5 Heraeus Materials Singapore Pte. Ltd. 10 COATED COPPER W RE FOR
BONDI NG APPLI CATI ONS The invention is related to a bonding wre,
conprising a core with a surface, wherein 15 the core conprises
copper as a nmin conponent, and a coating |ayer superinposed over the
surface of the core, wherein the coating | ayer conprises palladium as
a mai n conponent, wherein the core conprises silver and phosphorus as
further conponents, wherein the ratio between the silver content and
t he phosphorus content of the core is in the range of 0.03 to 2. 20
The invention further relates to a systemfor bonding an el ectronic
devi ce,sconprising a first bonding pad, a second bonding pad and a

W re according to the invention, wherein the inventive wire is
connected to at | east one of the bonding pads by neans of

wedge-bondi ng. 25 The i nvepbifsMUtbASIs Sikb&idte Pt 1aqet hod for

manuf acturing a wire according to the invention. Bonding wires are
used i gyt he manufacture of sem conductor devices for electrically 30
i nterconnecting an integsAt-86¢ .PEEWIEE%Q auﬂﬁﬁrﬂﬁgcﬂbﬁk‘it board
during sem conductor device fabricatlon. Eurt er, ondlng wires are
used in power electronic applications to electrically connect
transistors, diodes and the like with pads or pins of the housing.
Wil e bonding wires were made fromgold in the begi nning, nowadays

| ess expendhe éventiar isakkted o adeadisg atireasopigieg a cofe wih copyiace wvherein
provi des v : I e t Wi - |

o “coppor * iere R EHESt Eiyiel 3E LB IE'd Khdfo, WFEEp DAL
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Thus. - bot nfEa e bR e Sk AEReHEE el Mo SRREHELS RS 2k pBent,
exanmpl e, bwheieigtheirbliobetwean gheasilvar genterdanddlee phesphofusrcoategit eeine core is
Cross-sect| r ver, bending of the ribbons is limted and
orientatiohﬂg$k¥ﬁgqgﬂégﬁn mmust be observed when 5 bonding in order to
arrive2at acceptable electrical contact between the ribbon and the

el enent to i Lt d . i J 1 : :

o 11 exi BB Faish yfnctREE 1o 2 RicRk BoRAtafR loBlrih ol SPryRlifing o
or | arger tiref bonding rav, efsecord binding pad #rel dwivdianeprgingde the, invérition, wharein

cause har I L (VA '

oty ot ur est SimEHEMk REEH @hnbiRa 1PRERE BTN FRthotBRE At Y rRAECT bbdoe
present i nkemtngn, the term bonding wire conprises all shapes of
cross-gections and all usual wire dianmeters, though bonding wires
with circular cross-section and thin dianeters are preferred. 15Sone
recent devéhepwention fugher rélatescioerimethdddadinagufatitdrg hanifeneccardingpioethe in-
core and a piatective coating layer. As core naterial, copper is
chosen becausée of high electric conductivity. Wth regard to the
coating layer, palladiumis one of the possible choices. These coated
bondi ng wi - I h t ! i.r i .
sensi t1vi t BORTE LI Bre Mo K Aot [EecRRBRIuCH doutiel Tor S8 Spicaly
f urt hel0 i niptessdngetingnar iedratgdvdinceit aad nprindep) cinuithboasd) dodng eemigenductor
bonding w ge.itsel d b j S ; i [

obj ect "o (i BBl B, Fordfer OUBARECSRARER n HEREF Cebinte sbhicafodo
it is anot électricdiiyeronnedt transistare.ediciiemand ther likei with aadondping ofithe housing.
whi ch has 2SS i i . eclfi -
needs v\/nengtui%li g%@@ﬁgg@%g r\{\}gégp © Bﬁ@g%@gﬁ/gé?ﬁgﬂéeos%gg%wsqogﬁ gﬁgsoégénbg%e]ng%
of the i nvmateriels are upedsicieas chrpedi \Whilevcompenire lprinade sevare bbed electric and

el ect réﬁc al th%ﬂgaltclaﬁ&&%bitf %Qildg-tbjoxbi“lg'of §c9pper wire has its challenges. Moreover, cop-

per wires are susceptible to oxidation of the wire.

With respect to wire geometry, most common are bonding wires of circular cross-

section and bonding ribbons which have a more or less rectangular cross-section. Both



It is a further object of the invention to provide a bonding wire
whi ch exhibits an inproved reliability. 3 It is another object of
the invention to provide a bonding wire which shows an i nproved
bondability with respect to a wedge bon? ng and / or second bondi ng.
SI't is another object of the invention to provide a bonding wire

whi ch shows an inproved bondability with respect to a second bondi ng

bei ng a wedfestsd rﬂfomﬁfﬁﬁ’qssl?avteﬁ@e'béﬁ%ﬁweﬁéf‘?'ﬂ'ﬁgrﬁﬁgbuﬁﬂ" far spgcific appli-

bondi ng beicaghA. bﬁhé RANK Y df Sgedindi§@asdve SHEIF shhRNh-the markét! FbrS example,
anot her object of the invention to provi de a bonding wire which has

i nproved r&onding risbenschaves Berer §§Pf@ﬁt A fere BWP'Hﬁquéﬁethqnal aregnpwerer,

object to Béﬁc‘!‘h@%f eSS RhitROaH &%r@éﬁoﬂ'cﬁ%é F?LBBdh e tS‘eeobsTeﬁ?véaewhen
used wi th standard ChIE) and bondi ng technol og ch system shows
0

r educeds f abPifieg imelento piEiye @t areapiatie s@@tnc%coaﬂ%%@aweﬁdha.ﬂh@on and the

I S anot her oRRIE o Whid RV an@emfumfs?g ft@fboﬁaﬁglfv@@%ume@g A8 rhdPé RkIbEE to
bonding wire, the nethod basically showi ng no i ncrease

manuf act ur PRECiES SHewevsRandlovinYHveenRiter Reldamrgsor Ty rdsfqr@awzﬂ gf the wire

wires of thewersshRiMg ;BrB(\!é‘s@t bvﬁi&h%\ﬁ%é&@@%afrﬁ%‘?@vér@ degtiethatbdn8Rgtpingnd
of the objects mentioned above. Furt her, process for manufacturing

t hese wi r e §NPRIYINgcdectieSiFetiRS @Hhé\ﬁ@"'&%ﬁé@h%ﬁ is|hogded theeetef t he

chal I epges of manufacturing wires. Further, systens conprising the
wires of the invention were found to be nore reliable at the
i nterface Fethedressmbinkertionathededn hending wiie cempesasial shaprp eftaress-sections

el ectrical 5ph ameais w.,%S&argeteré hiSoUhl sunamg%réetw.ﬁh émra@l crase%e%# Mdthin
etc. A contribution to the solution of at | east one of the above

obj ect s i sdigmsieradee ppfates. subj ect matters of the category-forning

cl aims, whereby the dependent sub-clainms of the category-formng
|ndependent clainms representing preferred aspects of the inven-

30t i onl5 t h&oBgHperstt dereloriments Weke eFeqted lvhaidinggiiees havingrt $qRpEE PR and @

sol ving at plRasite %gtlrﬁ%la&@re ARDERE tr8atERAN bpRA I@E’f‘ﬁé%n b%céugeséf ﬁ@ﬁ%@ctnc
of thelnventlonls onding wre, conprisin a core wt

sur f ace, 35NrcHYity. Yl regsrd t@@?ﬁp?qaé[é‘@ |l3ysp efla ymds Ras Af @GrP&éﬁEWtChO%E

4 a coati n@*hé@eV@datewB&{d.ﬁaOm@éic&mﬁe irréeaowm‘aaggopifhe%spw@e whh R isBn-
the coati ng Iayer conprises ga adium as a mal n conPonent wher ei n

the core c8iiyh t@@ldsﬂilwéwlev% clgpo PATeri%IaN 2899109 NeRY 108 Hiiheh knpreving bond-
wher ei 5y t hg\ohRtd RcRRINRRRMH r@ﬁar%' th ¥ b&ﬂm e AdGF én'ﬂQh@BéhEcﬁﬁq)ﬁM%esses

content of the 5core i's in the range of 0.03 to 2. In a preferred
enbodi ment, the ratio of silver content to phosphorous content is in

the range @fcSaRGiyt Risan dBA: oPIHEfiRichBSh idbrblige FARSRedborifbuias. 0. 5.

Thus, it is another object of the invention to provide a bonding wire, which has good
25  processing properties and which has no specific needs when interconnecting, thus sav-

ing costs.

It is also an object of the invention to provide a bonding wire which has excellent elec-
trical and thermal conductivity.

30
It is a further object of the invention to provide a bonding wire which exhibits an im-

proved reliability.

It is a further object of the invention to provide a bonding wire which exhibits excellent
35  bondability.



10l f no other specific definition is provided, all contents or shares
of conponents are presently given as shares in weight. In particular,
shares given in percent are understood as wei ght-% and shares given
in ppm(parts per mllion) are understo%d as weight-ppm 15The term
"superinposed” in the context of this invention is used to describe
the relative position of a first item e.g. a copper core, with
respect to a second item e.g. a coating layer. Possibly, further

i tems, sucly@anéRel cEBJ@r!t%?meaFn?‘enh@ﬂ( & prolig f&tbo%lnarvthﬁéﬂgﬁgh Qﬁév\l!e@rﬁ‘mﬁﬂ‘réved
first and the second'item Preferably, the second itemis at |east
partially §9@@h"1%w%ép5@%trt°?H’%quierb?ﬂd'ﬂgé‘ﬁﬂ"éféﬁcof‘@rboa@'"g east 30 %
50 % 70 %or for at least 90 % 20 with respect to the total surface
of the first item Mst preferably, the second itemis conpletely
super i nposéds aiether ehieqt P?’Ehe '”‘teé'ﬁ?” thieroyide g bonding s Rie shawsear impioved
the cont EXBoﬁéabmtﬁLﬁmh 'Pé’s%%! & sécoRd rb%aa.ﬁa bRingl'Gielhd Bondisy, WSt thEB®ond-
copper core and t’he coating |ayer. hi's region, material as 1n the
core as welng pesfofragRas faf a §§t PWQ'mﬂsb@Eﬁﬁlhﬂlj} bP'&%@@‘ isia lqpsbaudiigientn

combi nation. 25 The wire is a bonding wire in particular for bonding
in mcroelectronics. The wire is preferably a one-piece object. A
conponent itgs anoiar Abieeiraidhe Mventian iorrrowde aeaseingrvise whish deerimproved re-
exceedgy al kisfdhth REEorri iR RSE dkRiafidn.@ referenced naterial .

Preferably, a main conponent conprises at |east 50% of the total

wei ght of the material. It has surprisingly turned out that

control |1 ng & Bofigt bjeef toShibias ACQRI forRharRPRPEICERSIEAbyLEAI B Bsch

wire with inprove roperties of the bonding process parti cul ar
ad- 35vant alggét@dﬁ @%bﬂ@lrigie&@w@ywh@gﬁgstg@ra’r@wrsﬁ%@eﬁéa)@r%@émat
found. 5 [hesgi ,rggbgeﬁggrgg@org@ongmtl cularly significant if the
phosphorus content of the core is in the range of 20 ppmto 300 ppm
In mor&S preferred enbodi ments, the phosphorus content is in the range
of 30 ppm Qs %QchQPHbjebtttokﬁ&léééqﬁé’theﬁ'tfortrhﬁﬁuf%’cﬁ#h@ﬁﬁ"l’rﬂfenﬁ\fe behding wire,
phosphor ous appear be tolerable wth respect to a Vickers hardness
of the corthe methase b@ﬁﬁ@Wt $h?é""1l£éé‘9| ingregen ap | Manyactunng sAYS ptesnraled with
content W khhiEsReibst 0 oxidation etc. Additionally or alternatively,
a silver content of the core is at least 5 ppm In a preferred 10
enbodi ment, the silver content is in the range of 5 ppmto 1000 ppm
In a mst Buﬁ;fngrng;@ wiREDShEBRIsent Rferitbh Hale 08K BRha iGsdivh Al1EadiaNGS1 Ho
5 ppmto 100 pp esults o present invention show t

presence onJaﬁtSIf@%ﬁPngtﬁrﬁPPVQarﬁydh@rs agyroegss\fer masufagiyring ﬂl%eb’@@fh@ Rgen
mechani cal fohd REHidH GRrédnfs MRU4DBAS oPthel MBS of Hynafdcﬁmaawr'eg UE@HHeY,
obvious if a defined ratio of silver and phosphorous in the wire core
i s kept. 1Systeras ePEIBIising thewiepebiheciomertion weretfaun & beinoratreliabiasat the
99. 98%  Thingerfilch BMtwd tHeSWiRG a%@éFHPlB BURR ihRHhtioh AR él@étﬁédl%llerﬁé}{ts
wi re bondi ng w thout exceedi g;{g d9 costs due to high purit

speci f#Tat POndhe Fntetheircyiropet: s gadiginet al of all netal |rrpur|t|es
of the core, apart fromsilver, suns up to |l ess than 30 ppm 20
Generally preferred are enbodi ments wherein the coati ng | ayer has a

t hi ckness &8fcanidstiomimntie, @llﬁmn offatlerst @vgatafiae pag¥e obiscts s Pravidset tP)ythe
thin, thiSopsenirdiferd B rRCShEhARIRIR! d8HsS whbreb) tne B8bdruant aﬁ&aam of
t he bondi n process term’ Lness t he” cont ext of

i nvention he Gaieapry- fprﬁllé'fgl !ﬁ@enerméeati d@mfrearelsasy@g prafeped peneste @f dre inven-
di rectypn fl ttftfl,ﬁsﬁtg d-t‘t]‘é of@lﬁaﬂlkeﬁﬁéegm%eéé@oﬁtﬁﬂﬂ% 6@ I@m Wbt one of
| ayer 1s at l[east parti superi nposed over the sur- copper
core. Conct?\erﬂba‘@t&m@nm@épw on of the coating |ayer, the pal | adi um
content of the layer is at |east 50% nore preferably at |east 95%

Particularly preferably, the coating |ayer con-
A first aspect of the invention is a bonding wire, comprising:

a core with a surface,

35 wherein the core comprises copper as a main component, and



30sists of pure palladiumwi th | ess than 1% of other components. In
case the coating lay- er has significant further conponents, those
conponents are preferably noble netals. 6 tion of such wires. In the
present case, the term"thin wire" is de4f|ned as a wire having a
dianeter in the range of 8 pmto 80 pm Such thin wires nostly, but

not necessarily have a cross-sectional vi ew esfsentl ally in 5 the
shape of a ci Adoatingrigyer Kypgiimposgdgver theurgrart e&Re i n the present

context refer %/hbﬂan@th\é' d%\é‘n@d |a?er%&nﬁri@é@pglmdtma%rneem vhepsidntt he pl ane
of the cut is perpendicular to the i tudi nal extensmn of the
wire. The cro¥$eedtihedion cCOMRiGes sivasan @GH%PWU%#;/ UB & QMRPNERiSt he

| ongi t udi nal %b?éﬁlttﬁbﬁrz% Eéi@eé!ﬂ bR sifver OMERS AN B phdsphonaeonfdit W ki
in a cross-section is the est chord which can be laid through the
cross- séct i onCefe IFH‘etheI@“gﬂQf@g%tPtﬁ n the plane of the cross-sectional
view. A "shortest path" through the wire in a cross-section is the

| ongest chord perpendicular to the | ongest path within the plane of
t he cross- Jearrefaged embpdiment. fbe| rafisgy s vqrfcom?@tw plosphgroys sapieatis in the

circular cross-s39us®D, M%@Q&%d'l@%@ﬁhg@@ﬁ@O@%Bhe shortest path
becorre i ndi st1ngui shabl e and share the same value. The term
"dianmeter” is the arithnetic nean of all geonetric dianeters of 15any

pl ane ggd !fﬂn@eme@ll ?e&m @Eflnlf{h’ﬂﬁfsebrﬁv@bb al aa%n@r& Q%"r@ﬁﬂﬂb&ﬂb&feni@are
t he | ongi tudi nal extension of the wire. Cenerally preferred, a ratio

of an el ongEaSEBYY giver Re shates AMeightdinpastierarofharge oiiepdn iP§rGent argeunder-
range of Ogidad%UPReight-%, 7a51d%|1%1%s g 8n Sh QRERINLR FerOhillldAg av\e ruﬁdér%tood as
given as a per- ZOCentage value. If an initial length L"of the wire
is given aW§iahkBPWire is stretched to a length L' unt|I it breaks,

the elongation is defined by E = (L'-L)/L. In a preferred enbodi nent
of the invention, the wire neets the relation 0.0008 < E/ ( d*CPt%u

0. 037515 V\h'éh@ffﬂ”ESPBeftm@Séﬂo'ﬁd%Q rRHegof thininkpitionde Hess o fespriog thy relgtive
the di- 25,8 67a kst #dIR, 3\ £cofpRs ubRAWitR ré¥Ped® Ldecofd itB9, e.g. a coating

phosphorus content  of the wre core neasured in m Such wiré has an

opti i zed B85 PIREEGNS febiar disMsd spehas @ @F?”ﬂ“ﬁ@ai?eegki%fctm@@ bR AEABESS Be-

its el ongatj<un ﬁ‘a@ChrE't' m%f secMQdi Gehl. @fr@féﬁaw,thé @scdndr.@ewtaﬁ IeTaQﬁpartlally
relation 0.002 < 0. prefera

he r el at | SHPROTTRS3& EvgTdheRsst emoa.d. B0a) Rost 3ok, B 181 oF B af lkgg! 50 %

enbodi s@nt with rédict Y 8l o su:m% ¥ the fiBSiehn. tnbr@st rpeéfeﬁabwﬂ e Q&Q(Aaﬁtém is
E/ (d"CAg) <0.15, wherein E is the elongation of the wire neasured

% d is thEOmPIgabt spesmPoRed Wﬁ’reth?ré'% dFed ThA 1y dneresdptp dareReindhe \9@@-

content of tdher Wid RvERIoR iSBAEHDRDS kb RRE) betkeén We' @bp&s@sc@r@ #Rtth&1ca8khg
silver content dependent on the 35respect|ve demands for its

el ongat i on'aad Ithisecion, metsrial a7 Brtee seeyas welkasynaterialas ig theycqaliag layer is
relation O ggggﬁngo,ﬁlo(ngmg) <0.15, and nost preferably the wire neets
the rel atlon 0.005 < E/(d*Ag) < 0.12. An inventive wire is preferably
treate®in an anneallng step with a tenperature of at 5 | east 370C
Even nore prefife 8t bbh@ngd Wiﬁéeh%ér’f&zlé?ffoF Bsmﬁﬁ@@ammelé&tﬁﬂnds% T«ﬁte wire is
| east 430C, wherein higher annealing tenperatures can provide for

hi gher val beferably aaqne- Rie@RUeGton of the wire. Concerning further
paraneters for annealing, in particular thin wires need not be ex-
posed to the annealing tenperature for long. In nost cases anneali ng

i s done byApeMACAENtiRAE WMaATECeMPIGh ibie HAE0fi thig covwrnemt axcegdeell further

| engt h3@ndc%b$]1@1t§&fd RESeh@IRRAREM Pre‘?ér%lyl &nidhn GorFhoHRAt EPRSfes Aleast
exposure tine o hin wre to the annealing tenperature is

typically 5%%@819(@%@’3@{“ of the 1¢Jisd t o 10 seconds. 15

It has surprisingly turned out that controlling the ratio of silver content and copper con-
tent leads to a wire with improved properties of the bonding process. In particular, ad-

35  vantageous improvements in wedge-bonding performance have been found.



For a wire according to a preferred enbodi nent, a hardness of the
wire core is not higher than 120.00 Hv0.5. This limts the maxi num
forces applied on the bond pad which can occur during the autonated
bondi ng procedure. Such limtation is pasrtl cularly hel pful if
mechani cal ly sensitive structures are ali gned bel ow the bond pad.
This is 20 particularly true if the bond pad consists of a soft
material |ike alumniumor gold. The sensitive structure can, for

exanpl e, cqmggé ﬁu@pr@@n@ﬂs sRVedriduldrRysRgrificaht 'Pﬂfe%ﬂbsﬁlhdrh@ eontehtaritsiecor s
particular with a | ectric constant of |es

. 5. Such rous
and hence WE¥e rﬁﬁQ%P?QP PPE et hPRiG: 'i”d@?'??a%’?fs?ﬁe? e(f'b‘?ﬂﬁjﬂﬁe”a% e pg'ﬁ?Phor“S

help to ln‘ébﬁt@ﬁﬁmhh@h@ﬁéﬁg@%f@@rﬁ &R 206 ppﬁhwmsowuaaedtmtn@ccéﬁu@nlaﬁﬂiunt of
properties of the inventive bonding wire are 25¢0ptim zed to avoid

cracki ng oPhBIHeFOUARRGAN %Gftoﬂq{%b'ﬁ/é“éﬁb regRRst L0 a MigkeRphardacss Qfithe gere, at
wire core ke salfakime KRTHY Bshedits 6ftBe \WhbSpiRPows Edritérit vAgh e &b oxidBfdn
nmeans after all manufacturing steps |ike coating and anneal i ng have
been finisk&d. In order to performthe hardness neasurenent, a

nmet al | ography cross section of the 30wire can be prepared in order to

produce a flat surface. This can be done in the | ongi- tudinal
di rect i on, ARAitiepallyer ﬁﬁ?@aﬁ\éﬁ%@rﬁ”"%’r"qn@rﬁ erthﬁrCSFF‘sK?éF t 8iPPB{N dRreferred

Furt heng ad\éﬁi&bamw Stha ,su@ersa@ﬂrént isCm 'R irsidevorts/ pph tb @00 fb\bﬁﬂtlh ‘éemhﬂétrpﬁe-
is in the range of 65 to such conduct|V|t

suitable f&F rﬁﬁja?f?b%ﬁﬁi“aﬁﬁ %WEF g%t?ﬁiﬁ%"bthé rérsqe‘e?fr%apmée. i %‘%?f“ts of

the wire i ghd [ﬂ-eéé}ﬂ ifvangéh giovlth%t tHe &e&er@@@ﬂﬁ?l@hst onalt é‘rﬁﬁdﬁ@éf HeHAE bdd-
of the invention is a system for bgonding an el ectronic_devic

conpris- i HY® henﬁﬁqlalwa@maﬁ@ab%faperae%@%%ﬂitnsﬁﬁai 1R vpred ThiSdS BaWFF'é”Y ob-
accor di ng pué ifa deiKedFtRrbf siee Rl Phésﬂiﬁo%d’s% tHe WIRNERE ekkpt0 at | east
one of the bonding pads by neans of wedge- Sbonding. This conbination
of an ihventive wire in a systemis preferred due to the fact that

the wire h@%f@l%ﬁ@/c*ﬂﬁi bapdaserteﬁteﬁt at tHY 8R18rik it Jeabk 100 9895 PRHS alléwyVRFUSing
bondi ng. Gener al | V pre erre rocess Wi ndow area for the at

| east one RRAGENBIRANIRAC’ SPPPET U@th\aP&%f wigg Rendingwithout expeedingly bighecogts

a bondi ng gudtd BigRpur dpeLitARS arurih@ﬁs@erbnylé)mg@ifdlmww iApGHitied e the
definition of a process wi ndow area for honding wires is known in the

art and i SCWd@TU%’B(?"Y% %ﬁ?@'ﬁ???‘é?éﬂ?p{n res. In principle, it
i s thepproduct of a bonding win- dow of an ultrasonic energy used in
t he bondi n% and a baondi ng wi ndow of a force used 15 in the bondin

wher ei n t hEepg&lly Pieijrasoera er’i'épé’df’(’)e%é‘f‘e'@é} thaigeaping lverdgs a thickness of less

speci fi cat tRn9.5 and If tAe RUAtNg 19V<es Siffidetiyanm, tHipraoides ?dr‘h‘ég[éﬂtab%aé*fects
etc.. The actual value of the process wi ndow area of a given wir

further depelgsoaing [reuin tBe @Pa‘ﬁ‘ﬁ@ &Focgss- e tege Q“Wé”?ﬁ?nd‘ W&cPO"teXt of this

material. |ReMdhas ub&d & ¥&ind toPSie bf & IAef impdrpsitiafartdieciimaBerd ioagitei-
an inventive wre, the clained process w ndow val ue is_based on a

wire dfanmef@raxsoiipe PRPRETFOF r’ﬁh'Ch layenihat spst R%”&SéHﬂerﬂaﬁo%SrPé’P’éF‘@ -
gol d. The geR8ppdr dorentive systemis not limted to wires of this
di anet er and bond pads nade of gold, but nanes this data only for

definition purpose. A yet furt her aspect of the inventionis a
et hod for cepedRipl 'ttﬁl&gc&ﬁpﬁlt%td‘f'ﬂfeaéoa‘ﬂﬁylé‘yér t@wﬁaruhswﬂeﬁﬂwtr@t@m is at
a. prOV|d|ngavv|re accordi ng to the i nventio bondi ng

the wire tast $Q%smowaf%%v at 'e@ﬁe‘?%\)’%@clﬂﬂriwafﬁga%f “P)%F‘Patﬁarlﬁﬁeﬁﬁon'

or wedggbogdisng puﬁbﬁﬁla@@mm W is8 thdnh®, \WF bifieF BoBp&rRGed) th B@sﬂ.dthg%gatﬂfg lay-
t he device by neans of wedge bonding; wherein steps b and c are

performed & MHorignifigast fustbepsompanspis: ﬂ'@saagmponents are preferably noble metals.

The present invention is particularly related to thin bonding wires. The observed effects

are specifically beneficial to thin wires, for example because of the sensitivity to oxida-



9 palladiumcoating |ayer is present in conbination with a certain
anount of phosphorous in the core material. The resulting properties
all ow for processing wthout using formng gas and hence lead to
significant savings in costs and hazard precautions. 5Formng gas is
known in the art as a mxture of an inert gas |ike nitrogen with
hydro- gen, wherein the drogen content may provide for reduction
reactions (B'P"@J‘(F'éﬁfk\é'ﬁﬁsv\if‘r%erﬁ’ﬁfﬁ%ﬂf ease. hg tere tRiavdie” if dafined paaarits aying a
omtting ofydQsad :thegﬁa%gg%%?m{ﬂ&%ﬁ}ﬁ reactive conpound |ike hydrogen
is used. Nevertheless, Use of an inert gas |ike nitrogen can still be
advant ageous. 10 A yet further aspect of the invention is a method
for manuf aghh il iRk bUl FGt RECAIERMk0a ERSSSBURREI ABw essentialy in
conprising the steps . providing a copper core

precur sér Wie shapgef gettigled dbe derm @ﬁrgsweq@ﬁ@@ pred 5 the pieRnticpalext refers to
b. draw ng at\héuw%%msm{mwmé r'i‘efwm&unGlhé"EPén%rof%echﬁsVﬂerr r‘Eﬁ’H % 't(ﬁthe
reached; . coatihg the copper core with the material o
coating | aMItU@n@IWerﬁ@mowféh@W@f 58@ thaié-8§t>téwabwew aana fegnd meany posi-
Precursor; tion on the Io?gltudﬂal 8RPeabd Bgtﬁeh\ﬁ:rézoﬁt“l%ﬁ @:{f aq{"qm \Q‘Brtﬁe iredn a

defi ned terrpera ure m ni num 2 nce

t he manuf a€fageisagtiareisrbel IQr@egteﬁmr@ilwh}cfk@mhe faid fchf@u the ¢rpsa geq@en of &ie
out thah thQge %ﬁm e dléﬁéedf the %Es Qscu%ﬁaﬂ \h&p ;byshaﬂaést@awh@ugﬁmet»ﬁm fia

met hod [i ke nmechanical coating, electric plating, elect

pl ating, pRiesEGaFtiondpdhe t@egw@p&pezger(dwt@r to dhrelengest PaHpwithin the plane of
deposi tion tr(ec%f@%%e V\hoﬁglrv?e\%a%eg%o\lggf m;p@hﬁpﬁ%ap@ét%rremglr cr%% gé%mn,

the drawin endent on properties o

may
respect i ve%ﬁaaﬂﬁedgnma petatichiienshorisat Path heseme dudistinguishable g shgre the
m ght be peLfaraRe. &he i ‘H{@rﬁ?‘igﬁ'i@tr’?‘e éﬁtﬁﬂeti&%n%f%ﬁ%@bﬂ%tr&fdnérﬂ@terspof

W re or_precursor occurring re as we ter the coating st

30 As 1% seepplanetand ipRoY ghertionswhergintallydanfspare Pefmesdichier tothedengivdieal
as known i gytRSoAbEthe W, Sel ection of available copper with a
sufficient 1nmpurity speC|f|cat|on Though not necessarily present,
silver is often contained in copper as an inpurity, it being possible

of provi dedeh@raqﬁgm . 605l m@é;bﬁéatmto@%wﬁgahab%ra&@&*tﬁga}.re is, in

process steps ana tlca control ng the raw materi
to step d, thelfénaﬁﬁé8425n(g!unst0p%7$ v/Hed The elpngatian blof die Wiy issgivithawa Perr

the arggi ncéHtQ&é vhiBe 2% 'é#-.‘?Mﬁal%éé%ﬁ fLe5¥ the &\Qrfe is t?3‘?'\/(3‘?1‘ érﬁi HEARY isWfchdFed 9%

t he crysta structure o Wre accor g respectlv
denmands. Pleagylapnil it breakss Hieeelpngaion & drfine Qyﬁa-rr{LcéD/Ly while the wire

is noved through an anneal i ng oven and spooled onto a reel after
having |l eft 10t he oven. DESCRI PTI ON OF THE FI GURES The subj ect
matter of the prelesiedi enbedmeriemplhe invantian, tthe Witegmeets. teheelatioguy.ge08 <

however, 1ppgesmat O'OG?EWBHE s tPﬂe telotnBEtno?F&p(ﬁeW trﬁ@aéu?é/oei'ﬁt%oﬁ‘ i9fhe i

theclalmsln any gure 1, a wre S 20Fi gure
shows & cr @@gteg@éthedwéﬁ rnfeia@weéﬂn winrandiCP |I€nthpmd510§pm§s §@&@ntmiéme war%\ﬁpre

a COPPEr  measured in ppm. Such wire has an optimized phosphorous content dependent on the
respective demands for its elongation and diameter. More preferably, the wire meets
the relation 0.002 < E/{d*CP) < 0.02, and most preferably the wire meets the relation
0.003 < E/(d*CP) < 0.015

30
In a yet further preferred embodiment of the invention, the wire meets the relation
0.000025 < E/(d*CAg) < 0.15, wherein E is the elongation of the wire measured in %, d
is the diameter of the wire measured in um and CAg is the silver content of the wire
core measured in ppm. Such wire has an optimized silver content dependent on the

35 respective demands for its elongation and diameter. More preferably, the wire meets



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 wre 2,
a surface 15 of the copper core is located. On a |ine L through the
center 23 of wire 1 the dianeter of coppger core 2 is shown as the end
to end di stance between the intersections of line L with the surface
25 15. The di aneter_ of w the end-to-en st ance between the
ntersect AbIARIOMGIDOPS B cith T GRS Srelerabl HeS Bt dioats (heelhon
wire 1. Beggigs< Effadg)Ricckness of coating layer 3 is depicted. Figure
3 shows a process for manufacturing a wire according to the

invention. 30 Figure 4 depicts an electric device 10 conprising two

el enents 1hraRdermividivifes i&. préfeeadd Er@aﬂad% eft drirealidgy step VABCA SerhP&ratuf® of at
elenents 11. The dashed |ines nean further connections or circuitr

whi ch conndast SRR eI BipenmerelRrefied. dig Empsraliie Pinlje ANNgaINecRaBi gt Teast

devi ce sur MQU@'\Diﬁbrblh%lgﬁé?@ﬂbﬁlw%hemﬂ’é?at@l‘e@m%ﬂt Srovide GANIGREMVAISSS P sk
pads, inte- 3b5grated circuits or the like. 11 Figure 5 shows a

sketch of &lapepdepefithewset. To a substrate 20, a wire 1 is bonded in
bonds 21 at an angle 19 of 45. A pul | hook 17 pulls wire 1. The angle

32, which is forped when the &5 hook 17 pulls the wire 1, is 90. 5
TEST METHOSSNAPNINgLFaer-prIameioss, fos Aanea!inge i PRIGRYAT i wites Treed ppt e ex-

and a ngl apby&y ’(E!)Utﬁb@nh&almfg tefp&pat k8 rELIERd Rh Gist CADYLaheXingYis BRhE bynle-

of a test specinen, i.e. awire of 1.0 min length, were connected to
a power somgc@emltﬁ/ﬁhm%g ap yeeingheveLr 2 aivenpfenoth-angwith a defiged dermegye-

was recor dege wrdfile at éjgrverY kg&ed. Ah dXBASHE iR of @l thdMre ththS afkdaliHg té’kﬁéera-
repeated with _at | east test specinens. 15The arithmetic nmean of the

f our masu?l@%ﬁwg‘cﬁ\lﬁ’s'“ﬁéee@“ﬂﬁlof He"‘eé%rl’%‘ﬁ’l%?e&ﬁ%dsgl ven bel ow. The
resi stance R was cal cul ated according to R= U/ |. 20The specific
resistivity p was cal cul ated according top =(Rx A / |, wherein A
i s thelfrean cross-sectional area of the wire and | the | engt h of the

Wi re betweepr khgird WecIIBIAG Y6 'anﬂe&Q#eﬂtén@édIMBﬁt dendréfeds Odf tRB AN £d16 is not
vol tage. The speC| fic conductl Vi Iﬂy a was cal cul ated accor di ng@to a =

1/ p. 25 RRViEPERBEMNICTe/NERRYIRH | Ay Ner Popd pad
wireto a wmﬁtdaﬂto%cm @urﬁe@ tM\é hbtoﬁ%lté’h MERIiNREsrbesdiRsl arch?ﬁm&at.amr;ﬂrﬁbmar-

t he bondi ng was applied to the surface. After fornmn

wodge_ bond WhHUAR BSGREC SE5She HESUER i G BIoHANS Baed PaF oThis i
the wpg “@ﬁrt'\ﬂ@lgﬂyeﬂué\ﬁlftthe bbfd pag @BAsiSB&f blsoft material like aluminium or gold. The

sensitive structure can, for example, comprise one or several layers of porous silicon
dioxide, in particular with a dielectric 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. Therefore, the mechanical properties of the inventive bonding wire are

25  optimized to avoid cracking or other damaging of the weak layers.

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.
In order to perform the hardness measurement, a metallography cross section of the
30  wire can be prepared in order to produce a flat surface. This can be done in the longi-

tudinal direction, which is more common, or in the transversal direction.

Further advantageously, a specific resistivity of the inventive wire is in the range of 1.65
to 1.9 yOhm*cm, such conductivity being suitable for many applications. A more pre-

35  ferred resistivity of the wire is in the range of 1.8 to 1.9 pOhm*cm.



30 the substrate. The distance of the bonds between the two ends of
the wire was in the range of from5 to 20 nm This di stance was
selected in order to assure the angle of 45 between the wire and the
substrate. During wedge bonding, ultrasqgnic sound of a frequency in
the range of 60- 120 kHz was applied to the bondtool for 40 to 500
mlliseconds. 12 EXAMPLES The invention is further exenplified by
exanpl es. These exanples serve for exenplary elucidation of the

invention an@rAseadpett mﬁ@meﬁhdnqS lal?sfen{ iaebamﬁg?a@feletchemb QALEBE, | R piE-
the clains_in any rraterlal of

ua er
at | east 98199 figt ﬁGF%’/‘W P(adleS@B?fﬁjeP@’)d'& ﬂ‘é)?[‘ R Wik ag dieg i e igugption,
anount s of whiten® the(iigh istddfnBEIOS RNAY 184 dhB)of BetbtRthdde tyRedrRl df valtide-

10 an even distribution of the added conponents in the copper nelt Is

provi detl. PRRIBGJEYS SebiRRUCTL! &\ 'F\’/%f?t"’ﬁr‘l‘ﬂrerjﬂ@sﬁ)’ﬁ%ﬁ“b!i‘sprsﬁeémé&”@d? delgct
to contri bgHae tHePwite ﬁé@é@eefauyleermmaﬁgroeed.ez With PEBpRct thedige behaiRgcor e
precursor is cast fromthe nelt. The wire core precursor is then
drawn in in several drawing steps to formthe wire core 15 2 with a

di amet er ofcaea@ranyr?are“faee@raqﬁ@ce%e%hm Bfealfbethviat Ra8O6IR: Wedde B9nd hasaval—
essentially circular sha is to be understood that the wr

di anet er i §ebet @8%‘3@&% a8t casenpighPndingaz wirg of ¢& L diamster bonded to
fluctuayi opgoldbdrdigparihape of the cross section, a thickness of the
coating layer or the like. If a wre is presently defined to have a
dianeter of e.g. 20 pm the diameter is understood to be in the range

of 19.5 toTRE defilfidn aﬂaﬂaecéég WnddW BrdaSfol BBRdiEP Mired isvkhdwiir B¥edrt 8nd is
consisting of Palladium(Pd) of at |east 99% purity. The thickness of

the coati n@"qeé)ye‘iedsmu compare Hisfereat yérewt In RIDCIAIR Bris Fr@s%’ odugt of arordingpHe:

coating | aysk O‘f§n uﬁﬁaséhlg%hééﬁ%bbih @l@djoﬂglnb@inﬂ Reboding Vﬂh@d@bﬁé foré® I8
coated wire | s then annealed in an anneal mg) step in order to further

adj ust 1par e diosre; MRee HRgasYIHe bong parBamestrqpstaly Pulk tesisrgrlications.

the |ike. &heaainesick R 3igramsr AP heReidEraBhE atd. YTHYadtui Vae Jf e Wiobsss
through an anneal i ng_oven of a defined | ength and terrperature with a

defined spEWowmTea ot AGiNENTe Tvehey aependp anyhe wire sliameisl aziwglhas &g ond

for packaghBgmadéial.Nn Totherr@cs gﬁe@ts@smmbﬁﬁnoﬁ Hetha pR&ytidatf tahNBuentitd Glte,
is the tinme during which glven pi ece of the novi n'%Svm re renai ns |n

t he heat edﬂev@ﬁ'quspraﬁ%ﬁﬁwe 7 Velue isPasge ofp yurgr damgted;of f20reRt= 0.8 mil,

anneal pMg (WABRAT MeWWoRd pab &hgsemﬂ@aldl Tele SESHS arNPRENtRE swenﬂerrrohmhned to
anneal i ng par aneters ap art fromthe te erature have been ch ang ed

Fur t her , t WBPeS! DisAiemBIes ApoRBd BAGY A obaeis) ks Names dhina o (pr defini-

pur chased Bengipese W res Conpl and Conp2. As the exact production
process of these wires is not known, data of annealing tenperatures
is not available. All of the eval uated wires (inventive wires and

conpar ati VR it F@Her RRpEctar dhalifeRtiorPls & nfbthdd for cdRndtihg an electrical device,

25  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
30 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

35 effects. This is specifically true if a complete encapsulation of the copper core with the
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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 hydro-
gen, 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 methed for manufacturing a bending wire ac-

cording to the invention, comprising the steps

a. providing a copper core precursor with the demanded contents of phospho-
rus and silver;

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

c. coating the copper core with the material of the coating layer, either before or
after the step b of drawing the precursor;

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 layer 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 particular, the coating might be performed at an inter-
mediate 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 specific pro-

duction step of the core material. Alternatively, the silver content might be obtained by
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selection of available copper with a sufficient impurity specification. Though not neces-
sarily present, silver is often contained in copper as an impurity, it being possible of
provide the demanded core material without applying additional process steps, but by

analytically controlling the raw material.

As to 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 ac-
cording 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.

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 sectionai 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 diameter of copper core 2 is
shown as the end to end distance between the intersections of line L with the surface
15. The diameter of wire 1 is the end-to-end distance 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 con-
nections or circuitry which connect the elements 11 with external wiring of a packaging
device surrounding the elements 11. The elements 11 can comprise bond pads, inte-

grated circuits, LEDs or the like.
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Figure 5 shows a sketch of a wire pull test. To a substrate 20, a wire 1 is bonded 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°.

TEST METHCDS
All tests and measurements were conducted at T = 20 °C and a relative humidity of 50

%.

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 recorded with a de-
vice 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 /I

The specific resistivity p was calculated according to p = (R x A) / |, 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 ¢ was calculated accordingto o =1/ p.

WEDGE-WEDGE BONDING — PARAMETER DEFINITION

Bonding of a wire to a substrate plated with gold was performed at 20°C, wherein 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 to
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 selected in order to assure the angle of
45° between the wire and the substrate. During wedge bonding, ultrasonic sound of a
frequency in the range of 60 — 120 kHz was applied to the bondtool for 40 to 500 milli-

seconds.



0, 0052 1,09 Conp2 ? 10 <1 >10 12,7 6,2 2,05 >0,635 0,0635 (table 1)

10 Wth:

EEl ongation (in % BLBreak |load (in grans) Annealing

tenperature (in degrees Celsius) dianmeter (= 20 pmfor all wres)
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Silver concentration in ppm
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MPLES
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 add-
ed amounts of silver and phosphorous are calculated to contribute to a share of 10
ppm Ag and 75 ppm P. Then a wire core precursor is cast from the melt.

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 circu-
lar 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 um,

the diameter is understood to be in the range of 19.5 to 20.5 um.

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 diameter.

The coated wire is then annealed in an annealing step in order to further adjust param-
eters like elongation, hardness, crystal structures and the like. The annealing is per-
formed dynamicaily by running the wire through an annealing oven of a defined length
and temperature with a defined speed. After leaving the oven, the wire is spooled on

reels for packaging.

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 o IW5 of wires according to

the invention. The exemplary inventive wires have been produced identically, let alone



Second bond (force) Second bond wi ndow area Wre Hard- ness (Hv0.5)
Bal | shape ball/ metal lift at as bonded IW 5,1 0,3 80-180 40-100
6000 No data good 2,5 1W2 5 0,4 80-180 40-90 4000 116,2 good 5 IWB
4,8 0,3 80-180 13

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
5 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 ym.

E/(d*C |EN(d*CA
Ag P EL/BL [P) )]
Sample | T (°C) |(ppm) |(ppm) |Ag/P |E (%) |[BL(g) |(1/g) [(1/um) |(1/pm)
w1 450 9 76 0,1184 |5,8 6,7 0,87 0,0038 ]0,03222
w2 500 9 76 0,1184 (11,7 6,3 1,86 0,0077 0,065
W3 550 8 76 0,1053 |13 6,2 2,10 0,0086 [0,08125
W4 600 10,1 75 0,1347 [12,7 5,8 2,19 0,0085 |0,06287
IW5 400 10,1 75 0,1347 |0,7 10,5 0,07 0,0005 ]0,00347
Comp1 |? 0,5 104 0,0048 [10,9 6,2 1,76 0,0052 11,09
Comp2 |? 10 <1 >10 127 |62  |205 [>9:635 [0,0635
(table 1)
10
With: E Elongation (in %)
BL Break load {in grams)
Annealing temperature (in degrees Celsius)
d diameter (= 20 ym for all wires)
15 CP  Phosphorous concentration in ppm

CAg Silver concentration in ppm



40-90 4000 No data fair 3,7 IW 4,7 0,4 80-180 40-90 4000 No data
fair 2,4 1W5 4,9 0,4 80-180 40-90 4000 144,7 best 1,2 Conpl 4,4 0,4
120- 170 40-100

14
Stitch
pull Second Second | Wire ball/
standard | bond Second |bond Hard- metal lift
Stitch devia- window {bond window |ness Ball at as
Sample Jpull{g) [tion(g) [{(USG) [(force) |area (Hv0.5) |shape bonded
W1 5.1 0,3 80-180 |40-100 |6000 No data Jgood 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 4.9 0,4 80-180 |40-90 4000 1447 best 1,2
Comp1 |44 0,4 120-170 |40-100 |3000 122,2 good 3,7
Comp2 |49 0,5 80-180 |40-100 |6000 110,2 bad 7.4
(table 2)
Remarks:

5 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 ball of a ball bonding

performed under standard conditions which are the same for all of the evaluated wires.

The second bond window USG (= ultrasonic energy) value is generally preferred to

10 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.
15
In particular, the inventive wires generally show a high value of the second bond win-
dow area, i.e. 4000 or more. For the comparative examples, the wire Comp2 shows
also a high second bond window area, but it has high standard deviation on the stitch
pull value, which is disadvantageous for the process stability. Furthermore, the Comp2
20  sample has a significantly bad value of the ball shape. The wire Comp2 would not be

chosen at least for ball bonding applications when compared to the inventive wires.

For the other comparative wire Comp1, the second bond window area is significantly
lower than for any of the inventive wires. This makes the inventive wire particularly ad-

25 vantageous for second bond or wedge bond applications. Inventive wires can be a pre-



3000 122,2 good 3,7 Conp2 4,9 0,5 80-180 40-100 6000 110,2 bad 7,4
(table 2) Remarks: 5The "ball shape" property is being visually
eval uated and categorized into four classes (decreasing quality):
best - good - fair - bad. It is the shafg of the ball of a ball
bondi ng perfornmed under standard conditions which are the sane for
all of the evaluated wres. The second bond w ndow USG (
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i nventive wres genera Yy show a g val ue he second wi ndow
area, i2e. angiootherwirphardnessyvalige Tb@rﬁ)@ﬁatput%f@m@bt%%ww has Rpereamsaai
shows al s0 48, biady Ié\ﬁ(fé}ﬂﬂergﬁ!ﬂ@'of’\&d!}j@vs%?t@ﬁmg Qﬁéctg frofAfie Qh%lnﬁb??&:@’sé’are

deviation on the stitch pull value, di sadvant ageous for the
process st apnparaply Vﬁﬂ*&'ﬁé‘ﬁlﬁtﬁ@ftﬂe Qﬁ'eth%ﬂiﬁz hZ‘O@a?P&héN'Wa@nabe advantageous in
si gni fi cankhbycifaghpightidhsOb gt BReR @l harBlRf: oo dHapEUMR2hi %lré!akneéd is
be chosen a% Teastﬁ{I S IIg boﬁdl n%a appl ﬁ’c%otl ons whgn corrpg?ed to the
i nventive ﬁPfrnégdedfOfFor the ot her conparative wire Conpl, the second
bond wigpdow area is significantly lower than for any of the inventive

wires. This nmakes the inventive wire particul arly ad-25vant ageous for
second bonalewrthﬁ&ﬁgelrb@ﬁat apbrationsiigher elongation yalugs pag lovay ke hargpess

15 ferred ghol at% M%Ciﬁ%l‘é%fﬂﬂeruEHé}dﬂe@Se&QHWﬁ%t NP Sre BHcifRbRP pRiAEHEd
excellent results for wedge- bondi ng appl i cations.
examples of inventive wires.
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It is noted that the exanple IW,b has some striking properties, e.g.
t he el ongation value 5 and/or the wire hardness value. This owes to
the fact that this wre has been annealed at a rather |ow tenperature
of 400 C. Softening effects fromthe anigaling process are conparably
weak in this range. On the other hand, ch wire can be advant ageous
in specific applications, e.g. when a particularly good ball shape or
a high break load is demanded for. 10 Neverthel ess, in nost
appl i cations higher elongation values and | ower wire hardness are
advantageous. In this and further respects, W to IWM are
specifically preferred exanples of inventive wires. 15 16 Clains: A
bonding wire, conprising: a core (2) wihea surface, wherein the core
(2) conprises copper as a mai n conponént, and a coating |ayer (3)
superiggosed over the surface (15) of the core (2), wherein the
coating |ayer (3)pdr@ %?ee%or%}é@@' um as a nmain conponent, wherein
the core (2) conprls 'ver phosphorus as further conponents,
wherein the ratﬁdmbéﬁﬂﬂéhaﬁh@m§¢lver cont ent and t he phosphorus
content of the ccordi ng
to claim1l, V\heg@léﬁelé oggc&llﬂ rs.g%g% Qifasloas |n %bhnipornﬁ{ggngf 20 ppm
to 300 ppm Wrécaéml@vwg?»im@nmpmect pier hecsiwtiica § 1D chthescorevdr ei n
t he silkyer cont t rdi he
precedi g of ai e oy Ejcosfiigioyeh (BPEomieol pRReRlA <2 hain FoMpSeHCS o
- to 1000 ppm Ww@emﬂw&mor@(&)@oranvsaﬁfsﬂvqrreawré@éﬂhmgs a$ alrthﬁrcqmmn%

t he copper cont
to any of the prG@%reeﬂ'I tﬁen%flgl%rr@eg\a\h)tgé §IN%P CE@Q%%%g%@%@%sﬁﬂg@é%
t hi ckness of | esgret(Rhis s rpnge WQ@@C%or ding to any of the preceding
clainms, wherein the palladiumcontent of the coating |layer (3) is at
| east 95% Wre according to any of the preceding clains, wherein the
wire (13 h3s a Wiegnmacerdinghtotdieimr amdierain tre phnsplborge cpmtent ig n thegangesof 20

10. 10 ppm to 300 ppm.

3. Wire according to any of the preceding claims, wherein the silver content is at
least 5 ppm.
20
4, Wire according to any of the preceding claims, wherein the silver content is in
the range of 5 ppm to 1000 ppm.
5. Wire according to any of the preceding claims, wherein the copper content of
25 the core (2) is at least 99.98%.
6. Wire according to any of the preceding claims, wherein the coating layer (3) has
a thickness of less than 0.5 ym.
a0 7. Wire according to any of the preceding claims, wherein the palladium content of

the coating layer (3) is at least 95%.

8. Wire according to any of the preceding claims, wherein the wire (1) has a diam-
eter in the range of 8 ym to 80 um.
35



11. 15 12. 20 13. 14. 25 15. 30 16. Wre according to
any of the preceding clains, wherein a ratio of an el ongation of the
wre (1) and a dianeter of the wire (1) is in the range of 0.25 % pm
to 0.75 %Ypm Wre according to any of E?e precedi ng cl ai ns, wherein
the wire meets the relation 0.0008< E/(d*CP) <0.0375, wherein E is an
el ongation of the wire (1) neasured in % d is a diameter of the wire
measur ed i §- pm W @EorEng Keaphefspe eresedice lains, \whereiiea thp@feare@r(gayon
measured N PpMor Wel ird¢ A0S BYidietayr Bk w.rbemryn@me%r}gngé %f 035 %/um to
wherein the wire neets the relation 0.000025

wherein E is anOel%hgdion of the wire rreasured |n % d i s a d| anet er
of the wire neasured in pmand CAg is the silver content of the wire
core (2% measured in ppm Wre accordi nq? to any of the preceding

cl ai ns, YwhdPei n Wireaggiording 1) anyaf threpigce l@@i@@dﬂi‘r wherein theowire ﬁ‘@etﬁttéﬁ rela-
with a tenperatygg of at least 370C. Wre according to any of the
preceding clainms, wherein a hardness of the wire core (2) is not

greater than 126.0908I5 B/(H*6P) wil@378cwherging is camalpngation the adredilhgeas-

claims, wherein u?edslﬂa)éq(ﬁ bsCa H%?de?ér'df'tﬁé’wﬁé mdRuMd'if il hind P 8 thd'Bhospho-
range of 1.8 to 1.9
rus content of the wire core (2) measured in ppm.

10
11. Wire according to any of the preceding claims, wherein the wire meets the reia-
tion
0.000025 < E/(d*CAg) < 0.15, wherein E is an elongation of the wire measured
in %, d is a diameter of the wire measured in ym and CAg is the silver confent
15 of the wire core (2) measured in ppm.

12. 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 13. Wire according to any of the preceding claims, wherein a hardness of the wire
core (2) is not greater than 120.00 Hv0.5.

14. Wire according to any of the preceding claims, wherein a specific resistivity of
the wire (1) is in the range of 1.8 to 1.9 pOhm*cm

25
15. 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

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

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



System for bonding an el ectronic device, conprising a first bondi ng
pad (11), a second bonding 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 bonding pads (11) by n? ns of wedge-bondi ng. System
according to claim15, wherein the wire g is connected to both
bondi ng pads (11) by nmeans of wedge- bondlng 18 17. System accordi ng
to claimi97or $gstewhagaerdingitpelaioeds onil fowherainenpiosess winday dreadar tamat
wedge bond has * f

Wire of 20 pm d?es‘éfé‘%%fwt%eaﬁ°4ﬂq3§boﬁaﬁ99°% e Rt e
any of clainms 18 Wikg af20 umdtamerﬁerafogt andaDaginderl yi ng one of the
bondi ng pads (11) conprises at |east one |ayer of porous silicon

di oxi de. 19. Method for connecting an el ectrical device, conprising
the steps 48. pr Systemarcarding to E(W)ofa;tadmdﬁrﬁ@ﬂml@mincﬁstmowrwnqedmgme

10, "or T8 LB L o e

to a second bond pad (11) of the deV|ce by neans of wedge bondi ng;

wherein stegs bw%%o"foféé%rﬁ‘é{ ct%dél@gb‘iketé?) Ifle QteFQr mng gas.

15 20. Method for nanu acturl wre cco |ng 0 any of
clains 1 to 14, acemgdingialyire h@agcqp@gao amr@‘wlajmﬁg ta 1dopper core

precurs@r with thg, t.ent
dr awi nggt he pr ecur s%n@q{;"&?pltﬁa ﬁafgorrr@?gar%o{;l te@cu&jﬁvzdec%ﬁﬁ“efgpf ball
reached; c. co!a@ndﬂjg phweedgsppandingoaed ( 2) W|th the material of the

coating layer (3)pg *fﬁre \ﬁ?éf @Q%C’J s&o h&é)ro ad (3R ?flgﬁfe de%\é‘ T%E'% of

precursor; d. anne ated an vvlre
t enper at ure for wadee h@ndlmHJm annealing time. 25 30 35

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

15
20. Method for manufacturing a bonding wire according to any of claims 1 to 14,

comprising the steps
a. providing a copper core precursor with the demanded contents of phospho-
rus and silver;

20 b. drawing the precursor until a final diameter of the wire core (2) is reached;
¢. coating the copper core (2) with the material of the coating layer (3}, 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 mini-
mum annealing time.

25
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