5 Heraeus Materials Singapore Pte. Ltd. COATED COPPER W RE FOR
BONDI NG APPLI CATI ONS 10 The invention is related to a bonding wre,
conprising a core with a surface, wherein the core conprises copper
as a nmmin conponent, and a coating |ayer superinposed over the
surface of the core, wherein the coatind | ayer conprises palladium as
a mai n conponent, wherein the core conprises at |east 5 ppm 15 silver
and at | east 20 ppm phosphorus as further conponents, wherein the
wire neets the relation 0.0008 < E/(d*CP) < 0.0375, wherein E is an
el ongation of the wire nmeasured in % d is a dianeter of the wire
measured in pmand CP is the phosphorus content of the wire core
measurefl in ppm 20 The invention further relates to a systemfor
bondi ng an el ectronic device, conprising a first bonding pad, a
second bondi ng pad and a wHeemensddatdrialg SingdpgureiPtedittdi on, wherein the
inventive wire is connected to at | east one of the bonding pads by
means of wedge- bondi nggoAPeDl CBPPENY PNRE POR BONDING Ab@liGARENS O @ Net hod
for manufacturing a wire according to the invention. Bonding wres
are uséd in the manufacture of sem conductor devices for elec- 3
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are used i wheesiarthelget roniisesdoppet iaens misin ebafioreht! And acivagiay layer
transistors, diodes and the Iike with pads or pins of the housing.
Wi | e bondBHBENPegederer thedsifaceRfdoe gore whisehelgerinaling lasiceapyises
| ess expensi Jrat ek ar nlﬂm u .8 I
Wi re provi gggﬁ}g}?’ysgoégh%e’ﬁe%trl C ﬁd%ﬁ@%&ﬁgﬁ%u%%%éf atf/:\e%%gg-s pRm
bondi ng5 of sihapped &b leash2® pphs phbspHorag es fufiherecomponettppeherdin dse aire
susceptible t i datj.on O e wre Wth pect to Wi re geonetry,
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speci fi c app pheadhonds cohtest obibelwirg pere wkagewdenmpniave t heir share
in the market. For exanple, bonding ribbons have a | arger contact
area for a given cross-sectional area. However, bending of the
ribbonggis limted and orientation 10 of the ribbon nust be observed

when bondi ng in order to arrive at acceptable electrical contact
bet ween t héheiimsmioardarthperalalegdata systomifenhbpnding aroalgstronitutevicey com-

nvol ves cPfne AR LB REpEs o S5OHE FoRalE bad Ao R oo dif g tne
bondi ng pr veationWahereire e ipeustvdairai9 cornedted 86 bt (ast bAe I tide bondiag
and underlying 15electric structures of the elenent, which is bonded

thereto. FBRI$ R¥ MRansthweddrsRENGIRY. t he term bonding wire conpri ses
all shapes of cross-sections and all usual wire dianeters, though
bonding wires with circular cross-section and thin diameters are

pr ef err ed. TBO iBerdiondfaeher deaiisdpre ntethoe for rdanefEckdingoa bbrdacmrdinges
havi ng a cgpper core and a protective coating |layer. As core

material , g%p‘ﬂé‘?”tf@-chosen because of high electric conductivity.
Wth regard to the coating layer, palladiumis one of the possible
choi ces. These coated bonding w res conbi ne the advantages of 25 the
copper wi r Boniling wiges asenised iinithy manwadctdes 0b semieoreiuctor| desdgest foeredec-
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semiconductor device fabrication. Further, bonding wires are used in power
electronic applications to electrically connect transistors, diodes and the like
with pads or pins of the housing. While bonding wires were made from gold in
the beginning, nowadays less expensive materials are used such as copper.

35 While copper wire provides very good electric and thermal conductivity, wedge-



Accordingly, it is an object of the invention to provide inproved
bonding wres. 3 Thus, it is another object of the invention to

provi de a bonding wire, which has good processing properties and

whi ch has no specific needs when intercgnnecting, thus saving costs.
5t is also an object of the invention t%0 provi de a bonding wire

whi ch has excel- lent electrical and thermal conductivity. It is a
further objbeadingf oft tappetwera hes itschatlergers Moteondr, appwier evinglsi ark suscep-
exhi bits an in&)rov(g%t.relljtﬁbi lity. 10 It is a further object of the

i nventi on 1BISICVARIAN YhGiHEPWi r e whi ch exhibits excel | ent

bondabi lity. It is another object of the invention to provide a
bondi ng wire which shows an 15i nproved bondability with respect to a
wedge bondiVHigh aaapgctoio wireogeometdli mpst| gommoanateh bondipigewiresf oft hiecular

bondabi 11 ¢ §r o roq 0 e B0 abbBia itnau Bands o ReSlE mmdprgoss-
whi | st t he sbetish.Bbtheyhes oRRite dedmetriés hate Mﬂé@mmé?é@mkh@ them use-
bonding is at 20l east sufficient. It is another object of the
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system f or ng an el'ectronic~devi Cce, ed W

chi p and beruiisrgedtienbhateagHowdiet hbenyding of showbborsl isckditédiahdraiogntdtion
i s another object to

t | t i ) Tt d bondi . It ]
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met hod basiggaihdal %&%&%&%e&aﬂ%@fﬁ@odd‘ aéﬁgnl!)ﬁftsa%lﬁléf{ég?%%ﬁikﬁ it XTRBHELd.

wi th known nethods. 4 Surprisingly, wr esent 1 nventlon
have been fToonidg to beotling wires,dbese ane mufre flegibiebjcelbersdingnidoweeedr, dloodmng

Further, a.process..for nuf act yrin ese W res has. been faound. which
over cones Hﬁofvﬁés?'ﬂ@ﬁ{es_ _e”ﬂ%oéﬁ%ﬁgﬁgﬁ[&g%mzﬂt'OH;aﬂﬁchﬁlﬂghﬁ%wmg pro-
Further, systenghieAMadn shikk hBfmWr &ferPleéthsy tHY BBAUIRE PRI 8nd Jriiéiling
to be nore reliable at the interface between the wre~according to

t he i n¥Znt elestimhetréstueas ¢l tbe wleroant, sihicheistbondeddheratde pri nt ed
circuit board, the pad/pin etc. A contribution to the solution of at
| east one of the above objects is provided by 10 the subject nmatters

of the cat Fgpihe pRsendihvehtibABtheBah dandintewite RmsiResSMPsid s EF @tbss-
t he category-form ng jndependent clains representing preferred

aspect's of SBeHoN all yiguak wise digpetars.niipugh bonding Wiies wibvisslaraness-
abgsgt ri buEé&fbnt th?mmid'i}ﬂné’treré ﬁ?esbre%'ﬁe@.f t he objects nentioned
a o
Some recent developments were directed to bonding wires having a copper
core and a protective coating layer. As core material, copper is chosen because
of high electric conductivity. With regard to the coating layer, palladium is one of
the possible choices. These coated bonding wires combine the advantages of
25  the copper wire with less sensitivity to oxidation. Nevertheless, there is an ongo-
ing need for further improving bonding wire technology with regard to the bond-

ing wire itself and the bonding processes.

Accordingly, it is an object of the invention to provide improved bonding wires.
30



15A first aspect of the invention is a bonding wire, conprising: a
core wwth a surface, wherein the core conprises copper as a main
conponent, and a coating |ayer superinposed over the surface of the
core, wherein the coating |layer conprises palladiumas a nmain
component, 20wherein the core conprises3at |east 5 ppmsilver and at

| east 20 ppm phosphorus as further conponents, wherein the wire neets
the rel ati dus, it is adotH¥®bjedt/dfdhEMventidnd forovidees eonding wiranwhich has
el ongation of the wire neasured in % d is a diameter of the wire
measured i rgoﬁﬁh @'ﬁée@ngsprpﬁﬁrt@%?%ﬁﬂﬁﬁ%@a@oﬂ@ Speciic perdsymhencisiercon-
measured i ' ording to the invention has an

optim zed gﬁggﬁ’gﬁgggawﬁﬁgﬁf&dependent on the respective demands for
its elongation and dianeter. Mre preferably, the wire neets the
relation 0.002 < E/(d*CP) < 0.02, and nost pref- 30erably the wire
rmets the HORAISRANRIEE o BE(ivemiontcoppLide adaqrwd'%waﬁh\@PICEH&% excel-
definition|ds SAQMESIShd tﬁlafmﬁpéﬁrﬁﬂutcﬁviﬂf. shares of conponents are
presently given as shares 1n weight. I'n particular, shares given in
percent are understood as wei ght-% and shares given in ppm(parts

il . d . wei ght - 5 T : ' d"
n the contt® BTN LN BHENEoH EERM itk Boroils i YRarAEOTE an
position OfmﬁrdVeEﬁ'bliélSiFPt?] e.g. a copper core, with respect to a

second item e.g. a coafing layer. Possibly, further itens, such as
an int&¥nediate layer, might be arranged between the first and the

second item. Pref A er . i i £ .
superi nposgld'so%/zlﬁ]ﬁ%g&%??éwﬁee 'rﬂ"%ﬁt]éﬁ) qgoqf E@H‘el a;ggbdk@a@gre%ﬁl%%%s
or for at kgesllen®Bobiability. respect to the total surface of the first
item Most preferably, the second itemis conpletely superinposed
over the first item The term"internediate |layer" in the context of
this invengiQn | j i . :

the coat i n Paiginét SHRLCEH e nJEntht o pRAUEE boing FARELrf S80S an
as mat g5 i aimpved donelabiiat witly résyeot to a wedgebonding @adilioraecond bohding.
wWre is a bonding wire in particular for bonding in mcroel ectronics.
The wire is preferably a one-piece object. 20 A conponent is a "main
component” i i s @uBcb el MvBRIBHP RS BloRde @Cbndthd ikd Whth shows an
conponents of a referenced material. Preterably, a nain conponent
conpri ses #mptoyedtbob@i@biity with respedt tos sértondf berdingbeing alwed®l borading,

preferred enhodj,nept of an inventive wre, the.ratio bet the .

B Fver " conighiies Randina TRt e chiicst Sind oothsr 8 Par Pangife s ot
range of O3t toffidientn a nore preferred enbodi ment, the ratio of
silver content to phosphorous content is in the range of 0.05 to 2,
nost preferred in the range of 0.05 to 0.5.

It is another object of the invention to provide a bonding wire which has im-

proved resistance to corrosion and/or oxidation.

25 It is another object to provide a system for bonding an electronic device, to be
used with standard chip and bonding technology, which system shows reduced
failure rate at least with respect to a second bonding.

It is another object to provide a method for manufacturing an inventive bonding
30 wire, the method basically showing no increase in manufacturing costs com-

pared with known methods.



6 particular, advantageous inprovenents in wedge-bondi ng performance
have been found. These inprovenents are particularly significant if

t he phosphorus content of the 5 core is in the range of 20 ppmto 300
ppm In nore preferred enbodi nents, the phosphorus content is in the
range of 30 ppmto 200 ppm |t has turnéd out that such amount of
phosphor ous appear to be tolerable with respect to a Vickers hardness
of the cor Surptisihply, sdms ¢f the pesphhinveatiehiHaveobedi dourtb&pBoONeUSt least
content with respect to oxidation etc. 10 Additionally or

al t er nat i vOng, ofdNe opirsts BsmtieRed ghoyvae Wi, APraseseins manyipsiiring these
preferr ed GadidaBhLen Il ERQERHAES ot fods? ohBS 1A Yalinge P ThbAu-
1000 ppm In a nost preterred enbod nent, e silver content®1s in

t he range d&dctBripgpwitas. IDdthppmsyRemd compiisingethy ed@st of thee iMvenition hewre
that the presence of at |east 15 small_amunts of silver is adding to
benetical | é’npﬁﬂorﬁr@ﬁ@ﬁ?i %sthﬁi'ﬂt?rf%g&%%’%e'&fth% e ReGoTdingitg g in-
particul ar L 1 il } f18d W o} A
Phe wire cor oS e etk g e P oo PR 0P Bad/in
at | east 9ef®8% This allows for 20 using conmon supplies of copper
material for wre bonding wthout exceedingly high costs due to high
purity specifications. Further preferably, a total of all netal

i mpuri ti es AoforthBulieH B thePSlttid eMbbieh¥Ebne ¥ e HBol®obRes KNRBVidRd by
ppm GCenerally preferred are enbodi nents wherein the coating |ayer

has a 1i cKkresdbigst mattpessef thhpatenamypaiming daimsec vwherehy theydepansient sub-

sufficientl y.thi G gthi vy t . th
coating | a?@#'ﬁ?n&ttﬁé %%%le;&gﬂ0§§®%@.eg$ﬁégﬁte&%rﬁ? ﬁ%&%ﬁ%@gﬁé ipﬁet?eﬁ'@d as-
cont ext of pkbissofithe émidriion| theuseisledtanditéi sfewhibh likbdseohaRes ay®ntiiution
perpendi cular direction to the |ongitudinal axis of the copper core,
whi ch | ayefo palving atdaast qier9fithe opiadip Braniippsd @bever the surface
copper core. 30 7 coating layer consists of pure palladiumw th |ess
than 1% of ot her conponents. In case the coating |ayer has

si gni f i£an firet aspect obthpoineantion ishebendingnvire wosmm@isingar ef er abl y nobl e
metals. 5The present invention is particularly related to thin

bondi ng wires. "T*I?Qr%lﬁ’étgr%@dﬁ%cﬁect s are specifically beneficial to
thin wires, for EALISR [P VAT i won of
such wres. In ‘t‘vﬁéﬁﬂﬁgﬁ%gfg case?ﬁéfehée&?peﬁ%tiw#lémx?@%oﬁghg%rpned as a
Wi re having a dazoatieg layershperimpgecddver the swike gfithe tOBch t hin
wires nostly, bub not r_r|1ecessar|i I ¥ have .a crol?s-.secti onal. vi ew essen-
tially in the sWAFERENG AR RYerpmpEpes PATRdiR0As R FIB SAMRANERE | n
the pragent conphskein ahecoré TompHsy & [cast Bt ppir SINER dridleatvie=@t 20 ppm
wherein the plane of the cut is perpendicular to the I ongitudinal

ext ensi on of thehgspherugas fuithrycosepeenasial vi ew can be found at any

position on the ' [,hal [ of the wire. A "longest 15
pat h" t hrough the‘gvH&'q"PiH?h@rE %%3”%@%'?.“@& is the | ongest chord which
can be laid throogat heELd @By 010375, afhdram W i€ ani bldingatibe ¢ Meewrt

t he cross-sectional vi ew. A "shortest path" through the wire in a
cross-section i ReggErabiRgest i¢Asiamptarsd i wiredneasureddn uonhged Chis the
wi t hi he pl an [ | ' ove. If the
Wre hnzaés a perfé%‘?gpcﬁo?gﬁﬁéﬁtgﬁ %fsa@es@g? F%%é ﬁ'}té,ﬁgﬁiétoﬁgﬁ ongest 20 path
and the shortest path becone indistinguishable and share the sane
value. The_term"dianmeter” is the arithpetic mean, of all geonetric

di anet er s SHCRMIpR&RErUNGY 1o AhgAYVentiasL pAg N RREMEed RNPSPIAES Gantent
per pendi Cubigheridurit NS A Gedictile: dHARES N tO'elbMGin” End <RLRBRINGre

h;ﬁ}'t
preferred, a ratio of an elongation of the wre Irameter of
Wi re is inptdierabbndiee efircOmzstdthenmdation 0502 E/(dTGP) el 0.08atndmestaref-

the wiis | SR dha Taards G TG Biolis buofBrh AidhBen T %untin %1



8 neasured in % dis the diameter of the wire neasured in pm and CAg
is the silver content of the wire core neasured in ppm Such wire has
an optim zed silver content dependent on the respective demands for
its elongation and dianeter. Mre preferably, the wire neets the
relation 0.00025 < E/(d*Ag) < 0.15, 5and nost preferably the wire
meets the relation 0.005 < E/(cl*Ag) < 0.12. An inventive wire is

pref erabl y [t e atiest speoiic asiedn RopRIviiedMdliNcantéeRaT EHate odfcoriponents
| east 370C. Even nore preferred, the teg&erature of the annealing

step i s at ¥eRsesertyivanaseshamp JRaveighh dalnaiticulamsdieses gvencianpercent
provi de for,hi ues: fi ok, t | f e, W, 4.e i
Concerni ng o % r@ﬂg?ﬁég(\r!g&{r?e eldsh?f/(%’r Qﬁ%%@%ﬁ?‘ﬁg?&%nﬁpgéﬁ {'P\l%rﬂz’gr p?rhfnr']I “%')r ag
need not bendsmised atavdigiet-ppmeal i ng tenperature for long. In nost
cases annealing is done by pulling the wire through an annealing oven
of a gi@en length and with a 15defined tenperature profile at a given
speed: An erRqgHhOstipdimBbsdtrfifie Bohed B HE iUAREH S 8abe W BEL WS the
is typicallyin the range of 0.1 second to seconds. For a wre
accor di ng trelativeppesition ed adirbiitémeeag, aaopaedness with rebpestitoa sagondi item,
not hi gher than 120. 00 Hvo.ﬁ. TEEQ{S limtg the maFli mum f or.ces ‘ﬂ Pl iled
on the 20 Béhd FAFIRET BHOE AE0BRRY, fohem Berie shGhore a8 Mirerdigle laver,
procedure. nideNbbiditdrifddOBetwepite fitst %hHYth%eééﬁdedﬂémHW@_@Pé&?J % se-

sensitive structures are aligned bel ow the bond pad. This is
parti cll ar cond ritee isf at leash padiagsuperisipoised afves thefirstritaner ¢.gl for ddeast

one or sevaPat Plyer D % SEBY ot st PO B sSPRet fothe TR Bufacs SURRIITS
di el ectri citgh. Mot ippeferatly| t8eselcbad iténbis HEplely @ugeer?’ggogwéeewmalﬁrst

material is becom ng i“ncreasyn%l(é common as it can he to increase
t he devi ceitpey: filentgfveintgmaediaie layer He the craiaxt af this dp@ntipads gfregism of

camgi ng ol N SaRaiRay R 5T eRRE phd 4L aufd B IR Ble BHER] mteria

i deal | y5 measun ¢iok abrd he willr s amteridliay inhted qoatidydayertibares@ans cahilgna-
all manufacturing steps |like coating and anneali ng have been
finished. fBNorder to performthe hardness neasurement, a netall og-

9 raphy cross section of the wire can be prepared in order to produce
a flat surface. This can be done in the |ongitudinal direction, which
i s nore coffiewirois a4 bohtliegtwiean svearsiallad fordmindimg irbiRiorodlectronics. The wire
advantageouslly a @peci fic resistivity of the inventive wire is in
the range bfPTEfIBbNA ane-RIRGERNAFL such conductivity being suitable
for masy applications. A nore preferred resistivity of the wire is in
the range of 1.8 to 1.9 pOhnmfcm A further aspect of the invention is
a system f rcdropemeny ia@ ‘@hajotaoomaneddvif thg sharecoithis sdmpoaerit exseeds all

bondi ng pagd, ,.a second baqndi d and , a wre cQrdi to the

Cnvent Lon iRy crmpRRt Y o BRRRRR) dudlerBL PRIGEhNE & Fapih pmponent
bondi ng pagempyise®ankaet So%dsrehb sl Reight bf she At i on of an _
inventive wire in a systemis preferred due to the fact that the wire

has especially beneficial properties with respect to wedge bondi ng.
25 In a preferred embodiment of an inventive wire, the ratio between the silver con-

tent and the phosphorus content of the core is in the range of 0.03 to 2. In a
more preferred embodiment, the ratio of silver content to phosphorous content
is in the range of 0.05 to 2, most preferred in the range of 0.05 to 0.5.

30 It has surprisingly turned out that controlling the ratio of silver content and cop-

per content leads to a wire with improved properties of the bonding process. In



15 Generally preferred, a process w ndow area for the at |east one
wedge bond has a value of at |east 3500 mA*g in the case of a bonding
a wre of 20 pmdi aneter bonded to a gold bond pad. 20 The definition
of a process wi ndow area for bonding wires is known in the art and is
wi dely used to conpare different wires. dn principle, it is the
product of a bonding wi ndow of an ultrasonic energy used in the

bondi ng an_cﬂaaaumlartg/a\ﬁtargawsofmp?roﬁ/@m@ﬂtmedvédgetb@ndaﬁgq:b yrmdiREChAve
the resulting bond has to neet certain pull test specifications, e.qg.
a pul | for®eesffogngyr ans, no non-stick on | ead 25 etc.. The actual

val ue of the process wi ndow area of a given wire further depends on
the wire dianeter as well as the bond pad material. In order to give

a speci fi c Thekininprerenénts Ree [paepaidresigafiicant if e phosshotlis @ontdhe of the
cl aimed_process w ndow value is based on a wire dianeter of 20 pm =

0.8 il weeFesintha raeee op2A RAMES 309 pRM.dBImoreTPieleites embpdiments, the
bads e BIOSERLS sotert g it (Aol dr fom 13 200 Sodl; AR RACGRIRE
10 A yet fsuthemaunesftpldsphbeousigppéaroio be taleratiloadittf esspeettect Vieters

an electrical  devic conpri si the ste a.,providing a wre
accor di ng PYIRSS| ‘ﬁﬁgﬁ FONe: %ﬁﬂgb’?ﬁm‘? ﬁ@"gﬁf@em'}geb?'&e‘cﬁsqurt@? HHRPheERMS

of the deviggidnY wikaBsp&Et t83dLPRERY or wedge bondi ng; and
c. bondi ng tﬁe Wi rle topa seconcﬁ?@oné pad of the device by neans of

wedge bondi ng; wherein steps b and ¢ are perforned wi thout the use of
a formng

.. 10. The wire accordi to the invention shows cel |l ent
propert 1 s Antionpl JE alteaEhaa ik sprigier U ord ds S RA R apmy T
true if a ppsrBieHRBSAREM, XhEYIVEF céMBNERARRRe $8RGe WF g% 1000 ppm.
pal | adi um coating layer is present in conbination Wth a certain

almlount f of Phespnst pigtenred enéoaﬁt'um@ntmthf@rsila?r. cantent issinl tﬁ'errgngrmiér ppmisto
ol ont 1 cant 00 do KB ok A et Ink B AP AL el Bt il At et

known 1% t bfmalirdmesntd of iiver és atidiiy ionBétefiid mebKanicalr epertist ike soft-
hydr ogen, wherein the hydrogen content may provide for reduction

reacti ons BEss obthexwiiez taisf partiastariy ebpvious Ifadelnegdsiatigrofsijeer and phos-
i nvention, AP ‘ L means that no reactive conpound

| i ke hydr oB@ﬁ?‘%“ts? Iﬂg%%wr{%gc\;/dg%?%é?@@s, use of an inert gas like
nitrogen can still be advant ageous. A yet further aspect of the

i nvention s thod for manufacturjng a bondi ng 25wi re according to
the i nvent PEHETaRMmPESSORpaT NS Rtyal the”core tg aiplegof 0rp7a dBjBpalowsoiar
precurser Wi gotpﬁmgﬁrg@,? ndsii ; i

b. dra%m@ngm?lhg precurso gﬁﬁ? iﬁfecgﬁg%'%rﬁgﬁ{eégég%ﬁ@g g?”?’ﬁgs‘@&m@t%ﬁ’%‘eﬁ“ggly
reached; high costs due to high purity specifications. Further preferably, a total of all met-

al impurities of the core, apart from silver, sums up to less than 30 ppm.

Generally preferred are embodiments wherein the coating layer has a thickness
25  of less than 0.5 um. If the coating layer is sufficiently thin, this provides for ne-
glectable effects of the coating layer in the bonding process. The term “thick-
ness” in the context of this invention is used to define the size of a layer in per-
pendicular direction to the longitudinal axis of the copper core, which layer is at
least partially superimposed over the surface copper core.
30
Concerning the composition of the coating layer, the palladium content of the

layer is at least 50%, more preferably at least 95%. Particularly preferably, the



30c. coating the copper core with the nmaterial of the coating |ayer,
either before or afterthe step b of drawing the precursor; 11

d. annealing the coated and drawn wire at a defined tenperature for a
mninmumtime. Concerning steps b to ¢, the manufacturing nethod is
generally known in the 5 art. It is poilhted out that the coating

| ayer mght be applied by any known or suitable nethod Iike

e | . .
mechani cal cgaghy 'ﬂﬂﬂer%ﬁﬁfsfs‘. 6t Plrdt gl %ﬁﬁhrlelsgﬂ%rphc%ng“gpen%@gsﬁ%tg.

vapor deposition ('PVD), chem cal vapor deposition

coati ng carnsesddine cbeiﬁmg tayer hastsigniti¢ent durdlvémepropondrds wihoee onvipmnents
may be dependentf 0 lpros&rtif:‘ai of the respective coating and coating
nmet hod. Inaﬁeonpref@ YBAPE MR coat i ng m ght be perforned at an
intermedi ate step, with a drawing of the wire or precursor occurring

before as well as after the coating step. As to step a, the
phospho? oud hei Rresepidnueptian iSrﬂaﬁlﬁlﬂiérhtﬁEiQ'@d todhin bendingwrirdsn Theehserved

15 Concer ni h t e r dded to

copper gﬁ%gfg %rﬁ %depcﬂcéﬁgt% e@%hg'?irg) gﬁﬁ Wr Cﬁrgg%ﬁ?b@? cause oftthe sen-
Al ter nat l veitwuty ttdslexﬁ:lalnuﬂrofcs@eh@ﬂtesrnwme Beeset @aggdhbxeﬁrﬁl"ﬂﬁﬁ " @f de-
avai l abl e copper with a sufficient urity specification. Though not

necessari | 9n9¢@§ea1w're§1avma|dsar6ﬂeém peed § pmdeSPeimas an
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Fi gure 1, a wre depicted. Figure 2 shows cross sectional view
of wire 1. thrnughéh@r@§§5-§g@t|¢r@m|the.\gwa within the piane of the cross-sectional

view. A “shortest path” through the wire in a cross-section is the longest chord
perpendicular to the longest path within the plane of the cross-sectional view
defined above. If the wire has a perfect circular cross-section, then the longest
20 path and the shortest path become indistinguishable and share the same value.
The term “diameter” is the arithmetic mean of all geometric diameters of any
plane and in any direction, wherein all planes are perpendicular to the longitudi-

nal extension of the wire.

25  Generally preferred, a ratio of an elongation of the wire and a diameter of the
wire is in the range of 0.25 %/um to 0.75 %/um. The elongation E of the wire is
given as a percentage value. If an initial length L of the wire is given and the
wire is stretched to a length L’ until it breaks, the elongation is defined by E =
(L-L)L.

30
In a yet further preferred embodiment of the invention, the wire meets the rela-
tion 0.000025 < E/(d*CAg)} < 0.15, wherein E is the elongation of the wire



10 copper core 2 is in the mddle of the cross sectional view The
copper core 2 is enconpassed by a coating layer 3. On the limt of
copper wire 2, a surface 15 of the copper core is located. On a |line
L through the center 23 of wire 1 the diameter of copper core 2 is
shown as the end to end distance betweer8 the intersections of line L
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el ements 11 can conprise bond pads, integrated circuits, LEDs or the
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substrate plated with gold was perfornmed at 20C, wherein the bonding
was applied to the gold surface. After formng a first wedge bond

with an angbeaalirdacbeidieetd & peefdincd @nbodiitert U Siakdidss dMBeWiFS chRSis
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one or several layers of porous silicon dioxide, in particular with a dielectric

25  constant of less than 2.5. Such porous and hence weak material is becoming
increasingly common as it can help to increase the device performance. There-

fore, the mechanical properties of the inventive bonding wire are optimized to

avoid cracking or other damaging of the weak layers.

30 The hardness of the wire core is ideally measured at the wire as a finished
product, that means after all manufacturing steps like coating and annealing

have been finished. [n order to perform the hardness measurement, a metallog-



5 Exanple 1 A quantity of copper material of at |east 99.99 % purity
("4N-copper™) is nolten in a crucible. Small amounts of silver (Ag)
and phosphorous (P) are added to 10 the nelt and an even distribution
of the added conponents in the copper nelt is provided. The added
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share of 10 ppm Ag and 75 ppm P. Then a wire core precursor is cast
fromthe mﬁéﬁhy RSN Abh FGRE Svikd §§Hrtfé35rép%réd1ﬁ‘f‘oﬂzfe¢"t’8 BridLée &8Y: -
drawing steps to formthe wire core 2 with a dianmeter of 20 pm The
cross sect fare. dihis lsanviie dordirette |angifidisss ditectin, ywhich ésiheore oapeon) or
is to be undgrstood thalt .the wire dianeter is not considered to be a
hi ghl y exalll aﬁr%SVc?ﬂ%atdéreF "%t uations in the shape of the cross
section, a thickness of the coating |ayer or the like. If a wreis
presently 20 defined to have a dianeter of e.g. 20 pm the dianeter

i s unde? st boethepageantageausly.ah geeefic 1@sistivity qgh% ipentive avikg isdn dhe gangs

5656 pur 1y O 112 o) ST g LT bRty Bl B T e b fprs.
100 nm 250A me&s prefbeee resistivityhsf tho alitanig ih &yerarige ¢fot.836 919 LORATChY,
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and is widely used to compare different wires. In principle, it is the product of a
bonding window of an ultrasonic energy used in the bonding and a bonding
window of a force used in the bonding, wherein the resulting bond has to meet
certain pull test specifications, e.g. a pull force of 3 grams, no non-stick on |lead
25 etc.. The actual value of the process window area of a given wire further de-
pends on the wire diameter as well as the bond pad material. In order to give a
specific definition of the properties of an inventive wire, the claimed process
window value is based on a wire diameter of 20 um = 0.8 mil, wherein the bond
pad consists of gold. The scope an inventive system is not [imited to wires of
30 this diameter and bond pads made of gold, but names this data only for defini-

tion purpose.
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(ppm Ag/P E (% BL(g) EL/BL (1/g) E/(d*C P) (1/pm

ppm P
(1/pm) IW 450 9 76 0,1184 5,8 6,7 0,87 0,0038 0, 03222 1W2
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A yet further aspect of the invention is a method for connecting an electrical de-

vice, comprising the steps

a. providing a wire according to the invention;

b. bonding the wire to a first bond pad of the device by means of ball
bonding or wedge bonding; and

c. bonding the wire to a second bond pad of the device by means of
wedge bonding;

wherein steps b and ¢ are performed without the use of a forming gas.

The wire according to the invention shows excellent properties with respect to
oxidation effects. This is specifically true if a complete encapsulation of the cop-
per core with the palladium coating layer is present in combination with a certain
amount of phosphorous in the core material. The resulting properties allow for
processing without using forming gas and hence lead to significant savings in

costs and hazard precautions.

Forming gas is known in the art as a mixture of an inert gas like nitrogen with
hydrogen, wherein the hydrogen content may provide for reduction reactions of
oxidized wire material. In the sense of the invention, omitting of forming gas
means that no reactive compound like hydrogen is used. Nevertheless, use of

an inert gas like nitrogen can still be advantageous.

A yet further aspect of the invention is a method for manufacturing a bonding

wire according to the invention, comprising the steps

a. providing a copper core precursor with the demanded contents of
phosphorus and  silver;

b. drawing the precursor until a final diameter of the wire core is reached;

¢. coating the copper core with the material of the coating layer, either

before or after the step b of drawing the precursor;



76 0,1184 11,7 6,3 1,86 0,0077 0,065 IWB 550 8 76 0,1053 13 6,2 2, 10
0, 0086 0,08125 1WA 600 10,1 75 0,1347 12,7 5,8
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d. annealing the coated and drawn wire at a defined temperature for a

minimum time.

Concerning steps b to ¢, the manufacturing method is generally known in the
art. It is pointed out that the coating fayer might be applied by any known or
suitable method like mechanical coating, electric plating, electroless plating,
physical vapor deposition (PVD), chemical vapor deposition (CVD) and more.
The coating can be done before or after the drawing of the wire, which may be
dependent on properties of the respective coating and coating method. In par-
ticular, the coating might be performed at an intermediate step, with a drawing

of the wire or precursor occurring before as well as after the coating step.

As to step a, the phosphorous might be doped into the copper core as known in
the art.

Concerning the silver content, the silver might be added to the copper in a spe-
cific production step of the core material. Alternatively, the silver content might
be obtained by selection of available copper with a sufficient impurity specifica-
tion. Though not necessarily present, silver is often contained in copper as an
impurity, it being possible of provide the demanded core material without apply-
ing additional process steps, but by analytically controlling the raw material.

As 10 step d, the annealing is performed in a controlled way as known in the art
in order to achieve a softening of the wire and/or optimizing the crystal structure
of the wire according to the respective demands. Preferably, the annealing is
done dynamically while the wire is moved through an annealing oven and

spooled onto a reel after having left the oven.
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DESCRIPTION OF THE FIGURES

The subject matter of the invention is exemplified in the figures. The figures,
however, are not
intended to limit the scope of the invention or the claims in any way.

In Figure 1, a wire 1 is depicted.

Figure 2 shows a cross sectional view of wire 1. In the cross sectional view, a
copper core 2 is in the middle of the cross sectional view. The copper core 2 is
encompassed by a coating layer 3. On the limit of copper wire 2, a surface 15 of
the copper core is located. On a line L through the center 23 of wire 1 the diam-
eter of copper core 2 is shown as the end to end distance between the intersec-
tions of line L with the surface 15. The diameter of wire 1 is the end-to-end dis-
tance between the intersections of line L through the center 23 and the outer

limit of wire 1. Besides, the thickness of coating layer 3 is depicted.

Figure 3 shows a process for manufacturing a wire according to the invention.

Figure 4 depicts an electric device 10 comprising two elements 11 and a wire 1.
The wire 1 electrically connects the two elements 11. The dashed lines mean
further connections or circuitry which connect the elements 11 with external wir-
ing of a packaging device surrounding the elements 11. The elements 11 can

comprise bond pads, integrated circuits, LEDs or the like.

Figure 5 shows a skefch of a wire pull test. To a substrate 20, a wire 1 is bond-
ed in bonds 21 at an angle 19 of 45°. A pull hook 17 pulls wire 1. The angle 32,
which is formed when the pull hook 17 pulls the wire 1, is 90°.



Conp 2 ? 10 <1 >10 12,7 6,2 2,05 >0,635 0,0635 (table 1) 20 Wth:
EEl ongation (in % BLBreak load (in grans) 16 Annealing tenperature
(in degrees Celsius) dianmeter (= 20 pmfor all wires) CP Phosphorous
concentration in ppm CAg Silver concentration in ppm5 Sanple
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TEST METHODS
All tests and measurements were conducted at T = 20 °C and a relative humidi-

ty of 560 %.

ELECTRICAL CONDUCTIVITY

Both ends of a test specimen, i.e. a wire of 1.0 m in length, were connected to a
power source providing a constant current of | = 10 mA. The voltage was rec-
orded with a device for measuring voltage. This set-up was repeated with at
least 4 test specimens. The arithmetic mean of the four measurements was

used for the calculations given below.
The resistance R was calculated accordingto R=U /.

The specific resistivity p was calculated according to p = (R x A) / I, wherein A is
the mean cross-sectional area of the wire and | the length of the wire between

the two measuring points of the device for measuring voltage.
The specific conductivity o was c¢alculated accordingto o =1/ p.

WEDGE-WEDGE BONDING — PARAMETER DEFINITION '

Bonding of a wire to a substrate plated with gold was performed at 20°C, where-
in the bonding was applied to the gold surface. After forming a first wedge bond
with an angle of 45° between the wire and the substrate, the wire was wedged
with its second end fo the substrate. The distance of the bonds between the two
ends of the wire was in the range of from 5 to 20 mm. This distance was select-
ed in order to assure the angle of 45° between the wire and the substrate. Dur-
ing wedge bonding, ultrasonic sound of a frequency in the range of 60 — 120
kHz was applied to the bondtool for 40 to 500 milliseconds.



Stitch pull (g) Stitch pull stand- ard de- via- tion(g) Second bond
wi ndow (USG Second bond (force) Second bond wi ndow area Wre Hard-
ness (Hv0.5) Ball shape ball/ netal |ift at as bonded IW 5,1 0,3
80-180 40-100 6000 No data good 2,5 1W2 5 0,4 80-180
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EXAMPLES
The invention is further exemplified by examples. These examples serve for
exemplary elucidation of the invention and are not intended to limit the scope of

the invention or the claims in any way.

Example 1

A quantity of copper material of at least 99.99 % purity (“4N-copper”) is molten
in a crucible. Small amounts of silver (Ag) and phosphorous (P) are added to
the melt and an even distribution of the added components in the copper melt is
provided. The added amounts of silver and phosphorous are calculated to con-
tribute to a share of 10 ppm Ag and 75 ppm P. Then a wire core precursor is

cast from the meilt.

The wire core precursor is then drawn in in several drawing steps to form the
wire core 2 with a diameter of 20 um. The cross section of the wire core 2 is of
essentially circular shape. It is to be understood that the wire diameter is not
considered to be a highly exact value due to fluctuations in the shape of the
cross section, a thickness of the coating layer or the like. If a wire is presently
defined to have a diameter of e.g. 20 ym, the diameter is understood to be in

the range of 19.5 to 20.5 ym.

The wire core is then coated with a layer 3 consisting of Palladium (Pd) of at
least 99% purity. The thickness of the coating layer 3 is in the range of 100 nm
or less. Therefore, the coating layer is not significantly adding to the wire diame-

ter.

The coated wire is then annealed in an annealing step in order to further adjust
parameters like elongation, hardness, crystal structures and the like. The an-
nealing is performed dynamically by running the wire through an annealing oven
of a defined length and temperature with a defined speed. After leaving the ov-

en, the wire is spooled on reels for packaging.



40-90 4000 116,2 good 5 IWB 4,8 0,3 80-180 40-90 4000 No data fair
3,7 IW 4,7 0,4 80-180 40-90 4000 No data fair 2,4 IV
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In the present examples, the annealing time, which is the time during which a

given piece of the moving wire remains in the heated oven, is about 0.76 s.

Table 1 and table 2 show data of several examples IW1 to IW5 of wires. From
these wires, the samples IW1 to IW4 are wires according to the invention. W5
is not a wire according to the present invention as it was adjusted with an unu-
sual elongation value for test purposes. The exemplary wires have been pro-
duced identically, let alone for exposure to different annealing temperatures in
the annealing step. None of the further annealing parameters apart from the

temperature have been changed.

Further, tables 1 and 2 show data of two samples of commercially purchased
bonding wires Comp1 and Comp2. As the exact production process of these
wires is not known, data of annealing temperatures is not available. All of the

evaluated wires (inventive wires and comparative wires) have a diameter of 0.8

mil =20 pm.

E/(d*C |E/(d*CA
Sampl Ag P EL/BL [P) o),
e T(°C) [(ppm) J(ppm) |Ag/iP |E (%) |BL(g) [(1/g) |(1/um) [{1/um)
W1 450 9 76 0,1184 15,8 6,7 0,87 0,0038 10,03222
W2 500 9 76 0,1184 (11,7 16,3 1,86 {0,0077 |0,065
W3 550 8 76 0,10563 |13 6,2 2,10 0,0086 10,08125
w4 600 10,1 75 0,1347 |12,7 58 2,19 0,0085 |0,06287
IW5 400 10,1 75 0,1347 10,7 10,5 (0,07 [0,0005 |0,00347
Comp
1 ? 0,5 104 0,0048 |10,9 6,2 1,76 0,0052 |1,09
Comp >0,635
2 ? 10 <1 >10 12,7 6,2 2,05 0,0635
(table 1)
With: E Elongation (in %)

BL  Break load (in grams)




4,9 0,4 80-180 40-90 4000 144,7 best 1,2 Conpl 4,4 0,4 120-170 40-100
3000 122,2 good 3,7 Comp2 4,9 0,5 80-180 40-100 6000 110, 2
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Annealing temperature (in degrees Celsius)

16

d diameter (= 20 um for all wires)
CP  Phosphorous concentration in ppm
CAg Silver concentration in ppm
Stitch
pull
stand- |Second Second | Wire ball/
ard de- |bond Second |bond Hard- metal
Stitch | via- window |bond window |ness Ball lift at as
Sample |pull (@) |tion{g) [(USG) |(force) |area (Hv0.5) |shape {bonded
W1 51 0,3 80-180 [40-100 |6000 No data |good 2,5
w2 5 0,4 80-180 [40-90 |4000 116,2 |good 5
(W3 4,8 0,3 80-180 [40-90 }4000 No data |fair 3,7
W4 4,7 0,4 80-180 [40-90 |[4000 No data |fair 2,4
W5 49 0,4 80-180 [40-90 |4000 144,7 |best 1,2
Comp1 |4,4 0,4 120-170]40-100 |3000 122,2 |good 3,7
Comp2 4,9 0,5 80-180 [40-100 |6000 110,2 bad 7.4
(table 2)
Remarks:

The “ball shape” property is being visually evaluated and categorized into four

classes (decreasing quality): best - good - fair — bad. It is the shape of the bali

of a ball bonding performed under standard conditions which are the same for

all of the evaluated wires.

The second bond window USG (= ulirasonic energy) value is generally pre-

ferred to have a lower starting point (lower value).

The evaluation of the data of table 1 and table 2 shows that the wires according

to the invention have some outstanding properties whilst maintaining at least

good quality throughout all of the evaluated properties.
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a core (2) wth a surface, wherein the core (2) conprises copper as a
mai n conponent, and a coating |layer (3) superinposed over the surface
(15) of the core (2), wherein the coating |ayer (3) conprises
pal | adium as a mai n conponent, wherein the core (2) conprises at
| east 5 ppmsilver and at |east 20 ppm phosphorus as further
conponents, wherein the wire neets the relation 0.0008 < E/(d*CP) <
0. 0375, wherein E isan elongation of the wire (1) neasured in % dis
a dianeter of the wire neasured in pmand CF is the phosphorus
content of the wire core (2) measured in ppm Wre according to claim
1, wherein the ratio between the silver content and the phosphorus
content of the core (2) is in the range of 0.03 to 2. Wre according
to claim1, wherein the phosphorus cogifmis:is in the range of 20 ppm
to 300 ppm Wre according to any of The preceding clainms, wherein
the sil¥er content is in the range of 5 ppmto 1000 ppm Wre
accordi ng to any .of re ng. cl ai ms, wherein the copper content
of the core-(2) QPQﬁmQ Eg pgg@é‘VWre according to any of the
precedi ng clalngtxwggzpwmthﬁwgggting | ayer (3) has a thickness of

5 9

| ess than 0.5 pm .10
wherein the core (2) comprises copper as a main component, and

a coating layer (3) superimposed over the surface (15) of the core (2),

10 wherein the coating layer (3) comprises palladium as a main component,
wherein the core (2) comprises at least 5 ppm silver and at least 20 ppm
phosphorus as further components,
wherein the wire meets the relation
0.0008 < E/(d*CP) < 0.0375, wherein E is an elongation of the wire

15 (1) measured in %, d is a diameter of the wire measured in um and CP is

the phosphorus content of the wire core (2) measured in ppm.

2. Wire according to claim 1, wherein the ratio between the silver content

and the phosphorus content of the core (2) is in the range of 0.03 to 2.

20
3. Wire according to claim 1, wherein the phosphorus content is in the
range of 20 ppm to 300 ppm.
4, Wire according to any of the preceding claims, wherein the silver content
25 is in the range of 5 ppm to 1000 ppm.
5. Wire according to any of the preceding claims, wherein the copper con-
tent of the core (2) is at least 99.98%.
30 6. Wire according to any of the preceding claims, wherein the coating layer

(3) has a thickness of less than 0.5 ym.



10. 15 11. 20 12. 13. 25 14. 30 15. Wre according to
any of the preceding clains, wherein the palladiumcontent of the
coating layer (3) is at least 95% Wre according to any of the
preceding clains, wherein the wire (1) has a dianmeter in the range of
8 pmto 80 pm Wre according to any of 19he preceding clains, wherein
a ratio of an elongation of the wire (1) and a dianeter of the wire
(1) is in t/he 1o a%thnﬁ 146 4HY bP the Dreddding iR, st e balladivm
of the preceding clains, erein the wire neets the relation 0.000025
< E/ (d*CAg) < Ocasatenhhbths epatingdager () imaideastiPdh. t he wi re neasured
in % dis a dianmeter of the wire neasured in pmand CAg is the
silver content of the wire core (2) neasured in ppm Wre according
to any of ghe pygredtesrdilgiodny shtegiracédifg \Wdids( Whehsin the et (M@ abed

in an annealing step with a tenperature of at |east 370C
5 diameter in the range of 8 pm to 80 pm.

9. Wire according to any of the preceding claims, wherein a ratio of an
elongation of the wire (1) and a diameter of the wire (1) is in the range of
0.25 %/um to 0.75 %/um.

10
10.  Wire according to any of the preceding claims, wherein the wire meets
the relation
0.000025 < Ef(d*CAg) < 0.15, wherein E is an elongation of the wire
measured in %, d is a diameter of the wire measured in pm and CAg is
15 the silver content of the wire core (2) measured in ppm.

11.  Wire according to any of the preceding claims, wherein the wire (1) has

been treated in an annealing step with a temperature of at least 370°C.

20 12. Wire according to any of the preceding claims, wherein a hardness of the

wire core (2) is not greater than 120.00 Hv0.5.

13.  Wire according to any of the preceding claims, wherein a specific resistiv-

ity of the wire (1) is in the range of 1.8 to 1.9 yOhm*cm

25
14.  System for bonding an electronic device, comprising a first bonding pad
(11), a second bonding pad (11) and a wire (1) according to any of the
preceding claims, wherein the wire (1) is connected to at least one of the
bonding pads (11) by means of wedge-bonding.
30

15.  System according to claim 14, wherein the wire (1) is connected to both

bonding pads (11) by means of wedge-bonding.



Wre according to any of the preceding clains, wherein a hardness of
the wire core (2) is not greater than 120.00 Hv0.5. Wre according to
any of the preceding clains, wherein a specific resistivity of the
wire (1) isinthe range of 1.8 to 1.9 pChmcm System for bondi ng an
el ectronic device, conprising a first b&hding pad (11), a second
bondi ng pad (11) and a wire (1) according to any of the preceding
clains, wherein the wire (1) is connected to at | east one of the
bondi ng pads (11) by neans of wedge-bonding. System according to
cl ai m 14, vider eSysteine agcewling jo clirodhhet fl édwherain ehpigsaas Ngntg@wr@amr

15, "anerein a piB:a A mAGA ares hE bRE arae i sVl i i the
a value of at |gasé oBBORMING=0wirs of 26 maskarAétdpandigeld Bond padof 20 pm
dianeter to a gold bond pad. 5 17. System according to any of clains

14 to 1%, wherein a structure underlying one of the bonding pads (11)

compr i ses 4 | a8k Scl Nl B aRPRPURIALIUBGI I IR o BB UREENy-

for connecti hg rica conpri'sing

provi ding a wir g dne af tins Bbondingopadyy (1df) cohgprises lattleadtdone layeboh poraus
the wire (1) to a first bond pad (11) of the device by neans of ball
bondi ng or wedg&lieemdiade-and c. bonding the wire (1) to a
second bond pad (11) of the device by neans 15o0f wedge bondi ng;
wherein steps b and ¢ are performed w thout the use of a form ng gas.
19. Met hod fier nivetfied farrdomgeating adiatectrital e evioeo cdimpyising theysteds cl ai s

1to 13, I Si { te Oa. ,ovi, di
Wih the demandedPCMRIEnasvEs (DrrssoRungso and of cRUBRT toghdr B ng ¢ he
precursor until papbhdial b MR Pl\r/)vi t?‘;]a ﬁrﬁﬁbw Ba8q1 §) bihd Gevieapheteans of

c. coating the copper Core (2) the material of the coating |ayer
(3), 25either bbabbendingaintwedgehkbordiag; #ndf drawi ng the precursor;

o e S oE SORiRG 13 urd BV ¥'deRohdbofl 1) BPthe! SERES BY Wicans
15 of wedge bonding;

wherein steps b and ¢ are performed without the use of a forming gas.

19.  Method for manufacturing a bonding wire according to any of claims 1 to

13, comprising the steps

20 a. providing a copper core precursor with the demanded contents of
phosphorus and silver;
b. drawing the precursor until a final diameter of the wire core (2) is
reached;
c. coating the copper core (2) with the material of the coating layer (3),

25 either before or after the step b of drawing the precursor,;
d. annealing the coated and drawn wire (1) at a defined temperature for a

minimum annealing time.

30



