06- Mar - 2007 DOPED ALLOYS FOR ELECTRI CAL | NTERCONNECTS, METHODS OF PRODUCTI ON
AND USES THEREOF 5 This application is a utility application based on US

Provi sional Application Serial No.: 60/501, 384, which is commonly ovifeMaz2907
i ncorporated herein in its entirety by reference. FIELD OF THE SUBJECT ‘
MATTER The field of the invention is thermal interconnect systens, thernmal

I nterface systens and 10 interface nmaterials in electronic conponents,

sem conduct or conponents and other related |ayered materials applications.
BACKGROUND OF THE SUBJECT MATTER El ectroni ¢ conponents are used in ever

I ncreasi ng nunbers of consunmer and 15 commercial el ectronic products.
Exanpl es of sone of these consuner and commercial products are tel evisions,

personal conputers, Internet servers, cell phones ager s al mtype
organi zers, port ASPRED ALISYS BQR ELECTBICALIN; Qﬁ%ﬁ%l‘&“@ﬂ&@demnd

for these consunmer and comepRoHy nND OSpS AiHEee6s, there is also a
demand for those sane products to becone smagFer, nore functional, and nore

portable for consuners and 20 businesses. As a result of the.size decrease
in these products, the conponents that conprise the products nust also

becone smeg | eTnis ByRERlGS is04 uﬁﬁ@%ﬂﬁﬁcétﬁ&ﬁ%é&%ﬂ’%‘?ﬂhﬁsfgﬁﬂt %Bﬁ%ﬁ&? Shgal Ngduced

in size or scaled down are printed circuit or wiring boards, resistors,
wiring, keyb@4Us384¢ Waiethissammonkypvned pasl iperpargfphbereinin ipensioeiy hy seferenver ef or e,
are being broken down and investigated to determne if there are better
building and internmedi ate materials, machinery and nethods that will allow
themto be scaled down to accommopdate the demands for smaller electronic
conponent s. FHHELD BF THESUBJECIMAJHER? 007 process of determining if there are

better building materials, nmachinery and nethods is to
The field of the invention is thermal interconnect systems, thermal interface systems and

10  interface materials in electronic components, semiconductor components and other related

layered materials applications.

BACKGROUND OF THE SUBJECT MATTER

Electronic components are used in ever increasing numbers of comuﬁer and

15 commercial electronic products. Examples of some of these consumer and commercial
products are televisions, personal computers, Internet servers, cell phones, pagezs, 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

20  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.

25 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



I nvestigate how t he manufacturing equi prent and met hods of buil di ng and
assenbling the conponents operates. For those conponents that require

el ectronic interconnects, the spheres, balls, powder, 5 preforns or (8Mar-2007
ot her sol der-based conponent that can provi de an el ectrical interconnect

bet ween two conponents are utilized. In the case of BGA spheres, the spheres
formthe electrical interconnect between a package and a printed circuit
board and/or the electrical interconnection between a sem conductor die and
package or board. The | ocations where the spheres contact the board, package
or die are called bond pads. The interaction of the bond 10 pad netal |l urgy-
with the spherecesiiof daertining if thedbl avbetten biiddieg Mategialsiiachidry tad @ieﬂiohslsi mi nt,
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formation of intermetallics.

15 There are several approaches to correct and/or reduce the solder problems presented
herein. For example, Japanese patent, JP07195189A, uses bismuth, copper and antimony
simultaneously as dopants in a BGA sphere to improve joint integrity. Phosphorous may or
may not be added; however, results in this patent show that phosphorus additions performed
poorly. Phosphorus was added in high weight percentages, as compared to other components.

20  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
c;n improving Sn-Pb eutectic performance on ENIG bond pads is investigated. Compositions

25  comprising less than 2000 ppm Cu were not investigated.

Jeon, et. al, "Studies of Blectroless 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



Reliabilities of Sn3.5Ag and Sn4. OAgO. 5Cu and SnO 7Cu Sol der Bunps on

El ectroless Ni-P 2 OS Mar-2007 UBMs" Proceeding of Electronic Conponents
and Technol ogy Conference, |EEE, pg 1203, 2003 di scuss that internet 88i{Nar-2007
growh is faster on pure nickel bond pads than el ectrol ess nickel bonds

pads. The benefits of copper in concentrations of 0.5% (5000 ppm) or higher
are also investigated and discussed in both articles. 5 Zhang, et.al,
"Effects of Substrate Metallization on Sol der/ UnderBunp Metallization
Interfacial Reactions in Flip-Chip Packages during Miltiple Reflow Cycles",
Journal of Electronic Materials, Vol 32, No 3, pg 123-130, 2003 -shows there
i s no effect UBMS#N Proersding o (Rdectronis |Gomipangentsndr Teshmldgy CanderencepIBES, pg IRO%; h

contradicts Is >N e ) g ut ect i I.n-Lead
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sol der in amgunts greater than 0.5 w %to _mninm ze dissol ytion of copper
sol dering i réh tGopeerdinped SutertirelindcadPrung fos Sayer Flipfship Appheationss Brecssding

Pat ent  4,1938 9 RfbchdniCCoithontaltMd Thainoldgy CREfkQTERE, g9}, 20050 eshRMa BF
copper inproves wetting and .og termjoint reliability of “in Sn-36Pb-2Ag

al | oys. Jap&prpseadditicareduppdoitled layeyconstgipdien. Al | oy Havi ng Excel | ent

Resi stance to Fatigue Characteristic" discloses a Sn Bi Pb alloy with 300 -

5000 ppm copper adeNiedrch paientsand applidatien:(EP84G036 3 Ad &P0400363B1 and US5011658)

show copper used as a dopant in Sp-Pb-In solders to minimize the consumption of copper

bond pads or connectors (i.e., no nickel barrier layer is used). The copper in the solder was

15  found to decrease the copper connector dissolution. Niedrich uses the copper to inhibit nickel
barrier layer interaction through forming copper intermetallics or (Cu, Ni)Sn intermetallics.
The Niedrich patents are very similar in their use of copper as US 2671844, which adds
copper to solder in amounts greater than 0.5 wt % to minimize dissolution of copper soldering
iron tips during fine soldering operations.

20 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 “Selder Alloy Having Excellent Resistance to Fatigue
Characteristic” discloses a Sn Bi Pb alloy with 300 — 5000 ppm copper added to improve
fatigue resistance.

25 - 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 Cbmposition” discloses a Pb-free solder

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



25 US | ssued Patent 6,307,160 teaches the use of at least 2 %indiumto

i nprove the bond strength of the eutectic Sn-Pb all oy on El ectrol ess

Ni ckel /I mersion Gold (ENIG bond pads. US Issued Patent 4,695,428
Conposition" discloses a Pb-free solder conposition used for plunbing é%ﬂ??
The copper concentration used is in excess of 1000 3 08-Mar-2007 ppm and
several other elenents are also added as alloying additions to i nprove the

| i qui dus, solidus, flow properties and surface finish of the solder. US

| ssued Patent 2303193A, teaches the use of 0.1 - 1.5% Cu (1000 - 15,000 ppm
Cu) in addition to Cd and Sb to increase the creep resistance of the sol der.
The reference 5 speC|f|calléﬁﬁtates copper in less_than the anount

i ndi cat ed i s BBy and seysreli ot clementsagg alyp added asallowing additions tp Amprove thedigaidus,
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t he product| cost XI'm zI ng I'ncor porating
the electri camprmézechmbéxtygveranﬁlac))leadimvdlogp”reI i abl e met hods of producing
el ectrical interconnects and conponents conprising those interconnects. 15 4
0S- Mar - 2007 SUMVARYS, Serel ésra qcaitienihalnsedatlt)d adldpmlnpssodumatm& dndrselder dapapitsi se

at | east one I ri I or U a ed _dopa at
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10  maintained during reflow and post reflow thermal aging; b) design and produce electrical

interconnects that meet customer specifications while minimizing the production costs and
maximizing the quality of the product incorporating the electrical interconnects; and c)
develop reliable methods of producing electrical interconnects and components comprising

those interconnects.

15



one phosphorus-based dopant; c) providing at | east one copper-based dopant,
and d) blending the at |east one solder material, the at |east one
phosphor us- based dopant and the at |east one copper-based dopant to0§-dfan-2007
doped sol der material. Layered materials are al so descri bed herein that
conprise: a) a surface or substrate; b) 10 an electrical interconnect; c) a
sol der material conprising at |east one phosphorus-based dopant and at | east
one copper-based dopant, such as those described herein, and d) a

sem conductor die or package. Electronic and sem conductor conponents that
conprise solder materials and/or |ayered materials described herein are al so
contenpl ated. 5 08-Mar-2007 DESCRI PTION OF THE SUBJECT MATTER Unli ke the
previ ously deB¢MMARY| ref erences, doped sol der materials and sol.der dopants
have been devel oped and are described herein that have no deleterious effects

on bul k sol der pro?ertles yet slow the consunption of the N|-barr|er | ayer
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solder materials and/or layered materials described herein are also contemplated.




under bunp netallurgy (UBM. Bond pad netallurgy for BGA spheres typically
has involved the use of nickel-plating to provide a barrier |ayer f@r%t h%@
copper and a thin coating of gold to 20 mai ntain sol derability. Wi €& p7
will interact with Sn to forminternetallic conpounds, the internetallic
growh rates are substantially slower than those of Cu-Sn internetallics.

Hi storically, electrolytic nickel plating has been used. The nickel deposit
inthis type of plating is fairly pure, with few co-deposits of undesirable
el enents, such as phosphorus. To reduce cost to manufacture, a newer type of
plating - el ctrol ess nlcke 25 followed by imersion gold (1GQ is

bei ng i npl eneHEEd= S22 A&k el deposition baths typically wll

i nvol ve the use o PQ2- Iut|o t hat a

phosphor us co- depbé‘ﬁ]f%%gﬁ “é@éieﬁﬁ'\’ég‘?{ege %{%Pse gped 5p ?‘mati%aéﬁ?ifﬁ"a)é)er qonagts
addi tional pheskeedersoped Ang ansRsdibedhasm @H@hmqmt dBetdrioud bBbdid\¢h BulEl sdlder
refl ow or subsequent thermal excursions. Lower phos horus content coati ngs
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reacts with tThis spldek dppanh ments tofth gopds ofv) desighing md\tpwsncmmpbﬁqrmﬂamerce@ects

Phosphorus = iy, Bk éu@égﬁlei’ g;%giﬂ%aﬁ&'s %rlﬁl@tu%f.m .}m lhla ngdBEt{Hﬁtdo&Q and th irﬂfthe
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Sol der j diont intt@orinsttes occur t hr ough this phosphor us rich layer. These types
of failures are known in the industry as "Black Pad" failures, as the
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refl ow. Solder materials and dopants contenpl ated herein conprise at | east
one sol der rapidly and can exhibit spalling or breakage from the interface. This breakage reduces the

15  strength and integrity of the solder joint.

To reduce consumption of the bond pad, barrier layers that prevent direct contact of Sn
and Cu are utilized. These additional layers are often referred to as bond pad metallurgy or
under bump metallurgy (UBM). Bond pad metallurgy for BGA spheres typically has involved
the use of nickel-plating to provide a barrier layer for the copper and a thin coating of gold to

20 maintain solderability. While nickel will interact with Sn to form intermetallic compounds,
the intermetallic growth rates are substantially 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)

25 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

30 IG plating, requiring users to aim for higher phosphorus deposits.



material, at |east one phosphorus-based dopant and at | east one copper-based
dopant. Methods of form ng doped solder materials described herein conprise:
a) providing at |east 15 one solder nmaterial; b) providing at |east gpe
phosphor us- based dopant; c) providing at |east one copper-based dopﬁé]‘Maram!”
d) blending the at | east one solder material, the at |east one
phosphor us- based dopant and the at | east one copper-based dopant to forma
doped solder nmaterial. In contenplated enbodi nents, the dopants of copper
and phosphorus that are added to the solder alloy or material reduce the
consunption of the Electroless Nickel (EN) plated 20 barrier layer. The
dopants are added to the solder alloy that could be used to produce powders,
paste, ingots, wi Maringsefleriefow;thpdin ¥phenting is dissolvgh abngst stantdy. e inds thehat
described in ¢ ROABN M4 i j
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embodi ments degcribed herein differ fromthe cited references in that the
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of copper in the solder are shown in tiple papers, such as the Jeon
papers ciltd whealedoist is expessil o elevptediamperatines, 3hase filyres cameccys intthermally aged

I nternetal l Qﬁ?‘&@i@&ﬁ%%ﬁ%&i“ﬁ%ﬁﬁﬂﬁﬁg’@ﬁ{ﬁ&%wl ower by a factor of 2.5
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t he subj ect nmdtérial, @r easnomed phespboms-bakbd dopaph canid satsleast one copper-based dopant.
Methods of forming doped solder materials described herein comprise: &) providing at least
15  one solder material; b) providing at least one phosphorus-based dopant; ¢) providing at least
one copper-based dopant, and d) 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. In contemplated embodiments, the dopants of copper and phosphorus that are added
to the solder alloy or material reduce the consuraption of the Electroless Nickel (EN) plated
20  barrier layer. The dopants are added to the solder alloy that could be used to produce 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

25 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,



for reducing nickel consunption are different for each elenent. 10 Al so, the
Ni edrich patents described previously herein use copper to inhibit nickel
barrier layer interaction through formng copper intermetallics or (@3-May-2807
intermetallics. The N edrich patents are very simlar in their use of copper
as US 2671844, which adds copper to solder in amounts greater than 0.5 wt %
to mnimze dissolution of copper soldering iron tips during fine soldering
operations. Both of these copper additions need to be 15 significantly higher
than the anobunts contenpl ated herein. The sane is true for the Ozaki patent,
wherein the addition of copper is significantly higher than the amounts
contenpl at ed her eTonterfjflated embledimentt descabedniseyein differ ifsen deycited iré¢fedohees s ktder
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Preferred nmetal s,i ud ch. as indi . i |'ver., | umi tin,
bi st e gat | T AL PRs08 9 Jru ot Th e el e R e MG EARte 1y O
al um num Thecdppérto seldérdh ‘amatuste gleated thate® 5 st V0l snininetedissohitiah of cippeassoldesng
iron tips' during fine soldering operations. Both of these copper additions need to be
15 significantly higher than the amounts contemplated herein. The same is true for the Ozaki

patent, wherein the addition of copper is significantly higher than the amounts contemplated

herein.

" The solder material may comprise any suitable solder material, alloy or metal, such as
indium, lead, silver, copper, aluminum, tin, bismuth, gallium and alloys thereof, silver coated

20  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
25 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

30 elements that have electrons filling the 4f and 5f orbitals surrounding the nucleus of the



metal ceram c conposites, netal polynmer conposites, as well as other netal
conposites. As 5 used herein, the term "conpound" neans a substance with
constant conposition that can be broken down into el ements by cheni 88iMar-2007
processes. Contenpl ated dopants conprise at | east one phosphorus-based
conpound/ dopant and at |east one copper-based conpound/ dopant. Dopant |evels
contenpl ated herein are less than about 100 ppm for phosphorus and | ess than
about 800 ppm for copper. In sonme 10 enbodi nents, the dopant |evels are
contenpl ated to be about 10-100 ppm for phosphorus and about 25-800 ppm
copper. In sone enbodi ments, the dopant |evels are contenplated to be about
10- 70 ppm f or elpmespnelpding thedanthasides 28l tho @ tipidas. drplerred metalsghdiede suctbesdidiomy s,

about 40600 Eh Gy B NP Bl fiinfE, A welucin BB iy ARRY @i, ™"
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15 ppm for phosphorus and about 300 - 500 ppm copper.

o
-

The dopant materials could be added to the solder main constituents directly during
casting. When small amounts of dopant are used, it may be desirable to make a master alloy
and dilute that with undopéd solder for better control over dopant concentration.

The at least one solder material, the at least one phosphorus-based compound/dopant

20 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

25 supplier in house using chemicals provided by another source and/or ¢) 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
30 used to produce solder pastes, polymer solders and other solder-based formulations and



9 08-Mar-2007 materials, such as those found in the foll owi ng Honeywel |
International Inc.'s issued patents and pendi ng patent applications, which
are commonl y-owned and incorporated herein in their entirety: US Paf@Mar-2007
Application Serial Nos. 09/851103, 60/357754, 60/372525, 60/396294, and

09/ 543628; and PCT Pendi ng Application Serial No.: PCT/US02/ 14613, and all
related 5 continuations, divisionals, continuation-in-parts and foreign
applications. Solder materials, coating conpositions and other rel ated
material s described herein my al so be used as conponents or to construct

el ectroni c-based products, electronic conponents and sem conduct or

corrgonent S. dI maeﬁﬁits,empﬂlhai ﬂﬂsembmﬂigrmafcﬂllowidgq{d @lejr\oglslﬁtdhﬁbhﬂﬁﬁd’sﬁmg% Fatems/ be
used to produce, BGA spheres,..nay be utilized ip an ectronic se Y. .
Gompri i g BGRIRTOER BFEL S5l which AR OGRS IR 404 FESTPR RSP el

substrate, anghi®y: U8 Ratet ApplichfioRISeER  Nos\W9/851203,P603357764, 6072825 Goe62eaed in
bath form Also in contenplated enbodi nents, the spheres are attached to the

package/ subst fusk ¥/543p28;a8d £ E@ﬁ@&\ﬁé’(ﬂﬁ%‘i‘%%‘ﬁw"dr PR 1&@%&&6%&31“3‘1
spheres. The dopamtiond, WiFisibRdds, coRimeioinGart %cfﬁ{r&gu bhRicRM e 01 ndiials,
results in higher integrity (higher strength) joinls.” 15 El ectroni‘c-based
products can eRating jcampesidons; #pdt ptberstelated mtgrials [described hersindynay oalee begisel a3 n

| ndustry or byl CONSHTSbirbk URkGTo Bscl BloAGY CHBUIET BRRIHIELS AR © 2
tel evision, a conputer, a cell phone, a pager, a pdl mtype orgahi zer, a
port abl e radi ssmicondegtors¢oampeoentsnkbh contempiatadeentbordinents, thal atloys;distlesep heteidmsy e

"internediate; proeducts s |.r cui rds,. chi .nackaai and
keyboards t ha‘f’e %Fggopglp é‘ﬁ eiltg(?‘?‘;%ah%ﬁ ’inkzl)}e%e ‘?ﬁﬁ#lﬁﬁ G Bg?lggﬁsgr?xgiﬂgglp Erige P p(‘)A hi c
products @y sihees,cactpas 5 bumpgdron bellednite, packageersubsteate, and/ may de@sadfas an anode,
devel opnment from concept ual del .to final scal e-up/ nock-up. A prototype nmay
or may not cwﬁ?aﬁl?f‘%?ﬂ@“wal% eaiefid’épadégqlfﬁ’onents intended in a finished
product, and a prototype may have some conponents that are_ constructed out

of conposite nat erdlsp 1t epnianaristed embnsimends, theapherpsare atiached o the packege/Bbfeate
Sce)lrrgg??g;is CV\A;%J ﬁieb %cp ,Qeﬂdwehi ﬂll Llysi ﬁ.t ﬁxgnne% 5as A&dﬁ?vﬁﬂ sﬂfe{'e@' Fhe ! tﬂfpaﬁtegl%s the
nponent " neans any devi ce or part at™ can be
consumption rate for the EN coating and results in higher integrity (higher strength) joints.
15 Electronic-based products can be "finished” in the sense that they are ready to be used
in industry or by other consumers. Examples of finished consumer products are a television, a
computer, a cell phone, a pager, a palm-type organizer, a portable radio, a car stereo, and a
remote control. Also contemplated are “intermediate” products such as circuit boards, chip
packaging, and keyboards that are potentially utilized in finished products.

20 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.

25 As used herein, the term "electronic component” means any device or part that can be
used in a circuit to obtain some desired elecirical 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



used in a circuit to obtain sone desired electrical action. Electronic
conponents contenpl ated herein may be classified in nany different ways,
including classification into active conponents and passive conponeﬁBsMar-mW
Active conponents are el ectronic conponents capable of some dynam c
function, such as anplification, oscillation, or signal control, which
usually 10 0S-Mar-2007 requires a power source for its operation. Exanples
are bipolar transistors, field-effect transistors, and integrated circuits.
Passi ve conponents are eI ectronic conponents that are static in operation,
i.e., are ordinarily incapable of anplification or oscillation, and usually
requi re no pomguired gr poweri soundeafoaatseapemubn: cEJmmglesa:m b@o&mnkmmrse field-effect
conventi onal 0 a Lndu tors rectifier nd
Fuses. Bl oot riaeble i matr P B Bassit Shipichts i S Gepi6 SStoponetl el e
cgnduclt Iors hsam inaipeatiogris,, a@srondhﬁﬂlyaircupable loe eplifiarith of @Edllfion, A@MposlBNt S
that allow char carrier suc s el.ectrons 0 npve wWith ease . angng at ons
as in an el ecrte’fl BUPPER: ! for éfl H}’é‘%‘?f’fm °Emt§¥a£§?ﬁpﬁﬁe?ﬁ“§e%8ﬂc‘?‘?§f%ﬁ
traces ands Vi@ a@@fﬁpfndﬁdtm,di&tealrscuﬁefgsagaﬁ{sggs are 10 conponents where the
function is substantially related to the ability of a material to be

extrenely resistafedfnQ Qc}j;%hén?é“ caften@&éc\?;w'i}&ﬁe U?Ls%éédalls oL a%Ed to
electrically separate ot conponent e S€ con uctors are conpomnent s
havi ng a f unctemiondirdars,ic mmldtts‘s aliie’realcbgducbtsamedomponehe thiti dl]loWychafgeacmatserl al

to conduct c ng JHat re5| L vit bet veen onduct

i nsul ators. %‘%p ee\é\éc%r ned 407108 ﬁ %8 %‘Tﬁ sHE ?chﬂ arﬂ ifodes,
sone | asers, doadidtdri eamponbﬂityrarstmtmt aﬂmtes)hﬁd oW e sorhPrisig Qﬁétﬂ@.nl msﬁlafmomnt s
cont enpl ed her ei n na aI 0 e .classifjed,as I soutgces qr ower
consuner ?O PSREPC g"tﬂfﬁ %MHPE I%F‘&EWW@%%e %ﬁl&)\ﬁgra E‘gﬁ’é\ﬂg to be
conponents, e@t&émblleCﬂebiﬁ&ltbt@t dodBnctdn df&ﬂﬂﬁﬂt;[ Btich, asCA imlaferiabBfhpioyed t& %1ebt$mall9r$
used herein, the term"batter nmeans a .devi ce that produces usabl e anpunts

of el ectri calSepRInietheR comBIRenticIhile fermieondushors &t oupopeRts BAVine 2 fwnchion J8hK e or
secondary bat gusgtaﬁm@&&at@w e SbiliRbf %ﬁfe?iap&aéah&maewm Swifhf a na{n%ﬂe‘sisﬁaéy

energy through chemcal reactions.” Power consum ng conponents include
resi stors, etween conductors and insulators. Examples of semiconductor components are transistors,

15  diodes, some lasers, rectifiers, thyristors and photosensors.

Electronic cormponents contemplated herein may also be classified as power sources or
power consumers. Power source components are typically used to power other components,
and include batteries, capacitors, coils, and fuel cells. As used herein, the term "battery"”
means a device that produces usable amounts of electrical power through chemical reactions.

20  Similarly, rechargeable or secondary batteries are devices that store usable 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

25  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.
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transistors, 1Cs, sensors, and the like. Still further, electronic conponents
contenpl ated herein may al so be classified as discreet or integrated.

Di screet conponents are devices that offer one particular el ectrical 08:Mar-2007
property concentrated at one place in a circuit. Exanples are resistors,
capacitors, diodes, and transistors. Integrated conponents are conbi nations

of conponents that that can provide nultiple electrical properties at one
place in a circuit. Exanples are I1Cs, i.e., integrated circuits in which
mul ti ple conmponents and connecting traces are conbined to perform nmultiple
or conplex functions such as logic. 11 08-Mar-2007 EXAnnLES Four
representative exanples are shown herein that conprise Sn37Pb doped with
copper and 5 phosphorus dopants in the follow ng anounts: > Exanple #1: 40
ppm +/ -10 ppmExamecepper and phosphorus > Exanple #2: 500 ppm +/- 10 ppm for
copper and 30 ppm +1- 10 ppm for phosphorus > Exanple #3: 200 ppm +/- 10 ppm
for copper and 30 ppm +/- 10 ppm for phosphorus 10 > Exanple #4:200 ppm +/ -
30 ppm for Commﬁﬁﬁnﬁﬁv@@lﬂﬁ#es afe $hBHh hereinRhR TRRGH N3 7TPERIGIIR A deppdlRg@ped
Sn-37Pb al Loy (control) Exanple Total Energy Ball Shear Wtting to R%Itlng
Poi nt  NumBer P QﬂﬁﬁﬁmﬁgsFggPﬁﬂ@Mwﬁﬁﬁm@@Eber (+/-1C) Shear Ball from ENI G
Bond Pad 1 55.5 Ductile/Brittle Good 186.3 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

» Example #1: 40 ppm +/- 10 ppm for copper and phosphorus

» Example #2: 500 ppm +/~ 10 ppm for copper and 30 ppm +/- 10 ppm for phosphorus

» Example #3: 200 ppm +/- 10 ppm for copper and 30 ppm +/- 10 ppm for phosphorus
10 > Exaxﬁple #4: 200 ppm +/- 30 ppm for copper and 15 ppm +/- 5 ppm for phosphorus

» Example #5: Undoped Sn-37Pb alloy (control)

Example Total Energy Ball Shear Wetting to Melting Point
Number Absorbed to Failure Mode Copper (#/- 1°C)
Shear Ball from
ENIG Bond Pad
1 55.5 Ductile/Brittle Good 186.3
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

15 from the undoped material (Example #5). The wetting to bare copper remains good for all *
alloys. The total energy reqﬁjred 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



5 41.8 Brittle Good 187.0 This data shows that none of the alloy dopants
cause a |l arge decrease in nelting point 15 fromthe undoped nateri al

(Exanpl e #5). The wetting to bare copper remains good for all all oys0s8-M&-2007
total energy required to shear balls soldered to ENIG Bond Pad netallurgy is
hi gher for the doped spheres and the failure node changes frombrittle
failure in the undoped material, to the nore desired ductile failure node as
t he dopant |evels increase. 12 OB-Mar-2007 Thus, specific enbodi nents and
applications of doped solder materials and sol der dopants utilized as

el ectronic interconnects have been disclosed, It should be apparent,

however, to those g | ficati I

those al r eady desgﬁsbe%g ar ee&;l)%bgglﬁ %@Wﬁ&ﬁ%ﬁrﬁ?@g@%%‘ﬁe 3 %/%Z‘&no c?%\?)e
concepts her eldnpanMautdwdaras elegstronic rintercpnmetts rigve beers gisclpdedc aiti shoyldabe appewnt
shoul d be int reted r padest si bl e mann con |sien W|th t.he
context. In paPtFet tgr 0steh elé)lr r?&”rg‘ﬁsglégy oRd mo@@r?ﬁ?‘?ngs%j‘ Eﬁ arpdy

i nterpret eddaﬁedcﬁf)ﬁ dre Ijbgss’ib)e Mm?nrdepmgg)ﬁlﬁmrtﬁm@ane ®hepss hdiielﬁ. MIdTedVes il S| \ée
manner, igatin a referenced, e nts nen or s s may be
present, orP uf®fPE gﬂg‘g’ﬁ t?ﬁ“lsﬁh?ﬂl‘ﬁge ﬁ@gg& g’é‘i’?ﬁ‘ﬁﬁé’ﬁfsébeg?mﬂeps
that are not %ﬁis%ﬁbvﬁh&&f@hﬁﬂﬂeﬂpaﬂ&uﬁﬁ tﬁ%&eﬁ&r“caﬁgﬂses%‘w&n% sifig"holld be A

doped sol der material conprj sing at | east one sol der_ material, at |east one
phosphor us- baé‘gﬂpﬁifﬂaﬂﬁ refernng Wt CIF@W, CHPOBRB - BESell &o?fé’n?"d“ﬂ“'lfﬁ%m%ped

sol der mat er i glqiQfing il e tefeldh Il anddRE cpdn8RS or 4RBs 2RY B prdRketd @llized, or

combined with other elements, components, or steps that are not expressly referenced.
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conprises indium |ead, silver, copper, alumnum tin, bisnuth, gallium and
alloys thereof, silver coated copper, silver coated alum numor a

conbi nation thereof. 3. The doped solder material of claim2, wherei#8tMer2007
| east one solder material conprises lead-tin alloys, indiumtin (1nSn)
conpounds and all oys, indiumsilver (1nAg) conpounds and all oys,

i ndi um based conpounds, tin silver copper tonpounds and alloys (SnAgCu), tin
bi snuth conpounds and alloys (SeBi), glAmgium based conpounds and all oys and
conbi nati ons thereof. 4. The doped sol der material of claim3, wherein the

| ead-tin all d\/’e‘éﬁmrl ses a lead (37%- tin (63% eutectic alloy. 5. The
doped sol der material .of claim1l, wherein the at | east one phosphorus-based
dopant is présent Aeped solder patstial fOmPESipg an about 100 ppm phosphorus. 6. The
doped sol der mate wherein the at | east one phosphorus-based
dopant is pr esentJtllC?i}l’taO{r?\Jsgfr?Du '{En%éss t han about 70 ppm phosphorus. 7. The
doped sol der mat ef ie@dt of¥ phoipRbrds-HBsedWBRREChdd t he at | east one phosphorus- based
dopant is present in an anount |ess than about 60 ppm phosphorus. 8. The
doped sol der nmat edtleadt oo coppen-baiedldopanbier ei n t he at | east one copper - based
dopant is present in an anmount | ess than about 800 ppm copper. 9. (The doped
sol der mat eriZal oFhedpeedpelder materiat of aleim i ewhgtein theas (cash pee soldppereriBiased dopant i s
present in an a”%ﬂzbnie?ﬁﬁm?nhﬁﬂ ﬁlb&%r;@p(alugﬂﬂh,cﬁp%ﬁum Jgghurgglgl:ﬂg ed sol der

mat erial of cl ai ereln he at_ |east. one copper-base pant is present

in an anount Iesg“i’?‘ﬂirf 5 6ered Sﬁ?(ﬁerpﬁﬁlﬁ‘? 615"}5'@*"““‘&‘?“?%“%3% gefder material of
| 1, wh -2007 d t
claim er ein ’fhlg%ox?eh s&l&é?n%tggggf cgi'zgahpw?xo erem the é’? ?easg?ne sold%{ Hlag/a opan

and the at Ieast one ‘copper presen unt of about 10
100 ppm for phospm@PmS’&Pﬂ:l"la%bmm@msgﬁn%mmmemd alloys, ifidiem sibpred sol der

material of clai Mihg) ¥eaGHoRid addifioyd lindi GRS dsed ARmpHAGS m&&l‘%oﬁﬁs&%pounds
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 I, wherein the at least one copper-based dopant is

present in an amount less than about 800 ppm copper.

9. (The doped solder material of claim 8, wherein the at least one copper-based dopant is

present in an amount less than about 600 ppm copper.

10.  The doped solder material of claim 9, wherein the at least one copper-based dopant is

present in an amouant less than about 500 ppm copper.

I1.  The doped solder material of claim 1, wherein the at least one phosphorus-based
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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. 13. The doped
solder material of claimi1, wherein the at | east one phosphorus- based3-Mup2007
and the at | east one copper-based dopant is present in an anmount of about 20-
60 ppm for phosphorus and about 40-600 ppm copper. 14. The doped sol der
material of claim1l1l, wherein the at |east one phosphorus-based dopant and
the at | east one %gaﬁtera aseid dog%nt ias resent in an anmount of about 30 - 60
ppm-for phosphor uS*BRAd G568t S F8° <P “5%%%‘55@&?’?““%‘.”%0%‘{%%" W fornming a
doped sol der nat ed9Gppm forphospherisryd abopy 25v800 pprgcapper] east one sol der nateri al ;
providing at | east one phosphorus-based dopant; providing at |east one
copper - based Hoparte derstrolieapaiprialpf elaie b wherein $e aderst onepheshommbesed al , the at

| east one phosphodsanttaas te adaRand coppd baskd\@patt islpRadnt in AN EmsAPRSEuPAEEd dopant
to forma doped s%der nmet hod of claim15, wherein the at

terial. 16.

| east one sol der rra?f’e"}’?gﬁ“’f‘:"é‘ﬂ%??"%é’?"f%%?%Hm’mf@aﬁ; silver, copper, alum num
tin, bisnuth,sgal i, 1d : j f ) silver
coated al um num or, ﬁ%&gi %Ie;{miméﬁl°1tfEgﬁggﬁcﬁéw%ﬁﬁgﬁgg’hﬁpgﬁg m 16, wherein
the at |east one SURRERI Hattdsetane CrpepPIseddopibif@repsonin apamopptof aboytRhm t i n

(1 nSn) conpounds &0ghnadot ghgsphors il diBus40-600 pprh béppg) conpounds and al | oys,

i ndi um based conpounds, tin silver copper conpounds and alloys (SnAgCu), tin
bi smut h conpo¥nds Taavipe spidsranafegplRF Jlaimall, whersintie e onephoypbomgbasand al | oys and

conmbi nati ons ther andthe 3t g | j I-tin alloy
conprises a | ead 7‘% -ti?\f;g\%s?fola/?éag%{ g%#é:o%nlmls%%.smﬁ%g%%n%t olggfbgf claim 15,
wherein the at | eSSEPPHREPSIBEPTAIE Aot 300 o OORBREARPSS s present in an anount

| ess than abouyt 1 ho «a2Q. The nethod of claim 19, wherein the
at | east oneo%hos%%g%?? 3%]2%8 8%‘%&?‘%?’? af)eflgscé’ﬂ?nmg‘

providing at least one solder material;
providing at least one phosphorus-based dopant;
providing at 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) comnpounds and alloys, indium silver (InAg) compounds and
alloys, indinm-based compounds, tin silver copper compounds and alloys (SnAgCu),
tin bismuth compounds and alloys (SnBi), aluminum-based compounds and alloys
and combinations thereof.

18.  The method of claim 17, wherein the lead-tin alloy comprises a lead (37%)-tin (63%)
eutectic alloy.

19.  The method of claim 15, wherein the at least one phosphorus-based dopant is present

in an amount less than about 100 ppm phosphorus.

20, The method of claim 19, wherein the at least one phosphorus-based dopant is present
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15 08-Mar-2007 in an anmount |ess than about 70 ppm phosphorus. 21. The

nmet hod of claim 20, wherein the at | east one phosphorus-based dopant is
present in an anobunt |ess than about 60 ppm phosphorus. 22. The net hefiMur-2007
claim 15, wherein the at | east one copper-based dopant is present in an
anount | ess than about 800 ppm copper. 23. The nethod of claim 22, wherein
the at | east one copper-based dopant is present in an anount |ess than about
600 ppm copper. 24. Th d | ai m 23, wherein the at | east one

copper - based dopalﬁtmfg&ﬁ?ge%@’n a'lg)ofﬁ'f@r?%mg’hrr%sﬁ%"t‘"s1 ess than about 500 ppm copper.
25. The et hog, of Ted ¥ bPolaih26,vihiesRinthtur Rbst bk BidspORS bREP SRR Repased dopant
and the at |east_one coB%pser-baéegd dopant is present in an anount of about
10- 100 ppm for pitGe pRAPHES H3a 2oLPPrmphaspkerisom copper. 26. The nethod of

cl ai m 15, wheyein t S us- based t. and the at |east
one copper - bg%éd 5&%&@ Psg%?ég'g{\htg milgnrh%a?gg%gr%"ﬁ ﬁ?ppg% asaegg%ﬂ%&ibgr%mﬁ?oﬂr‘ﬁ f or
phosphorus and ab#uunties enabepP0e prspeapper-27. The net hod of cl aim 15, wherein

the at |east gne phosphqrus-based dopant. and the at | east one copper-based
dopant is pre3Sent °W°§W83¢fgﬂﬂ?§'d&°ﬁ'ﬂ a”i&%”ﬁ%?ﬁ%f‘d”ﬁﬁtd%ﬂﬁs&?td’%g’and about
40- 600 ppm copper amaddg les§ then abettt600pmd copperi m 15, wherein the at | east one
phosphor us-based dopant and the at | east one copper-based dopant is present
in an anount 4f aBisuretng of clam 23, stherig the ahlatstone 6onpes-based depgeiis PrewE inan500 ppm
copper. 29. A | ayghds 1€6Rihen ibdht, 506 fpiPédpger,Ng: @ surface or substrate; an

el ectrical interconnect; a solder material conprising at |east one

phosphor us- ba&sed Tempatiod efvdrintl5,whersin thzrtleast 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.

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

phosphorus and about 25-500 ppm copper.

27.  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.

28,  '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 30 - 60 ppm for

phosphorus and about 300 - 500 ppm copper.
29. A layered material, comprising:

g surface or substrate;

an electrical interconnect;

a solder material comprising at least one phosphorus-based dopant and at least one

'copper-based dopant; and
a semiconductor die or package.
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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copper - based dopant; and a sem conductor die or package. 30. An electronic
conponent conprising the doped solder material of claiml. 31. A

sem conduct or conponent conprising the doped sol der material of clai n08-MartB007
08- Mar- 2007 32. A lead free sol der conposition, conprising. at |east one
solder material; and at |east one dopant material, wherein the dopant is
present in the material in an anount of less than about 1000 ppm and

wherein the sol der conposition is substantially lead free. 33. The |lead free
sol.der conpostt i ohleedreesalfsrrapposiigempsising: a sol der material conprising an

al l oy that comrla?%%é@%s%g?an agpunt of about 2 wt% to about 18 wt% Si in

an anount of abou gaéeg?)uat 82 wt% and at | east one of zinc, nickel,

ger mani um or a Cmaﬁiﬁﬁhﬁﬁﬁéﬁguhéﬁn%d@ﬂm%ﬁﬁesgﬁ'gnl*ﬁ?eﬁnﬂeriaﬂﬂqut 1000 ppm

wherein the alloy has a solidus of no |ower than about 262.5C and a |iquidus
of no hi gher t harRmqB¥ gt lessdfiseabonty1 00§ ppm. apdwhswsinithespldercomposition 53, wherein the at
| east one of zinc, nisalseintialjGéadtede.um copper, cal ciumor a conbination
thereof is present in an anount of about 500 ppm 35. The conposition of

cl ai m 32, f uB8.herThe teapirtesplder camprisition efzlaine 32 eamptisitlavi ng an oxygen affinity
that is higher than the oxygen affinity of at |east one of the primary
constituents of tafeldeymaypyial cRpprisingan allpyigksompiisas 4 in@p ameantef aboywa ek n t he

chemi cal el ement t sbopIBSHBOBiUS an anidént of Rut®S HYP Biabdu@ B2 @f%,Ghdtl M 35, wherein the
chem cal elenent is present in a concentration of up to about 1000 ppm 38.
The conposition oflezst etewf dc, nigked gerimanitim er adonbiyatios therefiiw ek domtunt ofitip foeast one of

a wire, a ribbonygiftioGhh! WherefhAMBy fas a oA owd tRAShdut 23 an evaporation
s U9 and a liquidus of no higher than about 500°C.

34.  The composition of claim 33, wherein the at least one of zinc, nickel, germanjurmn,

copper, calcium or a combination thereof is present in an amount of about 500 ppm.

35.  The composition of claim 32, further comprising a chemical element having an
oxygen affinity that is higher than the oxygen affinity of at least ane of the primary
constituents of the alloy,

36.  The composition of claim 33, wherein the chemical element is phosphorus.

37.  The composition of claim 35, wherein the chemical element is present in a

conceatration of up to about 1000 ppm.

38. The composition of claim 32, wherein the alloy is formed into at least one of a wire, &

ribbon, a preform, an anode, a sphere, a paste, and an evaporation slug.

39.  The composition of claim 32, further comprising a chemical element that forms an
intermetallic complex or compound with nickel, copper, gold, silver ot a combination

thereof.

40.  The composition of claim 39, wherein the chemical element is phosphorus or

germanium,

41.  The composition of claim 40, wherein the chemical element is present in a

concentration of up to about 1000 ppm.
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39. The conposition of claim 32, further conprising a chem cal el enent that
forms an internetallic conplex or conmpound with nickel, copper, gold, silver
or a conbination thereof. 40. The conposition of claim 39, wherein @Mar-2007
chem cal elenent is phosphorus or germanium 41. The conposition of claim
40, wherein the chemcal elenent is present in a concentration of up to
about 1000 ppm 17 06-Mar-2007 42. An electronic device conprising a
sem conduct 0/ dig qo I.eg to a surface.viae\ a Jmterlicf"tl coppri.sing the
COITpOSi ti on tCco HF ﬁcgtg?lg %chglc?ﬁmpglimg a!iegucon petor 1¢ coupled tO a suriace via a

material comprising the composition according to claim 32.
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