
DOPED ALLOYS FOR ELECTRICAL INTERCONNECTS, METHODS OF
PRODUCTION AND USES THEREOF This application is a
utility application based on US Provisional
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 systems, thermal
interface systems and interface materials in
electronic components, semiconductor components and
other related layered materials applications.
BACKGROUNDOF THE SUBJECT MATTER Electronic components
are used in ever increasing 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 theprocess of
determining if there are better building materials,
machinery and methods is to 



investigate how the manufacturing equipment and
methods of building and assembling the components
operates. For those components that require electronic
interconnects, the spheres, balls, powder, preforms or
some other solder-based component that can provide an
electrical interconnect between two components are
utilized. In the case of BGA spheres, the spheres form
the electrical interconnect between a package and a
printed circuit board and/or the electrical
interconnection between a semiconductor die and
package or board. The locations where the spheres
contact the board, package or die are called bond
pads. The interaction of the bond pad metallurgy with
the sphere during solder reflow can determine the
quality of the joint, and little interaction or
reaction will lead to a joint that fails easily at the
bond pad. Too much reaction or interaction of the bond
pad metallurgy can lead to the same problem through
excessive formation of brittle intermetallics or
undesirable products resulting from the formation of
intermetallics. 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. Levels
of copper ranged from 100 ppm to 000 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 CE. Ho,et. al, and Republic
of China Patent 1490961 (March 23, 2001); CR. 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 hiterfacial
Reactions and Their Effects on Flip Chip Joint
Reliability", Journal of Electronic Materials, pg
520-528, VoI 31, No 5, 2002, and Jeon etal,
"Comparison of hiterfacial Reactions and Reliabilities
of Sn3.5Ag and Sn4.0Ag0.5Cu and SnO.7Cu Solder Bumps
on Electroless Ni-PUBMs" Proceeding of Electronic
Components and Technology Conference, IEEE, pg 1203,
2003 discuss that intermetallic growth is faster on
pure nickel bond pads than electroless nickel bonds
pads. The benefits of copper in concentrations of 0.5%
(5000 ppm) or higher are also investigated and
discussed in both articles. Zhang, et.al, "Effects of
Substrate Metallization on Solder/UnderBump
Metallization Interfacial Reactions in Flip-Chip
Packages during Multiple Reflow Cycles", Journal of
Electronic Materials, VoI 32, No 3, pg 123-130, 2003
.shows there is no effect from phosphorus on slowing
intermetallic consumption (which contradicts the Jeon
article). Shing Yeh, "Copper Doped Eutectic Tin-Lead
Bump for Power Flip Chip Applications", Proceeding of
Electronic Components and Technology Conference, IEEE,
pg 338, 2003 notes that a 1% copper addition reduced
nickel layer consumption. The Niedrich patents and
application (EP0400363 Al EP0400363B1 and US5011658)
show copper used as a dopant in Sn-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 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. 



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 1000ppm and several other elements are also
added as alloying additions to improve the liquidus,
solidus, flow properties and surface finish of the
solder. US Issued 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 solder.
The reference specifically states "copper in less than
the amount indicated is not sufficient materially to
improve the durability over ordinary lead-tin alloys."
Thus, there is a continuing need to: a) develop solder
materials and solder dopants that have no deleterious
effects on bulk solder properties, yet slows the
consumption of the nickel-barrier layer and hence
growth of a phosphorus rich layer, so that bond
integrity is 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.SUMMARY Solder
materials and dopants described herein comprise at
least one solder material, at 



least one phosphorus-based dopant and at least one
copper-based dopant. Methods of forming doped solder
materials include: a) providing at least one solder
material; b) providing at least one phosphorus-based
dopant; c) 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. Layered materials are also described herein
that comprise: a) a surface or substrate; b) an
electrical interconnect; c) a solder material
comprising at least one phosphorus-based dopant and at
least one copper-based dopant, such as those described
herein, and d) a semiconductor die or package.
Electronic and semiconductor components that comprise
solder materials and/or layered materials described
herein are also contemplated.DESCRIPTIONOF THE SUBJECT
MATTER Unlike the previously described references,
doped solder materials and solder dopants have been
developed and are described herein that have no
deleterious effects on bulk solder properties, yet
slow the consumption of the Ni-barrier layer and hence
growth of a phosphorus rich layer, so that bond
integrity is maintained during reflow and post reflow
thermal aging. This solder dopant meets both goals of
a) designing and producing electrical interconnects
that meet customer specifications while minimizing the
production costs and maximizing the quality of the
product incorporating the electrical interconnects;
and b) developing reliable methods of producing
electrical interconnects and components comprising
those interconnects. The metallization 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 major
constituent of most solders (tin) to form Cu-Sn
intermetallic compounds, which grows rapidly and can
exhibit spalling or breakage from the interface. This
breakage reduces the 



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 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) 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.During solder reflow,
the thin IG coating is dissolved almost instantly. The
tin in the solder then reacts with the nickel in the
EN coating to form Ni-Sn intermetallics. Phosphorus is
not involved in this intermetallic formation, so as
the intermetallic compound grows at elevated
temperatures, more and more phosphorus is rejected at
the intermetallic interface. This phosphorus can
accumulate in a thin phosphorus-rich Ni-P layer, which
weakens the solder joint, or as crystalline Ni-P,
which will also weaken the solder joint. Solder joint
failures occur through this phosphorus rich layer.
These types of failures are known in the industry as
"Black Pad" failures, as the phosphorus rich layer
that is exposed by the failure 



can have a blackish appearance. Since intermetallics
can grow rapidly even in the solid state when the
joint is exposed to elevated temperatures, these
failures can occur in thermally aged joints that
appeared to be good immediately after solder reflow.
Solder materials and dopants contemplated herein
comprise at least one solder material, at least one
phosphorus-based dopant and at least one copper-based
dopant. Methods of forming doped solder materials
described herein comprise: a) providing at least one
solder material; b) providing at least one
phosphorus-based dopant; c) 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, contemplated
embodiments, the dopants of copper and phosphorus that
are added to the solder alloy or material reduce the
consumption of the Electroless Nickel (EN) plated
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 substrate; b) an electrical interconnect;
c) 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.Contemplated embodiments
described herein differ from the cited references in
that the concentrations of alloying additions made and
in the use of phosphorus as an additive to the solder
are different and surprisingly effective. High levels
of copper in the solder are 



shown in multiple papers, such as the Jeon papers
cited previously herein, to lower the consumption of
the intermetallic layer. The levels utilized herein
are lower by a factor of 2.5 - >10. The work by Ho
shows that a different intermetallic forms at the
nickel/solder interface for copper compositions below
0.2% (2000 ppm). The combination of copper and
phosphorus was not noted anywhere in the levels of the
subject matter presented herein. The mechanisms for
reducing nickel consumption are different for each
element. Also, the Niedrich patents described
previously herein use 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. Both of these copper additions need to be
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 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 "dblock" 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 theelement,
including the lanthanides and the actinides. Preferred
metals include such as indium, lead, silver, copper,
aluminum, tin, bismuth, gallium and alloys thereof,
silver coated copper, and silver coated aluminum. The
term "metal" also includes alloys, metal/metal
composites, metal ceramic composites, metal polymer
composites, as well as other metal composites. As used
herein, the term "compound" means a substance with
constant composition that can be broken down into
elements by chemical processes. Contemplated dopants
comprise at least one phosphorus-based compound/dopant
and at least one copper-based compound/dopant. Dopant
levels contemplated herein are less than about 100 ppm
for phosphorus and less than about 800 ppm for copper
some embodiments, the dopant levels are contemplated
to be about 10-100 ppm for phosphorus and about 25-800
ppm copper. In some embodiments, the dopant levels are
contemplated to be about 10-70 ppm for phosphorus and
about 25-500 ppm copper. In other embodiments, the
dopant levels are contemplated to be about 20-60 ppm
for phosphorus and about 40-600 ppm copper yet other
embodiments, the dopant levels are contemplated to be
about 30 - 60 ppm for phosphorus and about 300 - 500
ppm copper. 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 undoped
solder for better control over dopant concentration.
The at least one 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 andmaterials, such as those found in the
following Honeywell International Inc.'s issued
patents and pending patent applications, which are
commonly-owned and incorporated herein in their
entirety: US Patent Application Serial Nos. 09/851103,
60/357754, 60/372525, 60/396294, and 09/543628; and
PCT Pending Application Serial No.: PCT/US02/14613,
and all related continuations, divisionals,
continuation-in-parts and foreign applications. Solder
materials, coating compositions and other related
materials described herein may also be used as
components or to construct electronic-based products,
electronic components and semiconductor components h
contemplated embodiments, the alloys, disclosed herein
may be used to produce BGA spheres, may be utilized in
an electronic assembly comprising BGA spheres, such as
a bumped or balled die, package or substrate, and may
be used as an anode, wire or paste or may also be used
in bath form. Also in contemplated embodiments, the
spheres are attached to the package/substrate or die
and reflowed in a similar manner as undoped spheres.
The dopant slows the consumption rate for the EN
coating and results in higher integrity (higher
strength) joints. 



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. 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
usuallyrequires a power source for its operation.
Examples are bipolar transistors, field-effect
transistors, and integrated circuits. Passive
components are electronic components that are static
in operation, i.e., are ordinarily incapable of
amplification or oscillation, and usually require no
power for their characteristic operation. Examples are
conventional resistors, capacitors, inductors, diodes,
rectifiers and fuses. Electronic components
contemplated herein may also be classified as
conductors, semiconductors, or insulators. Here,
conductors are components that allow charge carriers
(such as electrons) to move with ease among atoms as
in an electric current. Examples o conductor
components are circuit traces and vias comprising
metals. Insulators are 



components where the function is substantially related
to the ability of a material to be extremely resistant
to conduction of current, such as a material employed
to electrically separate other components, while
semiconductors are components having a function that
is substantially related to the ability of a material
to conduct current with a natural resistivity between
conductors and insulators. Examples of semiconductor
components are transistors, diodes, some lasers,
rectifiers, thyristors and photosensors. Electronic
components 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.
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 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.EXAMPLES Four representative
examples are shown herein that comprise Sn37Pb doped
with copper and phosphorus dopants in the following
amounts: Example # : 40 ppm +/- ppm for copper and
phosphorus 



Example #2: 500 ppm +/- 0 ppm for copper and 30 ppm
+/- 0 ppm for phosphorus > Example # : 200 ppm +/- ppm
for copper and 30 ppm +/- ppm for phosphorus > Example
#4: 200 ppm +/- ppm for copper and 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 (+/- 1C)
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 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.Thus, specific embodiments and applications
of doped solder materials and solder dopants utilized
as electronic interconnects have been disclosed. It
should be apparent, however, to those skilled in the
art that many more modifications besides those already
described are possible without departing from the
inventive concepts herein. Moreover, in interpreting
the specification, all terms should be interpreted in
the broadest possible manner 



consistent with the context. In particular, the terms
"comprises" and "comprising" should be interpreted as
referring to elements, components, or steps in a
non-exclusive manner, indicating that the referenced
elements, components, or steps may be present, or
utilized, or combined with other elements, components,
or steps that are not expressly referenced.CLAIMS We
claim: . A doped solder material comprising: at least
one solder material, at least one phosphorus-based
dopant; and at least one copper-based dopant. 2. The
doped solder material of claim 1, 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. 3. The doped solder material
of claim 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.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 amount less than about 500 ppm copper.
11. The doped solder material of claim 1, 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. 12. The doped solder material of claim 1,
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. 13. The doped solder material of
claim 1, 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. 14. The doped
solder material of claim 1, 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. 15. A method of forming a doped solder
material, comprising: 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) compounds and
alloys, indium silver (InAg) compounds andalloys,
indium-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 in an
amount less than about 70 ppm phosphorus. 2 . The
method of claim 20, wherein the at least one
phosphorus-based dopant is present in an amount less
than about 60 ppm phosphorus. 22. The method of claim
15, wherein the at least one copper-based dopant is
present in an amount less than about 800 ppm copper.
23. The method of claim 22, wherein the at least one
copper-based dopant is present in an amount less than
about 600 ppm copper. 24. The method of claim 23,
wherein the at least one copper-based dopant is
present in an amount less than about 500 ppm copper. 



25. 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.
26. 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.
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: a 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 . 31. A semiconductor component comprising the
doped solder material of claim . 


