance

while still maintaining o n_ lnprayin CII‘CUIt reliability. To neet
these ends, a fli p chi p bo%&]%x{gf%)% Cé er8VENTIEN; conduct or chi pis
assenbl ed Eﬁ‘?@ g a substrate or |, circujt board, has becone a popul ar
choice in 1bel ect %ri?’é%sﬁié%kja@‘i’?ibthi’r iGRIGHSF Bohd e hed &Want ageous
because thecsRage NOFdmddyndoquided fscgmlbfﬂminﬂ:rtorcm 12N él% lgn the

e

chipis elimnated. In addition, flip-chips generally provi superlor
per f or nanc@lrthuht grrard etRiEcy el‘ﬁf-pi@ qzt oins114x0G03]che fdrigpeciti p assenbly is

typlcallyf ated in three st a form i.ntercannects or bunps on a
chip, attachi ng Fthe” Buped hit Ht’eq&é C})ofg‘f’rrd fg)gf ﬁedfg SFE filling the
space renadmiagomtartd tevbinped aftigo tdtrarceleatndeal tonagnganductive
material. There are nany _conventional nethods of form ng interconnects on
a  seni comiUtP SAM-Sfdhe nmethod includes forming a gold stud bunp on a
Substrate with a wire bonder and formng a second stud bunp thereon with
sol der to I¥MQ&hse tRelgpmaniomiedtiaroaigcdfonics packaging has been

continually driven by the quest to reduce costs and achieve
higher packaging density and improved performance while
still maintaining or 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 beoard, 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
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.




SC14688HP [0004] Although in theory, additional stud bunps nay be stacked
in succession to obtain a high stand-off, the process is problematic.
Firstly, the top surface of each stud bunp is unlikely to beG44B8Hrus
maki ng stacking difficult. Secondly, if a stud bunp is fornmed over three

or nore s bu it ds.likely to collapse durin f ormat.i on.

Ther ef or e, E?ﬁégﬂaxi %%t:?\%%%%rlljtl)ftk}é?gurdy'buarf%%l?]som}frﬁ‘i%g P ﬁr@ysggnd- of f
hei ght resttacked in abotits&§lon MEramsainVgd mayt ewsatandkof feref about 60
m crons, the bu .1s prone to shear strain arising froma msmatch in

coef fi ci enPECOEST het mafolrkmmsion (Rt Bet viden &R swdmcsordueesh chip and
th f t 3 ' ' 3 . | ti '
e vafer suhstnghs 1Exerpoiye, & nal ean cause S ackyngg esul ting in

failure of the flip chip assenbly. Anot her m ng

i nt er conne@i&Liembt vesSeprodlyi ngf an slwhdated i |fcamed tdvex tbirale or
stand-off height,  _in e range, of. 80 to 120 m craons fornped fromtwo

el ongat ed P57 1 2FESK ih%unﬁ%?hojut b:'ésglojrfé(ebv £ SO gE iy er of

phot o- r esi Béxidit Both | | PFIGdPE0ROY ti N SnBEinfie RMMSL- I8Sisttud awgls 7By then
be irradiated to_formthrough holes in the |ayer. The holes are separately

filled withiRbppérandl temetansy of s diddeht o sdrmhcdeceltongdoed il | ar .
[ 0006] To rhi&%rwe h@i&%atﬂgq %Ad{c?-o%f U U Y% f nfiShorie Rhacgd bn a
an ed to & ol és.

copper bat el ectropl at eposit copper in t
Subsequently,pidiee ent | sheeast raictalire avays inge fdoaced niimmatedl der bat h and

el ectropl atedf)%o fill th remai_ni ng space in the holes with solder. The

phot o- r esi SRS Thl &y & (I  p 2Eteees éXfose the

el ongat ed fihi dMnaRefdowiolp then elengated: RiddAra¢an t kekesheearried out
to connect the flip chip to a substrate. [0007] Unfortunately, this process
for form rgrain can cause bump fracture resulting in failure of the

fiip 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
iayer. The holes are separately filled with copper followed

by a solder to form an elongated pillar.

[0006] To £ill the holesg, 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




i nterconnects is expensive and involves nunerous chem cal 2 SCl14688HP
sol utions, which generate chem cal wastes. Another problem is that the
stand-off of the pillar is limted by the thickness of the phHstlt&dditst
| ayer. Al though thickness of the photo-resist |ayer can be increased,

doing so ILmts.th itch of the pillar. | ractice,_ .t openings in the
phot g-resi égh{‘l%/érrlgt y‘g%l(l:% | 9= Rat Rt ?%%Jr%aefc‘%?ﬁa\_b%ﬁ‘ stﬁ"p?g:%e i .péf.(:’,bqtertfb .
openi ngs t apethhowehdsstana@+rspiv @ncklad phelbonts pagds:edhsrefwe, if a fine
pitch is desired, the thickness of the photo-resist |ayer may be limted
to about 8BRAFEPBAS. OFehke, Phefereresial traiof f Mdthwwd Fhidmessand of f

and a fi netﬁét?ﬂotéopgélsﬁplé@&w on the Lﬁé%é ) dc}ing)@od&tﬁn'c&%gtﬁi%bl eto
have a nethod for formng inteerconnects that 1's T'ow co an oes not
i nvol ve werithenpEatke pihlbahdi tibm, prdctwond d e aesiirald drt aHeave a net hod

t hat provides, high stand-off and. fjne pitch. BRI EF DESCRI PTI ON OF THE
DRA NG [ D067 THELPE cLBRT™ | BBHET b1Y AT b TREHTY SHi6RS: GoDaDy ¢ he
followi ng detaj | ede A& MGd Ofbddy CORFANES I DMWY e AC AP FYIANT

drawings. To facilitate this description, |ike reference nunerals
desi gnat e P#®e- st Faeretare el ehentsine [Wooto]iFdgsirdd.| ker abdskarsen! ar ged

Cross-secti j C : i I f.er..i ccordance with an
enbodi rrentd)g?@i}tl eﬁﬂﬁ%g%l?%%?n?%%%%%l%%% %Oi Ialli)g)s tr gtoes_ an enl ar ged
Cr oss- sectmimrabns vi efernfe t heheseam icored uctaote il eéretofedtl @ higheeeiavidrg an

i i with an enbodi nent of the present invention.
adhesive i g acgor dange, w L an P

[0008] 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.

[00010] 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

“1nvention.

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

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




[00012] FIG 3 illustrates an enlarged cross-sectional view of the

sem conduct or wafer of FIG 2 receiving a solder 3 SC14688HP source in
accordance with an enbodi ment of the present invention. [O000B}4448EP 4
illustrates an enlarged through view of bunps formed on the sem conduct or

the preseht Tasenr 8Reofo00s) T =8 PIOCRLIar e br hidged e

cross-sect inmahtivhew of the sem conductor wafer of FIG 4 receiving an
underfill layer in accordance with an enbodi nent of the present invention.

[00015] FI Goo6A3i! | usteat 2siamentat880aRessPeeddy & W aWH Qfi &y Hpport
structure formed on a sem conductor wafer in accordance wi th anot her

enbodi ment PBFPEhECEREdePt FRY ereRbRORALOBRL 674 G o BB | Ustatitess an
enlarged 1BpouEn YLEYLD! i ANl HLELEOONGEL, elie| ORAG LdIS: SUPRGLL structure

of FIG 6A in accordance wth an e Iment o present invention.
[ 00017] Flore&ént| iusénaies. an enl arged perspective view of the
i nterconnect of FIG 6B in accordance with an enbodi nent of the present

i nvention. [DETAM)ED DESCRE PT1 O €Fa T&E 4NVENHE KNG [Q0QE8]sMatiheds for
form ng el}cf)ﬂgate intercopnnects or bunps on a substrate in a sem conductor

chip or prVhEEdOt cFRR uF T o ¢ PUB) vakea roh ekt & egsedvwiided an n t he

fol | owi ng g€86xE DL Oflay SMNEL OUS SRELIAL G, 48] Ad S @s3he fQr b d n order to
provi de a thorough und%rstandl ng of the present Invention. It wll be

under st oodprhomeveinventiome. skilled in the art, that the present invention
may be
[00G15] FIG. 6A illustrates an enlarged perspective view

of a support structure formed on a semiconductor wafer in

accordance with another embodiment of the present invention.

[00016] FIG. 6B illlustrates 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.

DETAILED DESCRIPTICN OF THE INVENTION

[00018] Methods for forming elongated 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. 1In

other instances, well known process operationg have not been




practiced wi thout sone or all of these specific details. In other

i nstances, well known process operations have not been 4 SC14688HP
described in detail to not unnecessarily obscure the present SGIhp&FEFon.

[ 00019] In one enbodi nent, the present invention is a nethod of formng a

conduct i vedgggg(i:lﬁé&clﬁl c?@@aife ste S of eo(_%osrm n dﬁaeso ort %r ucture on a

substrat e; I'ng sol der to trflue st
sol der to foremthen.conductive bunp. The support structure conprlses one or
nore wire |loops formed with a wire bondi ng process. The solder can be

attached byodepesiting éie aghiesd Meeon, thes SHEMOIY SlvdalWe 1and then
depositing sol der on the adhesive. Al ternativel y, the sol der can be
attached byetlrdpdhgt ewel ryporendietictafammt onvaluddmes dibge s tisimsh of

[ 00020] ReEsERifg NOWEOH Gedyc At UALIUCLI0 . SealIOnAl oV 180t a

sem conduct or waf er or su strate in accor ance Wi S enﬁodl ment
of the presenthe rmgmom St 1su sthowa;. a%&m&dmﬂngstﬂmtsﬁleiew&d Sofcar ked on

t he substrat(g 104 by, for ﬁbefnple a wire bonding machine. The wres my
be bonded SHETUHONEE JatEP 112 1% T HP X st UKs4 CHP IS OREr REl

st and- of f spodday 8 em@és FRSriddde BURPQS tyi & MRS plO8 JRY beghosen from
gol d, copper or any alloy that is solderable. In 6ne enbodi nent, the

support stel@emrean muwm@r Aeibroest.t g0 6@l fadhre stilvies Oparthecul ar

enbodi nent o e 10 single wire |oop.
Thi s supporltllgﬁ% i uc% ur :{qsé g:ehneenr a%pos L?ltngblsé)%&r g
i nt er connesdisediaxd Ng AﬁLtSErf&laltJQfeQSﬁ aent ls@ﬂ@iezarc@al. blef a&talc@bgeby

cross-sectépn or a _nore vol um nous i nt erconnect is
ipping 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. In one embodiment, the support

"gtructures comprise copper wires.

[00021] 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 structuresleS may be in
‘the range of about 150 micronsg to about 300 microns, subject

to the capabilities of the wire bonding machine. Most wire




desired, other configurations of the present invention such as the
enbodi ment illustrated in FIG 6A may be utilized. [00022] The hei ght of
the support structures 108 may be in the range of about 150 SH:40S%ER o
about 300 nicrons subject to the capabilities of the wire bonding

machi ne. wire 5 SC14688HP__bondi ng_ mac can.provide a s d-of f
hei ght of upngln%oﬁac LA AT R TS %dﬁﬁﬁng§§€§“¥6¥RH9%) E%B

appl i cati onscrofh800dR] clrl ip £hvamessenhl i s typigallip %?gﬂﬁ_rllc%&(i%ns.
coefficient of thermal expansion (CTE) m smatch between silicon (CTE about

2 to 4 parfgopgs) M #1090 PRI AL 8RS i Lelsiieor1 PRV r ik Lceran ¢ _
substrate (CTE about 6 to 7 PPMC), or between silicon and typical circuit

boards (CTECcehbbuicny ¢bH dlgermd @XPEBEQ:JaIISe QRE h@lE@Hq?n dreaveten t he
i nt erconne e tique durln ature cycling of
g_t@ &g g(yp}ij g(lgo&t? éh&g@ arq: giner mOJTl]IJh p éei%rg &evyce 9

the fabrication process or during fornal ‘use
Excessi ve thesimt ostPrmESSOMpnkesrbnin ELdetike cOof cmhaeabatlersomem

and/ or del am nation g&icracking_of t he sem conduct or chlg whi ch
event ual | y*PB4dd 't OTdEREEFRiT i€ O 6062 EYPTRE L RAFaBAEePBRI AP abE TR es i s

notably hi ghghe i dovicespipey useclawek (4 eheckiicneonstant) ppterials,

whi ch have a | ow nmechani cal and cohesi ve strength his 1Is |nportant
because thénE%E?Qﬁn¢QW$l@rﬁusubIﬂqifuﬂ thaﬂmaﬂnﬁhnﬂgme'H@Uumgatlon is

growing r I As the n|t of . t her stresses depends ,on the CTE
m smat ch aﬁ‘% é}a e %ﬁﬁ (Eh? Q%? é%%ﬁﬁ Slsato'orc]i 1PHe
i nt erconn&@@rm&h&lﬁ and- tﬂ‘fef ﬂaggmhlqa‘ dehg dent emtvemt%%rma@; i ncreased
to withstand | arge tenperature fluctuati ons and

stress may result in fracture of the interconnect, and/or

delamination or cracking of the semiconductor chip, which

eventually leads to device failure.

[000247] The incidence of fractures is notably higher in
devices that use low-K (dielectric constant) materials,
which have a low mechanical and cohesive strength. This 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
be increased to withstand large temperature fluctuations and
CTE mismatch. The range of stand-offs provided by the
present invention is therefore advantageoﬁs in improving

reliability of the interconnects.

[00025] Referring now to FIG. 2, an enlarged cross-
sectional view of the substrate 104 receiving an adhesive
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.




CTE m smatch. The range of stand-offs provided by the present invention is
t heref ore advantageous in inproving reliability of the interconnects.

[ 00025] Referring nowto FIG 2, an enlarged cross- sect i onalSSH%RESE t he
substrate 104 receiving an adhesive 116 in accordance with an enbodi nent

of the presgger kv | j dhesj ve 116 .may. be .depasited by
di spensi nggﬁéjka?!r[gc?ﬁ%é%%}’%gt g%%@‘??gs%rﬁjﬁ}&r eSLf(}é or’ gcym i f)illng t he
support stsutfarefl08, i nhoeansatiiiess velpatdnd b SCUEEB8HR w-SuUI tabl e

adhesi ves incjude a flux, such as, tin-lead solder, flux, water soluble
flux and ngﬁgﬁli‘an{’?l ﬁ??r??laE%%UWQP%ef%ﬁbr%@J&%‘é?ﬁ t"‘f?&‘ttlfQ%ﬁni%Oé\‘ﬁéélg

wetting angobongipg o@bibisbes Ofn SLAFiodn fddl tiannd Libedmay, be used to

renmove contam nants and oxidation fromthe surface of the bond pads 112
and/ or suppenevet coctanenass §:00026]ddHovwmyefson [the mayr fizate lvd rtdguired i f

t he suppor tr u 108.is freshly prepared a herefore substantially
free of oxllgcc)j% i%%&élif%p%]??é%]fi%urp%?y% Sftrlﬁ’i‘(cm‘i‘%e %ér equi red, the support

t ture be _di pped jinto a nolten sol der, bath to_ coat the support
:t:ﬂgture iggoggith %%W‘%g T Thet dited'Slu rﬁe%%ﬁ?ﬁdrfe%%wofﬁep be
removed fromtdeuss! deg pathranc  he-dmltan 501 defeddawed to solidify. In

this manner, the solidified solder forms an interconnect, one enbodi ment
of which igWastabstiahty afrse 9 |PedlaEpsul e T curd itded ioupedr & Sliverct ur e

108 [00027] fef efLiyng. oW Lo, FLG. . an Splafged & gss- psectignal view o

t he substra ceiving a solder ~ source in accordanceéwth an
enbodi mentimfo tdenpl eserdol dew eridlond sahowhe Eipseltder raetwnee 128 is
attached tﬁgtr solder. The coated support structure 108 may then be
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 support structure 108.

[00027] 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

integrated circuit chip 124.

[00028] The sclder 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




pl aced in contact with each support structure 108. The sol der source 120
may be pre-attached to a semi conductor integrated circuit chip 124.

[ 00028] The sol der source 120 may conprise a eutectic sol derSCHS8&8anpl e,
eutectic tin-lead solder (37% | ead and 63%tin), or eutectic

tin-silvers: | der 6.5%tin, % silver _an D% copper), or high
| ead sol denggg% %gauga%%gﬁ/???%?? %F %Jrlh%tifr?/eafliﬁuqéoﬁz a&i-cqq&(%(? sol der coul d
be used. Peeféuably, the solder source 120 has a nelting point that is
| ower than a nelting point of the support structure material so that the

support strocbpse 108 rerpbiSpstkdss duréng-1&i law chedml tdgigpoi nt for
the solder nmay range 7 SC14688HP between about 150 degrees Celsius to

about 320 HeyPEesr CENEPYGONNEQDDILES AT efhBW pirod¥iss i% cdfarieed out to form
solder b ' r.connec wn in FlI.G re .particgularly,
UEDE e Lyt O 8) COMNECL S, I8 A8 SIPWL A ML JiliGo i, MBTE AT g

t he subst sem con r-chip 1 are t e sol der
sour ce 120ardehpetad uresnebui tiadbl e fdasr tdeiref 1108 pr ovessdeperd on t he
mat eri al of ,t%glso der source 120 and may_range between about 150 degrees

Cel sius t 0°%bbUt 826 Bt S i RICCHIT i P eFe okl e Fetedliddr °dour ce 120
becones noth&nsgdes Usesrdb t1ho they %&H}e%'é{?g{el%@t%}é‘ﬂeﬁ ReRugnglgses the
S

support structure 108. Since the support ructure 108 has a hi gher
mel ting péegteehaieldieusoiderban),3 2thealemeas (Cedtsdust.ur ®utG8ar enai ns

solid throughp the refl ow proceserz[O%%%O%rﬁ'%he m _conduct or chi,p. 124 is
br ought to%‘l/var dcg&‘t h%he ssﬁoplpcgerr[ G i Imotslﬁ Ns &M c%H&ﬁgt H#%Ehi p 124
is Juxtapgseodadhddi tdel sappal trisd usidlio k0§ HO f@pdaN structure

108. Since the support structure 108 has a higher melting

point than the solder 120, the support structure 108 remains

solid throughout the reflow process.

[00030] The semiconducter 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.
It shouid be appreciated that one embodiment of the
interconnects 128 is a substantially filled capsule, which
is structurally reinforced by the support structure 108 fox

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




el ectrical connection between the chip 124 and the substrate 104. \Wen the
nol ten sol der solidifies, an interconnect 128 1is formed around the support
structure 108. FIG 4 illustrates an enlarged through view cic14688HP
i nterconnects 128 fornmed on the substrate 104 of FIG 3 after sol der

reflow | d_be appreciated that one. enbodi.nent of the i connect s
128 is a ségéggﬁ%iaﬁﬁysg%+gﬁ€ a%%u‘?lé? TR TS S /R zfﬁgyaﬁng’f ced by
t he suppor insttuchheet 1083 f oranstpepvibigpd e sechanigalestinanatdyaf the

interconnect 128. [00031] Referring nowto FIG 5, an enlarged cross-
sectional VPRwiBf CPhBERUFRER aflee 1ACRFCEIEBCY Y2k dinfmh gra achicsleadt r i ¢

material t fi e i e with an enbodi ment
OntormARe4ndes fildy Igymél értﬁgridaifhé gsgif%tgaf%

of the present Inventionis s terial may be

i ntroduced n i t i 4 and the .su ate 4 to
provi de 8 é@?%ggHP il@%ﬁ%%ﬂggn %t(g Illﬁl]gll{%%%lci e sem clcr)ln%u%é{'o?’cﬁﬁ 124
and the iabddeonsectcd2B20 Anof hes PusPoder alovidiar undenfidir | ayer 132 is

to separate the, interconnect 128 from an adjacent _ i nterconnect to prevent
; e

el ectri cal SSRbRTHY § 1P et Ofd e RBHTIYF 4o showf in FIG 3,
the sol depeSHHES CaA0 NMBYMNL: $h $ Ol HelpROWDES {iQSEIMOI I 1A @ihiehg sol der

powder having a particle dianmeter of between about 5 microns to about 10
m crons. VWifelotherlzgmmay|elsd Zes urnd.aliso dieuisede iaprsieodld ede

appreci ate | arger_particle sizes may result .in larger interconnect
si zes and ‘g??%ﬂféﬁ%% g%arr erC Bowtiers §“a&’epro%ﬁ_%lgcd l@ntl(f?‘rtgﬁé q‘?ﬁﬁﬁ&ofmgf:rtuct ure
108 and atsbehesandpith adhmsd Wb llld dH@E0uUs) YicgeRrasidednent @hkhe
support structure 108 before the reflow. In such a case where sol der
powder is %ggger%.structure 108 and attaches top the adhesive 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
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 therefore 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.




further reflow may be required to electrically connect the sem conductor

chip 124 to the substrate 104 through the interconnect 128. [00033
Referring nowto FIG 6A an alternative configuration of 61éﬁﬁﬁﬁ§4HP
structure 608 formed on a substrate 104 in accordance w th anot her

enbodi nment p ent.inyention is shown, A first wire to forma first
| oop 612 a%ghgggicongﬁéiréBtgxﬁ%?%¥%F %c%%de?%ﬁﬁg%éfﬁhﬁ%PQQKﬁﬁﬁﬂjqi?%:he
substrate %04dte Homm bheifuppobohnstt USL8IN EorBdB. byl hedvwi d 0eps O 616
preferably intersect each other to enconpass a greater area therebetween

relative t8VERe PEi AYPBOF boptEWBEEF freh?8 0Pt AT - 162 TheS bl fvd@ssuppor t
structure 6Q8.enshhestsuppsrLe FE € éo'f.i@rsﬁ@dﬁ%i@é %}%@%éi@eteds%@ﬁ%”
t abl e r r g

structure 108 of FIG 1, and is therefore suit ormn
i nt er conneghs whthraohaeger 628 0ss-sesthoranThel 1 i ikl ahdsacaric wire

| oops608andglzareforned with w re bondi machi ne. Wi le any wire, such
as copper 3$1C§of ,S§§§C%%r%§%%,r?fnféFiﬁég%¥r tHRRY & SFgetc Wt
because of 60Bs hrght neghanheai nséFeMthdet % SCLAS88HRMd 00034 Rl 6B
illustrates an enlarged through view of a solder bunp or interconnect 628

formed by HepBETt#hgtRel HeFerevmrethel Shpfrrar igdicthree 60816 BICG 6A
A £ oLt Moot g et 028 AL Flfec s IO e parsaihan

the interconnect 628 is a subs caps
structural €¥8rei nforced by the support structure 608. That is, the

i nterconnect 628 is fornmed in the sane nmanner as the interconnect 128
descri bed {bov25] Fl GnéGavanttsid ad L scian wrianged rReirfiest iive thaewtret t he
i nterconnect 628. . , )

aspect ratio of the interconnects can be increased.

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

rmeore 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
about 100 microns and the stand-off height of the
interconnect formed by the present invention may be between
150 microns to 300 microns, 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. As such,

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

10




[ 00035] One advantage of the present invention is that the aspect ratio of
the interconnects can be increased. Conventional interconnects or bunps
are typically spherical and therefore have an aspect ratio ofCi#H8EHbout
one. Wiile sone interconnects may have aspect ratios greater than one,

such inter neg e, us ly.formed, by coupling two or el qngat ed
pillars angggsﬁgé§8ﬁémt§a$8%r%%:%]é% d?%?rh&olfg ?/ﬁ S acrae?ar]fg?L % %2& ve.
[00036] | nthhewpresbohdinyemnstRinean increased aspect ratio of greater

than about 1.5 can be achieved without formng nultiple interconnects or

bunps. SingeotBbe]si zenef hihpnd: fadso af erdiuddd Yendrddre fange iofy1about 40
mcrons to about 100 mcrons and the stand-off height of the interconnect

formed by PRESCHFRSeRRUFAGRY | drcomlyl bel gt vse‘enthqmim@mm 300E crons,
e L oREEnERECL | BhL A8iea STERIRL LIAN QDO L P AL A0 GdET OY

the present 1 nvention mal n advantage |
st and- of f &ha@rE tanthe ohhaénefl bycd he, WI&ISTEENaICﬂMﬂﬂIﬂtDﬂ)OaSEBM-SOE_f is

dependent t he e| ght of (’#’ue support structure 108 or_ 608, which may be
adj ust ed b&ﬂgaﬂf et he" 990 s suidie b g‘?ﬁarﬁ Otﬁfeoi Fhttéfconnect

128 or ca%ﬂéeeﬁeylzb@eﬁelmgfeta@aé& JrRClAG88HP 3o Q Mgy o 0 300 microns
dependi ng on the capability of the wre bonding machl ne [00038] The hi gh

st and- of f Pedeesh tdved w@hemammmve%tmsges:aﬂawedw a d@efmrewu et of
t hermal ex S %ﬁ%‘g% the acka Si.licon
typi cal | y Q FSPedeh Cf‘r‘ﬁ%e ranugeeS o? c‘)P ltrﬁﬁg gaée B‘S’grd has a
lower CTE of a circuit board at 12), the present 1nventlon
is suitable for devices with a CTE ratio between the circuit

board and silicon of greater than about 3.

[00039] 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 interconnectg of the present invention are
generally more elongated, a higher density of interconnects
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.

[00040] Yet another advantage is that the present
invention does not involve wet chemical procesgses, 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
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CTE in the range of 12 to 18. The high stand-off of the present invention
rel eases the stress due to the CTE m smatch and thereby i nproves joint
reliability. In view of the foregoing CTE val ues (i.e. uppeﬁ GHES)  at
4 and |lower CTE of a circuit board at 12), the present invention is

sui table for devigcgs. W L o_Dbe iycuit . board .and
silicon of g?ea%%?ﬁtﬁg%iggguéagéé%%%ogg]é&@%%ﬁégﬁggﬁgnIhdgm5PIFh§%5Fbsent

i nvention tenthderationedficese i sper CHhreict ol it teraaidd e efier e provi des
a finer interconnect pitch without riskjng an electrical _short.

Convent i onal'VFREEPBonn ‘6¥§h%¥%0]f?/'pi i%??@l%p%m%;ogﬁé%@e%émed
i nterconneebs ehet PerPEESENs i QVENE] ON AL &1 gensf aldy Mye &) qngated, a
hi gher density of interconnects can be achieved w thout increasing the
ri sk of hatvhaghansenht Brceombeen . coMia Elmdi et emdvinde farrad] acent

i nt erconne ' Ld.resul.t in an trical .short 00040] Yet

anot her adgé‘—ﬁ%\ggégi%Q%J%%fb?%ea}%?"éesesﬁ?oﬂcﬁj%%ﬁogﬁ eéfse% Iﬂ?&& é wet
chem cal pwbeessks, imheeti @t e Bxpenst Mee@nsl, aihd raype@ida It damEagi ng. A
further advantage is that nechanical strength of the interconnect is
inproved as a result of the reinforcenent provided by the support
structures 108, 608. [00041] Wil e the above processes are described in
relation to formng interconnects or bunps on a sem conductor wafer, the
present- invention is also applicable to PCB substrates. O her enbodi nents
of the 11 SC14688HP invention will be apparent to those skilled in the art
from consideration of the specification and practice of the invention.
Furthernore, certain term nol ogy has been used
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for the purposes of descriptive clarity, and not to limt the present

i nvention. The enbodi nents and preferred features described above should
be consi dered exenplary, wth the invention being defined bﬁctll‘?‘éséﬁﬁ’ended
clainms. 12 SC14688HP CLAIMS What is clained is: 1. A nethod of form ng an

i nterconnect on a substrate conpri si&% 1{[%rm' ng a support structure on the
substrate; and formng a capsule aroundI e support structure to form the

i nt erconn 2; . The nmethod of forming the interconnect according to claim
1, wherei ﬁﬁ%’%‘é %%p%%ﬁm% riucture is formed by bonding a first wire to the

substrate, wherein the first wire forms a first |loop. 3. The nethod of
formng the interconnect according to claim2, wherein the support
structure ts fOrReey Donthrgng decEHERIEaS e 3 FHPECABES wher ei n t he

second Wi rgqhPL #Bn@ second | oop, wherein the second |oop intersects with
the, first loop. 4.7 The nethod of form ng the interconnect according to
claim1, whereifofroimg iy sumpaapsaimudurtdien chrprsudesratdepasid i ng an

adhesi ve on the_support structure; depositing solder on the adhesive; and
mel ting the sol Gt ‘bgfaor‘%ﬁl‘ﬁ%ece?pl’s‘mfé) the ﬁﬁ’g’%tthé&r&rc%ﬁmtﬁg%%@

i nt er conneghe acgsthdithda- . claim 4, wherein a nelting point of the support
structure is higher than a nelting point of the solder. 6. The nethod of

form ng the interconnect according to
2. The method of forming the interconnect according to

c¢laim 1, wherein the support structure is formed by bonding
a first wire to the substrate, wherein the first wire forms

a first loop.

3. The method of forming the interconnect according to
claim 2, wherein the support structure is formed by bonding
& second wire to the substrate, wherein the second wire
forms a second loop, wherein the second loop intersects with

the first loop.

4. The method of forming the interconnect according to

claim 1, wherein forming the capsule further comprises:
depositing an adhesive on the support structure;
depositing gsolder on the adhesive; and

meiting the solder to form the capsule.

5. The method of forming the interconnect according to
claim 4, wherein a melting point of the support structure is

higher than a melting point of the solder.
6. The method of forming the interconnect according to

claim 4, wherein a height of the capsule is between about

150 microns to about 300 microns.
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claim4, wherein a height of the capsule is between about 150 mcrons to
about 300 mcrons. 13 SC14688HP 7. The nethod of form ng the interconnect
according to claim 4, wherein the solder is a powder having %55 e
size between about 5 microns to about 10 microns. 8. The nethod of form ng
the interconnect according to claim4, wherein the solder is one of
eutectic tin-lead solder, eutectic tin-silver-copper solder, and high | ead
sol der. 9. 7Thehaethododf of of aimind hehé nigt ornetdc Betididid @o S1aiim 1,

wherein thg cagsule has an aspect ratio of greater than about 1.5. 10. An
i nt erconnect TOFF&'B8ehitohd ?Brl%le%lwd%ﬁiﬁ‘flﬁ%ga Pax WigdFort 28t r uct ur e

formed on BetWbshl ab6uels LAfcr S8 CONIMGHOT Jlgy 6&nand a substantially
filled capsule formed around the support structure, wherein the capsule

has an aspect ratio of greater than about 1.5. 11. The interconnect for

t he sem copduc c rdin o claim110, wherein mel ti ng point of
t he suppor? '%fr?%cr?urem?s |g%1é‘i>l‘?%al‘r#% a'i‘%‘??d“t?&tntacﬁor?%}élgsgloder 12.
The int er cobaggt4f orhéhiei s efhe ossigd ori dey L e ARG i -alealgm 11,
wherein the support structure conprises a first wre to forma first |oop
bonded to PREIStibstHaretia timiel tvercummctsdlslen.hansediigbndeedor device
according ctpgelaiml2, wherein the support structure conprises a second

wire to forma second | oop bonded to the substrate, wherein the second
| oop intersects with the first |oop. 14

9. The method of forming the interconnect according to
claim 1, wherein the capsule has an aspect ratio of greater

than about 1.5.

10. An interconnect for a semiconductor device, comprising:
a support structure formed on a substrate of the
semiconductor device; and
a substantially filled capsule formed around the
support structure, wherein the capsule has an aspect ratio

of greater than about 1.5.

11. The interconnect for the semiconductor device according
to ¢laim 10, wherein a melting point of the support

structure is higher than a melting point of the solder.

12. The interconnect for the semiconductor device according
to claim 11, wherein the support structure comprises a first

wire to form a first loop bonded to the substrate.

13. The interconnect for the semiconductor device according
to claim 12, wherein the support structure comprises a
second wire to form a second loop bonded to the substrate,

wherein the second loop intersects with the first loop.

i4




SC14688HP 14. The interconnect for the sem conductor device according to
claim1l, wherein a height of the capsule is between about 150 microns to
about 300 nicrons. 15. The interconnect for the seni conduct or° dé\AiBEEF
according to claim11l, wherein the capsule is one of eutectic tin-I|ead

sol der, eutectic tin-silver-copper solder, and high |ead solder. 16. The

i nterconnect for the sem conductor device according to claim11l, wherein

t he suppor t4st r loeuieteésconmeecof fooppes el gomidhctlor: dewnkiched cofrdianm ng a

conductive_bu .conprising:, formng a support structure on a substrate;
attachi ng 58I gg?l?‘o@hew%‘ﬁ%%b?tas@?{@?%r%f tﬁ?ﬁj Capttihigs ReteEer to form
the conduchbyerbusp. milSrodderdeimoek ofod Qfidcha conductive bunmp of claim
17, wherein the solder attaching step conprises: depositing an adhesive on

t he support structure; and depositing solder on the adhesive. 19. The

method of 181 m gyl he, CORUGILYE PUTRRL CLAIM o ANl he sol der
attachi ng step conprises dipping e suppor YUt Ur €98 nol ten sol der .
20. The meabodrding orani i iel Tondiwtdite dharayscllaiim bhe osherein the
support structure conprjses two_wire |loops, fornmed by a wire bonding
process. 1gutectic ti -lead solder, eutectic tin-silver-copper solder,

and high lead solder.

16. The interconnect for the semiconductor device
according to claim 11, wherein the support structure is one

of copper and gold.

17. A method of forming a conductive bump, comprising:
forming a support structure on a substrate;
attaching solder to the support structure: and

melting the solder to form the conductive bump.

18. The method of forming a conductive bump of claim 17,
wherein the solder attaching step comprises:
depositing an adhesive on the support structure; and

depositing solder on the adhesive.

19. The method of forming the conductive bump of claim 17,
wherein the solder attaching step comprises dipping the

support structure into molten solder.
20. The method of forming the conductive bump of claim 17,

wherein the support structure comprises two wire loops

formed by a wire bonding process.
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