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‘The present invention relates to conposite noble netal wires having N

el ectricall yconductive, non-noble netal -containing core clad with a noble
metal annulus, In 5 particular, the present invention relates to conposite
wires formed by co-extrusion of the non-noble netal -containing core
material and the noble netal. The present invention further relates to

met hods of form ng conposite wires in which a core containing a nonnoble
metal is clad mnth a Ie met al annul us by co-extrusion of the non-noble
netal core @n@%& nobl e netal. 10 BACKGROUND ART Advances in ,
sem conduct towards finer pitches, |onger spans and Iomer
packagi ng COStS'@ﬂﬂﬂhOt adequately net by present gold

t echnol ogy. The wire nodul us, cost and strength reqU|renents d'ﬁM@MﬁMWWﬁWWW"
use of a nore conplex wre naterlal t han universally accepted 4

alloy. 15 Future bonding wire may need to conformto requirenents of*is6166*
approxi mately 50um (mcrons) pitch at an approxi mtely 5000 um (m cron)
span, at a wire dianeter of 20,um (mcrons). Bonding wire sag and sway are
concerns in such a configuration. The sway deflection of one wire relative
to another nust be limted to about 30,um (m crons). The 17 DEC 2002 2
relative strain required to cause a short between adjacent wires is |ess
than G 005 % which is an elastic strain. 4N gold alloys have an increased
nodul es over pure gold, but gol dbased bonding wire alloys are not expected
to have a sufficient nodules for such future requirenents. 5 Copper is an

i deal bonding wire in teens of nodules, resistivity, density and cost.
However, oxidation concerns and hi gher bonding costs have prevented copper
from becom ng a common bonding wire material. U S. Patent No. 5,097,100

di scl oses a noble netal -plated copper wire. A drawn copper wre having a

di aneter of from about 44, umto 56, um (mcrons) is electrolytically 10
plated with gold, the surface of which may be col d-drawn to harden the gold
| ayer. However, it is not pcSOMR@SITE NOBDEMETHNIaVEIRE gol d | ayer of
adequate purity at a reasonable cost. The gold may not adequately adhere to
a copper core by follow ng the disclosure of U S. Patent No. 5,097,100. The
ot her nmetal coating deposition teo?ﬁt%%%ﬁ;&tﬁﬁ ppged by this patent,

i ncluding el ectrol ess plating, vapor a,p05|ti01, Sputtering, dipping, 15
and the |ike areThe plbaiiiveatiboreldtbetosamposieasdhils mekal mites having an eletieicolly-

t hese techni ques can coat  a copper wire core with a 4N gold alloxlbonding
Wi re sheat heonductive, non-noble metal-containing core clad with a noble metal annulus

5 particular, the present invention relates to composite wires formed by co-extrusion of the
non-noble metal-containing core material and the noble metal. The present invention
further relates to methods of forming composite wires in which a core containing a non-
noble metal is clad with a noble metal annulus by co-extrusion of the non-noble metal core

material with noble metal.

10 BACKGROUND ART

Advances in semiconductor packaging towards finer pitches, longer spans, and
lower packaging costs are not adequately met by present gold bonding wire technology.
The wire modulus, cost and strength requirements dictate the use of a more complex wire
material than universally accepted 4N gold alloy.
15 Future bonding wire may need to conform to requirements of approximately 50um
(microns) pitch at an approximately S000um (micron) span, at a wire diameter of 20um
(microns). Bonding wire sag and sway are concerns in such a configuration. The sway

deflection of one wire relative to another must be limited to about 30um (microns). The



Wiile U 'S. Patent No. 5,097,100 discloses that the copper and gol d WHVDPFZMZ
‘co drawn, there is no teaching, let alone a working exanple, of how'thrs
may be acconplished with mcron dinmensioned wires. There renmins a need for
a conposite gold-clad copper 20 wire that 5y s capable of neeting the
anticipated future performance requirenents of the sem conductor industry

at a reasonable cost. SUMMARY OF THE I NVENTION This need is net by the
present invention. It has now been di scovered that conposite wire having a
non-nobl e nmetal core of consistent dianeter with a noble netal 25 | ayer of
uniformthickness firmy adhered thereto may be econom cally produced by
formng the noble netal |ayer on a non-noble netal core before the wire is
drawn. Therefore, according to one aspect of the present invention, a
conposi t e wWidl@iveSstiairoeheied tohanae oitartyéin el veirdst #ss annu.osouelded to
a wire core conprising an el ectrically-conductive, non-noble netal. 170
E C 2002. Coppeslagtis strhia. ghegadd aBeysiuve aninceecased miodulypdver mwre goldobus gold-
consisting essentially.of .copper is_ nost efer-ed.. The nobhle netal .is
oreferably o bonpe g T REmeh ByP B RAUT h et e s BB IR ooue
The purity &&gﬂﬁﬁ%ﬁﬁably greater than 99% and even nore preferably greater
than 99.99% Preferably, the gold is a gold alloy in which the gold is 5
doped to5obtai n Soppet idef aleabtandmgfire hetegos dof wodwes, reostpotyi densay and cass
drawn, and od bondj n roperties for the. conposite wire, such as, for
exampl . | goFIP RSB @ HATFR TGS AR MEICHRARANE WaloIARP I EREd ERBRTT 26Thpm of
beryllium : ; r1elements. A particularly preferred
alloy is 4NP8§¥%®§%ﬁgnﬁggggﬁgﬁgheg%g%gﬁahrovides a nmethod by which a

non- nobl e netal W.8ePateny Noi. 5 907,100 biesceed 2dohie hiwtad-phaotd eoppet alirearddraiven

drawn to ,um (mcron) dinmensions ther than att ting to forma | ayer of
nobl e net al C8PPeR Wl{frha(vmg@rtﬁﬁ)@ar fERemahed finlo e EPEENS) asc%qt@hﬁ&aﬁb

anot her 1%sp§§%e&)¢vitﬁ g@mpg%gﬁn%cé JNENLL By b2 CGBLJ}Q\QnitéhBIdQIE{h%?%&J Bled 07 Ng 2

,um (mcron i nrensi"oné osite wire consisting essential

conductive w re ¢hvevenitianot pugsidlentomnifohhly phet algohindya of abéqiategiuadty atenul us

bonded thereto, wherein_the 15 nethod incl udes: ,
reasonable cost. The gold may not adequately adhere to a copper core by following the
disclosure of U.S. Patent No. 5,097,100. The other metal coating deposition techniques
disclosed by this patent, including electroless plating, vapor deposition, sputtering, dipping,

15 and the like are problematic for the same reasons. Furthermore, none of these techniques
can coat a copper wire core with a 4N gold alloy bonding wire sheath.
While U.S. Patent No. 5,097,100 discloses that the copper and gold may be co-

drawn, there is no teaching, let alone a working example, of how this may be accomplished
with micron dimensioned wires. There remains a need for a composite gold-clad copper

20 wire that is capable of meeting the anticipated future performance requirements of the

semiconductor industry at a reasonable cost.

SUMMARY OF THE INVENTION
This need is met by the present invention. It has now been discovered that
composite wire having a non-noble metal core of consistent diameter with a noble metal
25  layer of uniform thickness firmly adhered thereto may be economically produced by
forming the noble metal layer on a non-noble metal core before the wire is drawn.
Therefore, according to one aspect of the present invention, a composite wire is
provided characterized by a noble metal annulus welded to a wire core comprising an

electrically-conductive, non-noble metal.



providing a first conposite wire having a di aneter between about O. 5 p@ € 2002
"about 5 millinmeters, wherein the first corrp05|te wre is characterized g ;
nobl e metal annulus welded to a wire core conprising an

electricall y-conductive, non-noble netal; ;and drawing the first conposite
wire to forma second conposite wire having a 20 di aneter between about
15um and about 75,um (mcrons), so that the core fraction neasured by
cross-sectional area of the second conposite wire is essentially the sanme
as the core fraction of the first conposite wire. The first conposite wire
is drawmn froma conposite rod produced by co-extrusion of a noble netal .
billet having a non-noble netal core naterial welded to a noble netal 25
annul us The conposite wire having a diameter of 20,um (mcrons) is drawn
froma conposi tecwpﬁ&@ﬁa\élpﬁ*&"eﬁkd hérTBSKIE nfthdTEARI200Fe cicehsibtthgl dékdhtiafy bor med
froma conposite cylindrical rod forned by ext ension of the conposite
billet, w t@nphemmdmaprafe‘rm OBe-redbid metal rsfpltfhlabb/tgvﬂmgmd@mmpeefanulyrg@lbi e

met al Iayer remai ni ng unchanpge the hillet to the rod wire.
This perm t 3§ 2RISR tg%? 9@ e 8PBrl?yrléBf"ief\%ﬁbléfgr?autqréh%éﬁ /ﬁéP yYP0tmMe30
(mcron) di &%E%?Jg %FH%’%%%M@A@’M‘% PR G059 S o288 thdeOzm% HHW&’}HhegBﬁF igf or e

accordi ng 002 to anot her "aspect of the p esent I nventi on,
conposi t & wilspedits opranvsaiad defeamiatign af uhmg@Waopper)compmemsasom mldrdwanmd@ood
prepared by the nethod of the present |nvent|3frrc1hr I n ot her word

desired corROrdRgERIOBFITICs Fir t&%wf&ﬂef\”&e SUCH(RS E”Fﬁl’éﬁlearéo@lfi%l?\@éit%ﬁﬂ‘ &5%@%. te
wre, is pr?@?grﬁq)f@ﬁc fn§ QBN S0 pﬂrlqloﬂvflgﬂ LN9nd &S ﬂﬁﬂ%Oﬁl}?Bf&ﬁ lgﬁlérﬁg' on

of core mate cornstructing a b eiV| ng 1 on of

mat eri al deAIp’aﬁﬁhuﬂzQIy;Srb&n@ﬁmﬂﬁy?istéﬂ\]‘gblﬁe end pr oduct a ,um(mcr on)
di mensi onal conposite wire is obtained havi ng the desired fraction of core
material . The cokpepiesentunyaasionpraviesgraelbed by whicha wom-pridemstl wike rawsiised

modul us0stEendhly N SEBIUELLVLL 65, BAGHIL o f8-GS TlAaRANSt SroApgkadi no

and at t e Sane cosSs ererore, accor ng to

anot her aSp@t@dmlﬂfngttBQ“o@ﬁ gs@Rt of Notgdinen on @ 8¢ (thiceuruihersifadkeige Tiserefore,
provi ded having at | east one | ead bonded to the second conposite wire of

t he present aGcaidng fomotls #prest pEthaipresentiavanHgN i laﬁ@@é#%pragldgﬁﬁw fogmings um
(m crons) h (tng ﬂg\ﬁﬁlqg% Vﬁ'\ggqgﬂ Ml{ew{fé c&ls&ilﬂg%sggu&lpﬁ f(éocr&l év ?J cchpe
| OXI at |

nobl e et al necessar on of
t he non- nObbéhtiﬂiﬁir@a ﬂcﬁl 6sY1€metal and a noble metal annulus bonded thereto, wherem the
15 method includes:
providing a first composite wire having a diameter between about 0.5 and about 5
millimeters, wherein the first composite wire is characterized by a noble metal annulus
welded to a wire core comprising an electrically-conductive, non-noble metal; and
drawing the first composite wire to form a second composite wire having a
20 diameter between about 154m and about 75um (microns), so that the core fraction
measured by cross-sectional area of the second composite wire is essentially the same as
the core fraction of the first composite wire.
The first composite wire is drawn from a composite rod produced by co-extrusion
of a noble metal billet having a non-noble metal core material welded to a noble metal
25 annulus. The composite wire having a diameter of 20um (microns) is drawn from a
composite wire having millimeter dimensions, which in turn is formed from a composite
cylindrical rod formed by extrusion of the composite billet, with the relative cross-section
of the composite core and noble metal layer remaining unchanged from the billet to the rod

to the wire. This permits direct control of the core fraction of the nominally 20um

30 (micron) diameter composite wire to a degree heretofore unknown. Therefore, according



The conposite wires of the present invention may be enpl oyed in ot hér/ DEC 2007
‘end-use applications for fine wire. Such applications include, but are not
limted to, wires or cabled wires for jewelry, cathodic protection, or for
har sh envi ronnents. The foregoi ng and ot E@r objects, features, and

advant ages of the present invention are re readily apparent from 20 the
detail ed description of the preferred enbodi nents set forth below, taken in
conjunction with the acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a cross-sectional view of a conposite wire in accordance
wi th one enbodi rent of the invention; 25 FIG 2 is a side, cross-sectional
view of a conposite billet in accordance with one enbodi nent of the
invention, which is extruded to formthe conposite rod from which the

conposi te W, hLasHef »d a%@@t o?'ﬁ?ez}ﬁjééen't e dron 88&1@09& e is rﬁr@vld d éa%vi% rs ctive

view of a sem condu I'n-accor t he

i nvention, (gggoa)- ﬂﬁ@elﬁldne@-dlalﬂmeﬂep&e@bﬁQﬁHﬂah@dEoﬂ\ﬂhé@r@%ntﬁh%ﬂh@\ﬁent| on;

17 DEC2002 FIG 4 is a longitudinal, cross-sectional SEM m crograph of
a conposite gol dnwithes W%d%léwqmﬁd:@rwftahtl@héowmméma Ylum f@idreijent | on,
wedge- bonded to a | ead.of .a sem ctor ack

conpari son dg?m?tﬁécoép%?f&gtwlﬁe 1%0 g§¥ 48 alg@?ttl?aé@got}]e éalﬂﬁ)ﬁ%?}kl te 5
gold wire if,-B6RQFEaRGRat¥IN B@rt%naﬂmﬁg a%met%wh P REBALL LHEGRtEG) tO

AW 14 gold wire (a type of 4N"gold alloy). DETAILED DESCRI PTI ON OF THE
PREFERRED HvBOEI RzErth'@om}msnp@metead\mcr@ct iapna (o wradaos endioral omepestisodianent

of the pr es nt %[wentl%ﬁ@Fi %e |cte in FIG 11 in which core 12

cont ai ni ng DB MBrEhsesifed KioR 56X 4THe netal 10 annul us 14. (Nobl e
metals are definggh &ﬁnﬂﬁhélws’rreg Bﬂhe%es@fhtlnc’éﬂtf%h%%sst&’s hedeling ﬁlGdLﬁhg 1st1@r%§h In
addition to gold, include platinum palladium "silver and the Iike.)
represents anlde:ondwhtwstmsfreqmedvfblr eenti Corfdor toe padkyginp eancloat dqel@nmrtdnamwidsta 14,

while r_represents the us of core 12. The anount of the core materlal
12 rel at veCOtSba‘g’ﬁﬂ%}Bﬁs cahd a\‘i\?orrémﬁéo F’%Ot]é?ﬁﬁ%%@gth%r?sﬁ‘ét YR act i on”
measur ed by rati o of
rrto R (r/ R T Bgﬁgb%%@?é gﬁg(;/dﬁt éﬁ%%gﬁsﬁgﬁ lfgﬁﬁ"%? Cﬁgé?{hgﬁc%ﬁzssure,

typi cal |y bopmyelsde ngre oFhiee pm&mmminvreflud)ea@ommtitpmmsdmaemg@hmmbmws depkass
upon the n e Cco nmet al oy and the noble neta t al
al | oy annu|##%gfp@r?l§ eay@&gngﬂ eéawﬂwét Sléamtmg ﬂ?:Fe"EOé‘PHP‘r%H% e § nghie
ordi narily gkia b@er 1a9er”§/h?éhllk‘ﬁ&)és§%§ f‘ﬂ%ﬁer‘%@%&d%&&%’hb%ﬂlﬁt grhobfég-;}gt%f

exanpl e, for a coppef or copper l'oy core and a gold or go annul us
a tenpetat uroge.gr eat er than about 200 C and a pressure greater than about S
On (kg/ nmR) shouj{d be e ewlrelsfor dbq;%’ dlravgngaco osite
rod formed by ex{PUCRTRP tﬁév%céﬁﬁ RSP} Y grtiopan gt befreployed ipyherenfpise, a

cor e- net al hitAxslss f312 ﬁé)@iré“ Bhé}ga ABRRIns ol RRC BIEHe hdk l?rﬁlt&P!odvdlﬂés BP@abfléaam
of a sleeve or vvrappe sheets formng I nterned ate fayer This assenbly

is placed iwires fompqyeerlr)emthemc protean 2@ for birsle eicapsnis Ta\mfoﬂa(gpmgmdd pber

resulting bil.let 20 is | ded eva ted, and sealed. The bill et |s
preheated tPIEEH ﬁaﬁlé’fea’ta\tl\?ﬁé‘g attoRes R ﬁ’&éih?se?b‘é?"eré}?& eValoVias %g‘@’ ADPREF

preferabhy &e d@tah@m@srcﬁhfi&?omg Br&PQHE 0 #30nts @&q‘oﬁf?QHtOWS ga(l]{@n 128 @ﬁgtl'bﬂded

by direct extrusion with a force/unit area between about
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a cross-sectional view of a composite wire in accordance with one
embodiment of the invention;

25 FIG. 2 is a side, cross-sectional view of a composite billet in accordance with one
embodiment of the invention, which is extruded to form the composite rod from which the
composite wires of the present invention are drawn;

FIG. 3 is perspective view of a semiconductor package in accordance with one

embodiment of the invention, depicting a lead bonded to a composite wire of the invention;



1 7 DE C 2002 6 and about 200n (kg/ m®), and nore preferably between! 286Gt2001
*100 and about 150n (kg/m®), to form an extruded conposite cylindrical rod
having a dianeter suitable for wire-diawi ng. The extruded rod is cropped,
cl-eaned, and drawn by conventional single:die 5 drawing to forma conposite
wi re having a dianeter between about 0.5 and about 5 mllineters, and
preferably |l ess than about 3 mllineters. The outer |ayer forned by the
extrusion can is renoved, preferably by etching, resulting in a coil of a
gol d-cl ad conposite wire having a copper core, which is further drawn to a
di aneter | ess than 100,um (m crons) and preferably between about 15, um and
about 75,um (mcrons) by standard bonding wire 10 process technol ogy. The
core fraction by cross-sectional area is relatively unchanged fromthe
original conpositgs ik heéngiw@inalatossRectRBESERBGLd@tast oft Neonpdse BoRACMEE 1S
controlled by the billet design. Preferred billets are between 25 and 100
mm di anet erin agbordngeerith o euotimentadf tex invastion wetthe bprdedttp wdeasli of@s of t he
core, noble netal Ia¥er and oyter layer scale with the 15 billet size,

i e., the diMEAUBRY Bﬁgﬂg%ﬁﬁgted to obtain the core fraction desired for
the conposite W fgs (505 BRoRHAHHES thd BB nEatiohUs! BRalE Rad ipFobRdslof hQokPogRY6 Of
the entire billet cross section. The cylinder wthin that can defined by

t he non- fiobged meteah acorréammadvitthend entlardmeditatf ehayoiobant meteation wyAW-hagold vaor e
fraction of between_about 25 and about 95% by cross-sectional area, and
most pr ef er @IVEE HN 8oldA8Yk racti on of between about 50 to about 20 90%
The extrusion reduction ratio (cross-sectional area of the billet divided
by the crosssectional area of the ectruded rod) is preferably between about
10 and about 100DEIILED DASCGRIVEIOYN TR PRAKARRED EMBODUMENLS The
cylindrical rods ectruded fromthe billet therefore have a dianeters

bet ween about 2 Arf@MP9SHR Wirs, wiacreigprcsvath anfeerahadimgnt fhe prssrnt myentien, is

preferably . dj r t ] - £ i1 S.
e rods w T HEg BrTcS 1R o A AR Ao o B i BRE N oo bR A
are extnodeshnuhg Iedlotlbenetdl heidefihedlad metatsethantbuhot oxidepby iesaeng & 4f, ahbtie
sem conduct or industry, the non-noble netal 12 or wire 10 forned fromcore

cyl i nder 22ingEddgiqn) tegox nstudegatbium. palladinme pideer prd Hisdilieus RyicpEpseHs thsan
bout 95 GPg... i t.er.i t i :
St 5 AR5 T s SR

2001 7 preémeabl Yheamdunedfahe osreneitatial ablrelytivé fohanuk 1dandwdid Miiky and

high drawability. Thus, the core material is nmost preferably copper- or_a
copper al | o§XPTedsed As Hies eorg s iR’ TeasiRd; by esstseeidanal agooanddlis 1s Ractep af

mat eri al,fo I is preferably oxygen-free, high purity copper 5
(CFFKD.1Eor&f£%ﬁ9§%£§?gg?ﬁ%he core material preferably has a nelting point
within 5 C of tiTeebehd isrfompal bt thefapplivatian ofhews an@ padssurEaypiaalgpobdweldirg. gol d

al l oy annulus, the core material is preferably a copper alloy with this

mel ting poi Ahe amBpy Qhepindpressurerie capipeteran Sc}gpowtﬁfr njl-8ePIR 5 M§ipBved
oxi dation resji r f e

coppor - cor et anog A no bl Hhet@lorHiR SFRERy LIRS fdfmee
about 10 2. gdiDhdeteminad bpdit uslimeilywsldiedhonttalorggvdimouhdub2Bpétaentatich. a

conposite density between about 9.0 and about, 15.0 g/cc. Each

char act @9 stPrexaEpiedeint SOPPET PIAPBRtHONCoRR/aHd 2514 OF goldialley amailppt ed above,
t he nobl e ] o . 2
et al - cont arihss GO’ i AT I EEBSHL rehE RA BN cpmer
90% pr ef er gidwyd BE edhbldye@st 99% and nost preferably at |east 99.99% The
gold is preferabh% an alloy that is doped to obtain sound deformation of

the conposite andhgaaes ibépiancdPysiapmsty weHosite iklonnaphby pxtadipg e camposite

Do pom of botyt PP shticicr 1O8E ekl w6 TR e 2 Bl el i SRR

cont ai nix3g kERiSHiNARIHROIRRBEOE of M ppisiaiees foedmetilRinddaenageoba benl | i um
are even nore preferred. A 20 particularly preferred gold alloy is 4N gol d,

and a 4N gokssermbhy naldopd toacepnst AYTBEIR goratheitly end cans 28. ®dpPneskibe resitamad

| ess than 30. of other elenments.is referred. The conposite,wres
of "the. pres HEX PRPCHERER SHaY e, Duhtfalt d ey ShpSh oL G BERatbg PV
packages by ,68520bP ahd Yo SR MIETE, @B Rhort BEFLBINES a té:rhguat%réj@&w%rﬁatﬁ)ut 400°

sem conduct or package 40 in which | eads 42a, "42b, 42c, etc. are bonded to
wires 10a, lodabas 500eC, axdextrbgedinddieech extdssiewith 44brceAnid, aret letwéencabbuiaiay
view of wire 10b depicts case 12b surrounded by annul us 14b. The present

i nvention thus provides a conposite bonding wire with a higher nodul us,

hi gher strength, and hi gher conductivity than standard 4N gold all oy
bonding wire. The conposite bonding wire noble nmetal content is nominally

1 S - T T L T




17 DE C 2002 s equivalent size 4N gold alloy wire, yet the conposi{é DEC 2007
wire maintains the standard 4N gol d all oy bondi ng characteristics. The
following non-limting exanple set forth hereinbelow illustrates certain
aspects of the invention. Al parts and pgrcentages are by weight unless

ot herwi se noted, and all 5 tenperatures are in degree Celsius. |NDUSTRI AL
APPLI CABI LI TY The conposite wires of the present invention, as nmade by the
nmet hod of the present invention are useful in the assenbly of sem conduct or
packagi ng. EXAMPLES 10 800 g AW 14 (Anerican Fine Wre, Ltd., WIIlow G ove,
Pa.), a 4N gold alloy containing | ess than 10 ppmof Ca and Be, and |ess
than 20 ppm each of In and Ge was cast into a 28 mn dianeter nold. The
casting process was a conventional batch casting consisting of melting the
alloy in a gidgout 206G UemAhd, @mn@mfrbﬁgabumetweéﬁ aliot PO@asy/Ationdr s@al
graphite nold. 15 The resul t'in i ngot was bored to forman 18 mm

i nsi de di anﬁigénnf)sm fommneqxtmd%mmpsmmhn@@akr@dmvmacﬂmmet@eswﬁahwom
(OD). The resul ng&tube was nmachined to 76 mmlength. A cylinder of OFHC
gr ade coppe hined into a cylinder of 18 mMm OD and 76 mm | ength. The
copper cylinder fjf eﬂ(tﬂﬁieg%(ﬁ ﬁ%r(%?ﬂeg Atdiy, e{ddtlﬁa\)%topcé’mteﬂ 1@1‘5@@5@1@516' ess
than 1.0 mm 20 A sleeve of OFHC copper was made with an )D an OD
of 28 nmS addwangd enfgth a@bmbmmwﬁshmvmgBldhdrﬁterdmdwmpﬁvome@éamhalbnu’uéd to fit
the ends of the copper, sleeve. The billef ﬁ ps were_ then ele ron- Feam

wel ded to sERlimelS mnri|péqferawéeq§.th%%b%g Y W e dPF Ghtep RYCHERCDY S0C

The heated pil| 135868 é’@ R{) rQFe?ab"i’y é}oufgg{l}g Elg'dﬁé %{n‘a <§J1?§isa %ﬁrlh-%i‘ad%ﬁ?%bi?eo

preheated to 4 was ectr I anmet at a 2
nom nal i nnwirerteeingfa o@@pércms«e whikh ie dbrthed draviwasa dibmaretbswiltah 180ualimasbrs

pad and washed in water. The billet nose and tail were crop #gg of f, and
sanpl es wer &4 wéﬁﬁablxh@twfeé%alpqqtaaﬂw QUIFS4h (PisTonshhy sfradasd Bengige wire

conventi gnabroﬂ:{l%&mgio% TR 09 frabAGn Bﬁ%f‘&sg-'s o}%lra?ea\’@§ 1@&:@?9}1&%%%@0

DEC?2 rc aC| In water to chem ca renove e copper

ori gi nat i ngtter@igitad eosbditeilde, wanat ﬂliaemetffzhadn of the mprbdme@commhem er,
then with al cohol. The wire was further etched in aqua regia (1 part n|tr|c
acid, 3 parﬂ?m&}@rd@élﬁporl c acid, and 4 parts water) for about ten seconds

to renove any gobgef%?%ﬁ?ﬁ%@@ewgﬁ Qfgyﬁ osrymgrﬁetgi G Blrkifts efimical

resulting wire was 0 nom na m cron er usi ng
standard 8 txtnis28n. méu@lhmmmhs@fstdmuIrﬂbmnnahlalnyhiradd oulek ila-ydt aatér\al\mn@
machi nes u5| n oil-in-water emulsion lubricant. Wre drawabil i t¥

excel | enf, Rilkhsizege e Gmsasions araplested 9 ehtaindhe oofe FRAUR H5ry6e rtB%ku ng.

The el ongat | S’IQpé‘s!?Q W EA s 1861 REOREE EAEFiH odnl1E 6RO b6 Urife WREEbillet

measur ed.
cross section. The cylinder within that can defined by the non-noble metal core and the

intermediate noble metal layer has a core fraction of between about 25 and about 95% by
cross-sectional area, and most preferably has a core fraction of between about 50 to about
20 90%.

The extrusion reduction ratio (cross-sectional area of the billet divided by the cross-
sectional area of the extruded rod) is preferably between about 10 and about 100, and most
preferably between about 15 and about 50. The cylindrical rods extruded from the billet
therefore have a diameters between about 2 and about 25 millimeters. The cylindrical rods

25 are preferably extruded to diameters between about 4 and about 20 millimeters. The rods
will have the same core fraction as the billets from which they are extruded.

To meet the anticipated future modulus requirements of the semiconductor
industry, the non-noble metal 12 or wire 10 formed from core cylinder 22 of billet 20
preferably has an elastic modulus greater than about 95 GPa. Suitable core materials thus

30 include the metals copper, nickel, and the like, and alloys thereof. The core material more



depicted in FIG 5, the 24.8 p.m (micron) dianmeter conposite wire was 1ab@gg 2002
20% stronger than AW 14 gold alloy for elongations above 2% (bonding wre
specifications are >2% el ongati on for nost applications), breaking at about
14g @% el ongati on. The copper core was veyy uniformalong the axis of the
wire. At the final wire dianeter of 24.8 um (mcrons), the standard

devi ati on of the copper core cross section was only 0.26% The nodul us of
the conposite wire was about 108 GPa when anneal ed, about 26% hi gher than
AW 14. The resistivity of the conposite wire was 2.0 m cro-ohnms-cm which
is about 12% | ower than that of AW 14. Measurenent of the resistivity .
versus tinme and tenperature of the conposite wire shows negligible
resistivity increase up to 500 hours at tenperatures |ess than or equal to
200C. Initi %lefw%g%ﬂ Q?fmél%gxﬁertélaalll%y W‘thtl'h@ h &hdBciih (A QD draGRBRRS dl?usv‘ihrees
showed strong bondi ng M m crograph €ross-section of a sem conduct or
package wedgerchomeesl 1wntolst Ibrlaél abdyrpgpiet er mcapper sllahodehi aisdpdSsesd a sgmifidanui ty
of the gold sheath within the wedge bond is maintained. The present

i nvention tKB¥ ag?"'wi*%?es a strong, flexible conposite wire suitable for

bondi ng wi re appl \V t
uni for% nobl e %tﬁa%%gkeﬁﬂ%egﬁbﬂgggeggw %QE ﬁgé;arﬁgl:y 9%% e hﬁ@ @gg (haérbp%fl oy
as the core(ORHEN &by bal b@mihas tiescond material mbmegdasfwMehglgqmmmimuﬁmwl afs,

strength and conductlwtg as well as significantly reduced cost. The
f or egoi ng ekl?sﬁﬂﬁplémarmm@ B1eiqpnplop mefals Fer fpe@fi@maé@ deatsynpaivs she poral d be

taken as ill u%rl q %geferaglyﬁfogﬁgra%o%%gi 151 gh tgl%t PL&RE nltefera \'ientéle gcglpp%rs

defined by {6 Budtvar T ab i oAs

combi nat i ong16¥ wmm @lsf) favdingsovat oxfi@dtion ra@gy&ecoaer et st furé E8shen Plagdted
departing fromthe presently-clained invention. Such variations should not
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di anmet er gr fb@iv@d’entabalﬁlg@ﬂlﬁﬂ mmu@wo ccarB:&cheﬁﬁaétbmmlr@&@mnmrpﬁm&)em@md
consisting essentially of a 4N gold alloy annulus surrounding a wire core

conpri sing @Nel‘e‘ﬂé@p}di\@étl y-conductive, non-noble netal and netallurgically

ot e 2 s L BRTRTE Y ST i BSARRL S oL

characteriz %Qethlfbotnmlﬁmgboﬂesl 20k EMerElBl?fgbﬁi Ieirexd 151@1&19"0@ aOkas 0%, belf@falﬂl} lapy
and sai d non-nobl e net al e conposite wire of Claim3, characterlzed

in that ai deasb2e%t qtmidapg p,r@erably at least 99.99%. The gold is preferably an alloy that is

doped to obtain sound deformation of the composite and good bonding properties for the
composite wire. A preferred gold alloy is doped with less than 30 ppm of calcium, less than
20 ppm of beryllium and less than 50 ppm of other elements. Gold alloys containing less
than 10 ppm of calcium and less than 10 ppm of beryllium are even more preferred. A

20  particularly preferred gold alloy is 4N gold, and a 4N gold nominally containing 7.5 ppm
beryllium, 6.5 ppm calcium and less than 30 ppm of other elements is most preferred.

The composite wires of the present invention may be bonded to the leads of
semiconductor packages by essentially conventional techniques. FIG. 3 depicts a
semiconductor package 40 in which leads 42a, 42b, 42c, etc. are bonded to wires 10a, 10b,

25 10c, etc. by wedge bonds 44a, 44b, 44c, etc. A cut away view of wire 10b depicts case 12b
surrounded by annulus 14b.

The present invention thus provides a composite bonding wire with a higher
modulus, higher strength, and higher conductivity than standard 4N gold alloy bonding
wire. The composite bonding wire noble metal content is nominally half that of

30 conventional wire, so that the composite wire is significantly less expensive than the



forned by extruding a conposite billet with force, wherein said conpd%?@@czmz
billet consists essentially of a core of said non-noble netal, an

internedi ate | ayer of said gold alloy and an outer netal |ayer that is
subsequently renoved. S. The conposite wire of Claim4, characterized in
that said billet is preheated to a tenperature between 200 and 700C pri or
to extrusion, and then said billet is extruded with a force between 50 and
200n (kg/ n2) 6. The conposite wire of claiml1l, characterized in that the
core fraction is between 25% and 95% by cross-sectional area. 1 7 DEC 200
12 7. The conposite wire of Caim1, characterized in that the dianeter.is
bet ween | 5um and 75um (mcrons). 8. The conposite wire of Claiml,
characterized in that said gold alloy conprises gold doped with | ess than

30 ppm of ca&&vmtsmg&am@? wﬁférryafth@wrwdsatemlreaﬂsin{aﬁfs%hé &a@da’é@m@ﬂ@f
ot her elements. 9. The conposite wife of Claim@8, characterized in that

said gold ah]lmybamlmgctlmmtdrrsﬂss than 10 ppm of beryl | ium and | ess than 10
ppm of calcium 10. The conposite wre of characterized in that

sai d non-nobl e rrgbafolmnga%rh@apag graueRje ﬁ%i\f%“%?‘ﬁﬁ’?@lof"e‘%ﬁ@F%%iﬁeété‘%s??ﬁt% a
f 5 d
rShas ancurElmARgCAmER R el S e b At A AR, Lok o2,

um (i cr 6n) tethpeeasicoasdinceaedgussr re consi sting essentially of a 4N gold
al l oy annulus surrounding a wire core conprising an electrically
conductive, non-noble netal and netallurgically bonded thereto, said nethod

characterized by the steps of: Irﬁﬁ‘hﬁ%ﬁmgdkﬁﬁﬂft%l@i?ff;e a conposite billet
consisting essentially of a co al, an internediate
| ayer of said golieabmpysitndirésofahié presd®iidlentiy, @k maHB@BIEby formng a

conposite rod, wherein the core fraction
the method of the present invention are useful in the assembly of semiconductor packagmg

EXAMPLES
10 800 g AW-14 (American Fine Wire, Ltd., Willow Grove, Pa.), a 4N gold alloy
containing less than 10 ppm of Ca and Be, and less than 20 ppm each of In and Ge was cast
into a 28 mm diameter mold. The casting process was a conventional batch casting
consisting of melting the alloy in a graphite crucible and pouring the melt into a cylindrical
graphite mold.
15 The resulting gold ingot was bored to form an 18 mm inside diameter (ID) center
hole and machined to 25 mm outside diameter (OD). The resulting tube was machined to
76 mm length. A cylinder of OFHC grade copper was machined into a cylinder of 18 mm
OD and 76 mm length. The copper cylinder fit inside the gold alloy tube with a tolerance
of less than 1.0 mm.
20 A sleeve of OFHC copper was made with an ID of 25 mm, an OD of 28 mm, and a
length of about 85 mm. Billet end caps were machined to fit the ends of the copper sleeve.
The billet caps were then electron-beam welded to seal the billet. The billet was
preheated for one hour at 450°C. The heated billet was placed into a 50 ton extrusion press
which was also preheated to 450°C. The billet was extruded to 6.4 mm diameter at a
25 nominal run force of 48 tons.
The extrudate was cleaned with an abrasive pad and washed in water. The billet
nose and tail were cropped off, and samples were taken. The resulting rod was drawn to 1

mm diameter by conventional single-die drawing. The resulting wire was placed in 50%



17 DEC 200. 13 of the cylinder defined by the core and internedi at el 7 DEC 2002
‘layer formed by extrusion of said billet is essentially the sanme as the
core fraction of the cylinder defined by the core and internediate | ayer of
said billet; (B) drawing a first conposite wire having a dianeter between
0.5 and 5mm from sai d conposite rod and renoving said outer nmetal |ayer,
wherein said core fraction of the cylipder defined by the core and
intermedi ate | ayer of said conposite rod is essentially the sane as the
core fraction of said first conposite wire; and (C) drawing fromsaid first
conposi t aitti¢ aeid dn Sateo el closnnipaby teeoneitiee buppengheathdorigiviting fosrh Weeextidsioand .
75, um (m crons) rein the core fraction qf said second conposite wire is
essent i aF‘f”y%Flétcgh lrgqusmsecgwghwaégt thsn wath aj%ﬂbﬂl-fi rst conposite wire. 13.

The method of Tht &/if s AN BERGS I fhalrBth R pat iRl BORAR %%?‘H’ R 1 oy

copper. 14. The nethod of Caim 12, aracterized | at” sai
conpr i sescigodmd 4l padsiwaerhfor @bsutt thia sec®@dp pmreradvei anpn goldzseppeh aompoungls ron

berylliumand.l es han. 5 m of her el enents. 15. The thod of Claim 14,
chat act oM BT QTHAE LA Ao S BEQY FE GHT RGUE BoRerGalEcE I ih (RELE han
10 ppm Oﬁia%iéﬂu%in'grﬂ_ faMlat£8 %0 tlﬁ'%r‘re&lgctiblﬁrﬂié’fs,crféﬁﬁfé'dﬁn@itarihﬁad ﬂ]ﬂﬁi-ﬁﬁtd}gﬂin%fl 7

G aim 12, characterized in that said non-noble nmetal and said gol D
E C 2002mpghiatyd uginganikinywhter regnulsomp dulricank sWiiet driawabilityarvgps efceBent, with. The

met hod Oiengh%ig%a e%’tha%hélrd?&r}le Eliszd?gmii \I}ithggttbresﬁciilgg.f Irst conposite wire has a

The elongation and break-load properties of the composite wire were measured. As
depicted in FIG. 5, the 24.8 um (micron) diameter composite wire was about 20% stronger
than AW-14 gold alloy for elongations above 2% (bonding wire specifications are >2%
elongation for most applications), breaking at about 14g @4% elongation. The copper core
was very uniform along the axis of the wire. At the final wire diameter of 24.8 um
(microns), the standard deviation of the copper core cross section was only 0.26%.

The modulus of the composite wire was about 108 GPa when annealed, about 26%
higher than AW-14. The resistivity of the composite wire was 2.0 micro-ohms-cm, which
is about 12% lower than that of AW-14. Measurement of the resistivity versus time and
temperature of the composite wire shows negligible resistivity increase up to 500 hours at
temperatures less than or equal to 200°C.

Initial wedge bonding trials on the 24.8 pm (micron) composite wires showed
strong bonding. A SEM micrograph cross-section of a semiconductor package wedge-
bonded with the composite wire is shown in FIG. 4. Continuity of the gold sheath within
the wedge bond is maintained.

The present invention thus provides a strong, flexible composite wire suitable for
bonding wire applications having a non-noble metal core ensheathed in a uniform noble
metal annulus bonded thereto. By using copper or copper alloy as the core material, a
composite wire is obtained having optimum modulus, strength and conductivity, as well as
significantly reduced cost.

The foregoing example and description of the preferred embodiments should be

taken as illustrating, rather than as limiting, the present invention as defined by the claims.



core fraction between 25 and 95% by cross-sectional area. 18. The net hl)al 0§€ 2002
‘Claim 12, characterized in that said billet is preheated to a tenperature
bet ween 200 and 700C prior to extrusion. 19. The nethod of C aim 12,
characterized in that said billet is extryded with a force between 50 and
200n (kg/ m®). 20. A conposite wire, having a ,um (m cron)-di mensi oned

di aneter, characterized in that it is forned by the nethod of claim12. 21.
A sem conduct or package characterized by at |east one | ead bonded to the
conposite wire of Claim1l. 22. The sem conductor package of C aim 21,
characterized in that said | ead is wedge-bonded to said conposite wire. ,23.
The sem conduct or package of Claim 22, characterized in that the core of
said conposite wire consists essentially of copper.
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A composite wire characterized by having a diameter greater than 15um
(microns) and less than 100um (microns), and consisting essentially of a 4N gold alloy
annulus surrounding a wire core comprising an electrically-conductive, non-noble metal and

metallurgically bonded thereto.

2. The composite wire of Claim 1, characterized in that said non-noble metal is

copper.

3. The composite wire of claim 1, characterized in that it is drawn from a

co-extrudate of said gold alloy and said non-noble metal.

4. The composite wire of Claim 3, characterized in that said co-extrudate is
formed by extruding a composite billet with force, wherein said composite billet consists
essentially of a core of said non-noble metal, an intermediate layer of said gold alloy and an

outer metal layer that is subsequently removed.

5. The composite wire of Claim 4, characterized in that said billet is preheated to
a temperature between 200 and 700°C prior to extrusion, and then said billet is extruded with

a force between 50 and 200n (kg/m?).

6. The composite wire of claim 1, characterized in that the core fraction is

between 25% and 95% by cross-sectional area.
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8. The composite wire of Claim 1, characterized in that said gold alloy comprises
gold doped with less than 30 ppm of calcium, less than 20 ppm of beryllium, and less than 50

ppm of other elements.

9. The composite wire of Claim 8, characterized in that said gold alloy comprises

less than 10 ppm of beryllium and less than 10 ppm of calcium.

10.  The composite wire of Claim 1, characterized in that said non-noble metal and

said gold alloy have melting temperatures within a range of 5 C°.

11.  The composite wire of Claim 1, characterized in that said wire has an elastic

modulus greater than 95 GPa.

12. A method of forming a um (micron) dimensioned composite wire consisting
essentially of a 4N gold alloy annulus surrounding a wire core comprising an electrically
conductive, non-noble metal and metallurgically bonded thereto, said method characterized

by the steps of:

(A) extruding with force a composite billet consisting essentially of a
core of said non-noble metal, an intermediate layer of said gold alloy and an

outer metal layer, thereby forming a composite rod, wherein the core fraction
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from said composite rod and removing said outer metal layer, wherein said core
fraction of the cylinder defined by the core and intermediate layer of said composite

rod is essentially the same as the core fraction of said first composite wire; and

(C) drawing from said first composite wire a second composite wire having a
diameter between 15 and 75um (microns) wherein the core fraction of said second
composite wire is essentially the same as the core fraction of said first composite

wire.

13. The method of Claim 12, characterized in that said non-noble metal is copper.

14. The method of Claim 12, characterized in that said gold alloy comprises gold
doped with less than 30 ppm calcium, less than 20 ppm beryllium and less than 50 ppm other

elements.

15. The method of Claim 14, characterized in that said gold alloy comprises gold

doped with less than 10 ppm of beryllium and less than 10 ppm of calcium.

16. The method of Claim 12, characterized in that said non-noble metal and said gold
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between 50 and 200n (kg/mm>).

20. A composite wire, having a um (micron)-dimensioned diameter, characterized in

that it is formed by the method of claim 12.

21. A semiconductor package characterized by at least one lead bonded to the

| composite wire of Claim 1.

22.  The semiconductor package of Claim 21, characterized in that said lead is

wedge-bonded to said composite wire.

23.  The semiconductor package of Claim 22, characterized in that the core of said

composite wire consists essentially of copper.



