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SEM CONDUCTOR COPPER BOND PAD SURFACE PROTECTI ON TECHNI CAL FI ELD The
present i'nvention relates to nethods for protecting sem conductor copper
bond pad surfaces with ceramic coatings that are sufficiently frangible
during ba™OoKH3® or flip chip bonding to obtain netal-to-ﬁépgvg?gﬁpgct
bet ween the bondi ng surfaces and the wires bonded thereto. The nethod
protects the copper bond pads during extended exposure to water and water
sol utions such as are experienced during sawi ng. BACKGROUND ART The use of
copper bond pads on sem conductor devices would be an attractive
alternative to that of alumnum were it not for atnospheric contam nation
of the co whi ch oxidizes readily to forma coating that is not
fennvableﬂmmmmﬂmwummm“nethods, of wire bondi ng nmachi nes, and requires the
use of fluxes,ip,s0l der-type interconnects, e.g., flip I I ng.
Present attenpts to overcone this probleminvolve thelﬂ%lﬂ@”iﬂﬂ w er gas
that i s unavoi dably expensive and conplex and restrict and work
hol der 1 7 FFB 20U3 wo oo/ zzb 2 PCT/US99/ 23069 novenent,*16i6t he use of a
noble metal or overplating with inert netals which are nore costly and can
lead to the formation of unwanted internetallic conpounds at the bond pad
interface. ' U S. Patent No. 5,771,157 encapsul ates a wedge bond of an
alumnumwi re to a copper pad with the resin, after the bond is forned. No
protection agai nst oxidation is provided to the copper pad prior to wedge
bonding. U S. Patent No. 5, 785,236 protects a copper bond pad from
oxidation with a surface |ayer of alumnum This detracts fromthe
advant ages sought to be obtained by replacing al um num bond pads wth
copper bond pads. There remains a need for nethods by which copper bond pad
surfaces may be protected fromoxidation prior to wire bonding or flip chip
sol dering. SUMVARY OF THE | NVENTION This need is net by the present
i nvention. Ceram c coatings have now been devel op ed for the bonding
surfaces of copper bond pads that are sufficiently frangible to obtain
netal -to-netal contact between the bonding surface and the w re bonded
thereto during bal

SEMICONDUCTOR COPPER BOND PAD SURFACE PROTECTION

TECHNICAL FIELD

The present invention relates to methods for protecting semiconductor copper bond
pad surfaces with ceramic coatings that are sufficiently frangible during ball, wedge or flip
chip bonding to obtain metal-to-metal contact between the bonding surfaces and the wires
bonded thereto. The method protects the copper bond pads during extended exposure to

water and water solutions such as are experienced during sawing.

BACKGROUND ART

The use of copper bond pads on semiconductor devices would be an attractive
alternative to that of aluminum, were it not for atmospheric contamination of the copper
surface, which oxidizes readily to form a coating that is not removable by standard methods
of wire bonding machines, and requires the use of fluxes in solder-type interconnects, e.g.,
flip chip bonding. Present attempts to overcome this problem mvolve the use of a cover gas

that is unavoidably expensive and complex and restricts bond head and work holder



. or.wedge wire bonding, and to obtain a surface suitable for soldering i
"mﬁthout fluxing. It has al so been discovered that the sane ceramc op?¢t§%®
can be generall¥ used to protect the copper surfaces of electronic
packages. Mh&¥2H1% {he present invention provides ceranic c8SHYNGY2I%? the
protection of the copper surfaces of organic substrate packages, netal
substrate packages ceram c substrate packages, and the |ike. According to
one aspect of the present invention, a nmethod is provided for protecting
t he surface of an uninsul ated portion of a copper circuit from
environnmental contam nation detrinmental to joining the surface to another

metal surface rein the th [ hg .St f..coating the syrface
Wt o aydey, SIRE B el DRolF bR o REPRE L W RS Bl R L0otef sBiD Tor
sol der i fifd dahtifAUb the rimagombuiwaited Sitdrtietalied esthpotntds angie boad phe thitiigce. ‘
surfaces are being joined to obtain netal-to-netal contact-between the
surfaces. ThE.S Hatast NonSi7<1.paY enc@apdatey a sypdee gordohipalepinug Wirfdoondi ng
surfaces g 0 p T i : i ment of the
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bondi ngpreuidtacetheicopperqagiios eweddechesdorg. bond pad. 1 7 FEB 2003 WD 00/ 2|

| 26 PCT/ US99/ 23069 3. The present invention thus%ﬁéovides el ectronic
packages hav¥my P@I‘ﬁnﬁyﬂ_} 2t/ Boh2 O PIRRFCITE PRt banf p %m\MXf‘F?“@Bé’t’lﬂhﬁsqlfé%F@r s
that arg,Ganaflfindh, PRLOGr RIS (L 2BARRER0sRENSR AT lieq EDRLHAL S
accordlné to anot her aspect of the presen |nv§nt|on, an el ectroni ¢ package
i s provildedthunohord padsgvidt cdppasborahmdeni nsul at ed copper surface coated with

a |layer of ceram c. materjal having a t.hickness that is.suitable for

2ol duri ng. w THOBFIPRES P GG ] Sy Py PR Bod i S GrE PREbE

af or emeibhiceRAGrAIRLINRESH phibr @ WEEbSIdiRdo et ®eridche el ectroni c package
is a sem conductor with uninsul ated copper bond pads. This aspect of the
present invention includes el ectronic packages havi ng unnmsul ated portions
of copper circuits coated 'MMQ yabﬁ‘cfﬂ?f]; ﬁ@(,ﬁﬁﬁﬁﬁ netals that form
conpl exes w th copper. Théﬂ?HYETJiEETTT_ t, upon formation of

t he copper conplex and exposure to a reducing environnent containing
hydrogen, forns a ceram c hydride |ayer having a thickness that is suitable
for sol deri ngMRERDIFMEY BYPRHBreas TEADph-EIATHE SORHES PayRROYDER BNslop-

af or emegy fop n%domhfgk‘%ﬁﬁceswc%ﬁaa%ﬁa p@ds thBarB sEFR NNl MABIHION Sulkis al so

i ncl udes el ectroni ¢ packages havi ng uni nsul ated portions~of copper circuits
W t h protettd-metal sontattdemeteal thiherdigesuréat iand the Wiie befidadgheratocdirdigigllt o
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copper-rare earth nmetal conpl exes and netal hydrides of copper-inmmiscible
net al s PRECt thecappEtsarfagss of iclpegonic Rachiageh Thad 1S therpreeent Hiyeptiemproyidesi ckness

t hat isce?%%‘fcaclalaﬁn;sofor ';ﬁ&rei:t'?&l Y h OO et L%Acgggfe Flgé\fgisgpst&'iggéc%ggest he |ayer

with the orenent’i one ardness. Agarn t ectroni c’package is
a sen caadlisibGtrategpackageaterbmistubemae pagipeges, kodtheddad. The i nventive net hod
provi des the abil.ity to bond #’%es to co\pger circ iés usi%% gxi sti n[c_l

equi prent  wi LARTENEIACRE BSAEFLY 1BY PEERBY W AU B fdfBrhod APTAV I8 dor Gt ®nal
costs ad shifidel FtanQisnsBlatédOYRhionlasa tpRn kAR AR EnhRbEMBS! cohfenihahi@goi ng
and ot her objects, features, and advantages of the present invention are
nor e r edaiiimgniapisaioanng thesuriatrtogaotier watad eyréacepyvheminghe meshgst otldeede

enbodi ngnts.set. forth bel ow taken i-n coni-unction w.th the acc anyi ng
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according to the present invention, in which sem conductor devices

accor di bgjng ipinestopbiaip metdlrigaratal sAnaraiyeuPpeviansad pads with bonding
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pads. Therefore, in a preferred embodiment of the present invention, the uninsulated portion

of the copper circuit is the bonding surface of a copper semiconductor bond pad.



. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT The present invention
forns protective ceramic coating |ayers on copper circuit bonding syﬁf §%3
of electroni c packages, with thicknesses that are suitable for solderﬂﬁﬁ
wi t hout fV@A%74126The ceramic layer thickness is sel ected toPprPrHE0at
| east the m ni num hardness required for the layer to be sufficiently
frangi bl e during bonding to obtain netg -tonetal contact between each
bondi ng surface and the wire bonded thereto. Ceram c, rather than netallic,
coatings are enpl oyed because netallic |layers would be ductile and woul d
pl astically deform under inpact. Because ceram c materials cannot be
def or med in,fhe gla§ticaieglqp,riw ggtecﬂggge%%a&gﬁPLa er.and a lows it to
be pushed as}H:e'Jr ﬁPiHE@ 1P ]béﬁh?ng. ﬂssen i B y=al ’Gﬁﬂﬂﬁ%ﬁ sE&PEer ani ¢
" mat er i &higuiavigaces Rataesisg Sajcratilacak@apatse oMbédilg tdeovRE @8 BakdihOY Ll idhe. One
measure of ceram c hardness is the Rockwell Superficial Hardness Scal e
(45- N) Thsrefpre accgeding éel apgihSasp g of Mep/piseal inveathen. @aleleckprisiraskqgpient i ce
Hal |, - ' : ] i ' N with
the pr SLHEe Rt fiebEon BBbt R e PhenBete ReRul £50 % S0 stahistue
38. Formaet§108efeaf thidk@efy aseiBkuitable fdrisolenhheviteanilingn @ bnd hdidhasrpvides ami ¢
materials is adopted as it.is defined.in Callister, Materjals Science and
Engi nedk§ lyemwith Hhs fQTRpsoiened Perdeess: 18 SikciiWFe§MROBR1EL thiGlesmic 1994)
page 4.,,08]deliSh SlmAShURGS: $Rh 3 fuMRdEld ?Exsbcﬁf%l faagpounds between metal lic
and noﬁhet§1llc éPenents t hat are nost P equently oxides, nitrides and
car bi des. Cerlasraspentofethi presenti inhémionhneludé¢segdsdtfonoatdchages el mgdennmatiktddal s

conposed of clay mnerals e nd gl.ass. ram.c erials. are

ol PTG EHEP ATE RS o LT B e B TR B A AT e SRt ant

t o hi ghopssrpamatisye? hadBehibish RnMipoa foRmdtbntdTale sappad Sondplex BAd ¥ipstre AS
for mechani cal behavior, ceramc materials are hard but very brittle. 17
FEB 2003 2V Wi virpaneals g me3nsoo ssnofsma st a fudragiplkay et hpyingfa t he

present,. i.on. i j i ; i 0g: 5L gur. ' ' di ng
Sur  acciBYEF Ul s B Atel s RaRI GO B D b hE IS8 STBIR ©
cl eanedidr&neftored. hakdndshie copper surface is fresh and has not been exposed
to a contam_pating atosphere,. Sta@F g cleanig% IS not.req%%re . 1n the
depi ct ed enbott AREL O RE PESHY AL YHPARRR HOIC BUEL SEREPHF PHFIASFAAINe14 of a
hydri demfiR0 % dad FRBRESF dIpRLSEHREE wIBE otlfivE ORRBIC 1B OAPHRIII doafifgsear th
metal (Stage |I1). For proper coatlng]of surface layer I4, it is hecessary
to redUderators, ascorting thyrhtosiageest af thequpsentisy enthaay, 2h elepiromic Phekagais ace 12
of pad 10.. | y..after thi L.on i I [ oper I coating
e por PR e Shudhir i SR RO B o 3 s BEsTo By SRR LIRS sy PEC B

at nosphestsl, hyslkidb campatndidi@sahiom metat hydrideg ofiyshpeeedie eatth hictad ss@plexad | y
any ot her convent.i onal surface,rﬁgucin ecgpi ues, includi ng. cleaning

t echni GOS & SULHIHECHP RIPRTIRRITC ?H@@gﬁﬁ%_ rgrmeral idndendp Wi Benpl et el y
| i SCisflBed 1By GIPR G thicRAL s Beat 14fitaBlfoP 981dbrinE WRHott Dux iy an¥ WL DRyvides
Exanpl es of rare earth netals that conplex with copper i'nclude, but are not
| i mi t edbe layeriwith ¥he afntenGationtrkhardnéssc eA¢@n dific profspred eprationi® paskageas ad wit h
metal | ayer 14 by, conventional vapor deposition or anal ogous techniques.
The rar& ESP Wjﬁg?%ngﬁ£§a$885f?%£3%ﬁ%§5?%g step after deposition for the
copper conple ihPertivieihetfbd pradds Ayestslinf toGRRP Sires MATt Speb biecdgdisinde- f or m ng
netals can be formed by an alternative route. The copper-inm sci ble netal
may be egisting gasipmeat withputRedifispiy olibe e Rovgpe AnbyiboWarlditignal ¢astsand
during ' LOoMn, ' ter f [ |0 e

co- dopdiitifon BEEAPERETbon PR REabaR, lToReBirsng BBtk an bl
bond padd alleanmagey ofitheoprieshait irvrapotechoncaeddlyepparkchefdmaohesaaided

el ectrodeposi tion techni ques may al so be enpl oyed. The deposited | ayer 14
shoul d eHTBFIOR of precRR s paes S?t&jfgﬁb 5510&', aﬁ‘éﬂg‘? BATBUM ORI YRR gy er . That
I's, thesLasphiNoaa®iqan ¢ | ayer should have a thickness sufficient to
providecthe f]yé? mﬁfﬁg; Rockwel | Hardness (N-45) greater than about 38.
Sui tabl e ceram c | ayers have a thickness between about 10 and about 1, 000
angstronms, wth a thickness between about 25 and about 500 angstrons being
preferred. Wien a rare earth netal is enployed, it is preferably deposited
in a layer thin enough to forman essentially pure copper conplex. This can
be acconplished using rare earth nmetal |layers with thickness from about 10
to about 1,000 Angstrons. 1 7 FEB Z003 WO 001 21126 6 PCT/ US99/ 23069



~Copper-inmi scible metal layers are preferably thin enough to be cost SRS
.conpetitive and permt ease of fabrication. For these purposes, the 1 &y¥é€8g 7003
12 shoul d no.thicker than 1/10 the total conbined thick f the pad
10 and |é§/§5°’1h!?3A t hi ckness from about 10 to about 1, 000 }mﬁgﬁéoés
preferred. Layer 14 is then converted to a hydride |ayer (Stage I11) by
reduction with hydrogen, either by heating the bond pad in an atnosphere
cont ai ni ng hydrogen, or by exposing the bond pad to a hydrogen-contai ni ng
pl asma, e.g, plasna-cleaning operations. Once forned, the hydride |ayer 16
is stable at roomtenperature. It is not necessary for deposition or

hydri de conversi on of Btﬂ]ﬁiﬁ ﬁﬁCﬁﬁf%ﬁ%@?HﬁbﬁMNé he tinme of wafer
fabrication. Both pro . As noted above,
for proper deposition of the |ayer 14, the surface 12 of bond pad 10 nust
be cl eaned Eri or to deposition. The hydride-formation step-can take place
at any st agdhpspledravangifigarais sdchgnaic dirgmai epBsticdgeeddingadghas t he
reduci Lr i [ Cl - NE o - layer
14 1o P e P i R g
can becomadbbyd petsarith badilyysurfaosecafedwidh hpdrydesforiling matehialsaamid metbhout
undue ﬁﬁe i mentation. The hydride |ayer 16 provides the surface 12 of bond
pad 10P¥fH4Fs 35 sk fdCFdsi st ance. Yet, because the hydride |ayer is

frangi bl e, conventional ball or wedge w re bonding can be perfornmed to
obtain nmetal -to-nmetal contact between surface 12 and the wire bonded

t heret o ( not DEAY iS(] TdHe PREFERE MEB T NT'Ssol deri ng
operations. The hydride conpound rapidly disintegrates during wre bonding
or soldering by two mechani sms. One nechani smis nechanical, and derives
fromthe frangiphdskhtitvafioh fembystotedavd aarmic cbagnydeisdsh vdgpkr k&gt t her mal Iy
de- hydri de during bonding, form ng a hydrogen cover aqver the bond pad

i t sel f boRging Ruridces ohelesiEam GpaskpeRrs: iR thickngssesibat ane swablg {preeldering hydri de
pr 0Ces®i&8mb§u>§§§.f fﬁé“c’e‘iiarﬁic 1606 thicRFesQ s WalcRld tfaf%%\iig@y d|95'st tﬁé‘ﬁiﬁ]%ﬁ:‘}ﬁ de
process can take”place at any stage prior to wire bonding or soldering, so
| ong abardhesshyglrieddbor the ndyer m bgswfiniesin énegibk duinkibonditigl ty cheggn essalve-

enough to reduce any contam nants .(from.the surface |layer, and then
subseqU@Fﬁllcﬁ?mﬁ?g?qnﬂé"t%gh Eﬁ’_?‘ﬂﬁ%éurlf%fﬁ@q ﬂ_‘l‘%‘é“ﬁi’g@ _tLFyﬁfPen_ti on al so includes
a singl e- st eRrRKRCHRARY HAn WM iSINc! fRtihEPRGIeRIpRe8 HRRA B 6RR111iRTayess WOhldBeMEL al

hydride. Instead, a clean c&pper bond pad is coated with a |ayer of a
cer am duetie end aloulibnlastigally deforr vader iipact. iBecausetcgiAneicmapte s demiongewi t hout

Pl i S e S G St A T

during wire bonding.

Essentially all commonly used ceramic materials have a hardness suitab‘le for use with
the present invention. One measure of ceramic hardness is the Rockwell Superficial
Hardness Scale (45-N) which is defined in Somiya, Advanced Technical Ceramics (Prentice
Hall, Englewood Cliffs, NJ 1996). Ceramic materials suitable for use with the present
invention have a Rockwell Hardness (N-45) greater than about 38.

For purposes of the present invention, the meaning of the term ceramic materials is
adopted as it is defined in Callister, Materials Science and Engineering, An Introduction (3rd
Ed., John Wiley & Sons, New York 1994), page 4. Callister defines ceramic materials as
compounds between metallic and nonmetallic elements that are most frequently oxides,
nitrides and carbides. Ceramic materials within this classification include materials compos-
ed of clay minerals, cement and glass. Ceramic materials are insulative to the passage of |
electricity and heat, and are more resistant to high temperatures and harsh environments than

metals and polymers. As for mechanical behavior, ceramic materials are hard but very brittle.



. the'layer is sufficiently frangible during ball or wedge wire bondﬁ&ﬂﬁé%
obtain netal -to-netal contact between each bonding surface and the'w 003
bonded thgy &Q?Jﬁganples of suitable ceramc materials inclgg$ﬂﬂg&5&g§s and
carbides of silicon, titaniumand tantalium oxides of alum num nagnesi um

and zirconium silicon and titanium dioxide; tungsten and boron carbi de;
and cubic boron nitride and di anond. These coating |ayers are also forned
by conventional vapor deposition or anal ogous techniques. The present
invention can al so be enployed to coat the uninsul ated surfaces of copper
circuits other than the bond pads of sem conductors, using the sane

materi al s @%m&@e@ gid 'ratﬁ_?b'f;theE%eﬁﬁﬂ?erﬁ%ﬁ%ﬁpigﬁﬁtih RS FaRr gy sised to
protect prior to bonding the uninsulated copper circuit surtaces o Zorganic
subst r digerg atwagphsosdilg sasfadol Y oferopBal horGriad 1A ofaysn(iBB@EAkor Behiza Gect

Pol Ball. Gid GA), T Bal i d A TBGA),. and th
ko et issierral e HTBCclineh SRRt frRam eIt DRSSO Vet al
Leaded cGhamifainll seh8sfhMeCage TRIANRERY hotQebhirde 1Rarkagasicl ERERNmandint he

i ke; and ceramc substrate packages such as Ceranic Quad Flat Packs
( CQFP) bomdinasida@ui iscaatedavithacikeagdd qieinmyidetfemdieg|cepperaamaiscibldnefal or

Carriers (LCCCO) ., and the |ike. e esent_invention provides t .

ni s oo SopRePRE Rt 8 (e F T ar bR PR L o R b, T, i

oxi dat ingfesk£§its tite Heldxadee Shyldha:d €tdhda s tha foMe g8 eheMuricbQDEdadisONY
conventional techniques w thout changes or. additions to current ball and
wedge W afigiilisTgdustion)is gprBpiels o8B REANSH SHHESoaeRg bpperdeim gsnekite. suiaee

fol |l ow SENN T : i i t - ain
napeot L2ap BRIAEEA P B kaRL S BRI CALbPREE) SRR oM i ShERI SRR

ef f ect ihyérogempe byfestdn@allymenothenconikhtiqal swfaadepeigertaggseanmehbingei ght
unl ess ot herw se. not ed, all tenperatures are in degree Celsius. EXAMPLE

an
Copper SaR@gde Yo§ SUCh A IS §lf i Hess of at | east 2,000 angstrons were

made Via VaghneRQTintdiA that bRNGHYI &Sk SibRAACOPES iREIuEE, IHuE R it ri de
with thicknesses between 10 and 1,000 angstroms were formed via sputtering

t echni durgted to, Ta, V mREBNDOE3amples Of rard o8 tIPTTIAlisher oga@ex 8ViW eapphmincludendi ng
was pe%fprnedtﬂgitggﬁ%%&i ngn(gegd wires and a K&S Mddel 8020 wire bonder.

The fol Po%eﬁ]gc]’ W T e >process conditions were enpl oyed: Constant velocity

= 0. 25-1. 0 mibe/suEeee 12b1doppsandc Ol ie ¢edted wath-2&a] laperl 05y estiievabeNtvapsawer or
vol tage setting Bond tine = 5-5Q nsec. Bond force = 10-40 q Free ajr ball
di amet 8Fpesitionoranglogops ichnianes ?Thafrargcﬂaah\mwswéng ehegtinghirealicaind al |

vere faundids ¢ He@blychHdat] @mAFW 8, AFW 14, AFW 88, AFWFP and
AFW FP2.” The harder wres, AFWFP and AFWFP2, performed the best.

Surface layers of copper-immiscible hydride-forming metals can be formed by an
alternative route. The copper-immiscible metal may be co-deposited with the c'opper as the
copper bond pads are formed during wafer fabrication. By heating the wafers after
fabrication, the co-deposited immiscible metal will migrate to the surface of the copper bond
pad, forming an oxidation-protective layer. Electroless or electrodeposition techniques may
also be employed.

The deposited layer 14 should be of a thickness capable of forming a frangible
hydride layer. That is, the resulting ceramic layer should have a thickness sufficient to
provide the layer with a Rockwell Hardness (N-45) greater than about 38. Suitable ceramic
layers have a thickness between about 10 and about 1,000 angstroms, with a thickness
between about 25 and about 500 angstroms being preferred.

When a rare earth metal is employed, it 1s preferably deposited in a layer thin enouglh
to form an essentially pure copper complex. This can be accomplished using rare earth metal

layers with thickness from about 10 to about 1,000 Angstroms.



. A variety of "bonding tools (capillaries) were used and all were found to
~yield bondability in the bonded ball regions for which the capill afi7eBEBiE
desi gned.. The best performing capillaries were part nunbers 414FA-2146- 335
and- 484FDY9%831385  copper wire was al so bonded to the cer akfEVS8¥t¥€° bond
pads. An inert cover gas was enployed for ball formation. The bond
paraneters were not identical for thosg of gold for the sane bonded ball
size, but the bond paraneter range was not widely different for the range
for gold ball bonding onto copper substrates. The foregoing description of
the preferred enbodi nents should be taken as illustrating, rather than as

limting, t resent | I s. def | -the clalns. Numerous

vari ati ons %@B%ré’%?’ﬁaﬁq%ﬁ“g%? &eﬁsearfd’ gééfnﬁgglsypl}ls{‘g}e O&Pbﬁo g‘%%sé CBIEHEIE)JIéVCUZ{”idI i zed
Wi t houpergigpadst iofidatiricativh hBopmhesepirbyses) the NBa@r | D EBAI1H B8 no BhieRerMBdr Bl 0 GRS :
shoul d not be regarded as a d@efi)arture fromthe spirit and scope of the

i nvent 6%, coadned Gicknewsrrfdae pe bRandhivebl Aithiskness Hions aps 1610 aprut

fol | ow cl.aj - - 2000 US 009923069 1 7 F E B 2003 P23680-1~ PCT
9 )PAWO&%S%"SPP%?%B nod for protecting the surface of an unsnsul at ed

por ki on of &agappe:s thérr canvertéd ona kydii dedaye(S alge i thatradwaiohevithdetdrogaant al
to joining_ the surface.to another netal surface aid net hod characteri 2ed

by t he S8R HYdIaURE [H7PAKP2L up £BRENRPRAIELONLNRIRE B ATOSFRIAr &, xBTS
carbi dgof pad tol LB Ay Anid! FARGS S & Bk SeiSHS AN ol PALARLNRY

xing and that 1s sufficiently frangi b en the surfaces arc
bei ng jheinedide dayebtl Ainstakleal raom teptpadratomnt das nbebevessanyt foe dspositaoes. 2. The

met hod, of .claiml1l, c acterized in that said surface.is the . bondit~

o f achvdideSdpmier SihE fhebag FboPertutre R iRt oRF G AL Haber i al -
a thi ckpresset Bat bé 8ok atzClaRPtie. fAANGed b & 0t ipRghdd abdosion\SdBE LY B,
bonding to obtain netal -to-netal contact between the bonding surface and

t he wi the wofaeed2 phbewt pad B0 mppbaeiednsd poor &9 denesttionchar act eri zed i n t hat

the thiclrn S Al [ vJ Lg . W T D, wel |
fLacanEss ( W) UERERRRh R oo e et Ay SR EL B irt bl BPALD

char acthipitbadinghsd vak asahdredoeinp rgvikayeent lasufficiehily kp@ssiediorgintadedude 10
and abqut 1,000 angstronms. ti. A nett:od for protecting the surface_ of
awuni n&tf @Y d 408 ERBKS B8Ry AMASBREIC CAHAYNAUGT. opHiT TeBNT R AR I EBTRAR M nat i on
det ri mential deRphHeAivyanb o rSotaman iR ifiHRtRSY iRl 3hd SEAITeARRNABhd Met hod

characteri ged by first coating said uninsulated copper surface with a layer
of a mat eri dlhedwlade byef topravidesdrosiplacongiobongpad 10 with ogadatinn copper

conpl exes ,and er-i~nmscih netalks that form.netal hydride conpounds
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coat ed
mechanisms. One mechanism is mechanical, and derives from the frangibility of the hydride

layer. The hydride will also thermally de-hydride during bonding, forming a hydrogen cover
over the bond pad itself, which also prevents oxidation.

It is not necessary for the hydnde process to be performed at the time of wafer
fabrication. The hydride process can take place at any stage prior to wire bonding or
soldering, so long as the hydrogen-containing atmosphere 1s sufficiently aggressive enough to
reduce any contaminants from the surface layer, and then subsequently hydride the surface
layer.

The present invention also includes a single-step process in which the frangible
ceramic coating is not a metal hydride. Instead, a clean copper bond pad is coated with a

layer of a ceramic material having a thickness that is suitable for soldering without fluxing



sur'face .to said reduci ng environnent conprlses the step of heating said
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" said coat [ Ace with a hydrogen containing plasm. 9. Tp ﬁﬂﬂ ;ﬁ

cl aim 6, arac erized in that said |layer is coated on said su ace %

vapor dep05|t|on el ectrodeposition or chem cal deposition. 10. The nethod

of claim1, characterized in that said7layer is coated on said surface by
vapor deposition. 1 1 . The nethod of claim9, characterized in that said

| ayer conprises a copper rare earth nmetal conplex forned by vapor

deposition, electrodeposition or chem cal deposition on said surface of a
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uninsulated copper circuit surfaces of organic substrate packages such as Polymer Ball Grid

Arrays (PBGA), Enhanced Polymer Ball Grid Arrays (EPBGA), Tape Ball Grid Arrays

(TBGA), and the like; metal substrate packages such as Metal Quad Flat Packs (MQFP),

Metal Leaded Chip Carriers (MLCC), Thin Small Outline Packages (TSOP), and the like;

and ceramic substrate packages such as Ceramic Quad Flat Packs (CQFP), Ceramic Dual In-

line Packages (CDIP), Leaderless Ceramic Chip Camiers (LCCC), and the like.

The present invention provides the uninsulated copper circuit portions of electronic
packages with oxidation-resistant surfaces that can be ball or wedge wire bonde'd using
conventional techniques without changes or additions to current ball and wedge wire bonding
or flip chip bonding processes and equipment.

The following non-limiting example set forth hereinbelow illustrates certain aspects
of the invention, but is not meant in any way to restrict the effective scope of the invention.

All parts and percentages are by weight unless otherwise noted, and all temperatures are in

degree Celsius.
EXAMPLE

Copper wafers having a copper thickness of at least 2,000 angstroms were made via
vapor deposition. Frangible ceramic coatings of silicon nitride with thicknesses between 10

and 1,000 angstroms were formed via sputtering techniques.



. surfaces. are being joined to obtain netal -to-netal contact bsaween the
surfaces. 19 The package of claim 17, characterized in that sand E
thictrness of said |layer of cerarnic n-~aterial provides said |ayer V\} ”i— QZU(B
Roekwel |IWOi08281%¢ss (N-d.5) val ue greater than about 3$. 20PCTASPIIWAge of
claim17, charact~ed in tltat said Layer has a thickness between about 10
and about 1,0D0 angstrons. 21, !~ seinkcvnductor wafer including at Least

one deuce having an ttninsul ated copper bond pad directly coated with a
surface layer of a ceramic material having a thickness that is suitable for
sol dering without fluxing and tizat is su~ciently frangible during ball or
wedge wire bondl ng.to,.ob ta.irt netal-to-netal contact bgﬁween each_bvndi ng
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conpl exes and corﬁmrdtllmm:si: Bmseeret al s that form netal hydride conpounds,

said surface |ay ing. i ckness that, upon exposure to a reducing
envi ronment cont ;é?ﬂcﬁfé Cﬁ’yd?%’é@r% forns a hydr| de layer having a thickness

that is suitabl e fgs aﬁ@bﬂ@idnﬁ‘@e)\lu:umyo mil uxsng and that provides the |ayer
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was employed for ball formation. The bond parameters were not identical for those of gold
for the same bonded ball size, but the bond parameter range was not widely different for the
range for gold ball bonding onto copper substrates. '
The foregoing description of the preferred embodiments should be taken as
illustrating, rather than as hmiting, the present invention as defined by the claims. Numerous
variations and combinations of the features set forth above can be utilized without departing
from the presently-claimed invention. Such variations should not be regarded as a departure
from the spirit and scope of the invention, and are intended to be included within the scope of

the following claims.
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met al contarpbetwesn dredunfetesl hydri des of copper-immscible netals that form
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surface by vapor deposition.

11. The method of claim 9, characterized in that said layer comprises a copper-
rare earth metal complex formed by vapor deposition, electrodeposition or chemical

deposition on said surface of a rare earth metal that forms a copper complex.

12. The method of claim 11, further characterized by the step of heating said

deposited rare earth metal surface layer to form said copper complex.

13. The method of claim 11, characterized in that said surface layer consists

essentially of said copper-rare earth metal complex.

14.  The method of claim 6, characterized in that said surface layer comprises a

copper-immiscible metal.

15.  The method of claim 14, characterized in that said copper-immiscible metal
layer is formed by co-deposition of copper with said copper-immiscible metal followed by

heating so that said copper-immiscible metal migrates to the surface of said layer.
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107/ %1\1( &Itocb/Batea( gvxth a surface layer of a mitride, oxide or carbide of silicon having a thickness

that is suitable for soldering without fluxing and that is sufficiently frangible when the

surfaces are being joined to obtain metal-to-metal contact between the surfaces.

/ 19. The package of claim 17, charactcrized in that said thickmess of said layer of
cerarnic material provides said layer with a Rockwell Hardness (N-45) valuc greater than

about 38.

20.  The package of claim 17, characterized in that said layer has a thickness

beltween about 10 and abour 1,000 angstrors.

21. A semiconductor wafer including at least one device having an uninsulated
copper bond pad directly coated with a surface layer of a ceramic material having a thickness that is
suitable for soldering without fluxing and that 1s sufficiently frangible during ball or wedge
wire bonding to obtain metal-to-metal contact between cach bouding surface and the wire

bonded thereto.

22.  The waler of claim 21, further characterized by at least one wire that is ball or

wedge bonded to said bond pad of said wafer device.

AMENDED SHEET
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24. An electronic package characterized by an uninsulated portion of a copper
circnit coated with a surface layer of a material selected from the group consisting of copper-
rare earth metal complexes and copper-immiscible metals that form metal hydnde
compounds, said surface layer having a thickness that, upon exposure to a reducing
environment containing hydrogen, forms a hydride layer having a thickness that is suitable
{or soldering without fluxing and that provides the layer with a hardness that is sufficiently
frangible when the surfaces are being joined to obtain metal-to-metal contact between the

surfaces.

25. The package of claim 24, characterized in that said surface layer comprises a

copper-immiscible metal.

26. The package of claim 25, characterized in that said surface layer is formed by
co-deposition of said copper-immiscible metal and copper to form said bond pad during
wafer fabrication, followed by heating of said wafer so that said copper-immiscible metal

migrates to said bond pad surface, thereby forming said surface layer.

27. The package of claim 26, characterized in that said surface layer is formed by
vapor deposition, electrodeposition or chemical deposition of said copper-immiscible metal

onto said bond surface,

28. The package of claim 24, characterized in that said surface layer consists

essentially of a copper-rare earth metal complex.

29. The package of claim 28, characterized in that said copper complex is formed
by vapor deposition, electrodeposition or chemical deposition of said rare earth metal in a

layer onto said bond pad surface.
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circuit coated with a surface layer of a rare earth metal that forms a copper complex, said
surface layer having a thickness that, upon formation of said copper complex and exposure to
a reducing environment comprising hydrogen, forms a hydride layer having a thickness that
is suitable for soldering without fluxing and that 1s sufficiently frangible when the surfaces

are being joined to obtamn metal-to-metal contact between the surfaces.

32.  The package of claim 31, characterized in that said surface layer is formed by
vapor deposition, electrodeposition or chemical deposition of said rare earth metal in a layer

on said bond pad surface.

33. An electronic package characterized by an uninsulated portion of a copper
circuit coated with a surface layer of a metal hydride compound selected from the group
consisting of metal hydrides of copper-rare earth metal complexes and metal hydrides of
copper-immiscible metals that form metal hydrides, said surface layer having a thickness that
is suitable for soldering without fluxing and that is sufficiently frangible when the surfaces

are being joined to obtain metal-to-metal contact between the surfaces.

34. The package of claim 33, characterized in that said surface layer comprises a

hydride of a copper-immiscible metal.

35.  The package of claim 24 or 36, characterized in that said copper-immiscible

metal is selected from the group consisting of Ta, V and Nb.

36. The package of claim 33, characterized in that said surface layer consists

essentially of a hydride of a copper-rare earth metal complex.
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39. The package of claim 24 or 31, characterized by a semiconductor wafer

including at least onc device having an uninsulated copper bond pad.

40.  The package of claim 33, characterized by a semiconductor wafer including at
least one device having an uninsulated copper bond pad coated with a surface layer that is
sufiiciently frangible during ball or wedge wire bonding to abtain metal-to-metal contact

between each bonding surface and the wire bondcd thereto.

41. The wafer of claim 21, characterized m that said ceramic material is selected
from the group consisting of hydrides of rare earth-copper complexes, hydrides of hydride-
forming copper-immiscible metals, silicon nitride, silicon carbide, titanium nitride, tantalum
nitride, aluminum oxide, magnesium oxide, silicon dioxide, titamium, dioxide, zirconium
oxide, tantalum carbide, tungsien carbide, Uluniwm carbide, boron carbidc, cubié boron

nitride and diamond.
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