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_the Invention This invention relates to electronic assenbly technol Or%

nmor e speci f I\mmmmm‘ﬂmm der bunp interconnections for nounting I C chips and
the like on ction substrates tike silicon, ceramc, or printed

circuit boards. Baedkground of the Invention Sol der bunp interconnection
techni ques for both electrically contacti n% conponent packages and nounti ng

t hem on interconnecti on sub&LIBIEGHIRMETALLBZATQN circuit boards has

beconme wi dely used in the manufacture of electronic 10 devices.

I nt erconn n ‘lﬁt‘rl as i ncl udes several forns of electronic device
supports i —e—g—>ilicon and ceram c. For convenience reference to
such supports herein will be to printed wiring boards as a generic term

State of the arthispwapisintelRectodedraiicassembly @ohndlogyareingdte and can be
surface nmounted to printed circuit boards using fine patterns of sol der

bunps. i s spegificallyl tp, soldempumgrintescennecdonsdiorBtoustingd Chchipseanst thetlike ol r i ng
board and .t he cor’rPonent ackwe L{n mrror. arrays tdhat te when the
conpongnt PYERRMECHRN ﬂ'?béﬁ@?ew SICAY CeROVE, B PIREA QYR appl vi ng
heat to nmelt the solder and formthe solder bond and interconnection. This
techni que Bsckis8dndof thPjentidiechnol ogy where the surface of the IC chip
in the conpmgt—pag%a'ge—i—?‘zo—p?ovi ded wi th bondi ng pads or bunps and the
chip is nounted upside down on the printed wri n% board. The sol der bunps

are formed on ayoldgrsbump int@@coomection tpchiiqyesifor both electeichllyycorractingci | it at e
| ocal i zed or sel ective a jcation gf solder to the ar rq%é_?of cqnt act pads

|
the surfac@THPONENL Package NQUBENE Hiegh P WNLFCARNECUGR, JHDSEIALES SUCN as

[t or conneihial chetit Bofds Y Beldnte WRRA) (i hthe MRS ala Grldrfier do or

cards is alumnum tec solderirng directly to alum num have

been tini eddevides) Intercbingcthmcstibbeestel hludel wewenal forms obeleatrdrigiderizgke nat eri al
to sol der. 1 ~ MAY 2003 2 Consequently the practice in the industry is

to apply aSURPPHS iRARAINGE-Hn Slicen AndReRMiCe Jior £onvepiarce refereReHiosucRe sol der

met al 1 za BROrERy AT MO8 BhGa e Batd 5% EBGb ol gy st adner e
well to s alum num be wettable by typical tin solder fornulations, and be

hi ghl y conducti State 6f deratctompoma paviaged ercesmatiand Bghtwelght and caiwbposi te of
chrom um and _copper. Chromiumis deposited first, to adhere to the

al umi num hace spisted 0 apptedadrcyitdioardscusing: g Ratieres pf sdldercbumes| der
vt L e SYabBaR LS e S AR R SR SRE B VR BB et 1o
di el ectri ccomp8hért packfedn mit@F arrayd tHativate when the component package is

properly placed. Assembly is completed by applying heat to melt the solder and

form the solder bond and interconnection. This technique is used in flip-chip

technology where the surface of the 1C chip in the component package is

20  provided with bonding pads or bumps and the chip is mounted upside down on
the printed wiring board.

The solder bumps are formed on arrays of I/O contact pads prior to
assembly. To facilitate localized or selective application of solder to the array of
contact pads the surface of the pads should be solder wettable. The metal

25 interconnection pattern typically used for integrated circuits boards or cards is
aluminum. While techniques for soldering directly to aluminum have been tried,
it is widely accepted that aluminum is not a desirable material to solder.
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polyi m de, etc., comonly used in IC processing, as well as to net JHSMQL@W
~as ‘copper and al um num However, solder alloys dissolve copper and de-wet
fromchromium Therefore, a thin layer of copper directly on chrom umwil|
di ssolve into the nolten solder and then the solder will de-wet fromthe
chromumlayer. is To insure interface integrity between the solder and the
UBM a conposite or alloy |ayer of chrém um and copper is typically used
bet ween t heormsbqueritlynohaptiactiop e thd iadastsy is\tbiabpiyt dhiretdlRidatingonnbe wor ks wel |,
and is used successfully in the industry, it is a nultjlayer coating which
adds corrp|a&wmrwnaﬁanr@@%wacts()andwapnlttl@ms%é@ PQr PIdtaithe goating. oIk adds a

new netal | yr C 1 t R I e desirable fromthe
st andpoi nt%&ﬁ}‘%ﬁs‘n%i‘%wm ?V%E%ﬁﬁ@?@"ﬁahswww if the materials used
in the UBM coating were the sane as the base materials being soldered, i.e.

copper and al unTfeifetablommmetals @fed iNCLBRY RChhGIBZY de alifere widv@l oped a new
and sinpler UBMthat uses only al um num and copper. A thick alum num | ayer

i s proyi dedluminunmebeawattable by ippidalriin solder formulationss,andrixe highlyl at i vel y t hi ck
copper layer is.adhered directly to the alum numlayer. .The.Qonding of
copper df 1NN % SHCHIRMoainEcHeReEALEATIEDS | HEVEROHEEST SHOMIT 1 yay
2003 3 ef T g cdhpef OTHROMIBAN d%p%@ﬂ?&! fid€St0 dcﬁlle?@&i the ﬁﬁlﬁﬂ{ﬂ%ﬁ} SPEogpér Sput ter

deposition 1 f the alumnum surface 1s properly prepared. e copper | ayer
can t hen bie appliettoest the chiominaxto proviiecosoidert wettabdé surfageo niioimiomall neans.
The new ABM can be used in any |nt e{ conn,e&ti on arranagrre,nt i n¢cl udi ng

surface moknawn thadhese well da 2 Yajiety ok materigls, prgapiccas WelhasBRmMapIC. gy i ef

Descri,pti o i i LS. td Hagr fapRrinted circuit
boar o eGPl [t viel o deitcnf mASRIEI.E, SCPP] SINCARR Bt o0 G
bunp cont agélgintide; &e., opirfomp disédin KA proceRing, asowéll & to2mietal@sueAgMat i C

representation in partial cross section of a conventional interconnection
syst em f or cappep apdiaumiaoriagd oweverg solder allays isselve coppereand dewebfrotthe | C

LD L1 ol ORREEREC i A BPO Rl o e B © '
et al | i Zat ingf (REARIEN3BIdeP abd ErdnIHE Rbicer wilDak Aek Srbribese ERiGh Bydeer 1 ng to

Fig. 1, a cutaway portion of a printed circuit boar is shownh with a
printed ci Tounsureinterfacecintegtiey betiveen dinnsaldemand the WBMyr aonpositedr 1 / O

contact pa 3 wth a 4,x 6 grray of sqlder b s 14. The fiqure shows a
S Te a0 hoaly ayiiancitomicn Sndidoplerh A ed st Betyestine hepmita and The
entire boa&&gﬂﬂXa atain several or many flip-chip sites depending on the
size of the adssenbly and the size of the various elenents. In the

enbodi nent shown in Fig. 1 the outline of the flip-chip package 15 is

appr oxi mat el y 4While this (dBM ¢dating works well,aandoif used siecedsfutysiniei s slightly
For a5 noINGhat, i fa FARIRYET Foaune whishadd ColpIHS admb IO HHE 1y gener at
201 derPrpubrageRoRpidih, Rl 8 St MEra X hontih) ro e obfent. 800 2
i ndi cat ed eeuld be¢ desirable from the standpoint of compatibility and process simplicity, if
the materials used in the UBM coating were the same as the base materials being
soldered, i.e. copper and aluminum.

Summary of the Invention

25 We have developed a new and simpler UBM that uses only aluminum and
copper. A thick aluminum layer is provided on the aluminum bonding site of the
IC, and a relatively thick copper layer is adhered directly to the aluminum layer.
The bonding of copper directly to aluminum, while difficult or impractical to




Referring to Fig. 2, a recessed-chip nodule is shown conprising | C qht MARN0I
.and internmedi ate interconnection substrate ( I I S) 22. The | | S can be
any s suitable material such as epoxy or ceramic, but is preferably
silicon. The chip 21 is flip-chip bonded to IS 22 by interconnections 23
which are typically solder, but nmay be other conductive material such as
conductive epoxy. The technique used for3 the flip-chip bond is not part of
the inventidffeceby coRverRional Rehfighate tive
epoxy etc. The I?S tile 22 is |ﬁh(?uEsn&?“q)%&lbgﬁggﬂnem%nfbom%rrl%ngﬁgmﬁwng
board ( PWB)theAluyminumssurfase isoproperiyl peenaved. efba yopped laydrerancherebei ons 25. | n

a recessed PVWB 24 is W th a cavity_ 25 so that the
chip 21 carf%?‘i?wglee@?’%é"@WWH%CtB@ﬁYercpﬁ enuopabmsaps. * The newiBM na

extend thr qughpd tiki extend
only partially tmr%gdg aﬁ? g\ﬁ@ﬁe#n t{}eﬁgﬁgﬁ\g@ﬁ@h!& id{)@ngeﬁho '5 is a
single Beveideilityaaudemfolhﬂlqbttaiip assa@blyci nted circuits. It could also be a
multilevel PWB. The PWB nay be interconnected to a systemprinted wiring
board (not portion of the PWB is shown to illustrate that

the PWB is Brigt AWML t hat nay accommodate several |1Ss. The
1S 22 may be an actlve deV| ce, such as a quad package, with a |large 20

array of 1/0 bonggn i I

cont 1 gurat i onat Eng 54 SRREAc Yidkedin, O okl B o B AABRURT Agighip, 5
be a passi vieoridingeofam i€ chipoo HLdredy of solded bumpeorithdts ‘éﬁrthe\l’!ohfh gndPEient ed
circuit on one or both sides. In the interconnection arrangenent shown in

the Fig. 2 fipKBimkol der ball 26 is bonded to a bonding pad on the PWB 14,
and the pad is interconnected by runner 27 that Zs extends to plated

th h l e int 9 t he bott f
he Pt o anot HaF- 20t SetiehbricdepSehealin bAu IR seflob R Ace ort e mmy be
anot her boncbnvgneiavehl irtkrcohAedtion systeiofop €liis ehifgiRKades, anot her board, or if

Wi re bonds are nade to the PWB. Alternatlvely, e.g the contact sites may
be sl ot |nterconnect|ons if the PWB is -in CII‘CUIt card. For the
pur pose of Figpny ivpowre qehﬂ"@"d’éﬁ%ﬂfﬁlﬂ'@nc ip ghatris intersoneeatedin tieown by

26, 27, 28, ﬁ’ﬂﬂ i nterconnection, and the simlar
i nter connec? ecorr%?)fagpgmgf'grrents 31, 32, 33, and 34 is a ground
i nterconnection. The remaining I/0O connections are not shown but are

conventional . s Fgg. 4%'#e@cﬁéiﬁﬁ@*ebﬁeséﬁﬁf@t%%ﬁs@ébme&%%ﬂﬁ thé‘uEﬂéiater

detail the bonding sites on the I1C chip. The figure would al so
r epr esdft at Purap snetalligasion aacerding tthe ipvengionat es t hat have al unmi num
netallization at the bonding sites. In Fig. 3, the IC substrate 41 is shown

wth OXI de al um num bonding site 43 formed in a w ndow of
the o b@iﬁfed‘%e f’}H"I ayer of polyimde, or io SINCAPS, is shown at
44, It WI|| be recognlzed by those skilled in the art that the figures are

not drawn to scaReferriigetooRigdil ng cataway portdy obs pﬂ'ﬂtémélﬁfdlteﬂ&ird”ﬂ Al .
i nterconnection or a subst rate, e. g. source drain w nd ow, contact. Details

of the undefONMWith aarised Girewt ogfwunem}%lme@connectmm cuter arraysraftl/O

| T f f th
o) un mam bosTss dA6ES 8ty 24 & STk st oS Then The e sisssise o
sol der 20ACCDS,dlm®hMmIoh€ O, fiip-difip é&iﬂgbﬁg}}% lfécihkﬁéﬁéd’ dgﬂg‘eﬂﬁréﬂ&ir‘a‘“ area

43. Conventional UBMis frequently ap using an a i've process, such
as a |ift-omaycantain seyestor manyoflipship smesmiepemhsgsnahesm efﬂief@sdembl‘yce t hey

are sinpler r o e smal | r featureg with hetter dinensional control.
An ao advan?'}fg@‘ ‘?fetﬂ?JVERWBSf F'ﬁénﬁsnv[iha\e %‘?’E‘W&E shawns lnFige 1dbRect i vel y
appl i ed by guthk i @, i i.t hogr aphi c
maski ng, and etgﬁirggéﬂ¥ e%gﬁﬁ | gee]rse agpi'@l;%}b gﬁﬁlffjp? rﬁh?‘ﬂ@e ion is forned

by sputtering the al um num and copper | ayers in the sequence descri bed
bel ow. The o asaywfisbldesbumps 14 is slightly smaller. A capacitor is shown at 16.

25 The printed circuit of Fig. 1 is for a single in-line memory module (SIMM), but

the technology in general, and the invention, potentially covers a wide variety of




described in conjunction with Figs 4-6. as fn Fig. 4, a portion ofM,t‘tw 2003

_ substrate is shown at 51, with oxide shown at 52, capping |ayer at 53, and
al um num bonding site at 54. This is the usual structure of an IC chip
package prior to flip-chip assenbly. Before applying the UBM I ayers, the
surface of the alum numcontact is first cleaned using a mld 14 MAY 2003
6 etch, or by back sputtering, to ensur & adhesi on of the deposi ted

al umi num BoldenmotintedrdeBaes) ayd apmiiesite othesrint@eguiwiecdag supstrptestagri ng from an
al um num tar&et. Thei, t hi ckness of this layer, conmbined with the thickness
of the al ulHGHedSAtEEs pad 54 on the 1C should be in the range 0.5-2.0

m crons. The s thickness of the alum numinterconnect |ayers in current IC
technol ogy is ty ;. the ; 7 : sited U BM
al um num | ayer vx\ﬁffﬁglgﬁg?é 'I%} ggéélieﬁfetdﬁdl\u?gﬁggmogfh%\gﬁ%ov;ﬁ%ﬁlr&?t reference
to Fig. 5, the copper layer 56 of the UBMis then sputtered directly over

t he al um nwhip 2l ansd intesmedfate intenconnextion solstratd Olis) PBM TheyBS casbquent i al | y

in the same apparatus w thout breaking jo, vacuu herw se_t he .al um num
| ayer shoulSYitaile AR SYER &t BROVLR SHEVIC, RUt |Su@g%9ﬂ%hés'5'ﬁ%eﬂmm%l t he

surface of ; _Al-ym i : & l's, or
wth a brealilﬂﬁ’na*\}gcrygﬂﬁga (Ialrge orﬁgm?rn&[.' ﬁ%&%ﬁﬁgﬂf’gﬁﬂ@%g@?@ﬁ’ﬁdﬁ@ | ayers
are sputt ermg may be sidrtcondugivernaedsluack antandidnige Rpbky.amhel tectinigue t ar get

and a copper target. Preferably this is done in a cluster tool is with an
Al deposi t i sed deathediipLhip boralisdep parttafdhe sivention andsnnbesi Be soldeut t eri ng

techni ques ;and canditions are well .kn , h t i gyes. for depositin
the mecar 1yap &F Ball oRdhentr obicube 8htky &b ofne AR 22 S i Rln e e Foce
of the jgl unpgyed @Y%fintkd V\Wil% B&dra4PWB)C2 £ Wik ofdi stiiondliEtive 85120k he
copper layer i1s deposited. Zo The copper |ayer 56 preferably has a

t hi ckness iinterbenmeatigns 255-1a auecessérbchip pIEM the/RWB 24ieprovided withla sol der
terial d f ) . T | ti i pt of t

it ect cs VAV A sQ BrsahEchs 4 EFan b BRssed ooty e Pe Sitige ds shgp. PP

t t ; i 1 : | b

forming a phosEadty haf SR RuERTRF UK o METWERS showh B FRY 2% oper

di ssol ves i may ektendsorlyl partiatly élirouple tisoP WS, In the sFtdangbment skiowh e RWBo t he
Al | ayer because the surface of the alum num |l ayer is oxide free.

O b s g SR (Pveclgar 8 it e Qe HREIET (16 oMo BRivgrliiens! The
Fi gufe | e coudo b
S pr i o B otfie W ity RN RGP0 sfel Blinfl wirkhe TR Y

with 1 ~ MewndO3A Cutawdyaidreion®fitié PWBAIgisdwR o ilfuistrateSthat evesP Wieis devel oped
phot omask. Alternative masking techni ques can be used such as e.g. an oxide
har dmask. Cpe@ion ofihigpges PWE thatsnas asomynodate sevesal Ssed, e. g. e- beam or

x-ray. Wth the photonask in place the copper |layer 56 and the deposited s

s et ched w tn, - Tig TS2 ERTRAs AT b BRIGE IR  GLETBRIaE ity Sfge PP
pot assizam chrayret €0 Gondingisited Srraged iRRGqRSEDT etanflildrconfBratod gt teChed
with diluted or PAE etchant. The resulti ng structure is shown in Fig. 7.

Wt h ref er enedphesy of ghe sybstrate. pAlieanatively 3ite 115 maynwbe adyassivelingericdanedsionps or
balls 58 lied tao i,0 the UBM. . t] | t . .Jhe foll ow

val 5 58 SPRlL g S,k L IE LBV, Sogeniertcnel TEL o e ol low e
I's Depositi ﬁﬂel‘&)nﬁé‘&idﬁeér?dngbﬁ%ﬁf $howh ﬁ%eﬁﬁg.'?,atﬁggﬁgfte@gléQ&ﬁ‘ P??IH&& % ed

Filns I nc. Endeavor cluster tool. Wafers are b hour
prior to depdondingmadiore theel WiBs1 4y and therpadds éietdrdonhected byaqannert 22 thadul e of

t he apparatus. The fers are given a prel |mpar | ean,, which is a mld
dry etch i nel‘tI@Bd%FQ:\é\ﬁSQ thrgugfbgol@n@tetqqnge@port 25} g“&ﬁ@'b‘{'éﬁu%@ﬁfdz? OBns ar e

if OWfor 12@g @%@%2& B PATB tb Iother EomGtNite (Wot YROWH).| Tnb ReRer TKER L0 the

deposi tion
site may be another bonding pad, if the PWB is to be soldered to another board,

or if wire bonds are made to the PWB. Alternatively, e.g., the contact sites may
be slot interconnections if the PWB is a plug-in circuit card. For the purpose of




whi | e keepi ng the wafer under vacuum Approximately 1 um of Al is'ld(eB‘AHOmad
under the follow ng conditions: 10 kWfor 60s at an Ar flow of 5 sccmwth
the substrate biased by 400Wof energy for the initial 30s of deposition.
The wafer is zs is then noved to the Cu deposition chanber where
approximately 1 um of copper is deposited under the foll ow ng conditions:
4kW for 400s at an Ar flow of 45 sccm >The wafer is then returned to the
casset t e rbigdescriptionuhe suaicognection shownby22632 %, 28eand20ds amowers are t hen

e e R R BTl i B s T 2P
i t ¢ t jnsdin i f K, d
S0 1o 41 Sy AR remnping 0 R ity 206

GCA st eppshowt bus areecaweneonalt = 30s, or about 200nj), and devel oped with
AZ400k devel oper (t=2 min.). The wafers are then hardbaked on a hotpl ate at
130 OC for 2 mnp. prior to etching the ¢ er |ayer. The, copper |ayer is

et ched’ usi ng: ﬁ%ﬁ!‘%@?'ﬂﬂ@ﬁ rqmég%at@nssﬁg g IR eqt%g%fé"ithgaﬁ'ﬂ@%and

placed i n e COIHR ¢ Bhip rné gtire WGP Nebr&enBliGY of Buld frebhcdyey 1Y

are then rinsed drie pec oresrst 1s's pped 1'n” PRS

1000 For 3fibstrdtes tBad AveQumirim hestallizacion caiebondiny sicae! Iadig V3| thedopl i ed
UBM of Al/Cu with the copper surface | ayer ready for soldering. The sol der

coat i ng owsubstrate 4UNB shawr withsoxide layer # asdansalimigine boadingis4ed3i s such as

evaporatiqn. The thickness of a.typical sol.det bu for this application is
3- 28 m | S%EQSW %g‘{' O‘%BFHE'O’Hgﬁ#&ﬂ‘U GHED'PﬁkyeﬁgﬁpB&"ﬂ doguggessf ully in
the procesqRE A8 CisishSfin aPau4e l@f]vmbéﬁg&b&iiecﬁ@y %sésﬁiﬂe&ﬁmﬂ{éag%lu?é& 0Sb 0O

5 Sol dered |1 C conponents with this UBMireet rigid testing an
per f or manabe figaredare sot dawnt tonichle. oblebonding $ites43 siay bedniinterlenel art t hat

deposition of alumnum, 1 ~ MAY 2003 9 | ayer, 55 can be dispensed with if
the T C f abPFEhtEKORRestion Or i SbSHALE, 818 SOUTts UM WRRPW: GACK LIELUST i i ent

the | C f adPFehiiehop _ Rl R iy el cf e
or pads. ai°he YRRLFHE sEhREhET kil R AREAA aABr RO 5 he

| C can be thedsventioh. dFHelobjéativeds tf cover lthasurfile of whe alumihimhsbarrtig sitel t i S
only necessary to renove the native oxide fromthe surface of the al um num

prior 80 chpyéth abliddicoptng, thama ballyobunppelsidern Aecrdingbdthedd¥B nay be
used for thi A e | um,pum | ayers that have been

pr oduced p??Ea@ﬁpﬁéﬁﬁnﬁe@@@hﬁa{rﬁ#@%ﬁ%&ﬁtI on, i.e. have been exposed to
air, is inmportant to the io success of the process. It is preferred that

the surface of GowfenkionsirdBWEisdrequehdyrapblied BingamkaddMivg proedsspsudilasE, to
provide a clean alum num surface for the copper deposition. Renoving at
| east 100 RRENIT oraek. However cfubtrastive puwessaganer preferred siice MReysaref ace wi | |

P rvent on SHBET S praide Rl Pkl it B YRRl EoRlral FADLn? st ace
is al 99 prawiafitde Uithe RIBMIof Tha HivehBoi®ls that i emPbe sedctivehRayFredy appar at us.
subtractive process, i.e. blanket deposition, lithographic masking, and etching.

The UBM layered structure of the invention is formed by sputtering the
aluminum and copper layers in the sequence described below. The process will be
described in conjunction with Figs 4-6.

25 In Fig. 4, a portion of the substrate is shown at 51, with oxide shown at
52, capping layer at 53, and aluminum bonding site at 54. This is the usual
structure of an IC chip package prior to flip-chip assembly. Before applying the
UBM layers, the surface of the aluminum contact is first cleaned using a mild




As stated above, an advantage of the process described above is thatl4 MAY 200
. Subtractive processes, i.e. photonasking and etching, can be used to apply
the UBM Oher subtractive processes for U BMare known, see e.g. U S

Pat ent ao Application Serial No. 08/825,923, filed 04/02/98. In this
process chromumis used in the UBM The etchant used to pattern a chrom um
| ayer attacks Al aggressively. Therefore the process is not ideal if the
surface t oeith] 6oy Bk EMtehing PRl drdtire"fiHedon of B¢ Bersitb@aliniuf.{ ¥he  Thi S
situation arises in some packagi ng applications, notably chip-on- chip where
t he secondalumieim dhBh, |ayere£5ishhenkleposnmdﬂlypsputtemngfmh"eam ahwwinami p, is at

| east partially wre bonded to the next vel. This chip_requires both UBM
pads and bEargeta Thesehicknesseof ghis layee, @WD'BJW'$}B%@'$“$ﬁBEF H@UR an be

Cont ocuf 1 Foteacngh 58 ordineRe T Snbidind RIRE g6 B MicFBh! The oL Vel Y

coat ed W|t copper U t'echni ques des hi s 1.~ MAY

2003 i@ si tHigknesyof melaﬁ:rﬁrnaﬁﬂheértmﬁelamayémnthrrehmwecﬁﬁordgy iatypidattym | ayer
at the sites to be wire bonded be thick, i.e. at least 1.0 mcron, so that

t he wire bofithesondes of Qb gy or less. t Hlee dﬂmsaedm&‘ﬂéqbsmnunblmpwﬂhgewalm num
wel |, controll the r t hi ckness

can be conbs il Flerage Qhiavetn: (Wit Trlestnce T utbe saaper Grgn S of ¢ | 'S
modi ficati UQN sthén 'sp &Ehﬂﬂew Bvé?%?ra Lfl;l‘ﬁntlltijlosﬁ Hokt'[ @Fﬁcieﬂhgc?e art. Al

devi atlons romthe sp eC| teachi ngs o I'S speC| I cati1on basically

rely on thdemsimomlwsmwbrs bmwenealy inathe sarae apparagls withiouh brbakimg t has been
advanced are properly considered within the scope of the invention as io
descri Wed N#augt.aQhgrwise the-alwpipuppyernshould kasback spatigrest ks Eep@Ye bondi ng an

corpri o1 ng"aHie SRk indjtBrihe 8 ene REReior Bl TPuR KA BRARBE P75
creating ajyaspakdte ithols,"6 Witlk 4 WreAPiRaadhutn. Fitdeford, i the prefalfedg the vacuum
i. dry etching the alum num bondi ng pads, ii. dep05| ting a |l ayer of copper

on the al uembodirbentditheylayerdsare sputtesedér b sputterngcpPPEAtUl eordaining kath asuppor t
substrate. process.of claim1l ere [

sel ect | veI QE@@BB@ {fHgehnd A LoBREL FAtEEH Wﬁaﬁg %&d&ag&e%ﬁ& qurlﬁﬂda bl anket
| ayer BGeH dn A F@P%ﬁﬁ’(@f ﬁ?ﬁ@ﬁtﬁpd g@'l%atﬂicn tﬂ@ﬁ#ﬂ[ﬁ'&'ﬁ@ﬁ;}){dtﬁ’%ﬁe exposed

| eavi ng portlons 0 I'ayer expos and etching awa

porti ons oftedhimiuzs anﬂcbndmmas areauellrkmvm o&ihel mthmhaemﬁoi depesiting thehe
al um num | ayer has a thickness of at |eas MAY 203 12 4. The

process of M¢tal layersy8r evapora{@ncsapa\smbswed ﬁwngaﬁﬁh%mr&c@ rthat Ieast 0.5
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20 The copper layer 56 preferably has a thickness in the range 0.5-2 pm.

The copper layer is wettable with solder materials commonly used for solder
bumps. The melting point of most copper eutectics with tin solders is relatively
low, and at the soldering temperature the surface of the copper layer dissolves in
the solder bump forming a physically and electrically sound bond. Even if all the
25 copper dissolves into the solder layer the solder will still wet and bond to the Al

layer because the surface of the aluminum layer is oxide free.

As shown in Figure 6 an etch mask 57 is applied to mask the solder bump
area. The etch mask is preferably a conventional photoresist and is formed by

spinning photoresist on the surface layer and patterning the photoresist with
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EXAMPLE

15 Deposition of the metal layers 55 and 56 is performed on a Sputtered
Films Inc. Endeavor cluster tool. Wafers are baked at 105 OC for 1 hour prior
to deposition. The wafers are then loaded into the cassette module of the
apparatus. The wafers are given a preliminary clean, which is a mild dry etch in
the etch station of the cluster tool. The etch conditions are 350W for 120s with

20 an Ar flow of 6 sccm. The wafer is then moved to the Al deposition chamber
while keeping the wafer under vacuum. Approximately 1 um of Al is deposited
under the following conditions: 10 kW for 60s at an Ar flow of 5 sccm with the
substrate biased by 400W of energy for the initial 30s of deposition. The wafer
is

25 is then moved to the Cu deposition chamber where approximately 1 pm of
copper is deposited under the following conditions: 4kW for 400s at an Ar flow
of 45 sccm. The wafer is then returned to the cassette module for unloading.
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8
The coated wafers are then patterned by conventional lithography.

Wafers are placed in a YES vapor prime oven with an adhesion promoter, e.g.
HMDS, for 5 min. The wafers are spin coated with 5 um of AZ4620 photoresist
on a MTI Flexifab track, and softbaked for 1 min. at 100 OC. Patterns are

5 exposed in the resist using a GCA stepper exposure system (t=30s, or about
200m]), and developed with AZ400k developer (t=2 min.). The wafers are
then hardbaked on a hotplate at 130 OC for 2 min. prior to etching the copper
layer. The copper layer is etched using: H2504:H202:H20. The wafers are
then rinsed in water and placed in a commercial Al etch, PAE etchant) to etch

10 the Al layer. They are then rinsed dried and inspected. The photoresist is
stripped in PRS1000 for 30 min. @ 100 OC. The resulting wafers have
selectively applied UBM of Al/Cu with the copper surface layer ready for
soldering.

The solder coating over the UMB layer is formed by any suitable technique
15 such as evaporation. The thickness of a typical solder bump for this application is
3-20 mils. Examples of solder compositions that can be used successfully in the
processes described above are:

TABLE 1
I | ]!
20 Sn 5 63 95
Pb 95 37 0
Sb 0 0 5

Soldered IC components with this UBM meet rigid testing and IC
performance standards.

25 It will occur to those skilled in the art that deposition of aluminum
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bonding sites with sufficient thickness. Thus in the practice of this invention, the
final metal layer, or pads at the bonding sites, produced in the fabrication
sequence for the IC can be made with a thickness of at least 0.5 um. In this case
5 it is only necessary to remove the native oxide from the surface of the aluminum

prior to copper deposition.’ The dry etch preclean described above may be used
for this.

The preclean step for aluminum layers that have been produced prior to
the process of this invention, i.e. have been exposed to air, is important to the
10  success of the process. It is preferred that the surface of such layers be dry
etched, i.e back sputtered or RIE, to provide a clean aluminum surface for the
copper deposition. Removing at least 100 Angstroms, and preferably

400 Angstroms, from the surface will produce the desired surface condition.

For the purpose of defining the invention such a surface is termed a nascent
15  surface. A nascent surface is also provided when an aluminum layer is deposited
in a vacuum apparatus.

As stated above, an advantage of the process described above is that
subtractive processes, i.e. photomasking and etching, can be used to apply the
UBM. Other subtractive processes for UBM are known, see e.g. U.S. Patent

20  Application Serial No. 08/825,923, filed 04/02/98. In this process chromium
is used in the UBM. The etchant used to pattern a chromium layer attacks Al
aggressively. Therefore the process is not ideal if the surface to which the UBM is
applied contains bare Al bonding sites. This situation arises in some packaging
applications, notably chip-on-chip where the second level chip, i.e. the chip

25 supporting the first chip, is at least partially wire bonded to the next level. This
chip requires both UBM pads and bare Al pads. The Al pads for both types of
interconnect can be defined first, and the Al pads that receive UBM are simply
selectively coated with copper using the techniques described above. In this
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wire bonded be thick, i.e. at least 1.0 micron, so that the wire bond sites can

survive the UBM etch steps. The typical aluminum etch step is very well

controlled, and the relative thickness of the layers can be controlled to achieve

5 this result.

Various additional modifications of this invention will occur to those skilled
in the art. All deviations from the specific teachings of this specification that
basically rely on the principles and their equivalents through which the art has
been advanced are properly considered within the scope of the invention as

10 described and claimed.
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1. A process for bonding an IC chip to a support substrate, said IC chip
having aluminum bonding pads, comprising the steps of:
a. placing the IC chip in a vacuum apparatus,
b. creating a vacuum in the vacuum apparatus, and without
breaking the vacuum:
i. dry etching the aluminum bonding pads,
ii. depositing a layer of copper on the aluminum bonding
pads,

c. soldering the copper layer to the support substrate.

2. The process of claim 1 wherein the copper layer is selectively
deposited on the aluminum bonding pads by depositing a blanket layer on
the IC chip, masking selected portions of the blanket layer leaving
portions of the blanket layer exposed, and etching away the exposed

portions of the blanket layer.

3. The process of claim 2 wherein the aluminum layer has a thickness of

at least 0.5 .




10! K@5" 10%& () - Z210%&' () - : <<<<==}[ 9uS10! ! pL#10% E} E& () - Z! #L#10% U

< U& ()-2ZF10% U&' ()-FS10% U& ()-'a 10%UnU& ()-!' @ 109 () - =>
() () () () Q51006 ual § MY, 2003

>>#>, >k>dEuS10! | pLY 310% U& ()-F s010% U& ()-F - 10% U& () -

U& ()-1f#10% U& ()-k>>>>>>>> @=0!!!0F" 109 ()- & CF"10% & () - &0YA0%& () -
10 U 10 U 10 U 710% U& () -4 10% U& () -

@@AIBBBMCzX6_=0! ! yYZ" 10983& () - Y! yYZ'H9B3& ()- YS109& ()-!tF!' 10% . & ()-!pF
1 109%*& ()-!, F"10% () - &VC- D| DEFFFFGz| ~P10" s' 10%}| & ()- 10== 10==

10==!1, #10%=& ()-!~I, #10988& () - Y6 100& ()-!yY% 109BV3V& () - GOH'HHHI | | aB71
0 104|fgl0%| & ()- 10%| & ()- Ls10%| & ()-" 10% & ()- 109%#| & ()-!-

0 AR S I Wetion o

least 0.5 p.

5. A process for bonding an IC chip to a support substrate, said IC chip

having aluminum bonding pads, comprising the steps of:

a. placing the IC chip in a sputtering apparatus,
b. creating a vacuum in said sputtering apparatus, and
without breaking said vacuum:
i. depositing a layer of aluminum on said aluminum
bonding pads,
ii. depositing a layer of copper on said layer of
aluminum,

c. soldering said copper layer to said support substrate.

6. The process of claim 5 wherein said layer of aluminum and said layer
of copper are patterned by applying a photoresist to said copper layer,
patterning said photoresist to expose portions of said copper layer, and
etching away said exposed portions of said copper layer and said

underlying aluminum layer.
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8. The process of claim § wherein the copper layer is selectively
deposited on the aluminum bonding pads by depositing a blanket layer on
the IC chip, masking selected portions of the blanket layer leaving

portions of the blanket layer exposed, and etching away the exposed

portions of the blanket layer.




