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i nt erconnections for sem conductor devices and, in particular, to

pi |l ar-shaped connections froma sem conductor chip to a substrate and

nmet hod for making the connections. Tin | ead based solders is the preferred

i nterconnect material of choice for flip chip bonding of silicon integrated
circuits. As dinmensions of the electronic devices on the silicon integrated

circuits are continuall yg.r [ S5 | ead can cause
significant problens. Lé%ﬁwgﬂr‘g‘&%@ﬁ. o) r%rg?alggvif/nqigh are forned as

"the end product SEMICONDECTOR | CHEPS A& D MEYHOROEMANUFA CTERE:
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i sot opes, however, usually contain a small anpbunt of residual a particle
radi oactdvity. As the dinensions of electronic devices in silicon
integrated circuits becone snmaller, the distances between the | ead-based
sol der and ﬂ& @gpi@g% SAN so that the a particle em ssion
fromthe so 19 %ﬁﬁmo mal function. One way to reduce
the effect of a [Maidin¢éRiodTeksdsdn génepahts dltcteonriestions for samidenducRY d@%ic80 35
passi vation | ayer coveri ngst he el ectronic deviné_es on si.l iqc;gln. iﬁ]r.re
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essenti abl y poi ntTisaddased solddre isthe geeferredint¢raonitehtmiateriehef ¢hpief fon flip
particle em ssion experienced by the electronic devices decreasges. rapidly
with the di @mh%lélr@@pféﬂéﬁpm’@teg%@dcféwlé%s‘x? a’gfﬁnﬁ‘r‘i’&s 8@&’8&?‘?"%%\}3%“88% is a
table setti i intd bi ihGAlPeAuSRl ¥ipattichSerhiiSioNPEY 1488 can
separ ati ng gﬁ%%ﬁé@r#@%@%??&éﬂ%%géﬁﬁe so}?delrl. ) 1p l V\_?D 01/ 82375
PCT/ USOL/ 13%2aseMigiificqrCqmpisiems) Dead ihny thre¢ gtable isgthpes. which awg formed/agihe
(eV.cniZ/ 1el5 ato Ef f ective Thi cknes . .
d(cm) Ai r 1. 16P6-Ri0QlsT 9 G?@Bﬁd?@’s’@é}‘g?i Jrcpysheig 2 Ths1% S6hl5 BBEREL AV S040. 01
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e

fromthe tab bove, If air is the only nediumthat separates 10 the

el ectroni ¢ ddveleamnia davices i silthon, intagaated wirgpige beg¢asne smalley, dhe rdifipnces

devi ces not be signifigantl f.f ect the ri b SSi t he
sol der, the W%e&qggleaﬁ%aé%ﬁgggeroqndﬁﬁglaéx(lp esn%rgiags% rtseg]%éaerngt% :ﬁ]léﬁ{nger& éaa#gc roni c
devi ces and & higsisPhaRrthe boldbccntande JueREEVidA 18 nalfilnctidri.ch i s unacceptable
for nmost applications. Fromthe above table, it wll _be ni)&eed t hat .t he best

barrier |ayer subfSnawete redues the effectnfin pasticlgssysian Bpm solder 1s to provide a
20  passivation layer covering the electronic devices on silicon. Some materials used for

the passivation layer are more effective than others for preserving the integrity of the
electronic devices from the o. particles. Furthermore, the residual a particle emission
from the solder radiate from essentially point sources in the solder, so that the
intensity of a particle emission experienced by the electronic devices decreases
25  rapidly with the distances separating the devices from the solder. Shown below is a

table setting forth five different materials serving as the medium separating electronic
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solder be separated by at least 0.0055 cm or 55 microns. For polyimide passivation

layers, the separation is preferably at least 84 microns.

25

Conventional interconnect methods employ lead-based solders for connecting

2

flip chips to substrates. Aside from the o particle emission problem described above,



WO 01/ 82375 PCT/ USOL/ 13595 None of the above-described interconnect systens
is entirely satisfactory. It is, therefore, desirable to provide an

i mpr ovedwowemnnect systemin which the above-descri bedP@IIBeICIIFS es are
not present. SUMVARY OF THE I NVENTION 5 This invention is based on the
observation that an elongated pillar may be advantageously used for
connecti ng & gRNtGeftilcdiMensibisof elecratid deviedseget whenller, tthe upd bf braddbasgl | ses

two el ongated portions, .one portion_including a neta)l terial. that.does
not i ncl udesqlderdbumprcts disadyapiageous Alsq hraante ﬁgﬂ%"gﬁgﬂf,ﬁcwéﬂé‘fc ¥ Polipe

P e s LR S R e

wet t abl e ma portion 1 ncluding the metal material is
“in contact Widrting.heWdrmi thendoidérobunipi 5 dohddadyaeleetngidtingotande sdhetehdlre about
50 microns. Preferably, the total |engt S .not ss than

h of the pilla | |
about 55 mi EhQAEssist is net thieker Shar @) na_eroawﬁabﬁwﬁts?z'eun% bﬂ'@%%tﬂfp?ﬁl}?e" # 1 ar
“1s not 'esslwﬁﬁcrﬁﬁ%rs%n off bl R/ bp Wdulld 196 nliEREL Mnllthd HEteARbidePBuh id e

pillar including cop 0 ess than about 55 m'crons. Usi ng t he
el ongat ed pid ke stape olfiasmusiweami ofhertfoee,siéplas pitcioor distanse rhetweensadjatent i n

the pillar or any other solder used in the |nterconnec n one hand and
el ectronic HEW%?CEW%S%&HWL%{SBFh Bﬁllgbt ’(§rfe§'1‘F§HJ? h@ﬁ%iﬂ@nﬁgﬂn%g‘ made
to exceed Sgjyy FRDR f £3FhaE, MPapBrid YR ecall atlssthemssed by a
particle eméglgglrgfrll@??ﬁrt e sgﬁdgr onl the el eégl?érgni c dZv.icces on the

sem contitict desirableptonptdvidee am éuhpoeed iBGrdinnscti systesp ée iaghieye tfiner pick wilter e
silicon dioxide or polyitide.is used.as th ssi vat | | ayer.. I n.the, case
wher e al phanB‘é’tn?‘fn&IFgoé’%’ﬂg%p Oglbﬂ’a’ﬁcg??lﬁmﬁlarn%p %ﬁeoﬁsp%gafh PriPer Lﬁlg&t can
be of made gf ﬁgaﬂg;v afTBt d AhctERRoTiecAfnic @BFickdotiheReRiRddRitbd chipshape. 25
Where the Ier%t of" the pillar exceeds 75 m crons, adequate separation is

provi ded bet weenIn hbe séavnmenideotided ¢Wipe dntgreonsect iberhnalogysf dx Neve Highect i on

f the underfill.. ial. Furth b | il f
adequat e | oRGURPILNG "SeHEhlhe SSEReL T R B e St o6 Bhn it nb i
seni congsict @lonttitdt Hatkadify TehEolotics, idlensdll &pper Btteathetipdshes proposst i on

bet ween the sem conductor chip and 30 the pillar due to warpage is nmuch
reduced, whiledtead efoisingdiged based soldenrtbe flipehip s pormgried e asubsiee By ngses

stress on acgount, of the . e i . r by
first deposi° Pﬂﬁilgopgvéarosfg@%g §Fbé[g?5p%r§t?g?iﬁg&%}fﬁ%c}é _h'ang lgﬁfl{cgv(\:g ISj%ry
forming a | aueyd QhteRBALEESRAY iBee bR @61 adhieie thdindr pildh Barw@237adjacent

PCT/ US01/ 13595 chi p and exposing to radjation the |ayer of photosensitive
materi al at ipewgBResisyPyRPrapessd solnger sk dogsrnat ﬁEéOlldéb‘?erP}%ﬂ 0};‘2‘% odiasided to
radi ati are . . tAhr naGl:esq | . Iy. {0 f:.the
hol es a(rig i lgesg&gmz{%%n%&n%bt%é’rg} a@' Sglgn allhﬁiilg'gl gpﬂnltg[%g—?él’? ?)69%0;'%%2%1.,(3 o%ég}z;? ed
col um in caesédmiatach thetdoppatpiopts td e subktadte. mdtisoei the heighihfithe cepper fostioom t op
| ayer netal (and, preferahly does not |nc]ude |e d.).Portdi ons .of t(?e ol es
are then fi IW%SWIE%@WE’@E POAMCEDS I Fieh “4m ™ eilispr f?é‘t‘%i 1S Mge ‘_bc‘rt an -
el ongat ed C%ab'ﬁ@atﬁ% igg&akm}eﬁnglqlﬁé affdctitntd dE16esPOR HRENFRP chipd! thEREREIrédic

thereby formng a conposite prllar, a portion of which includes the netal
materi al andlesives ey spidlrbe adverselyhfifedted hy lcuphsticla emissierbbe theesceliler used to

phot osensitivye layer and deposited |ayer of metal for 1 | at | r.noses
are theggr e t@‘é‘?ﬂ%cﬁ’of’%?rﬂof‘ﬁgo ikfe g&ﬂf% E AP AP Ecg?w? goe%f))?‘% flgggd)ﬁlat@g been
formed, the pi ha§shcEBYvRen THY sd@icoifictRiigWath aid tie substied Bouselynditieéd to
the substrate. Preferably, the filling of the holes of the photosensitive

material | aywith vint kmdesfBemategiel do profidecippert ud ciability Horike pyterconnect
and the deptdreert ndvRISFIE' @F efeter of BEARE e hnd By RASLASER I, Gty 1

formthe pilthar@qsitessdibéridih eihinieh GbparatistChetdser e whtsomiastor ichipdand the

30 substrate. For most injection processes, the minimum separation is about 75 microns.

Therefore, using the interconnect structure proposed by Love et al. in the article, there

appears to be inadequate separation between the semiconductor chip and the substrate

for injecting the underfill material. The process employed by Love et. al appears to

limit the height of the copper post achievable to not more than 50 microns.
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above. To enhance the reliability of the portions of the pillars including
the nmetal material, it nay be desirable to provide a | ayer of naterial
coveri ngwayemsp tions; the netal material is different frPORUSUIIE&S and
preferably does not include | ead. Wiere 20 such portions include copper,
this may be achieved by formng a | ayer of copper oxide on the sidewall

surface of such mRht b heiboRe-desdifed diRradhnédi@ysieink a3 sntirélyesatisfapiery.oti de
will also reduce wetting of the sjdewal | surface during sol der refI(a.tVé/i1
e at

t her eby facis ithereforgy destielilp|togirovide HoigRtoved IRISECORBECY SyStSRy 1} Shicly

| east one pij | ar E NG Anot her aspect of the invention
is direct edalfda%adegﬁﬂﬁﬁgﬁﬁ%{lﬁ%%geg%(lr%gﬁé%csf%gystem for use with a sem conduct or
*chip. Two el ongated portions may be enployed: a first portion including

sol der, nonSUBBMIARY OF THE INVENTHIN e nat eri al incl udi ng ni ckel and gold,

and a second portion containi n%(g maheri al with_higher er,ature
sed gnf b

refl.ow.te
“than thal of the.ThlSr%WerHtﬂnﬂsobf‘ Eé@émamma n;glongy a@law ¥he
sem conduct g Gl Boy ) ndberR SARCRARI bafcBRCRE JRRY 108 BRSO &b Vet
anot her aspect 0 Phe’ iWention is directed to a fli p chip interconnect
system for pHBrsbinprisesstewn dongitiet portiohs, mneqomieni Fichylinga enarignstedalpdet i on
in contact 5 WD 01/ 82375 PCT/ USOL/ 13595 .wi.th sem co duct@r (Eh' p atgg a
bal | - shaped dpeyrqt dpcludglead, sp @%Pé’&?t?ﬂ?ﬁt“il%‘h & EPRREFYBRB SHEY "OPPEAEE der
metal with by ! LR Eink A feddrlotisdh aRadbROhkleARl. Tied d
bal | shapedgéﬁlgtrglte?ro%&?’n%ﬁu%@&g@gl dermmat er_glt al. The el ongated portion may or
may not 1@onipaitionl malidin; malrﬁﬁ-le)@@mtmn@nmsm@omwmgsshﬁsgrnuqsenidgctar

cross-sectiopal view of flip chi on ted to e [

el ongat ed pichPAY hgs atolﬁﬁlghinﬁ\t/z‘?‘?firt]szﬁ‘ ?Ct’c?uFSﬁ%?Fogf'e%fﬁggﬁh{/ﬁﬁtloﬁ .lé}%tﬁggle is
an expl oded gy giiaPls AotPlREd {HaA abBuPbs tiierony StIans flordpeefertell efbydifignt] Ghd n
nore detail the interconnection between the elongated pillar, the silicon

di e and t he lenglisof thegillariigsot logs-than abeut 84 swisronacyitly the lengta g thsr Pytipypf i on
of a sem conduct.or. dj e. and various l.aye iLated with the die at
various st aggespli)]f’r Wﬁiﬁ'ﬁ’l"@a"?%‘?{ rfogﬂ?sf F%%tapg?tgﬁzﬁ%rr%%éss for making the

el ongat gg pillar SJS%%%%gﬁ&dtﬂiﬂa@f&hﬁﬂdvéﬂﬁen,aﬂlfeaeﬂnaﬁmtiﬁn edtwesicthe Sblder | | ar s
to a substrate to ilTustrate an enbodi nent of the invention. Fig. is a

! . 3A
per spect i ve inithe piflaraot pny ogherpsalflernusedoing hee interonmgets o nthgnes hgnd grd ¢ he

chip to illustrate an. enpodi . Of [ | Ig. [

cr o8- sect | STAOUARMiSF O BSPER st F o SR ES Al apfleartBonprdBig proced
t he enbodi NEBtmikodshs dve 8Mtrhiefons20 thittadvaise ieffects cawmed byac partinial emvisgon of a
portion of the flip chip and the substrate. after the fl] c@f hq%s een
attached t o frame thaspdder smethe glectrpmic deyices pr Itherrﬁfr&?‘?né]luc'ioﬁjcjé’g’t‘@ ‘F‘?)r PfGstrate
an enbodpnmeng, . of. t J: j Yo o) SSr i tRWaoftha flip
chip co%kr%ec'?fehégtl?) ée%sesdﬁﬁéfr@% ggﬁng%leb%tﬁhdotﬁhgoﬁd?p&c?ig%aﬂalﬁ%a%sh\edk substrate
are war ped tpasdildtiontlagire t he shear stress in the chip. 25 Fig. 4Bis a top

view of the flip chip of Fig. 4 Fi gs.. BA. and 5B are graphi cal
i |lustrations of Bhir ca¥e, yglgrediﬁ\g’thf‘i &ﬁlfsgnlsf gpt 2 %nceng & potfions of the

interconnect can be of made of solder material containing lead in elongated pillar

shape.

25 Where the length of the pillar exceeds 75 microns, adequate separation is
provided between the semiconductor chip and the substrate for the injection of the
underfill material. Furthermore, by providing elongated pillars of adequate length and
suitable cross-sectional dimensions connecting the semiconductor chip to the
substrate, the stress induced in the connection between the semiconductor chip and

30 the pillar due to warpage is much reduced, which also reduces the chances of chip
failure caused by shear stress on account of the warpage.

The elongated pillar may be formed by first depositing a layer of metal for

plating purposes and followed by forming a layer of photosensitive material on the

4



mnm di e where the die is connected to a substrate using elongated pillars of
this invention of 100 mcrons in height and bunp di aneter of 60 and 100

m crons, wayé/@as7sa bunp pitch of 100/ 120/ 160/ 225 nicrons tPRCT/UBuUst3seEmt e t he
invention. 30 Fig. 6A and 6B are graphical illustrations of the shear
stress in the sem conductor die simlar to that shown in Figs. SA and SB
except that cfihenAekpiin@to HaetdhaRe Myefl obphbtdEensiivé 2hatttislr @ poedetsingiesd Of
100 microns. For sinplicity in description, identical conponents are
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where polyimde is used as the passivation |ayer . To permt ny.injection
processes t PXiée welbalsp gpducs) eeting of theesideiialt pimigce during; SSEC{Q_TL g‘,’dm thF’i‘f#’%il

hei ght H Of @biikiing 86l SERE ikt SPRNMIdR BadisAITRY Gt edstiohe BlldreRbing 75

m crons, such as 'R tﬂe range of” about 80 -100 m crons. For reasons

di scussed bedobder refldwar ger val ue for H woul d

25 Another aspect of the invention is directed to a flip chip interconnect system
for use with a semiconductor chip. Two elongated portions may be employed: a first
portion including solder, non lead solder or a wettable material including nickel and
gold, and a second portion containing a material with higher reflow temperature than
that of the first portion, said second portion in contact with the semiconductor chip.

30 The second portion may or may not contain lead.

Yet another aspect of the invention is directed to a flip chip interconnect

system for use with a semiconductor chip, comprising an elongated portion in contact

5



reduce the shear stress experienced by the silicon die and the connection
between the 7 WO 01/ 82375 PCT/ USOL/ 13595 die 12 and pillar 16. Thus, it
may be pwafe@rgabise for the total height H of the pillar toP@BUSI/I38st 100
m crons, and nore preferably 120 microns or nore, such as 125 mcrons. It
may be preferable for the ratio HL to H2 to be about 3 to 1. Figs. 2A-2G
are Cross- s@4hi RAGonMLEHE cBib ad SEPAICSHAGEE boitiof] SaidRbnighrd RitidUmchdigyer s
associated therewth to illustrate the process for making the el ongated

pi | lar interenpenaci soldsnmetal withykigher raflow temperatugs thap ghesaall-shaped pomRient | ng

the pillar ta upstrate.to.1]l.ust . Nt i 1.g. 2A
a phot osensFW‘@&ﬁ ISE@IPSP p?ﬁu?%mfiyfiﬁ@asr Ogir??trrﬁ?g& cf? 'gﬁ%zélb%t%ﬁ%rﬁ??%f h(g r}gér}gvm ng,
“only portiogst ¢¥ntdibradl € and of the various |ayers are shown in 10 Figs.
2A-2G. Various designated areas of the photosensitive |ayer are exposed to
radi ati oh, and the portions that are exposed to radiation are then renoved
"to yield | ayg 32 - Wt -3 gegh holes 34 therein as shown in
Fig. 2B, whet %) SSRIPTIO 5 3. gthe way to die 12. Portions of
the through hol egigB3#AdE & drbdsRetimal bietw 5B €lip ahipi conhededtp o opltate wied) as
by placing the entire structure in_a caopper 15 bath, An electric current is
passed t her éhe dlengatpd niblars of fhas ventian todBnsitate e savepie.copper material to
fill at |east a tii f 4 ' j : in
Flg. 26 copper kAP B Bl MNEopdifion 19KEY h slatcin oFfFi 43, S0
entire $brugh thoge d&ail fenintercoisbaiondsbtweencthd alongattd pHltagrthe kilicomtim andribe

sol der and electroplating is again enployed to fill portions of holes 34,
resul ting i §ubshidtest r uct ure shown in Fi g. 20 2D, where a solder nateri al

16b" fills portigg fa_ S aogcﬁ"ﬂ ; iy ib axger 32'
is then renoved t fg‘rkn?d?%gé@]toﬁ%et%ﬁ?%ﬁo "%.kft E. %Agfés{ﬁ%r&%glﬁ%ﬁgigm 2E, two
el ongat ed pivetienslayér's msaxidtbd withothealle abvadousstages of dgpricatiop penllysiratd dn 16a

port 1 ons. | GIROFIoR Pkt e cRsRRER Pt fache appdt Toi e HERRsRLT wr
substratg 1i)tﬂe s R WPMbstrite b Ajusihie a%%m-ggﬁinﬁ’é?ﬂbfﬂiléinae@ﬁbnpom ai ni ng sol der

are then he I'n a manner known to those skilled in the art to reflow the
sol der 16b' to f diignidés spempectivorvigvona fipchipdvith eloagated pillass emonmside

Figs. 1 B and 2G,..An underfill erial,.18.is t.hen injected to fill the
space bet weé’%tléﬁcé‘lﬁ? @Hﬁtr%tﬁﬁgte?’ggémi%?oebﬁpggp °%4 on die 12 are,
therefore, physiqgllyBand @bacdetiisal view 0nRgsiraen 3BdofitHeachse df tFig.chAttact s

22 on. the substrate 14. 30 The resulting structure is illustrated in Fig.
2G. To pr oviilestzatabe gmbodiment of Sistimeaationhe pillars and the semi conduct or

di e, an_under bunp.. Lization l.ayer. . I .Of '

i ncl udi r%é Ti taninﬂ:r’r‘g'( i )1s a fliots%fﬁ?calﬁ%{ ?uvﬁé‘é%l’gh%?%%&ggp?ﬁf%ﬁ? &‘ﬁq&{‘%‘ﬁ’%{ﬁ%
copper functifRpirSlipehidieteen affachel\td th/sGBsdrale RdTht/SaddrifaaAdetiayinjecddr i ng
t he above-described process. This | ayer also serves as the conducting netal

contact for tphdusgreiserembndimepiofdhe Mientiont | ars for the above-descri bed

el ectroplating pracess... ALfear gt Bkted 20 a RASSHRARERN
renoved, all port}iﬂg'n‘gﬁé ﬁ\tch)l%é séﬁﬁgm%%ﬁgﬁghc}ﬂ%%% fglyer,a except f_eorF3 t he
portions undsiimégtflip chip ndphé bubistraterace werped éulilluboate shenghlearcstteys intthe shipayer

has been omtted fromthe fiqures, The acing or pitch P between adjacent
el ongat &3 pi | | ar sFIE64%éS %1&0.1% ?‘ﬁ_é’?ﬂ%?t Bcﬁ% q%:FSg A and 2E, Using the
process descri bedFig%q\/@an 5BG%rd aE)HicapiﬁluEt%tioﬁ@bﬁsﬁéﬁﬁﬁltrésg(?liiﬂi‘sdtmﬂﬁfot520

achi evabl e; preferdbly, the pitch or spaci n% bet ween adj acent 'E)i llars is in
the range ofmabdiet wheret theadioLis cbffeatéd toassubsirate asing elongated pillags @érthison of

the pillar, 10 no extr rocess.of .placin ol der t el
required, anI&V?IH@n&?trl@gﬁcmsdaé\?)&Qﬁaﬁﬁ‘“g? ﬁ}ag}e? nog%tohag'%slﬁ%gﬁ iﬁcé e %ﬂac?latbe
'sinply for megyiyy bRER 61 601 3R e6FRR PRicrawy th idit@afe theenvehlidar . Furt her nore,

t hrough this process, no nmushroom sol der bunp is forned so that finer pitch

can be aithi eved. Fige Gl awt @hrasosgiapinali dlysirations of o ehgar puress/ig7 they

5/9S SnPb rat - | The: ' : 5
matori ol usotrniothePRoR e iEE i el oy MR EE AT 36 LB BAERER ol ] o

copper net al {haribnsled Dillarié 125 Aferbss idstp&T SPE0hiceonsi ew of a flip chip with
el ongated pillars on _one side of the chip to illustrate, an. %Podi nent of
the invention. FiBor simplisity i dessEptei ddenbsgs! QPF’%IW”S‘P“&W)@FPF% Byther samee
chip of Fi 9 nRfeh illustrate the enbodi nent of the 20 invention. Fig. 3C
is a cross-sectional view of a portion of the flip chip and the substrate
after the flip chip has been attached to Qhe substrate and the underfill
material injected to illustrate an enbodi ment of the invention, as
i ndi cated by arrow 100. Anot her advantage of the elongated pillar
interconnects of this invention is 25 that it reduces shear stress




30 substrate 14' may becone warped for a nunber of reasons, such as due to
thermal effects. Warpage is calculated as Y displacenent fromcenter 12a’
to the cwow@rs23®&b’ of the die as shown in Fig. 4A 9 WPOLUSABRBHS

PCT/ US01/ 13595 Figs. SA and SB are graphical plots illustrating shear
stress distribution in a die of size 20 mm where elongated pillars of 100
mcrons in henginERYEJCRIETTENS OF TIHE PREFERIOGDEMBODIMENES bunp pit ches
of 100, 12D, 160, 225 mcrons. In the graphical plot, pitch is represented
as P and di anet eFig. A ispr erosmsestionn) visw p£a§mmnéuct0ﬁ efn dhe fogn efdiflipB, t he

peak shear st.ress at the ed f t die | . engt h of
copper so tﬁHPﬁhcé’”BF%ﬁ‘gé‘% ggﬁ?ﬁ afeapgb%fﬂ? e[aﬁl?s?k?ﬁ’@gé{aﬁg’hﬁ%ﬁéﬁﬁﬁ?\%ﬁ Elff'eaalﬂﬂg wth
‘the given gemB&difént bf e ikvdhEsn. Ak sBowhh krfFigd EAMerspace betweerd the Slery aml r ess.
Figs. 6A and 6B illustrate simlar data to those shown in Fi SA and SB

but wher® t Bubsitel ldris Hidled Iyeithoan yndetfilhmateried d3 shehy gnane lﬁ%@afquésemﬁlﬂﬂ
‘m A i f, Eli . . . L B
W1 st PEPB A S PoRde Pt A0 bmifflo B 49 chBRAEBhndel Hnoigte Biied

stress expebi arcdengitedfiBaredge of the die and the interconnects connected

to the die. A layer 50 shown in Fig. 1B of either organic _or %%IP mat eri al

may be used to c&igerlBinanesploded pism olgrportian 1Ppidhesystem afifitge WERg ity

bl T i 5 ; ' : d
Dy ot oy abgiy el af bRatea BaP Solalofifis A pBRon61 B cififch Y «Ping OF 7°
bat h of 1guckubsaurl | Ak showeire Fidrd Bywileari1sl compriseo iy partirerna uppert dlengavaper

portion 16a. It is found that during. reflow of the, sol der as described
above in or Bewiond 63 SRRWESINEIEPPETOfhsiahh Bl1anda segord elopgated B%Wﬁploﬂ‘ﬁlrgfe‘hce of

the copper dng& i _ LibRdidbetbdfhie tWOGHridtsSLA2PRSNS .
t he sol der %fc?;{l n %aﬁgn%geéolﬁﬁ@%gi%ﬁtjhgrl%n col | gpse%sbo.tﬁat t he
refl ow and ¢oariéct i The itioaepart bf pontios 16bfi§ exlatged tcomparedriolits vppef parhibhd/, t he

i d [ f f th t] 16 f pill 16, | i di .
Sher oy or BnG Sb¥aRialy Gomibeshare whith e fotire D B g oMdek poiicR R ds
reduces s he yehaneR ot DAL Hrodedewe ldesceived et ito RRIKE MysicaR aid lelechBPME

wetted by 25 sol ger during reflow. The | ayer of copper oxide can be forned
by pl aci ng thetagt withrthe aomber ent@dtielayenuzdh ondop [of sobsipabm bht Shehwpar erd Bf g.

2E, in an oven, heated.to a,t erature in e_ran of ;ahgut. 90 to 120
degrees Cel $PHHOR ]gr{?dﬁ “h%ttaﬁbffﬁ{z’pﬁwpﬁ%ﬁqnéaé’% b%@%ﬁlﬁgﬁccé&%g@d I.Pglnamanner,
envi ronment .t Bt &9 HePdiRSonCdi¥ A8 hre S1etHicaly @bhnectedr thioulgh FRIIAEIE @0 bdgyﬁehe
range of about 15 to 60 m nutes, such as about 30 mnutes. Wile 30 the

enbodi ment s chataet Zeom thitenibstrdie d4 aw\sbowsiindigso g PetndalB.t the spass-bebweenithe al

material,.to formth rtion 0 Dighd i t he

sem conLd78ct SR 9591{)5’%5P|an§éu‘{fﬁgéeﬁ§t1§g e?h%a‘%h A#equi??lgﬁ'%teeﬁt an copper
such as gold, Sn/AgshcwitirSHE{gCUB; asivchigs (8 Ghewmn)veh Ithe silicbn alel 1Dtahespaced -
variations are within the scope of the invention., 10 W0 01/ 82375,

f .
PCT/ USO1/ 13598t Axoms leswioliler porgon 16 byithe lensth orhpight obporsion: i6a Fonigning
enl arged as g é/eq‘SUIﬂleourfac %ffltﬁgvsmc%ﬁe(?ié Y] f&cgr?gc?lﬁkl di¥st %.hiksco & Wil by the
7B el ongat ed tol um. Thi s

portion 16b t ake 't he shape of an _ colum may be
refl owed t o passivationblayér- (abagewrs made ofia Suithbid mdteliahaschlBisilicon divxgide DrB)

rior to _being placed in contact with the sybstrate 5 ste The he
bal I - shéfed H?g)ﬂgﬁlﬁ?% Theefors. i e deneh poheighl §h£ﬁ’é‘°§'ﬁc§ﬁ¥"fﬁe it itV I
other variat Rifes35 ?@Rﬁﬁhélt@ole YR, thes e Bufts oh R YA hdlbeisiprifinigr ti on

16a has a hig ow tenperature than portion 16b, the above descri bed
process i s pusaisdlyeaffiented by the oageudictea gminginyfromeshldarh iéb. pdnt therprefaredny

contain copper, ot a 10 spol.der terial wth such hjgher rgflowte rature.
Where a par tsehodinRte g‘?eoﬁelgl_gt Hgfti"fg‘li"ﬁ FREG, I?6‘bbsr P?tplr?gﬁgl}fnn'g/ HEFIQSS’n;gﬁ?rgi n
Tead. Porti ofiich@0dibRieGOREa Bs theSPsElQatioTBlager, @hd Mhérd Refevdbly)atibrel taad 841 t
may al so conprise a wettable material that includes nickel and gold. Any

one of $lch thissansrwkere palyiidedid waet agbe wessivationdpryasd T pamiti@agpiyection

descri bed features. S Wi.l e the inventi . [ y
ref erence t PIOSFFBUL lbecr%%%?%ﬂ]teg ng ﬁe\ﬂﬂ%&@e’g%% @?ﬁg;é%gt%%gtp &gﬁgﬁg Zu%nd
nodi fi cat i ongs peRweBE diveideant thb QubstdePEY Isi b Geakt PStidrens Gagieaoin thheange of
invention, which is to be defined only by the a?pended clai,ns .and their
equi val ent s.about 80 -100 microns. For reasons discussed below, a larger value for H would
reduce the shear siress experienced by the silicon die and the connection between the
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11 . WO 01/82375 PCT/ USOL/ 13595 WHAT IS CLAIMED I1'S: 1. An el ongated
pillar connecting a sem conductor chip to a substrate, said pillar

conpri si w® @ys2bmsast two el ongated portions, a first portiBAT/BSIASHII ng a
metal material that does not contain | ead, and a second portion including
sol der, said first portion in contact with the sem conductor chip and
having a | edigtih an@tpill@sks. thias, ithmayt beégrefirable fisr. the totdHeeightI H af thefpillardiom 1,
wherein the length of the pillar is not I% S &an. about 5 S mcrons.,.10 3.
The pi 11 ar o at Feapind 00 iRes: M FoTe GRGEHOBE 1OR QISP it FSTmgPEh PhebSabout

100 m crons, . T Lk =Y L un t A a | ayer of
material colg/lglac??rrl]sg qfﬁé&fb ieﬁjé?tg%gfrétfia%{r?é%t} d yrlrlmé‘bg% tlﬁgr@&g?étg‘gi 1rh 4, ysai d | ayer
“of material inclBgsnADG axidlessiseimfal viewstodla semi¢dnduétior die gndrthe yariod. The

B L ey i ok B, OB b

Dbl rai i 0y o Hefo RO 6 KSR (9 [RPRR ofl fBces o cHRIELAE M pillar @01P: and

e e e O O 2 [or oty o L uding 2

i
iy A, plllfﬂa thé die amtd of (A€ &Shﬂ%gf s d8¢ HoWBin

wherein the lars are not |ess than abouf 55 microns. 12
WO 01/ 8AB75FRET2ASI/ 18&ddsdesighhted desasoxf the mhotisensitivenlweepie expesddetogt hs

of the pillar th t 100 m . ) ' ] aj
Fur ther " conpidbaioig 28 g Bptgns (At ere aroaRsh ds ragennh s ek gubledio Bl *
| east one pyfylefa@?o&litﬁ :ﬁeﬁ)d?l!erﬁ 8t ﬂfré(ug?lfhd?éédf’é@gl'f?ereiﬁ a@%h?WﬁQn deyi 2% Wher€ i m 11,

said | ayer of nateria ncl udi ng an oxi a netal in the first portion.

1|3. Tlhe dev;;meugﬂ helbatenB allthewhy tediepdr tRations ofdhe thyaugh beles pf lareatillest ¢ he
urality o illars, includi ' '

E onpri si xg g/iﬁla%/g}at%iall glg:%u Ign golgzp% ,ps%E;h ag' %’y p-ll-arllcgng e éxtire fstrl(lzcl:tf’illlenl]n:I'a?’chop]i)glr ther

15 bath. An electric current is passed there through to perform electroplating of the

copper material to fill at least a portion of each hole 34 as shown in Fig. 2C. As
shown in Fig. 2C, copper material 16a fills a portion of each of holes 34. The entire
structure is then transferred to a bath of material containing solder and electroplating
is again employed to fill portions of holes 34, resulting in the structure shown in Fig.
20 2D, where a solder material 16b' fills portions of the holes 34. The photosensitive
remaining layer 32’ is then removed to form the structure of Fig. 2E. As shown in
Fig. 2E, two elongated pillars 16' are then formed, each comprising a copper portion
16a and a solder portion 16b". To connect the pillars to the substrate, portions 16b' are
placed in contact with the copper contacts 22 on the substrate 14 as shown in Fig. 2F.
25  The portions 16b' containing solder are then heated in a manner known to those
skilled in the art to reflow the solder 16b’ to form the solder portions 16b and pillars
16 as shown in Figs. 1B and 2G. An underfill material 18 is then injected to fill the
space between die 12 and substrate 14. Contacts 24 on die 12 are, therefore,
physically and electrically connected and attached to contacts 22 on the substrate 14.

30  The resulting structure is illustrated in Fig. 2G.
To provide a metal contact between the pillars and the semiconductor die, an
underbump metalization layer (typically composed of a material including Titanium

(Ti), titanium-tungsten (TiW), or chromium (Cr) and copper function as an adhesion
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10 oxide covering the first portion of the at I|east one pillar of the
plurality of pillars. 15. A method for making electrical connections to a
sem condwas @wrs2678 p, conprising: formng a |ayer of phot osB@BUSINESHat eri al
over the chip; exposing the layer to radiation at predeterm ned areas and
renmpving 15 portions of the layer that are exposed to radiation to form

L hlr oughf .hf’: Ryei durinietheaabere-dedveibed pravepns Thig layeraalswoservereas thepcandu@ingh t he
oles; filling portions of the holes wth met to.form el ongat

C(r)ll um of niehl ?ﬁi’ct%"rtigﬁr,ﬂ@oc?m PHLoRR1of| then@PBlary, forsthe, a %Vrﬁ‘geé&%ﬁ%?h t he
chip;, filligg ponkiaNsrdbsst NAARI1RS PotdieRPivieaykP 3DOMM BRerk rangwddecticol um
of 20 sol der,cs(ggt'ﬁlgjﬁg hess'sol der 1s ﬁlﬂr? C(e)nt act a%’Eth t he me?alr mat eri al ; and
" renovi ng t hpottiayieof thiSundersimnge trietadizatiorc lagenreddept frehe partione uhderneatly thes

perfornmed by, a process th i.ncl. l.ect ti T h f
Sraim 1o wiuRel SO seRgRe e heEh o ed fom 88 At a: or o
that is not |ess ﬂ@@ﬁcg%ong&ﬁéﬁ P ESadjdteHENbiat@ni11iR e 6fik bd ilmerakd th t he

nmetal material is pe ed so that the el ongated colum of netal nmteri al
i s not | essFighd aisb2iE, BBing the presessnddsenbrdaboye, fimthpitcheefrn vagre dhag 1015,

wherein the formng f I h .11 | i S:

oss t han aBUGORSE IRICHARE: PrREda e AR Py biyTeEh St s 5"
PCT/ USOL/ 13595 Wbd b 4006t S®iAdbolBl ®Y infdrot) Bise) dederifsrmined pertior of #e pila; t he
total length o he el ongated colum of netal material and of the col um of

sol der 1@ nob dxérasprotess odlphasingssoldercomite substratags equired, Tnd heeHBECHIN ¢l ai m

15, wherein,the form f or, a .l r of,. 5. i 1] i er.d.al t is
not 1ess ¢ narvsndhe egtheBi e STHEL R, ooaRTH ST by SE0dPRE hE okt

mat eri al andofpndfirthé pilleer Fetidory) tirbadh thikeprbedss) nd moghrbomfsoldeebehpiigat ed
colum of netal material and of the colum of solder is not | ess than about

1:)0 m cr ons fommedenaghat fingppitatteantastasbigved: Ehesoldersompgsifign is Agxibleaad fgp

pl aci ng the,sq 1Q,4 t W t | th
Bor der to T BB 1 Rboos HERBE: olth aladedt BALT POUbAP LN sHESEIEE, 0
refl ow ng t heateedluized of tiealbdes-dewribed rleatrbpihting hrypessbo dyayrimply beocqppari ng

it in contact with the substrate.
metal and solder.

Fig. 3A is a perspective view of a flip chip with elongated pillars on one side
of the chip to illustrate an embodiment of the invention. Fig. 3B is a cross-sectional
view of a portion 3B of the chip of Fig. 3A to illustrate the embodiment of the

20 invention. Fig. 3C is a cross-sectional view of a portion of the flip chip and the
substrate after the flip chip has been attached to the substrate and the underfill
material injected to illustrate an embodiment of the invention, as indicated by arrow
100.

Another advantage of the elongated pillar interconnects of this invention is

25  that it reduces shear stress experienced by warped silicon dies and the connection
between the dies and the interconnects. This is illustrated in Figs. 4A, 4B. Fig. 4A is
a cross-sectional view of a flip chip connected to a substrate where both the flip chip
and the substrate are warped to illustrate the shear stress in the chip. Fig. 4B is a top
view of the flip chip of Fig. 4A. As shown in Fig. 4A, the silicon die 12’ and

30 substrate 14’ may become warped for a number of reasons, such as due to thermal
effects. Warpage is calculated as Y displacement from center 12a’ to the corner 12b’°

of the die as shown in Fig. 4A.



15 22. The nethod of claim 15, further conprising formng a |ayer of
material on a side surface of the metal material. 20 23. A nethod for

maki ng elv@cdwg2sml connections to a seniconductor chip, coP@I/USIGSS or mi ng
a plurality of pillars connected to a sem conductor chip, each of said
pillars conprising at |east two elongated portions, a first portion

l n;:I :Jdl ntg a rrFt SFifgﬁHSf. Arand| 5B ?f&jgtaphieﬁlqﬂdtspidintt'raiimgi shesrustiasg dstitaition isa d
nmetal material different 25 fromthe materjal in the secqnd rtion, said

f :c rst porti & df§izeNram “(bie’ierPlW&at%del?Hlé@rﬂfJ@pd?lc@rﬁsﬁ?f ?)‘f‘ﬁ‘?o)f‘@lsﬁ‘?@s %fsl ayer
of materi al inde.. i the fifst i I on t he
ol ural i 1y ofd gt Dchighhe HE of puhEplincs o PRIGLR R0, 200 MEGRs2 T Bt T
fo [ s aln 30g1_%gﬁln|@la¢16d pﬁglﬁ is 1eprestitedadBland sliapater js aepresemtddrint DdiAwmstwvsol der
material, said elongated 14 W) 01182375 PCT/USO1/ 13595 portion containin
a material W Figs-dhaphaB, thernegh shearsiiess dtae Fﬂ%“no’% the q?r%llselﬁsat‘ﬁmbﬁ‘et ar ’
" bal | - shaped {0 T i . bk A BVl Lneligdi ng
neat i ng ¢ ne"naiet Sheqrpes s Ui ABfefod BUBLTD A RELAIAY B A S,

el evat ed t etfeegiaén georhéirbillustrated] aesintilar weorabtrient duei @l sheér stress.| Fpgse 1idp

i nt erconnect system for .use with sem conduct or _chip, npri si t.

el ongat ed pand %Bﬂgl}wéiltq gipdlar \g%t?tt? glPPSPﬁ PH R 1@0?%&\1‘,& Srlfgﬁl-‘t ‘Vléeﬁﬁageoﬁ"gg]} or a

wet t abl e materi ' iy ] l5 s eg&ﬂgarg j

cont ai ni ng ggiﬁg%rrfleg&h\l}mgt Egﬁ?fg? er l?%??aoevptmebrrper a?%r? t han tﬁgy?g% r?éA“ first

_}:I)_ﬁrt i on10 saa?d ﬁ}a to ehaxecbf g iSédnandh5B ovilladustvate that He lovgérdbedillersotheclesp 27,
e systemof_claim 26, said second portion . ncluding co r,. gold or a

sol der net awill jhe Bhg. 5’;&&‘? Fﬁr?fsc%pﬁn?wgraéothﬁéeége s%fstggrfﬁ? @PH&EE lﬂﬁg{cﬁmﬁeas

sem conduct Qp,.Riel 1o gising an elongated portion in contact with

sem conductor chip and a ballshaped portion, said elongated portion
i ncl udi ng copper A yers5Gshosriniig.diB of aithehprganic or sidtavnatenigd spaytharused fan t he

bal | - shaped portjon, said ball_ shaped rtion incl.ude d jal . 20
2. The. Sys RIS EOBRPIRIO,EE o) HoS A1 5ARSE S pRp R, T Rfilel
lead. 1%5 ysed may be Entek or palladium, and may be formed by simply dipping the entire

. AF. AA& AFA&. AY. & A&. A& A9. AY, & AA&. A & AYU2. AY. & A& AYA& AYUi|lor_ G,
structure (i.e. die 12 and pillar 16) into a bath of such material, where the material'will

only adhere to the copper portion 16a.
It is found that during reflow of the solder as described above in order to
connect the die to the substrate, the sidewall surface of the copper portion 16a may
20 become wetted by solder. When this happens, the solder portion may change in
height or even collapse so that the reflow and connection process is more difficult to
control. Preferably, the sidewall surface of the copper portion 16a of pillar 16 is
oxidized, thereby forming a layer of copper oxide on the sidewall surface. This
reduces the chances that the sidewall surface of portion 16a will become wetted by
25  solder during reflow. The layer of copper oxide can be formed by placing the pillars
and the die, such as the components shown in Fig. 2E, in an oven heated to a
temperature in the range of about 90 to 120 degrees Celsius, such as about 100
degrees Celsius, exposed to an environment that contains oxygen, such as air, for a
time period in the range of about 15 to 60 minutes, such as about 30 minutes. While
30 the embodiments have been described above using copper as the non-lead metal
material to form the portion(s) of the pillar(s) in contact with the semiconductor chip,
it will be understood that metals other than copper such as gold, Sn/Ag, and Sn/Cu

can be used as well; such and other variations are within the scope of the invention.
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embodiments, it will be understood that changes and modifications may be made

without departing from the scope of the invention, which is to be defined only by the

appended claims and their equivalents.
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covering the first portlon
5. The pillar of claim 4, said layer of material including an oxide

15  of ametal in the first portion.
6. The pillar of claim 1, the first portion including copper.

7. The pillar of claim 6, further comprising a layer of copper

oxide covering the first portion.
8. A semiconductor device comprising:

20 a semiconductor chip; and
a plurality of pillars connected to the chip, each of said pillars
comprising at least two elongated portions, a first portion including a metal material
not including lead, and a second portion including solder, said first portion in contact

with the semiconductor chip and having a length not less than about 50 microns.

25 . 9. The device of claim 8, wherein the lengths of the pillars are not

less than about 55 microns.
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OPLOMM M ()- 1Y 109 onnllng)a-layer of photosensitive material over the chip;
exposing the layer to radiétion at predetermined areas and removing
15  portions of the layer that are exposed to radiation to form through holes in the layer,
thereby exposing areas of the chip through the holes;
filling portions of the holes with a metal to form an elongated column
of metal material, so that the metal material is in contact with the chip;
filling portions of the holes with solder to form an elongated column of
20  solder, so that the solder is in contact w_ith the metal material; and

removing the layer.

16.  The method of claim 15, wherein the filling is performed by a

process that includes electroplating,

17. The method of claim 16, wherein the forming forms a layer of
25  photosensitive material that is not less than about 50 microns in depth, and the filling
with the metal material is performed so that the elongated column of metal material is

not less than about 50 microns in length.

18. The method of claim 15, wherein the forming forms a layer of

photosensitive material that is not less than about 50 microns in depth, and the filling
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100 microns in length.

20.  The method of claim 15, further comprising placing the solder
10  in contact with a substrate and applying heat to the solder to reflow the solder.

21.  The method of claim 20, further comprising reflowing the

column of solder to form a ball shape body prior to placing it in contact with the

substrate.
15
22.  The method of claim 15, further comprising forming a layer of
material on a side surface of the metal material.
20 23. A method for making electrical connections to a semiconductor

chip, comprising:
forming a plurality of pillars connected to a semiconductor chip, each
of said pillars comprising at least two elongated portions, a first portion including a
metal material, and a second portion including solder, said metal material different
25 from the material in the second portion, said first portion in contact with the

semiconducior chip; and

providing a layer of material on a side surface of the first portion of at

least one of the plurality of pillars.

24. The method of claim 23, wherein said forming forms an

30 elongated portion and a ball-shaiaed portion including a solder material, said elongated
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metal material in an environment that contains oxygen to an elevated temperature to

- oxidize the metal material

26. A flip chip interconnect system for use with a semiconductor
chip, comprising two elongated portions, a first portion including solder, non- lead
solder or a wettable material including nickel and gold, and a second portion
containing a material with higher reflow temperature than that of the first portion, said

second portion in contact with the semiconductor chip.

27.  The system of claim 26, said second portion including copper,

gold or a solder metal.

28. A flip chip interconnect system for use with a semiconductor
chip, comprising an elongated portion in contact with semiconductor chip and a ball-
shaped portion, said elongated portion including copper, or a solder metal with higher
reflow temperature than the ball-shaped portion, said ball shaped portion include a
solder material.

29.  The system of claim 28, wherein said ball shaped portion

includes no lead.
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