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DOPED ALLOYS FOR ELECTRI CAL | NTERCONNECTS, METHODS OF

PRODUCTI ON AND USES THEREOF This application is a
waieeosiormogppl i cati on based on US Provi sional PCT/US2004/028837

Application Serial No.: 60/501, 384, which is commonly

owned and incorporated herein in its entirety by

reference. FIELD OF THE SUBJECT MATTER The field of

the invention is thermal interconnect systens, thernmal

interface systens and interface materials in

el ectroni ¢ conmponents, sem conductor conponents and

other related | ayered nmaterials applications.

BMMYH—E&EJECTWEB€WGT§DWM OF
are used in ev qE%; :ﬁ# umer and
conmer ci al elec nlé?gﬁhg%ggy anp some of

t hese consuner and comerci al products are

tel evi si ons, personal conputers, |nternet servers,

cell ones, ers | mt zer.s rtab
o SbRRSE s PEGT BT ARIRE of 1 HeF B PR, s o
60/50T,334) 0&E&hG O BBy dRcheg QRATRESipatated RN BnitCatirety by reference.
i ncreases, there is also a denand for those sane
products to becone snaller, nore functional, and nore
portable for consuners and busi nesses. As a result of

FIEL B SHESHEEEFERBETER t hese products, the conponents
—that conprise the products nust al so becone small er.

Thézﬁ@ﬁpepﬁ)teqfnvéﬁ%ﬁ 19fthérﬂﬁ§ ﬁt&@m&eﬂk%ﬂsh ermgethtdrPicB&ystems and
reduced In size or scaled down are rinted circuit of
intaxface moptdytrds useleﬂesms temponepisy segicondapion Zodwonensy epd other related
ads ackagi ng. Conponents, therefore, are
by%8$HMI gk 1pggﬁsand investigated to determne if
there are better building and internedi ate material s,
machi nery and nmethods that will allow themto be
scaled domn tQ acco nodat e the demands for smaller
ACKCGROVEROE THE SUBHCAACATHER +  of theprocess of

det er mi ni.ng |f t here are etter buildi.ng materi al_s,
ﬁ{eﬁ%qryc FOPPRBENS fLe jused gn ever 1ncreas1ng numbers of ¢consumer and

commercial electronic products. Examples of some of these consumer and commercial

products are televisions, personal computers, Internet servers, cell phones, pagers, palm-type
organizers, portable radios, car stereos, or remote controls. As the demand for these
consumer and commercial electronics increases, there is also a demand for those same
products to become smaller, more functional, and more portable for consumers and

businesses.

As a result of the size decrease in these products, the components that comprise the
products must also become smaller. Examples of some of those components that need to be
reduced in size or scaled down are printed circuit or wiring boards, resistors, wiring,

keyboards, touch pads, and chip packaging.

Components, therefore, are being broken down and investigated to determine if there
are better building and intermediate materials, machinery and methods that will allow them to

be scaled down to accommodate the demands for smaller electronic components. Part of the
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i nvestigate how the manufacturing equi prent and

nmet hods of buil ding and assenbling the conponents
wop@sarass For those conponents that require ePETUSIING/G28837

i nterconnects, the spheres, balls, powder, preforns or

sonme ot her sol der-based conponent that can provide an

el ectrical interconnect between two conponents are

utilized. In the case of BGA spheres, the spheres form

the electrical interconnect between a package and a
progess bf deterrhining if thoarc: ettt duilding nedterils; inashinery and methods is to
. _interconnection_.between a sem condyct.or .di e..and :
v et GEVolie BB HE FBRRRTDALY Argiees pf Suigfia sssembling the
Con&@ﬁ&ggﬁﬂﬁﬁg&board,_package or die are called bond

?ﬁds. ! e |nteract|or of the bond pad netallurgy with

S [ T > ]

quai T So oo, B e Ro P SRR IR Sphér8, balls, powder
preffgﬁﬁg bt @démWokHer lselder-tasedacyropartent that cdraplogidezmi ¢lgetrcal thferconnect

ond pad. Too much reaction.or int tion of .the
berie L STRYCah UGGt B ER&SEAE ERTb N By A Torm the

ele@ e ISeMBni RF BBk aOfacRidet drldea iphihangicaltlioasl aid/or the electrical
undesirabl e products resulting Fron1the formation of

intefqonaeation dlefwees 2 sprigoadugter diegad apckagp pobrard sThedocations where the

sph%r%g %gﬁgctéﬂgﬁa%rd;%qﬂggee $NBe SR GBEq RERPLAIE TRE §56ALEH of the bond
‘ erern. For exa e,” Japanese patent, JP07195189A, :
padusesiibis mithhhe sphpyeeiuriag soldertrefiom parsdeterntingideo quility @& the joint, and

.dopants in a BGA s to.i Joint i '
BB SRS b TP Bl Bl VB Y oo much
readtidnt & StdRAdRAL oSO Wohd phd phasinhey usn &dditbitheisame problem through
perforned_poorlg1 Phosphorus was added.in h'gh wei ght
exchi GO RTEGHED iSORBATAREESTEIHo R Gr BN BFLCEs Spuflas from the

ﬁm%%ﬁﬁﬁgﬁg&mﬁaﬂgag.fronm100 ppmto 000 ppm In "Effect

2 ncentration on the reactions between Sn-Ag-Cu

0 Ni " [ '

S0 IR0 o i3 e S B S5 pp prsee
her8ih, P& B & Thpakd Q088 dnt( My7abs B9A, 2081 hismGiR, cbpserand antimony
~CE Ho, the effect of copper additions on inproving
sinSiaiRipuslytas clopantp ar § BGrapRRErQ P IHITey hioHY ipfggdty; Bhosphorous may or

mail YE 54 ia Ei,e HOWeggmgsﬁiltE P BSs patent show that phosphorus additions performed
poorly. Phosphorus was added in high weight percentages, as compared to other components.

Levels of copper ranged from 100 ppm to 1000 ppm.

In "Effect of Cu Concentration on the reactions between Sn-Ag-Cu Solders and Ni",
Journal of Electronic Materials, Vol. 31, No 6, p 584, 2002 by C.E. Ho,et. al, and Republic of
China Patent 1490961 (March 23, 2001); C.R. Kao and C.E Ho, the effect of copper additions
on improving Sn-Pb eutectic performance on ENIG bond pads is investigated. Compositions

comprising less than 2000 ppm Cu were not investigated.

Jeon, et. al, "Studies of Electroless Nickel Under Bump Metallurgy - Solder Interfacial
Reactions and Their Effects on Flip Chip Joint Reliability", Journal of Electronic Materials,
pg 520-528, Vol 31, No 5, 2002, and Jeon et.al, "Comparison of Interfacial Reactions and
Reliabilities of Sn3.5Ag and Sn4.0Ag0.5Cu and Sn0.7Cu Solder Bumps on Electroless Ni-P
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conprising | ess than 2000 ppm Cu were not

i nvestigated. Jeon, et. al, "Studies of Electroless
wokR@EeR710kder Bunp Metal | urgy - Sol der hit erf aBCHIUS2004/028837

Reactions and Their Effects on Flip Chip Joint

Reliability", Journal of Electronic Materials, pg

520- 528, Vol 31, No 5, 2002, and Jeon etal,

"Conparison of hiterfacial Reactions and Reli abi lities

of Sn3.5Ag and Sn4. 0Ag0.5Cu and SnO. 7Cu Sol der ﬂ?
UBMi' Bfceetding of ElenfromtSivnipopemse st T prinelog k| ConfarenseclEEE, pg 1203,
2003 G et oS R SRR PR nic R B Pac i clctrless
nickRUbendsipade r['hb Q&dafm@i&‘cobjﬁmnn ebehiraioas sf b %((éDOQ)pptd}sor higher are

benefits .o 0 r in concentrations of 0.5%
alSOSBYR?Bg%EfE?_%@SW%Q{’%@@%%E‘?O i nvestigated and
sbzﬁ{%ﬁgfeé aisw/gﬁg‘q"ce)qt:tg gg{St g @ﬂg@ c}r{ﬁ% é%ig’ﬁ ndergump Whtatlization

InteEfiEl | RleZafohn@ inﬁ%\l/ﬁCﬁlﬁoPeﬁka @ﬁﬁin%/nﬁlulﬂblé: Reﬂo@hC[F,’cles" Journal of

ages durin | e Refl ow cles Jour na
Eleomixt Matemlwmfek Bal §o Yopg3123- N9, 200y shoys- thew, ispppFfect from

phoF}ﬂ}OEL}Vs\BrPé{ siﬁ?\fu%g 1Ster%)etaﬁf1 g&ltsu{'léﬁcm @Q&&P&% JicRhe e‘aﬂ”aﬂgzle) Shing

onsunpti on contradicts t
YelarCogded Dopé‘:hEﬁ@cﬁ(ﬁhn -I'cao Bpetp DoPederBitpeCitip e:&p'jihcatiggdd Proceedmg

ot el SR S B S oS Pt o 1%

copﬁ& addftion 28RN BRS 14 RAtoRudpiGRPPer addition reduced
[ ayer consunpti on. e N edrich patents and

appfﬂecﬁkhﬁéh% r@é‘%@%@h%oﬁ%@#@%@@ﬁh HPD4bI3HAB1688)US5011658)

show copper ant in Sn-Pb-In solders to
showi erippezesetltes - dorpohin Smﬁ an seldpisele r@@ﬁalzgélafs c@psumption of copper

ect ors
bon%fpél S 8{) 6% ei(:tig?r% (i)] & élglnééécﬁék%rggffa&ér dlS Qt%jg*glrlée g sﬂéb%e ﬁ?) the solder was
fou® RPEcraenthe chpser dbgrolotitlismiutiod eiedridh ussethe thepec tpjpbibit nickel
bar;%rl:q;%bg%%aﬁgég Kc]?e}lﬁp apr Lo g 402) grr Hlllte%%“stra 1,%]}5 IO%ECIE "1(1%19 I?ntennetallics

Thd Nﬁ&lﬁl r@kén'tscﬁe vEpe sthiRdih GieiP 8§eSHt Sopple ay &Y 267 184k afhich adds
use of copper as US 2671844, which adds

coppaﬁp epldeonwnqmts greaterrtban. & v Vet mimimiza dissolutiq ofbgopper soldering
HOI{JITEI? Cﬁ}é 350! (?}%&1]&{0 Lgopper soldering iron tips

I'ne SO peratlons
The US Issued Patent 4,938,924 by Ozaki noted that the addition of 2000 - 4000 ppm

of copper improves wetting and long term joint reliability of in Sn-36Pb-2Ag alloys.
Japanese Patent JP60166191A “Solder Alloy Having Excellent Resistance to Fatigue
Characteristic” discloses a Sn Bi Pb alloy with 300 — 5000 ppm copper added to improve

fatigue resistance.

US Issued Patent 6,307,160 teaches the use of at least 2 % indium to improve the bond
strength of the eutectic Sn-Pb alloy on Electroless Nickel/Immersion Gold (ENIG) bond pads.

US Issued Patent 4,695,428 “Solder Composition” discloses a Pb-free solder

composition used for plumbing joints. The copper concentration used is in excess of 1000



10

15

The US | ssued Patent 4,938,924 by Ozaki noted that the
addi tion of 2000 - 4000 ppm of copper inproves wetting
wa@p@signgsterm joint reliability of in Sn-36PbP@ByS2004/028837
al | oys. Japanese Patent JP60166191A "Sol der All oy
Havi ng Excel |l ent Resistance to Fatigue Characteristic”
discloses a Sn Bi Pb alloy with 300 - 5000 ppm copper
added to inprove fatigue resistance. US |Issued Patent
6, 307, 160 teaches the use of at |east 2 % indiumt
ppri apdl. eMeTal [ogheh Slenents asn alsn addedan allpying addiiomniopRIPEI Ve 696 liquidus,

L PR PRAI DS, (01., bord o

o ﬁﬁgsgl%? %Iaﬁ i%ts 25@%9?&' A8heS HIRRE Efrool? Ysqd éuoflooo 15,000 ppm

he "coppér concen i on ‘Used
Cu)eimaﬁﬁtlcﬁf to100@p@ribandnaeasertiad creth egsiseneerehtls saul@ra I ’Er'm reference

as al ] dd|t|o stoi the |iqu du .
SpeG e L I PRST dp % 1 5 DY BB iyt GPLping! materaly to
1mp°r9-lzéitﬁé du%al&lici&@%rcﬁﬁet@mad%%%%/\ teaches the use of
- 5% 1000 - 15,000 ppmCu) in addition to Cd

andTﬁQ frd ek @@r?tﬁluhﬁene%& e8P ay @@\}eﬁipaﬁﬁ&l Qhatbit@s 8R4 6@fer dopants
The reference specifical |y states pper in |ess than
that havearendeleteriensi effecisconi bl e«pld@ruprpp@n@htyehﬁt)w it wlswaptwn of the
mciﬁq%ralor\{et% 15 he? agﬁrﬂ%é %{o%l?%? b p%rgﬂ ?Isy né}'seﬁa e>1I ' gﬂts%}ﬁg mtegnty is

a corfitil nul n eve

 maitediggd élhlilgimﬂo&ohrdieposd @cfhjw sherinalt aging;eb)ndesial mdepnodw electrical

effects on bul k sol der ro erti et. sl.o
mt%‘?{%lﬁ?fﬁtﬂil%ﬁn?ﬁ* R EH@&’IﬁC %Wu‘@?‘lq éiflé Wﬁ‘r?eﬁ’f%u‘mon costs and
maﬁﬁﬁiﬂh@ @k aﬁﬁoﬁfﬂﬁiﬁ' idfodﬁétcﬁcd)r@b!ﬁfm SRe telstridaD Mgterconnects; and c)

integrity is rmaintained during reflow and post refl ow
devielpr whablagnﬁbodsmf predycifig elpritipn] daigroenegcisc g egaponents comprising
ﬂuk@ﬁﬁ%&ﬁﬂ@&gts that meet custoner specifications while

M zi ng the production costs and maxi m zing the

quallty of the product incorporating the electrica

i nterconnects; and c) devel op reliable nethods of

produci ng el ectrical interconnects and conponents

conpri sing those interconnects. SUMVARY Sol der

mat eri al s and dopants descri bed herein conprise at

| east one solder material, at
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| east one phosphorus-based dopant and at | east one
copper - based dopant. Methods of form ng doped sol der
worios/02abs i ncl ude: a) providing at | east one BOI/US2004/028837
material; b) providing at | east one phosphorus-based
dopant; c) providing at |east one copper-based dopant,
and d) blending the at |east one solder nmaterial, the
at | east one phosphorus-based dopant and the at | east
one copper-based dopant to form a doped sol der
material. Layered materials are al so described herein
SUMMARYconpri se: a) a surface or substrate; b) an
electrlcal i nterconnect; c) a solder nateri al
rising at |east one phosphorus-based dopant and at
a eldesraateiigpend éepsaty dawplaﬁf hergiicpmpsise pldsest gaeeqldgsaepterial, at
16&%?%% B e B S Ll BB BBFHAR Mohods of forming
dop‘edlsdkeler mateanls aﬂlciucbn o) provﬁchxygatdcbstr@eemkﬁr snadestrh) lpeaiiding at least

ARIPPRRR-Gr P 15R8 SERET) BUTGH o SCOR tpRueT BPeq et 2T o) blending

thedl@ Rast selsdRter ffﬁte@lﬁl @lﬁegatdéh@t &l ekphdepaiised Bepsat AeEie at least one
devel oped and are descri bed hereln t hat have no

coppel-based fenpnt kr forpegloped widek meigkr properties, yet

sl ow the consunption of the Ni-barrier |ayer and hence

gr olusrerask matertle axstrdsoudesqribe hpsinethat compriveit abrotvgface or substrate; b)
an e g{?%a Wefccc)‘nn ﬂggﬂl Q‘{)ge{ gcg %glﬁiﬁﬂgfgﬂa%o?ﬂﬂnr%‘éﬁgggﬂ ﬁr's&ner ?ﬁds ftﬁ')rus based
dopm)lt dad;lagrieasg oanaobopperehasedqgomnecs:uchml thpsﬁ dasmhcrb@te@m and d) a

at. neet custo nimz

serPUBEET GHF o6 SPCAERa TERTIRG PHG PR oaqh StorpRg bl comprise
soldr@eiSiald NAPSTNRferdd MBketidl d@LABdd Hetéth atHI R coRTRGLALEd.

and b) devel oping reliable nethods of producing

el ectrical interconnects and conmponents conpri sing

those interconnects. The netallization on a substrate,

package or board to which electrical interconnects,

such as BGA spheres, are typically bonded is usually

copper. Copper reacts rapidly with the mjor

constituent of nost solders (tin) to form Cu-Sn

internetal lic conpounds, which grows rapidly and can

exhibit spalling or breakage fromthe interface. This

br eakage reduces the
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strength and integrity of the solder joint. To reduce

consunption of the bond pad, barrier |ayers that
w@e@geetiogli rect contact of Sn and Cu are utilip€rUS2004/028837

These additional |ayers are often referred to as bond

pad netal | urgy or under bunp netallurgy (UBM. Bond

pad netal lurgy for BGA spheres typically has invol ved

the use of nickel-plating to provide a barrier |ayer

for the copper and a thin coating of gold to maintain
DE&BHHEQ&&EH%£¥ﬂ£ﬂﬁﬂ£ﬁ2ﬂﬂ@keI will interact with Sn to
forminternetallic corrpounds the internetallic growth

r at @alikerte piaviqualytdesgribpd sefergBgess daped ﬁhlégrem@ﬁenéeaghsoldel dopants

hav'e'%'égl{ H@\IGE%EH GRd all_el' &k He L:lle}h hEl n%lééiét&lo[ﬁk %gt@éts on bulk solder
l'atin been use e ni c eposit Int

propértlpﬂ atcu shgy ile (anSImllBliOpUDIf éhe Nitttahridréayer andiegpos gtesvtbbf a phosphorus

R CR AT MR N——

Th1§|s6131t31f ab286 nitesKRlth g&l‘}a of @) H&@vgihdind prsahcih®RlegRical interconnects
is being inplenmented.. The. el ectrol ess nickel

g
tha%s%scwt%lﬁr ﬁﬁfﬁ@a@wuvﬁw ginigniging; th; Brogactiqpecogls éng naximizing the
I Sy
quah%yggigﬁlgfﬂgga%g _1i( g tiﬁﬁ e}éhfrgglaﬁﬂég%%dnt@%ga Ifdole)eﬁleve]fopmg reliable
method$  eff opm%chgn sleamldalt | intesdonyxviss pinglr oesnppannts agg@prising - those

during the IG plating and in reflow or
““égéégéﬁggnt thernal excursions. Lower phosphorus

¢ ool B BB R BRI RRGeue of B SRS deggonppercomeets
such @5 BT/ bstier@h osphpicalby Bteided istwulllf dppes Toppér tesdtd Biidly with the

the thin G coating is dissolved al nost instantly. The

maiof RORSHINCREOLBP A EPIUERAAT ) e doRS Cif SThinteTae 4] iKeORHOHNdsh @fhlch grows
t

rapiSl, GRELAT B S PRAE AT e DS RAGIAE, Ffuces the
strenpih aunduréegr&yaf thesoldergooind grows at el evat ed

tenperatures, nore and nore phosphorus is rejected at

t heTo mimermmrhlbtibni ofttles lﬁcmdepad Thairser dyesythairpusvenadirect contact of Sn

cumul horus~ric

t i
niES iR ifraitoRnTRREE hes Sehtd fo.a i pt hitiiurey or
undébehip WelallusdySQBMR BYAd hhensallasy HhOBGH: spheled 8/pidalty Rbs involved

fail ures_ occur throgj‘geh t hi s _phosphorus rich | ayer.
the ppreafeniekabelating t¢ provideebanics 10H i thgrcapper @%@m ¢oagag of gold to

mallhﬁllﬁr"%(ldg)r@a 37 annEe; Eli%hel 11t F &rdD ASRNGT 15 rdrinClteR¥% S iic compounds,

'S expos ure
the intermetallic growth rates are substantlally slower than those of Cu-Sn intermetallics.

Historically, electrolytic nickel plating has been used. The nickel deposit in this type of

plating is fairly pure, with few co-deposits of undesirable elements, such as phosphorus.

To reduce cost to manufacture, a newer type of plating - electroless nickel (EN)
followed by immersion gold (IG) is being implemented. The electroless nickel deposition
baths typically will involve the use of a hypophosphite (H2PO2-) solution that leads to
phosphorus co-deposits in EN coatings to a level of 7 - 15 atom %. This additional -
phosphorous can cause problems during the IG plating and in reflow or subsequent thermal
excursions. Lower phosphorus content coatings perform poorly in corrosion resistance during

IG plating, requiring users to aim for higher phosphorus deposits.
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can have a bl acki sh appearance. Since internetallics
can grow rapidly even in the solid state when the

WQ 00051027198 exposed to el evat ed t enperatures, theGCEUS2004/028837
failures can occur in thermally aged joints that
appeared to be good imredi ately after solder reflow
Sol der materials and dopants contenpl ated herein
conprise at | east one solder naterial, at |east one
phosphor us- based dopant and at | east one copper-based
dofauring sdufiteh oefbovafthé drimiGgodmgdsl disedlvedt almasemstanty. The tin in the

solcge*(r) Slazrétlrrgq.?gvt %ﬁ; gtre n1glie|ir5} @]\9%&\( ﬁggahg% ijo r’lglo%ré 1Ilteerranse£all(i)ég.6PhOSphorus

is oD SRS - BRSREbrEleRBat f,onﬁatlom o iadli Itllnag 1rﬂénﬂeeﬂal$d c@npound grows at
copper - based dopant, and bl endi n a |.east Oﬁ’le .
elewpidisPpRIRIIERS, ANOTe (3R TRQTe |Pb%§3!1°16‘ﬁ és &g ipguugfallic interface.

Th1$l %ﬁ@éﬁm mg halgc ulh@35ta HRe Pﬁ&@ﬁ&ﬁsﬂ@ﬁ ad- Id %Bi@f‘ twhieh weakens the

older materil a ont enpl at ed
soldemtjoidii, rmnasscrysua&md dyialt which V@Hmi@r wamlcﬁnpih@sqglﬂ@r ueint. hpdder joint

B8 SR TPy 5 e ) e T L EOUEE N o
indfyr ds€BlhcRYRIA" {di@es] Qb alidt lﬁloaplﬁ)rmjﬂdﬁlatyer thheissaipoed by the failure

al oy that could be used to duce powders ast
can; h@g@@@ a%sh@ppﬁt@csf %ceollnteg@g‘;taﬁlﬁﬁ &t Er%lfamﬁ%jﬁ en 1n 'the solid state

whéH @k Z%\ﬁt i3 %ﬁﬁbs@& td Q@@atéi?t%ﬁfbbﬁﬁﬁes‘ fheSOrRRE ¥ 2108628 idfBermally aged

I'ssu ch is incorporated
joiriethet appeared tcsbéegﬂqdnemmdbyely éﬂt@ﬁ@lﬁé@eﬂgﬁyer ed materials
are al so contenplated herein that conprise: a) a
sur $alde matesnakssamchtdepams cantemplaitadr hetgin icomprigoghdeast one solder

ma@%]lﬁ]:rﬁsf fgﬁsgr 8 %Sé)ﬁcl)%lggg?{il o&ogg’& %n&é’ Eagﬁlegsgrckiﬁe ?@ﬂ)%g-based dopant.
M&%ﬂﬁ bf kehilied®jed, soretmeerials siestribed Heretno¢onatirsenra) providing at least
onq:?q%@eg ,%gatg%pléegp\lng}nggﬁt iegtrg{ %%e gﬁ%&ﬁo%p@oﬁi%ﬁgﬁ Iprnotw ng at least
onﬁ:ﬁ%&r _P4AkE a8 é:htsgrf& SMGh D theCANBRNBAS SolibieakBADKAS & least one

materfal's and/or |ayered materials descri bed
phdsph@inbased dabad apdrihe ﬁbleaxtecrmm@np@rh@s@ depaghisofirmeh fgped solder

e E3E RSB 5y Bt BLERAER Bt ro s
to $h sblder alfs &fmﬂbﬂﬂnhdl[wshéisorﬁmmﬁxﬂ@h of the Elm:tlk)[ﬁss letkéb(EN) plated

argqref ]@g%{a"fgﬁg eqr%)tap‘% gmges%fdag P éc%dg/r aT'l el?a%t IC(\)/lﬁd be gelgi to pro%uce powders,
paste, ingots, wire, preforms or BGA spheres through a process such as that described in
commonly-owned US Issued Patent No. 6579479, which is incorporated herein in its entirety

by reference.

Layered materials are also contemplated herein that comprise: a) a surface or
substrate; b) an electrical interconnect; ¢) a solder material comprising a phosphorus-based
dopant and a copper-based dopant, such as those described herein, and d) a semiconductor die
or package. Contemplated surfaces may comprise a printed circuit board or a suitable
electronic component. Electronic and semiconductor components that comprise solder

materials and/or layered materials described herein are also contemplated.
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shown in multiple papers, such as the Jeon papers
cited previously herein, to | ower the consunption of
wo b@siopties metal [ ic | ayer. The levels utilized PET/E52004/028837
are lower by a factor of 2.5 - >10. The work by Ho
shows that a different internmetallic forns at the
ni ckel / sol der interface for copper conpositions bel ow
0.2% (2000 ppm. The conbi nati on of copper and
phosphorus was not noted anywhere in the |levels of the
s uljenemyptatet @mbpdmsmeltst éaiciifeddierein Tliféerrfmm b sitsl fefarences in that

reduci con ion are.diffe t
the ERARELOTAL AR A GO B RE AL st gfpofif H an additve to
the RbIR¥H téSdi¥fcRat @hd spesiagpndiectiee. iHibh bételnbtL kegpebar lieesolder are
| ayer interaction t rouggﬂfornin

ShO}Nﬁt iarmaltiple parerssuiogs the yegn pfmegsr gigt{zigg{ev@gslyﬁéein to lower the
cons fedrnCJf %?%%étag{cq%y erq?hgﬁb‘gglg @lize hbRBI dre Wiier %fy a factor of 2.5 -

ds copper to solder in
>1(hﬁ‘|1’1a mtesk hy dat growtstbat aGliBerant iotetrroetailia |fﬁﬁllzseatdh%@1ék@/(spléﬁr interface

f | d d
B T R
wasSh Hllofddc‘a&h h&re lih gledevelhalith bbjeormanttspresmteeliphat €the mechanisms

her ei n. same s tr for _the aki_patent, wherein
for F%"l&&&ﬁkﬁb‘ﬁmﬂmﬁt&?ﬁé‘? H&@T?F @Hlef“ih% AP hi gher t han

t he amounts cont enpl at ed herein. Ee sol der materja

nayALsg,nﬁye, Ig@dgﬂy patents sispcaibed PEryio hgt GUPIL) Use HOPRSS t8r1nh1b1t nickel
bar{l@xI ﬁgl%r SiedL s 5111{59% x 10 an%a&) Ip@ll nY&ﬁwtaﬁR:@Rﬁr(CuaNHBh Rk8metallics.

smut h, oys thereof si | ver
The détdeith quapsnés aresvery emnlm) an dheinbsaph oonnst 28 WHABT it wiich adds

t hereof. Preferred
ST NG R R R —
irot® liipﬁcddrﬁlgaﬁh@)éoldleﬂﬁ}g lcbpbﬂatldms(l BSi) of almeucpperandditions need to be
signRan i HEBEREL S HFRIE LRI GL e L EHp 0. ifsfor the Ozaki
pat% t g&eﬁq {he 2d¥iti6R TPLpHRr & fidanf %1%61)‘ 120501 tﬁ@ﬁlﬁ@@ﬁ contemplated

I smut h conpounds "and all oys {(Sn
herailnumi num based conpounds and al | oys and conbi nati ons
thereof. As used herein, the term"netal" neans those
el efbnscldérhadterial enayrcompasedalm witkblaselder pigtil, affoxt eremetal, such as

mdgi%rél ods gl%ﬁg{c}ppgrf altupn?nu%n in, 1sm’uthalgolﬁ}gmv‘ﬂndhallgpé)ﬁl%reof silver coated
copper, silver coated aluminum or a combination thereof. Preferred solder materials may
comprise lead-tin alloys, including a lead (37%)-tin (63%) eutectic alloy, indium tin (InSn)
compounds and alloys, indium silver (InAg) compounds and alloys, indium-based
compounds, tin silver copper compounds (which already comprise copper) and alloys
(SnAgCu), tin bismuth compounds and alloys (SnBi), aluminum-based compounds and alloys
and combinations thereof. As used herein, the term “metal” means those elements that are in
the d-block and f-block of the Periodic Chart of the Elements, along with those elements that
have metal-like properties, such as silicon and germanium. As used herein, the phrase “d-
block” means those elements that have electrons filling the 3d, 4d, 5d, and 6d orbitals
surrounding the nucleus of the element. As used herein, the phrase “f-block” means those

elements that have electrons filling the 4f and 5f orbitals surrounding the nucleus of the
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have netal -1i ke properties, such as silicon and
germani um As used herein, the phrase "dbl ock" neans
wo bwso2abenent s that have el ectrons filling theCBUS20441028837
5d, and 6d orbitals surroundi ng the nucl eus of the
el ement. As used herein, the phrase "f-block"” neans
those el enents that have electrons filling the 4f and
5f orbitals surrounding the nucl eus of theel enent,
including the |anthanides and the actinides. Preferred
clementaingluding thelenthaidesand thelpgimdes e Bepferead peipls insdjsigapch as indium,
I
teaifflr Uit afhraB e Y, g8 BN HEN gpuicd copper,
and @iver Sompddodliimaluao Tincletin émenl’! dysincindtsabllaystmbtal/metal composites,
9 osites, ngetal C _conposites, t al
me@g 8914 %Pénpoége%n&}eifa? &8'Y8¥h 8?%@? a i mw“masﬂes As
uselHeRiif thé Remt REMpoGRIMAARE sTBRIRe iRt @AC&oktlion that can be
constant conposition that can be broken down into
brokpredeti Bitg¢lepeplrby sherped dBac§esss. Cont enpl at ed dopant s
conprise at |east one phosphorus-based conpound/ dopant
andCentemplatad dopants epppiisclad desat ensnpfwapitireropised comppiddopant and
a N
st 15 Bl o R SRl B0 DOIB T PR B gl ARk ARl than
abdi0 nE)Oe ppmd foreph@phdrbe add phm tlimv ebaut a$(é) ppmt énpktaiped In some
0,.be about 10-

f t .295=
om ?ﬂﬂn&%tﬁp F ot Lghls SErbBTHOHESL? A ALoBOR G Ty &irahaphdorus and
abdi 25 P! §@5oo Pper. bR @bf%mﬂdanﬁ&np R Hepanp YSRhSE bl@ntékﬁﬂated to be

about 2 pm copper. In ot her enbodi nment s,

abao A0 Npay @T§hﬁﬁ@0%@érﬁbP‘ﬁt7e5d5QOoPm7é caprsiit 1p etheo elﬁb?ﬁlments the
doﬂeaglrglegm%i’é‘&rn?&ﬂﬁﬁgi ?ob&%boﬂpﬂf@@ D Co@ﬁﬁﬁ&rﬁ(@& épéﬁaﬁgo -600 ppm

ment s dopant |eve ate
copenuin $& eth&Oerphuniithents, phwd@ivot levelarde afrsemnpld®a to bsGbout 30 - 60

T T
Sl R O g il R e el

casﬁﬁé Ohed Snald @hlboBiits 60 BEFaat aR\REd, dOR: aﬂbe QedHEBIRL b 3hdke M master alloy
hé at | east one sol der naterlal the at | east one

anqodiba@ fhot with yadened solderdanintien prniol gy depant KenceAtr#tions
one copper-based conpound/ dopant may be provi ded by
any Theipt khftone solder material, the at least one phosphorus-based compound/dopant

and/or the at least one copper-based compound/dopant may be provided by any suitable
method, including a) buying the at least one solder material, the at least one phosphorus-based
compound/dopant and/or the at least one copper-based compound/dopant a supplier; b)
preparing or producing at least some of the at least one solder material, the at least one
phosphorus-based compound/dopant and/or the at least one copper-based compound/dopant a
supplier in house using chemicals provided by another source and/or c) preparing or
producing the at least one solder material, the at least one phosphorus-based
compound/dopant and/or the at least one copper-based compound/dopant a supplier in house

using chemicals also produced or provided in house or at the location.

Solder materials, spheres and other related materials described herein may also be

used to produce solder pastes, polymer solders and other solder-based formulations and
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nmet hod, including a) buying the at | east one sol der
material, the at |east one phosphorus-based
w@eoppoemds dopant and/or the at | east one coppePChESHEA4/028837
conpound/ dopant a supplier; b) preparing or producing
at least sone .of the at |east one solder material,
the at | east one phosphorus-based conpound/ dopant
and/or the at | east one copper-based conmpound/ dopant a
supplier in house using chem cals provided by_another
ma@uaﬂrscfe‘whmel/ﬂmse &yungdrim e follgwing Fhonsawell Agfemngiionpl Inca'gdgsued patents

Lal f. t
an %ell}s %&o%}ll{%’c wlrngl? R col'n%?oiﬁ% @gﬁ;ﬁ@éﬁ%&%‘g@gﬁ% in their
entﬁaWUSnﬂdtéiﬂp@qﬂlcmchS@iaﬂ &Nosi A9/BHLIKE, 69/13&@75(%667136&5% 60/396294,

oGRS BRI bS50 P LAY Bt i

corﬁlﬁﬁgt[dnbe@wﬁﬁihﬁlsncéfﬁi‘{mﬁio%% rts 964 f&@l@re@@ﬁ@eﬁloﬁéﬂ (S%[der materials,
pastes, polymer solders and other sol der-based

coatipg ragOs GBS ARE recs relates n@wélHISa@esmhfglehqr@an@ay rﬁl%%ée used as

n
o ERL N PN LILSERALAR A, ok SRS componcs and
sengiosrnnioy compmbnan dniconerpiartat ﬂdbdtbmants; they atlchs@ dnsclosed herein may
entiret nt Iic Lon.Serial Nos 8511
be ilgs prifes BOASIRsS TR0/ SGRIEH 1 B GEP R SO0 SR Prsing BGA
sphpgg fSRAGL rdg)uﬂfﬁ:@di bﬁ%lle@%@@’abl@ﬂge NP subsfreit/ 4890041 6 hskd as an anode,
and all rel ated contlnuatlons di vi si onal s,
wirg gh Pasiuier manRlEnbeesed in bl f8Y ei gn appl i cations. Sol der
materials, coating conpositions and other rel ated
mat Allsioa'h&oﬁhemlaitd@leain%d[méms iy sphleses atxeattaskell @sthe package/ substrate
conmponent s to co struct electr sed
or dieepd of EWE rH%o%é dar 5 AR e O g‘l?@ﬁ osrp%ffrgﬁ'p Eﬁ%n °§’a’i’1t slows  the

co&ﬁﬁﬁaﬁ&?fa@é B 1RO EbABP bid rdshifs BIhi s intdbriBE (RS RE s gﬂi) Roints.

be used to produce BGA spheres, nay be utilize

t
E,ﬁ%&aﬁlg i 2554 I%?(icﬁlng cé B2 g@%ﬁ% gn %‘} ISt Plgatt Zl?ey aa%% 96%%? Yo be used
in ﬁﬂushh%ﬁﬂ b?f‘ot}ﬂslﬁ cairaahers. \Bxafples oﬁﬁﬁi&l@echfonﬁmlyer @kdﬂmc‘(setra,las etkvision, a

in bath form Also in contenpl ated enbodi
COH @-Col FOORE AR B TP EREGE) S BDAGb G atereo, and a

ren@tfté 051?&(110")@190 bOntBmplaltl! 28 "HRAREdaRS fHﬁlE{@lﬁ’%ﬂdﬁﬁsh@iE&ﬁt boards, chip
The dopant slows the consunption raPe for the EN

pacdcagmgmgldalwbqae@uhatsuq potéritighe ptilizeddy finished prodprss-
strength) joints.
Electronic products may also comprise a prototype component, at any stage of

development from conceptual model to final scale-up/mock-up. A prototype may or may not
contain all of the actual components intended in a finished product, and a prototype may have
some components that are constructed out of composite material in order to negate their initial

effects on other components while being initially tested.

As used herein, the term "electronic component” means any device or part that can be
used in a circuit to obtain some desired electrical action. Electronic components contemplated
herein may be classified in many different ways, including classification into active
components and passive components. Active components are electronic components capable

of some dynamic function, such as amplification, oscillation, or signal control, which usually

10
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El ectroni c- based products can be "finished" in the

sense that they are ready to be used in industry or by
wotwsn2asnsuner s. Exanpl es of fini shed consunePCT/US2004/028837

products are a television, a conputer, a cell phone, a

pager, a pal mtype organizer, a portable radio, a car

stereo, and a renote control. Also contenplated are

"internmedi ate” products such as circuit boards, chip

packagi ng, and keyboards that are potentially utilized
requume 4 powke dowroduc its .opBfagen.r dftapiesodgclinolemyrapgisters, field-effect

trarﬁlé { Ia%cel 1n Ej%a%gmuyceﬁs C%m%e&tma)eﬁ&%téag? gi&[qlg)%lcogomponents that are

opne niconcept ua

statfeCial @reteloRPLK; bife. or&m@ﬂil@'t intapakle ne\angiificaijornat osedivtiannand usually
all of the actual .co onents i nten

din a finished .
R R o SPGB THEVE. SOHBPIES gD ST R resisors,
cap Q&ﬁ)rsf:%Efo@ﬁ%@e@%cuﬁgrs%ﬁﬂﬁ%é te material in order to
negate their initial effects on other conponents while

o1 B SmsbRoneienind 1ho T Do iRy conductors

senﬁ&fhdb@totd;§ ofl inlstlator& | Hetd, teohductds atenccmpmmde:that adlow charge carriers
el ectrical_action. Electronic conponents.contenpl ?t %d
g}gpen xXamples of

(sughereFlCtrRty) IRemeY e B sasy ARG AIRS &S fIF dP St

condBGbH HoRPofd S Shd | G@bit Offadef T MdaGTak VEONGRIFRRN @M As.aNthsulators are
passi ve Ol’rponent s. Active Corrponent s ‘are el ectronic

congumpIty ewﬂme dapépictionfis samandgiantleted dachs ghilits g€ gaterial to be
extt[‘jzg%i‘)l{ {ré;? n conéuctloh ‘%tfl Qrenf rsu?l% g8 aal maRRbf @ loﬁ@a G electrically

a power sour ée tS oper at
sepEDaw"l'@ﬂhexSccﬁﬂlﬁ)nbntp,OWHxﬂe tdrmnmchxbtorasarefdompdﬂcﬂfts‘ bating a function that is

Suhg T WS LB BBIsEAY BRI O Let RATorA Al JE ressivity

bethvBerP PAREILRAMNd infilatoR! Ex@RH R ITIskiticonGRRFYothpdhents are transistors,
anplification or oscillation, and usually require no

diogesweamé basers, hegtifictsh thyaistoes andiphetosssse™at i on. Exanpl es are
conventional resistors, capacitors, inductors, diodes,

r ecElcbhréis c@ﬂﬁ;rfeﬂﬁ %Snteﬁbﬁfdd%f‘eln@ @9 Ao be olassified as power sources or
cont enpl at erein may al so be cl a é{lfl as
PO TPUBHIBH S Pwes W@@p@pgent%ixre tHacA i to PRYVE other components,

an<{ ul gﬁfet &&t% i QaSRIPINEMS ahl FHheldHIOWAS RBED Bere, th&tm "battery”

as e ectrons iO rmve wth ease anpbn atons as
mehms Bdevadecthatrireducas ute\hte angovatspifedectricebpeivasttbiough chemical reactions.

Slrw.g{r"gr? gecriﬁa{;gfaliglgt oglr ée%gllﬁéqw "W3ft&es agrg c‘ilevir"c%s ctﬁeﬂpsftbl%l [ble amounts of
electrical energy through chemical reactions. Power consuming components include resistors,

transistors, ICs, sensors, and the like.

Still further, electronic components contemplated herein may also be classified as
discreet or integrated. Discreet components are devices that offer one particular electrical
property concentrated at one place in a circuit. Examples are resistors, capacitors, diodes, and
transistors. Integrated components are combinations of components that that can provide
multiple electrical properties at one place in a circuit. Examples are ICs, i.e., integrated
circuits in which multiple components and connecting traces are combined to perform

multiple or complex functions such as logic.

11
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conponents where the function is substantially rel ated
to the ability of a material to be extrenely resistant
wao eoosperegt i on of current, such as a material POPUS30O4028837

to electrically separate other conponents, while

sem conductors are conponents having a function that

is substantially related to the ability of a materi al

to conduct current with a natural resistivity between
conductors and insul ators. Exanples of sem conduct or

conponents are transistors, diodes, sone |asers,
rectifiers, thyristors and photosensors. Electronic
Exam®pEhent s contenpl ated herein may al so be classified

as power sources or power consuners. Power source

conponents are typically used to power other
Fowaepestatitive exmiplenat shewi htredrthgcompapatni hbsjoped mlith, copper and
hang fugl ceLIaing used herein, the term"battery"
PRQFRAQTES CORFBE IR HICIRERWIHE GHRERS: usabl e anounts of

el ectrical power through chem cal reactions.

Simlarly, rechargeable or secondary batteries are

evices that store usabl e amounts of el ectrical energy

t’hr BXageple REm0apm 6 48 pperier compireanddbasiiei¥y conponent s

include resistors, transistors, |Cs, sensors, and the

1f kExanagle F2: J0QmpRst- 1@ ppaderopeerc@f38ment y- 10 ppm for phosphorus

contenpl ated herein nmay al so be classified as discreet

or Exanenje #3:290 ppistr é@ prodeirsnperand 30 @paet/i ¢@ spmifer phosphorus

of fer one particular electrical property concentrated

at Brempe 4¢:200ppm vt 8¢ ppm.foroapeand 18meny-¥s b pporfer phosphorus

capacitors, diodes, and transistors. Integrated

conBoamepie 85:aledgedtnriiPbatisy (dongolyponent s t hat t hat

can provide nmultiple electrical properties at one

place in a circuit. Exanples are ICs, i.e., integrated

circuits in which nultiple conponents and connecti ng

t Eragsle ar e| c Aol Badrgyo per fBaflrShead ti pl e Wettis@apl ex Melting Point
f BhaibboNs sucAbssbddagi c| EXAViteBfodeoul remoppent ative (+/-1°C)
exanpl es ar espshasvl hemel n that conprise Sn37Pb doped
W th coppel g péirsgor us dopants in the foll ow ng
amOYNT ST EXAND! 657 * 40| PPiTkeiit/BRRE" | 07 CEBBET an 186.3
phosphor us

2 60.7 Ductile Very Good 184.9

3 63.9 Mostly Ductile Good 185.5

4 51.3 Brittle/Partially Good 185.8

Ductile
5 41.8 Brittle Good 187.0

This data shows that none of the alloy dopants cause a large decrease in melting point

from the undoped material (Example #5). The wetting to bare copper remains good for all -

alloys. The total energy required to shear balls soldered to ENIG Bond Pad metallurgy is

higher for the doped spheres and the failure mode changes from brittle failure ‘in the undoped

material, to the more desired ductile failure mode as the dopant levels increase.

12
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Exanpl e #2: 500 ppm +/- 0 ppm for copper and 30 ppm
+/- 0 ppmfor phosphorus > Exanple # : 200 ppm +/- ppm

wo orosogpper and 30 ppm +/ - ppm for phosphorus BCEXS20p4/€28837
#4: 200 ppm +/- ppmfor copper and ppm +/- 5 ppm for
phosphorus Exanpl e #5: Undoped Sn-37Pb alloy (control)
Exanpl e Total Energy Ball Shear Wetting to Melting
Poi nt Nunmber Absorbed to Failure Mde Copper (+/ - 10
Shear Ball from ENI G Bond Pad 1 55.5 Ductile/Brittle
Goodhusg (Sp@;iiic embydimgotsi ang amﬁyat@@ &f 1Bned sglde3n@terials and solder

Most | [ 85.5 4 rt
a5 IS R 5ot T LPRL S BAEG L 3h pe appwen,
howé@wstot fhate sldtied afi thd@rtahhtomanhp pané snaiificeeions badides those already

decrease in neltin p0|nt t he undo ed mate

descpedhiyie dossible WoIRG ERATIRE %rem f &EBPYe oqcsmta%ﬁgeu};os@reovef in
mtérgfetlﬁé kheBdpb@¥iSatioh 811 thd |sh(ﬁﬂ‘d3 b8 ¥nté fb%drlﬁ(ihé Broiﬂt%@gosmble manner

' s"sol dered to ENI G Bond Pad ne 8y IS
corfsistent féthdbpeantessndr E@tlauﬂdr, theeteroas rcgnv@nms‘» angd h@mgmsmg” should be

brjt e I
mt%l%g] dd éés r%ﬁggﬁ(‘%i It(% al I ire Hﬁg@% grs g?#e Jagipa{lr?b%f(g\t}gve fannet
indicadng éme thEheferermpé elementsemmpbnnmnt& mpd mappbé pmsem),nsr utilized, or
of. dope ol der materials and sol e ant s t||
coreings BER oTRT Eomer COMABELS hsoe BECHS I Sapirsdieippiced.
shoul d be apparent, however, to those skilled in the
art that many nore nodifications besides those already
descri bed are possible w thout departing fromthe
i nventive concepts herein. Mreover, in interpreting
the specification, all terns should be interpreted in
t he broadest possi bl e manner
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consistent with the context. In particular, the terns
"conprises" and "conprising"” should be interpreted as
WO edoseiipg) to el enments, conponents, or steps i PCHUS2004/028837
non- excl usi ve manner, indicating that the referenced
el ements, conponents, or steps may be present, or
utilized, or conbined wth other elenents, conponents,
or steps that are not expressly referenced. CLAINS W
claim . A doped solder material conprising: at |east
one solder material, at |east one phosphorus-based
dopant; and at | east one copper-based dopant. 2. The
doped solder material of cKAARMS, wherein the at |east
one solder material conprises indium |ead, silver,
copper, alumnum tin, bismuth, galliumand alloys
\NJQQLFOf' silver coated copper, silver coated al um num
of a conbi nation thereof. 3. The doped sol der nateri al
1 of ugiq£21 mhereiT t he.at | east one solder materia
' con‘%r OReL sqldet naietial omBHANE | i um tin (1nSn) compounds
and all oys, indiumsjlver (1nAg) conpounds and all oys,
indga Sgé§§ﬁhg%ﬂﬁg%ﬁ s, tin silver copper conpounds
and all oys (SnAgCu), tin bismuth conmpounds and all oys
(Sn%ﬁ??t%ﬁﬁﬁhoﬂﬁ%Wﬁggﬁﬁigﬁﬁﬁ%ﬁﬁ%s and al | oys and
conbi nations thereof., 4. The doped sol der material of
cl aftisast ongropRetPastEdIPatld- tin al | oy conprises a | ead
(37% -tin (63% eutectic alloy. 5. The doped sol der )
2. nat Ehs dppesk s@lpgﬁ maj_qnamg r&gim {,h @/hﬁ]tem dhgs @t depst one solder material
pho iRasgd p i e -] . t
Phoe SRoet 00 psphoshiephe” ittt 85 2RHE) gUfSR and aloys
mat deieaf, sbferchaedrdpentdyas coatechauminuneeisd camlgnation thereof.
phosphor us- based dopant is present in an anount |ess
3. t hafhealdoptd EGldgpmajrniak plicdais. 2, wherein the at least one solder material

comprises lead-tin alloys, indium tin (InSn) compounds and alloys, indium silver
(InAg) compounds and alloys, indium-based compounds, tin silver copper compounds
and alloys (SnAgCu), tin bismuth compounds and alloys (SnBi), aluminum-based

compounds and alloys and combinations thereof.

4, The doped solder material of claim 3, wherein the lead-tin alloy comprises a lead
(37%)-tin (63%) eutectic alloy.

5. The doped solder material of claim 1, wherein the at least one phosphorus-based

dopant is present in an amount less than about 100 ppm phosphorus.

6. The doped solder material of claim 5, wherein the at least one phosphorus-based

dopant is present in an amount less than about 70 ppm phosphorus.

7. The doped solder material of claim 6, wherein the at least one phosphorus-based

dopant is present in an amount less than about 60 ppm phosphorus.

8. The doped solder material of claim 1, wherein the at least one copper-based

dopant is present in an amount less than about 800 ppm copper.

14
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7. The doped solder material of claim®6, wherein the
at | east one phosphorus-based dopant is present in an
wa@pwane7ibess t han about 60 ppm phosphorus. 8. HBEUSmP€028837

sol der material of claiml1, wherein the at | east one
copper - based dopant is present in an anount |ess than
about 800 ppm copper.9. The doped sol der material of
claim8, wherein the at |east one copper-based dopant

is present in an anount |ess than about 600 ppm

9. copple doped spler quweiplsof gbimndt sfhiwin dhe @t lepst gone copper-based
V\heﬁ fs%? esBht ﬂlgﬁlﬁﬁm Fesk %BO‘E[OUt %g%o%ggé I s

pr es an anount ess t m copper.
I f I
o L R s rierial ] O ATRIE ot s

o n edgeppiprdsastan ad apawmit 1éss t}mnebeurttsoo @pmo@pmu nt of

about 10- 100 ppm for phosphorus and about 25-800 ppm
11.coppks doliéd solier nhatedal stldit lgmstmréxmlthcoﬁt tdasti dael phosphorus-based

mhereln east one gg rus based dopant and

¢ hedgient fthe&hLea%’&BéPP Bamtls PSSOt &8 gy ot gf about 10-

aImo uoy ;Qﬁf@kp%&phlaﬁrs aﬁ@amsxsoo ppﬁs:rapﬁérus and about
25- 500pppn1copper e doped sol der material of

12.cl airm %lo%é’@h %lgérnmﬁtlaﬁala&f Ll@ﬁﬁ? 11, QRPN IRPBO IS HRSBhbsphorus-based

dopant and the at | east one copper-based dopant Ts
pr edeant and the ahlpesirone epprebbated20paBds pmnft@m an amount of about 10-

Phosphgrys, AdaRauEa 10,899 48 B9 14. The doped

sol de e at | east one

phosphar us ed_dopant nd t.he'

13,000 B¢ BoHEL PG mARRRCDE A A SracRin B3 BN pne.phgsphorus-based
30 dopadt pprhiht at lpfianphoppts-basd dabaitis gfent iDAH apPtt of about 20-
copper. 15. A nethod of fornming a doped sol der
mat &Y PrIp forghiepphosysigd apew dP0A@PaY COPRSist one sol der

mat eri al rovi di ng at | east one phosghorus based
14.dopdhg do B?(gwlél‘?fn@aféﬂall elaglaing e Whspave the gk kgstaeprapiosphorus-based

anddopant and the' at least one copper-based dopant is present in an amount of about 30 -

60 ppm for phosphorus and about 300 - 500 ppm copper.
15. A method of forming a doped solder material, comprising:

providing at least one solder material;

providing at least one phosphorus-based dopant;

providing ﬁt least one copper-based dopant, and

blending the at least one solder material, the at least one phosphorus-based dopant and

the at least one copper-based dopant to form a doped solder material.

16. The method of claim 15, wherein the at least one solder material comprises indium,
lead, silver, copper, aluminum, tin, bismuth, gallium and alloys thereof, silver coated

copper, silver coated aluminum or a combination thereof.

17.  The method of claim 16, wherein the at least one solder material comprises lead-tin

alloys, indium tin (InSn) compounds and alloys, indium silver (InAg) compounds and
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bl ending the at | east one solder material, the at
| east one phosphorus-based dopant and the at | east one

waoppeeribased dopant to form a doped sol der maP€rT/U82004/028837

18.

16. The nethod of claim 15, wherein the at |east one
sol der material conprises indium |ead, silver,
copper, alumnum tin, bisnmuth, galliumand alloys

t hereof, silver coated copper, silver coated al um num

or a conbl natjion thereof. 17. The nmethod of claim1

whedllays ipfumybaspd SQTPQHES.JE1 silsier GRRNSF PANPRBARp AN é&oys (SnAgCu),
l e YR hng ]_ﬁ]g]t;rg
al ?%@Fs)hﬂlluﬁldél um g? a{/%kilé @f‘éc) onpounds g@ﬁ ng&gl,ds and alloys and
i noéambibatas theoapfounds, tin silver copper conpounds
and alloys (SnAgCu), tin bismuth conmpounds and all oys
( SnBig methlod wif nlaim B3 sebereiartpoleadsinaildy abipyises arlead (37%)-tin (63%)
combi.nati gns thereof. 18. The nethod of claim17,
wheFBTHCA ﬁ% Y| ead-tin alloy conprises a lead (37%-tin

19. The net hod

19. poths eSSt 8 viein i S RER 006 BacBROb e dogant is present

20.

21.

23.

24.

25.

26.

27.

pr ementanioinfRsARR 4 Bout BFSp n'i‘?ﬁbs?ﬁ’&ﬁﬁ. 100 ppm
phosphorus. 20. The netho aim 19, wherein the at

| eaphe ABROARESRNANYSWRASRANE BPRAY ohs pﬂésﬁﬁ@rﬁg bhé%d%pant is present
amount | ess than about 70 ppm phosphor us. .

et Waea apfoust lgssharpaboph &} pitn phospherus| east o n e
phosphor us- based dopant IS present in an anount |ess
t hahheaimehpd 66 clapm2phubpbiorthe at 12ast ot phesphérustbagded slopamhis present

15, ere | e ane based dopant is
pr esentan}oﬁng%ssglr%nua ?es%prflﬁh%p gout 800 ppm copper.

wherein the

2.8 T BB AT Bafant ek Bt tod fodfn Heed Bbn R Brpsent in an

abwﬁomqbspﬂﬁh@meoop@ﬁcoﬁm met hod of claim 23,
wherein the at | east one copper-based dopant is

Pr eBiginethtd 80 clafi® DI twhesif tiid 1 NeadhsHét copP&t-HARN EPRREE present in an

amount less than about 600 ppm copper.

The method of claim 23, wherein the at least one copper-based dopant is present in an

amount less than about 500 ppm copper.

The method of claim 15, wherein the at least one phosphorus-based dopant and the at
least one copper-based dopant is present in an amount of about 10-100 ppm for

phosphorus and about 25-800 ppm copper.

The method of claim 15, wherein the at least one phosphorus-based dopant and the at
least one copper-based dopant is present in an amount of about 10-70 ppm for

phosphorus and about 25-500 ppm copper.

The method of claim 15, wherein the at least one phosphorus-based dopant and the at
least one copper-based dopant is present in an amount of about 20-60 ppm for

phosphorus and about 40-600 ppm copper.
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25. The nethod of claim15, wherein the at | east one
phosphor us- based dopant and the at |east one
waeoppeeribased dopant is present in an anount OPCHIDS2004/028837

10- 100 ppm for phosphorus and about 25-800 ppm copper.

26. The nethod of claim15, wherein the at | east one
phosphorus- based dopant and the at |east one

copper - based dopant is present in an anount of about

10- 70 ppm for. phosphorus and about 25-500 ppm copper.

28.27. Thigcthet RbeaBe Lo wherpmahe gieastpre Phasplarus-bassd deprnt and the at
2201%941‘ an%%o?ﬁ%?%sgpﬁé}ﬁht APt iRlanl £ASInt Weibout %(()) G 60 ppm for

pper - based dopant I's present in an anmpount of a
20-Bospipris axd abpwsHA 6506 pamdopipasut  40- 600 ppm
copper.28. The nmethod of claim 15, wherein the at

29.| eaétlaysresl pétesgdheompsisispgsed dopant and the at | east one

copper - based dopant is present in an anount of about

5 30 a swcppnsubstratghosphor us and about 300 - 500 ppm
copper. 29. A layered material, conprising: a surface
or sudadtiricd aiteregnnettect ri cal i nterconnect; a sol der
mat eri al conprising at | east one phosphorus-based
dopasdldantiatetiall @agirisigeat dedzpefie bacHHoOPaEE; dophst #nd at least one
sem conduct or, di e or pﬁgrage. 30. An electronic
conpone rfPPRERFEFdaRgnt: doped sol der material of
claim. 31. A sem conductor conponent conprising the
dopfetPrueAEFtonge OF Pagkagh ¢l ai m .

10 30.  An electronic component comprising the doped solder material of claim 1.

31. A semiconductor component comprising the doped solder material of claim 1.
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