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(57) ABSTRACT 

Aspects of the invention provide solder compositions Which 
include tWo different ?uXing agents. One of the ?uXing 
agents promotes melting of a metal of the solder at a ?rst 
activation temperature and the other ?uXing agent promotes 
melting of the metal at a second activation temperature that 
is higher than the ?rst activation temperature. This dual-?ux 
solder may be used in manufacturing microelectronic com 
ponents and microelectronic component assemblies. In one 
speci?c application, the solder may be used to manufacture 
a ?ip chip or other microelectronic component Which 
includes self-?uXing solder balls. This can obviate the need 
to apply another ?uX composition to the solder balls prior to 
a subsequent component attach re?oW operation. 
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MULTI-FUNCTIONAL SOLDER AND ARTICLES 
MADE THEREWITH, SUCH AS 

MICROELECTRONIC COMPONENTS 

TECHNICAL FIELD 

[0001] The present invention provides certain improve 
ments in processing microelectronic Workpieces. The inven 
tion has particular utility in connection With microelectronic 
component processing, e.g., in manufacturing microelec 
tronic devices including solder connections. 

BACKGROUND 

[0002] Different components of a microelectronic compo 
nent assembly can be attached and electrically coupled to 
each other in a variety of Ways. For example, ?ip chips 
typically include a series of bond pads, each of Which carries 
a separate solder ball or “bump.” This “bumped” chip may 
then be positioned on a substrate With the solder balls 
contacting an array of electrical contacts carried on a surface 
of the substrate. By heating the solder, the ?ip chip can be 
mechanically joined and electrically coupled to the sub 
strate. 

[0003] FIG. 1 schematically outlines a conventional pro 
cess for “bumping” a ?ip chip and attaching the ?ip chip to 
a substrate. This process 10 starts With a chip bearing a 
plurality of bond pads in step 12. Solder is deposited on the 
bond pads in step 14. This may be accomplished, for 
eXample, by depositing a solder paste through a solder 
stencil or by attaching pre-formed solder spheres on the 
bond pads. Solder pastes commonly include a soldering ?uX 
Which reacts With metal oXides in the solder paste, Which can 
promote melting of the solder metal and Wetting of the bond 
pads With the solder When the solder is heated above a re?oW 
temperature. If solder spheres are used, the solder spheres 
are typically contacted With a tacky ?uX composition Which 
helps hold the solder spheres in place as they are heated to 
a temperature to Which they Will ?oW. This heating process, 
commonly referred to as “re?oW,” Will metallurgically 
attach the solder to the bond pads, creating solder balls or 
bumps on the chip (step 16). 

[0004] The solder bumps Will tend to oXidiZe. Accord 
ingly, a ?uX is usually necessary to clean the metal oXides 
from the solder to attach the chip to the substrate. In step 20, 
the solder balls are dipped in a ?ux. This is commonly 
accomplished using a rotating drum With a supply of an 
organic ?uX and a doctor knife to control the thickness of the 
?ux. Thereafter, the chip may be placed on the substrate in 
step 22. The solder balls on the chip may be re?oWed to 
attach the component to the substrate (step 24), With the ?uX 
deposited on the solder balls in step 20 promoting ?oW of the 
solder. 

[0005] Older ?uXes commonly left a residue that Was 
unsightly and/or interfered With further processing of the 
microelectronic assembly or degraded its performance. 
Accordingly, such ?uX residues may be cleaned in step 26. 
Increasingly, so-called “no-clean” ?uxes are being 
employed. Such ?uXes typically leave virtually no reside at 
all or leave a residue Which is unlikely to interfere With 
further processing or use of the microelectronic assembly. 

[0006] When the ?ip chip is coupled to the substrate, a gap 
is commonly left betWeen the ?ip chip and the opposed 
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surface of the substrate. To further enhance the mechanical 
bond betWeen the chip and the substrate, this gap may be 
?lled in step 28 With an under?ll material, typically an 
organic resin. This under?ll material may also protect the 
solder joints from chemical attack by moisture or other 
agents. At the end of the process 10, optionally including the 
cleaning and under?ll steps 26 and 28, a microelectronic 
component assembly is produced (step 40). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a schematic ?oW diagram of a conven 
tional ?ip chip manufacturing process in accordance With 
the prior art. 

[0008] FIG. 2 is a schematic ?oW diagram of a method in 
accordance With one embodiment of the present invention. 

[0009] FIG. 3 schematically illustrates a microelectronic 
component in one stage of the process shoWn in FIG. 2. 

[0010] FIG. 4 schematically illustrates the microelec 
tronic component of FIG. 3 in a later stage of the process 
shoWn in FIG. 2. 

[0011] FIG. 5 is a schematic illustration of the microelec 
tronic component of FIG. 4 incorporated in a microelec 
tronic component assembly in a later stage of the process 
shoWn in FIG. 2. 

[0012] FIG. 6 schematically illustrates the microelec 
tronic component assembly of FIG. 5 in a later stage of the 
process shoWn in FIG. 2. 

[0013] FIG. 7 graphically illustrates heating pro?les that 
may be used in heating and in reheating a solder composition 
in one embodiment of the invention. 

DETAILED DESCRIPTION 

[0014] A. OvervieW 

[0015] Various embodiments of the present invention pro 
vide solder compositions, microelectronic components, 
microelectronic component assemblies, and methods 
employing such microelectronic components. Unless the 
speci?c conteXt clearly requires otherWise, throughout the 
description and claims the terms “microelectronic compo 
nent” and “microelectronic component assembly” may 
encompass a variety of articles of manufacture, including, 
e.g., semiconductor Wafers having active components, indi 
vidual integrated circuit dies, packaged dies, and subassem 
blies consisting of tWo or more microelectronic components, 
e.g., a stacked die package. The folloWing description pro 
vides speci?c details of certain embodiments of the inven 
tion illustrated in the draWings to provide a thorough under 
standing of those embodiments. It should be recogniZed, 
hoWever, that the present invention can be re?ected in 
additional embodiments and the invention may be practiced 
Without some of the details in the folloWing description. 

[0016] In one embodiment, the present invention provides 
a solder composition adapted to couple a microelectronic 
component to a substrate. This solder composition may 
include an electrically conductive metal and a ?uX compo 
sition. The ?uX composition includes a ?rst ?uXing agent 
and a second ?uXing agent. The ?rst ?uXing agent has ?uX 
activity, e.g., it reacts With an oXide of the metal, at a ?rst 
activation temperature and is present in an amount to 
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promote a ?rst melting of the metal at the ?rst activation 
temperature. The second ?uXing agent has a melting tem 
perature higher than the ?rst activation temperature and has 
?uX activity, e.g., reacts With an oxide of the metal, at a 
second activation temperature that is higher than the ?rst 
activation temperature. The second ?uXing agent is present 
in an amount to promote a second melting of the metal at the 
second activation temperature Which folloWs the ?rst melt 
ing and a subsequent resolidi?cation of the metal. 

[0017] In another embodiment, the invention provides a 
microelectronic component including such solder. In par 
ticular, the microelectronic component includes a ?rst sur 
face bearing a plurality of electrical terminals. The compo 
nent also includes a plurality of solder deposits, each solder 
deposit being positioned on a different one of the electrical 
terminals. The solder may have the same composition as that 
mentioned in the preceding paragraph. 

[0018] Another embodiment of the invention provides a 
solder composition adapted to couple a microelectronic 
component to a substrate. The solder composition includes 
a metal alloy and a ?uX composition. The ?uX composition 
comprises a binder, a thiXotropic rheology modi?er, a ?rst 
?uXing means for reacting With an oXide of the alloy to 
promote melting of the alloy at a ?rst re?oW temperature, 
and a second ?uXing means for reacting With an oXide of the 
alloy at a higher second re?oW temperature, Which second 
melting occurs after the ?rst melting of the alloy and a 
subsequent resolidi?cation of the alloy. 

[0019] Still another embodiment of the invention provides 
a microelectronic component Which comprises a body hav 
ing a ?rst surface bearing a plurality of electrical terminals 
formed of a ?rst electrically conductive material and a 
plurality of solder balls. Each solder ball is attached to a 
different one of the electrical terminals (e.g., by a ball-attach 
re?oW) and each solder ball comprises an electrically con 
ductive metal and a solid ?uXing agent Within the solder ball. 
The electrically conductive metal has a metal ?oW tempera 
ture and is a different material from the ?rst electrically 
conductive material of the terminals. The solid ?uXing agent 
has ?uX activity at a re?oW temperature, Which may be 
higher than the metal ?oW temperature. The ?uXing agent is 
present in an amount ef?cacious to promote melting of the 
metal at the re?oW temperature. 

[0020] An alternative embodiment of the invention pro 
vides a microelectronic component assembly that includes a 
microelectronic component and a microelectronic substrate. 
The microelectronic component has a ?rst confronting sur 
face bearing a plurality of component electrical terminals 
formed of a ?rst electrically conductive material. The micro 
electronic substrate has a second confronting surface bearing 
a plurality of substrate electrical terminals formed of a 
second electrically conductive material. The second con 
fronting surface is opposed to the ?rst confronting surface. 
Aplurality of solder balls are disposed betWeen the ?rst and 
second confronting surfaces, With each solder ball being 
attached to a different one of the component electrical 
terminals and abutting, but not bonded to, one of the 
substrate electrical terminals. Each solder ball may comprise 
an electrically conductive metal that has a metal ?oW 
temperature and a solid ?uXing agent Within the solder ball. 
The electrically conductive metal of the solder balls may be 
different from the ?rst electrically conductive material and 
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from the second electrically conductive material. The solid 
?uXing agent has ?uX activity at a component attach re?oW 
temperature, Which may be higher than the metal ?oW 
temperature. The ?uXing agent may be present in an amount 
ef?cacious to promote melting of the metal at the component 
attach re?oW temperature. 

[0021] Still another embodiment of the invention provides 
a method of processing a microelectronic component that 
has a ?rst surface bearing a plurality of component electrical 
terminals. In accordance With this method, a plurality of 
solder deposits are deposited, With each solder deposit being 
deposited on a different one of the component electrical 
terminals and comprising an electrically conductive metal, a 
?rst ?uXing agent, and a second ?uXing agent. The solder 
balls are heated to a ball attach re?oW temperature and the 
?rst ?uXing agent reacts With an oXide of the electrically 
conductive metal to promote How of the solder deposits at 
the ball attach re?oW temperature. These solder deposits are 
alloWed to cool to a temperature beloW the ball attach re?oW 
temperature, With each cooled solder deposit de?ning a 
solder ball attached to a component electrical terminal. Each 
solder ball includes an amount of the second ?uXing agent 
ef?cacious to promote How of the solder at a temperature 
higher than the ball attach re?oW temperature. 

[0022] Yet another embodiment of the invention provides 
a method of electrically coupling a microelectronic compo 
nent having component electrical terminals to a microelec 
tronic substrate having substrate electrical terminals. This 
method includes depositing solder on at least some of the 
component electrical terminals, With the solder comprising 
an electrically conductive metal, a ?rst ?uXing agent, and a 
second ?uXing agent. The solder deposits are heated to a ball 
attach re?oW temperature and the ?rst ?uXing agent pro 
motes How of the solder deposits at the ball attach re?oW 
temperature. The solder deposits are alloWed to cool to a 
temperature beloW the ball attach re?oW temperature, With 
each cooled solder deposit de?ning a solid solder ball 
attached to a component electrical terminal. Each solder ball 
includes an amount of the second ?uXing agent. The micro 
electronic component and the microelectronic substrate are 
juxtaposed, With each of the solder balls contacting at least 
one of the substrate electrical terminals. The solder balls are 
heated to a second re?oW temperature that is higher than the 
ball attach re?oW temperature. The second ?uX promotes 
How of the solder at the second re?oW temperature to 
electrically couple the microelectronic component to the 
microelectronic substrate. 

[0023] B. Solder Compositions 

[0024] Some embodiments of the invention provide solder 
compositions that may be used to couple a microelectronic 
component to a substrate. The solder compositions may 
generally include an electrically conductive metal and a ?uX 
composition. AWide variety of electrically conductive met 
als may be suitable. In one embodiment, the metal is selected 
to form a stable metallurgical bond With the material of an 
electrical contact to Which the solder Will be attached. The 
metal of the solder may also be selected to be mechanically 
and chemically compatible With the other features of the 
microelectronic component. 

[0025] The electrically conductive metal may comprise a 
single metallic element. More commonly, the electrically 
conductive metal Will comprise an alloy. In one embodi 
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ment, the solder is an alloy comprising Zinc and lead. The 
alloy optionally includes other elements, as Well, such as 
silver. In one embodiment, the metal comprises a eutectic 
consisting essentially of about 63% tin and about 37% lead. 
In another embodiment, the metal alloy consists essentially 
of about 62% tin, about 36% lead, and about 2% silver. 
Lead-free solder compositions are gaining increased accep 
tance in the microelectronics industry. Hence, in alternative 
embodiments, the metal may comprise one or more of 
Sn—Ag—Cu alloys, Sn—Zn—Bi alloys, and Sn—Ag—Bi 
alloys. Any other suitable electrically conductive metal may 
instead be used; a Wide variety of metals and metal alloys are 
commercially available for use as microelectronic compo 
nent solders. 

[0026] If the electrically conductive metal comprises a 
eutectic alloy, the metal may exhibit a melting point at a 
speci?c temperature. With non-eutectic compositions, the 
metal Will commonly melt over a range of temperatures; in 
such metals, the solidus may be considered the melting 
temperature even though solid and liquid metal may coexist. 

[0027] The electrically conductive metal may be present in 
the solder composition in a variety of forms. In one embodi 
ment, the electrically conductive metal in the solder com 
position comprises a ?nely divided poWder having a particle 
siZe of betWeen about 10 and about 100 microns, With a 
range of about 20-75 microns sufficing for most applica 
tions. The metal may comprise a homogenous poWder in 
Which each particle of the poWder has a substantially 
homogenous composition. In another embodiment, the 
metal particles are non-homogenous and may include a 
coating of a loWer melting point metal surrounding a higher 
melting point core. Solder particles that more closely 
approximate a spherical shape may improve processing 
parameters during solder re?oW. 

[0028] As noted above, the solder composition also 
includes a ?ux composition. In one embodiment, the ?ux 
composition comprises a ?rst ?uxing agent, a second ?uxing 
agent, and a ?ux vehicle including a binder, a solvent, and 
a rheology modi?er. In some applications, the ?ux vehicle 
may omit one or more of these elements and, in select 
circumstances, the ?ux vehicle may be entirely omitted. 

[0029] Flux vehicles are Well knoWn in the art and any of 
a Wide variety of commercially available binders, solvents, 
and rheology modi?ers may be employed in the ?ux vehicle 
of the present solder. The nature and relative percentages of 
these materials in the solder composition Will vary depend 
ing on the particular application. For example, the slump 
properties and tackiness of a solder composition used in 
non-?ne pitch stencil printing applications may be materi 
ally different from the requirements for a solder composition 
to be deposited by screen printing or using a syringe. 

[0030] As ?ux vehicles are Well knoWn, there is no need 
to explain them in great detail here. Brie?y, though, the 
binder may comprise a rosin, Which is (or is derived from) 
a naturally occurring material found in coniferous trees, or 
a man-made resin. This rosin or resin may be selected to 
How at a temperature that is less than the temperature at 
Which the solder composition Will begin to ?oW. The solvent 
may act as a carrier system that Will be volatiliZed after 
application. The selection of the solvent Will depend on the 
desired Work life, tack time, and slump of the solder com 
position and Will also affect the heating pro?le requirements. 
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The rheology modi?er Will affect the How properties of the 
solder composition and may also limit separation of the 
solder composition during long-term storage. In one 
embodiment, the rheology modi?er is thixotropic; a number 
of thixotropic rheology modi?ers are knoWn in the art. 

[0031] Flux compositions in accordance With embodi 
ments of the invention employ a ?rst ?uxing agent Which 
promotes melting of the metal in the solder composition at 
a ?rst activation temperature and a second ?uxing agent 
Which promotes melting of the metal at a higher second 
activation temperature. Both of these ?uxing agents are 
adapted to promote melting and How of the metal in the 
solder by reacting With contaminants in the solder compo 
sition that may inhibit such melting. For example, the 
particles of electrically conductive metal may have a rela 
tively high surface area, increasing the likelihood that the 
metal Will oxidiZe. These metal oxides and a number of other 
potential contaminants are refractory materials that Will 
make it more difficult to melt the metal particles. By reacting 
With the metal oxides and/or other contaminants that can 
interfere With ef?cient melting of the metal particles, the 
?uxing agents can promote the How of the solder composi 
tion at a loWer temperature. In one embodiment, the ?rst and 
second ?uxing agents both also limit reaction of the atmo 
sphere With the molten electrically conductive metal, e.g., 
during a re?oW operation. 

[0032] One difference betWeen the ?rst and second ?uxing 
agents is the temperature at Which the ?uxing agent signi? 
cantly promotes melting of the electrically conductive metal 
and How of the solder composition. The ?rst ?uxing agent 
may react With oxides and other contaminants at a ?rst 
temperature that is at or beloW the melting point of the 
electrically conductive metal. This Will help remove the 
oxides and other contaminants that can interfere With ef? 
cient melting of the metal so it can begin melting upon 
reaching its melting point. In another embodiment, the ?rst 
?uxing agent exhibits ?uxing properties at temperatures 
above the melting point of the metal. In one embodiment, the 
?rst activation temperature is no higher than about 240° C., 
e.g., about 150° C.-220° C. Such a ?uxing agent may be 
appropriate for lead-tin eutectic alloys, Which have a melting 
point of about 183° C. In lead-free solder compositions, 
Where the melting point of the metal alloy tends to be higher, 
the ?rst ?uxing agent may exhibit ?uxing activity only at 
higher temperatures. 

[0033] The ?rst ?uxing agent may comprise any of a 
number of common ?uxing agents With ?uxing activity at 
the desired temperature. In one embodiment, the ?rst ?uxing 
agent is selected from a group consisting of organic acids, 
amines, alcohols, and epoxy resins With a cross-linking 
agent With ?uxing properties. Suitable organic acids include, 
but are not limited to, carboxylic acids (—COOH). Suitable 
amine ?uxing agents include, but are not limited to, aliphatic 
amines having 1-10 carbon atoms, e.g., trimethylamine, 
triethylamine, n-propylamine, n-butylamine, isobutylamine, 
sec-butylamine, t-butylamine, n-amylamine, sec-amy 
lamine, 2-ethylbutylamine, n-heptylamine, 2-ethylhexy 
lamine, n-octylamine, and t-octylamine. Various epoxy res 
ins employing a cross-linking agent With ?uxing properties 
and useful as the ?rst ?uxing agent are disclosed in US. Pat. 
No. 6,367,150, the entirety of Which is incorporated herein 
by reference. In one embodiment, the ?rst ?uxing agent 
comprises a mixture of tWo or more ?uxing agents, each of 
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Which reacts With an oxide of the electrically conductive 
metal at a temperature at or below the desired ?rst activation 
temperature. 

[0034] The ?rst ?uxing agent exhibits ?ux activity, e.g., it 
reacts With oxides of the metal in the solder composition, at 
a loWer temperature than the second ?uxing agent exhibits 
?ux activity. Hence, the ?rst activation temperature is loWer 
than the second activation temperature. In one embodiment, 
the second activation temperature is at least about 25° C. 
higher than the ?rst activation temperature. A second acti 
vation temperature of about 25-70° C. higher than the ?rst 
activation temperature is expected to suffice for most appli 
cations. In one embodiment, the second activation tempera 
ture is higher than a melting temperature of the electrically 
conductive metal. It is anticipated that a temperature differ 
ence betWeen the ?rst and second activation temperatures of 
less than 25° C. may require unduly rigorous process con 
trols in some applications. In one particular embodiment, the 
second activation temperature is at least about 200° C.; a 
second activation temperature of about 220-270° C. is 
expected to Work Well With most Sn—Pb-based solder 
compositions. As noted above, lead-free solder composi 
tions may require higher processing temperatures. 

[0035] Any of a variety of commercially available ?uxing 
agents may be employed as the second ?uxing agent. In one 
particular embodiment, the second ?uxing agent has a 
melting temperature that is higher than the ?rst activation 
temperature. In one embodiment, the second ?uxing agent is 
selected from a group consisting of organic acids, amines, 
alcohols, and epoxy resins With a cross-linking agent With 
?uxing properties. In one application of this embodiment, 
the second ?uxing agent includes at least one of an organic 
acid With tWo or more carboxylic groups, and an epoxy resin 
With a cross-linking agent With ?uxing properties. In one 
more speci?c example, the second ?uxing agent comprises 
an agent selected from a group consisting of aromatic 
dicarboxylic acids having 6-30 atoms and aliphatic dicar 
boxylic acids having 6-30 carbon atoms. In some embodi 
ments, the second ?uxing agent comprises a “no-clean” 
?uxing agent that either leaves no substantial residue or 
leaves a residue that is compatible With a resinous under?ll 
material. US. Pat. No. 6,059,894, the entirety of Which is 
incorporated herein by reference, suggests a variety of 
monocarboxylic, hydroxycarboxylic, and dicarboxylic acids 
Which, used alone or mixed With one another, may provide 
a suitable second ?uxing agent; some of these acids may also 
be useful as a ?rst ?uxing agent. 

[0036] Hence, embodiments of the present invention pro 
vide solder compositions that include a metal, a loWer 
temperature ?uxing agent, and a higher-temperature ?uxing 
agent. By appropriately selecting the activation temperatures 
of the tWo ?uxing agents, one can heat the solder to a 
temperature at or above both the ?rst activation temperature 
and the melting temperature of the metal, yet not reach or 
exceed the second activation temperature. This can facilitate 
a ?rst soldering operation, such as a solder re?oW. 

[0037] The second ?uxing agent should be stable enough 
at the temperature of the ?rst soldering operation that a 
residual quantity of the second ?uxing agent Will remain in 
the hardened solder at the end of the ?rst solder operation. 
Not all of the second ?uxing agent need survive the ?rst 
soldering operation. In one embodiment, though, the second 
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?uxing agent should be present in the solder after the ?rst 
soldering operation in an amount ef?cacious to promote a 
second melting of the metal. If the second ?uxing agent is 
solid in the range of temperatures encountered in the ?rst 
soldering operation, for example, this second ?uxing agent 
may be activated by heating it to a temperature at or above 
its melting temperature. 

[0038] C. Selected Applications for Solder Composition 

[0039] Various embodiments of the solder composition 
described above can be used in a number of different 
operations. FIG. 2 schematically illustrates a method of 
assembling a microelectronic component assembly in accor 
dance With one embodiment of the invention. In this method 
100, a microelectronic component is provided at step 112. 
The microelectronic component, as noted above, can take 
any of a variety of forms. It may, for example, comprise a 
semiconductor Wafer, a bare or packaged integrated circuit 
die or chip, or a multi-component microelectronic subas 
sembly. One such microelectronic component 210 is shoWn 
in FIG. 3. This microelectronic component 210 has a 
plurality of electrical terminals 214 arrayed on a terminal 
surface 212. In one embodiment, a soldermask is provided 
on the entire terminal surface 212 except for the areas of the 
electrical terminals 214. Such a soldermask may limit Wet 
ting of the terminal surface 212 by the solder in a subsequent 
re?oW operation. Avariety of soldermasks are knoWn in the 
art and commercially available. By Way of example, one 
possible soldermask is disclosed in US. Pat. No. 6,388,199, 
the entirety of Which is incorporated herein by reference. 

[0040] In step 214 of FIG. 2, a solder comprising a 
tWo-stage ?ux composition such as those discussed above 
may be deposited on the terminals 214. As shoWn in FIG. 3, 
this solder may be delivered using a conventional stencil to 
place a solder deposit 220 atop each of the terminals 214. In 
other embodiments, the solder composition may be applied 
as a solid solder ball Which is held on the terminals 214 using 
a suitable tacky material, or may be delivered via silk 
screening, a syringe, or any other knoWn technique. 

[0041] In step 116 of FIG. 2, the solder deposits 220 are 
re?oWed at a ?rst temperature. In one embodiment, this ?rst 
temperature is at least as great as the melting temperature of 
the metal of the solder; in a more speci?c embodiment, this 
?rst temperature exceeds the melting temperature of the 
metal. At this ?rst temperature, the ?rst ?uxing agent is able 
to react With an oxide of the metal of the solder composition, 
promoting melting and, hence, How of the metal. This ?rst 
?uxing agent may also be adapted to clean the surface of the 
terminals 214, e.g., by reducing any oxides thereon or 
helping remove a passivation layer Which may be applied on 
the terminals 214. 

[0042] After the solder has been re?oWed in step 116, it 
may be alloWed to cool to a temperature beloW the melting 
temperature of the solder. If so desired, the solder and the 
microelectronic component 210 may be alloWed to cool to 
room temperature for storage. As illustrated in FIG. 4, the 
solder deposits 220 of the subassembly 200 shoWn in FIG. 
3 may form solder balls 222, With one solder ball 222 
associated With each terminal 214. FIG. 4 illustrates these 
solder balls 222, Which are also conventionally referred to as 
solder bumps, as idealiZed frustrums of spheres. It should be 
recogniZed that other shapes are possible, though. If the ?ux 
composition, including the ?rst ?uxing agent, is not a 
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“no-clean” composition, the resultant bumped microelec 
tronic component 201 may be Washed to remove the ?ux 
residue. 

[0043] The bumped microelectronic component 201 may 
have an appearance that resembles that of a conventional 
bumped ?ip chip. In a conventional bumped ?ip chip, 
hoWever, relatively little or none of the ?uxing agent Will 
remain on or in the solder balls. In particular, there generally 
is not suf?cient ?ux associated With the solder balls to 
effectively promote re?oW of the solder balls in the subse 
quent re?oW step (24 in FIG. 1). As a consequence, the 
solder balls Will require an additional external application of 
?ux, such as by dipping the solder balls in a supply of ?ux, 
as discussed above in connection With step 20 of FIG. 1. 

[0044] In contrast, the solder balls 222 of the microelec 
tronic component 201 shoWn in FIG. 4 may be thought of 
as “self-?uxing” solder balls. In particular, the second ?ux 
ing agent is present in the solder balls 222 in an amount 
ef?cacious to promote melting of the solder balls in a 
subsequent re?oW operation. In one embodiment, at least a 
portion of the second ?uxing agent is dispersed in the body 
of the solder ball 222, though some of the second ?uxing 
agent may migrate to the surface of the solder balls 222 
during the ball-attach re?oW 116. The presence of the second 
?uxing agent in the solder balls 222 may obviate the need to 
apply additional solder, as is required With a conventional 
?ip chip operation. Eliminating the additional handling 
necessary to dip the solder balls in a separate ?ux can 
increase throughput of the manufacturing operation and 
reduce product losses attributable to the handling operation. 

[0045] This bumped microelectronic component 201 may 
be positioned With respect to a substrate in step 118 of FIG. 
2. As shoWn in FIG. 5, the substrate 240 may include a 
confronting face 242 that carries an array of substrate 
electrical terminals 244. At least some of these terminals 
may be arranged in an array that mirrors the array of 
terminals 214 and attached solder balls 222 of the micro 
electronic component 201. 

[0046] The substrate 240 may be rigid or ?exible and have 
any desired con?guration. The substrate 240 may be formed 
of material commonly used to manufacture microelectronic 
substrates, such as ceramic, silicon, glass, or combinations 
thereof. The substrate 240 can alternatively be formed of an 
organic material or other materials suitable for PCBs; in one 
embodiment, the substrate 240 comprises an FR-4 PCB. In 
another embodiment, the substrate 240 comprises a ?exible 
interposer, such as a conventional polyamide tape. In other 
embodiments, the substrate 240 may comprise another 
microelectronic component and the resultant microelec 
tronic assembly 250 (FIG. 6) may be a stacked die package 
used in a subsequent assembly operation. 

[0047] As illustrated in FIG. 5, the solder balls 222 are 
positioned betWeen the terminal surface 212 of the micro 
electronic component 210 and the confronting face 242 of 
the substrate 240. At this stage, the solder balls 222 Will not 
be bonded to the substrate terminals 244. Each of the solder 
balls 222 may simply abut the terminals 244 of the substrate 
240. 

[0048] With solder balls 222 of the bumped microelec 
tronic component 201 positioned in contact With or adjacent 
to the terminals 244 of the substrate, the solder may be 
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heated to a second temperature to re?oW the solder in step 
120 (FIG. 2). In one embodiment, this second temperature 
is higher than the ?rst temperature in step 116 and may 
exceed any temperature encountered in step 116. Hence, it is 
anticipated that this second temperature Will exceed the 
melting temperature of the metal in the solder composition. 

[0049] By Way of example, FIG. 7 illustrates a pair of 
heating pro?les that may be useful in one speci?c embodi 
ment of the invention. In this example, the loWer curve 300 
is an exemplary heating pro?le for the ?rst re?oW operation 
(116 in FIG. 2) and the upper curve 320 represents an 
exemplary heating pro?le for the second re?oW operation 
(120 in FIG. 2). Looking ?rst at the loWer curve 300, the 
temperature in the ?rst re?oW operation may be ramped up 
in the ?rst heating phase 302 and held relatively stable in a 
second soak phase 304. This can help preheat the micro 
electronic component 210 and reduce any problems that may 
arise from different coefficients of thermal expansion of the 
materials in the microelectronic component 210. If a ?ux 
vehicle including a resin binder and a solvent are employed, 
this preheat 302, 304 can also help evaporate the solvent and 
melt or decompose the binder. After the preheat 302, 304, 
the temperature may be increased again in a re?oW ramp 
306. This re?oW ramp 306 may continue to a maximum 
temperature 308 that meets or exceeds the ?rst activation 
temperature. 

[0050] In the particular example of FIG. 7, in Which the 
solder may comprise a lead-tin eutectic alloy having a 
melting point of about 183° C., the maximum temperature 
308 is about 212° C. This Will alloW a suf?cient dWell time 
d1 at or above 183° C., the melting point of the metal, to 
alloW the solder deposits 220 (FIG. 3) to Wet the terminals 
214 of the microelectronic component 210 and form the 
solder balls 222. After the maximum temperature 308 is 
reached, the temperature may be decreased in a cool-doWn 
phase 310. This Will cause the solder balls 222 to solidify, 
generally as shoWn in FIG. 4. 

[0051] The upper curve 320 in FIG. 7 provides an exem 
plary heating pro?le for the second re?oW operation 120 
(FIG. 2). Much like the loWer curve 300, the upper curve 
320 can include a preheat operation involving a ?rst heating 
phase 322 and a second soak phase 324. After this preheat 
operation 322, 324, the temperature may be ramped up again 
in a re?oW ramp 326 to a maximum temperature 328. This 
maximum temperature 328 is greater than both the maxi 
mum temperature 308 of the ?rst curve 300 and the melting 
point (183° C.) of the metal in the solder. Thereafter, the 
solder may be alloWed to cool in a cool-doWn phase 330. In 
the illustrated embodiment, this provides a dWell time d2 that 
is slighter longer than the dWell time d1 of the loWer curve 
300. In another embodiment, the second dWell time d2 is 
equal to or less than the ?rst dWell time d1. 

[0052] The line 335 in FIG. 7 schematically illustrates a 
melting temperature of the second ?uxing agent in the solder 
composition. This temperature 335 is greater than the maxi 
mum temperature 308 of the ?rst curve 300. Consequently, 
the second ?uxing agent may remain substantially solid 
throughout the ?rst heating process 300. The maximum 
temperature 328 in the second heating process 320, hoWever, 
exceeds this melting temperature 335. As a consequence, the 
second ?uxing agent may melt, making it more reactive With 
the oxides or other contaminants in the solder balls 222, 
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enabling it to more readily promote melting of the lead-tin 
alloy and ?owing of the solder balls 222. 

[0053] As illustrated in FIG. 6, the resultant microelec 
tronic component assembly 250 has a plurality of solder 
bridges 224 Which are mechanically bonded to and electri 
cally interconnect the terminals 214 of the microelectronic 
component 210 and the terminals 244 of the substrate 240. 
These bridges 224 may include a residue or reaction byprod 
uct of the second ?uxing agent and may also include a 
remaining unconsumed amount of the second ?uxing agent. 
In one embodiment, though, little or none of the second 
?uxing agent Will remain in the bridges 224. 

[0054] Turning back to FIG. 2, any remaining ?ux residue 
on the bridges 224 or other components of the microelec 
tronic component assembly 250 may be cleaned in step 122. 
In step 124, the gap 245 betWeen the microelectronic com 
ponent 210 and the substrate 240 may be ?lled With an 
under?ll material. A Wide variety of resins and epoxies are 
Well knoWn in the art for such under?ll operations. 

[0055] Hence, at the end of the process 100, a ?nished 
microelectronic component assembly 250 is provided (step 
140). FIGS. 3-6 illustrate an embodiment of the method 100 
of FIG. 2 in the context of a ?ip chip-type manufacturing 
operation. It should be recogniZed, hoWever, that the self 
?uxing solder balls 222 that result from the ball-attach 
re?oW step 116 can be useful in a Wide variety of applica 
tions. This may be helpful, for example, if the microelec 
tronic component 210 comprises a BGA package (e.g., the 
BGA package illustrated in US. Pat. No. 6,388,199, noted 
above). 
[0056] Unless the context clearly requires otherWise, 
throughout the description and the claims, the Words “com 
prise,”“comprising,” and the like are to be construed in an 
inclusive sense as opposed to an exclusive or exhaustive 
sense; that is to say, in a sense of “including, but not limited 
to.” Words using the singular or plural number also include 
the plural or singular number respectively. The above 
detailed descriptions of embodiments of the invention are 
not intended to be exhaustive or to limit the invention to the 
precise form disclosed above. While speci?c embodiments 
of, and examples for, the invention are described above for 
illustrative purposes, various equivalent modi?cations are 
possible Within the scope of the invention, as those skilled 
in the relevant art Will recogniZe. For example, While steps 
are presented in a given order, alternative embodiments may 
perform steps in a different order. Aspects of the invention 
may also be useful in other applications, e.g., in soldering 
processes that physically join elements but do not require 
electrical connections. The various embodiments described 
herein can be combined to provide further embodiments. 

[0057] In general, the terms used in the folloWing claims 
should not be construed to limit the invention to the speci?c 
embodiments disclosed in the speci?cation, unless the above 
detailed description explicitly de?nes such terms. While 
certain aspects of the invention are presented beloW in 
certain claim forms, the inventors contemplate the various 
aspects of the invention in any number of claim forms. 
Accordingly, the inventors reserve the right to add additional 
claims after ?ling the application to pursue such additional 
claim forms for other aspects of the invention. 
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1-25. (Canceled) 
26. A microelectronic component comprising: 

a ?rst surface bearing a plurality of electrical terminals; 

a plurality of solder deposits, each solder deposit being 
positioned on a different one of the electrical terminals 
and comprising: 

an electrically conductive metal; and 

a ?ux composition comprising: 

a ?rst ?uxing agent having ?ux activity at a ?rst 
activation temperature, the ?rst ?uxing agent being 
present in an amount ef?cacious to promote melting 
of the metal to Wet a surface at the ?rst activation 
temperature; and 

a second ?uxing agent having a melting point higher 
than the ?rst activation temperature and having ?ux 
activity at a second activation temperature Which is 
higher than the ?rst activation temperature, the sec 
ond ?uxing agent being present in an amount ef? 
cacious to promote a second melting of the metal at 
the second activation temperature after melting of 
the metal at the ?rst activation temperature and a 
subsequent resolidi?cation of the metal. 

27. The solder composition of claim 26 Wherein the ?ux 
composition further comprises a ?ux vehicle including a 
binder, a solvent, and a rheology modi?er. 

28. The solder composition of claim 27 Wherein the 
binder comprises a rosin or a resin adapted to How at a 
temperature less than the ?rst activation temperature. 

29. The solder composition of claim 26 Wherein the metal 
comprises an alloy of lead and tin. 

30. The solder composition of claim 26 Wherein the metal 
is substantially lead-free. 

31. The solder composition of claim 26 Wherein the 
second activation temperature is at least about 25° C. higher 
than the ?rst activation temperature. 

32. The solder composition of claim 26 Wherein the 
second activation temperature is about 25-70° C. higher than 
the ?rst activation temperature. 

33. The solder composition of claim 26 Wherein the ?rst 
activation temperature is no higher than about 240° C. 

34. The solder composition of claim 26 Wherein the ?rst 
activation temperature is about ISO-220° C. 

35. The solder composition of claim 26 Wherein the 
second activation temperature is at least about 200° C. 

36. The solder composition of claim 26 Wherein the 
second activation temperature is about 220-270° C. 

37. The solder composition of claim 26 Wherein the ?rst 
?uxing agent comprises an agent selected from a group 
consisting of organic acids, amines, alcohols, and epoxy 
resins With a cross-linking agent With ?uxing properties. 

38. The solder composition of claim 26 Wherein the 
second ?uxing agent includes at least one of an organic acid 
With tWo or more carboxylic groups and an epoxy resin With 
a cross-linking agent With ?uxing properties. 

39. The solder composition of claim 26 Wherein the 
second ?uxing agent comprises an agent selected from a 
group consisting of aromatic dicarboxylic acids having 6-30 
carbon atoms and aliphatic dicarboxylic acids having 6-30 
carbon atoms. 
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40. A microelectronic component comprising: 

a body having a ?rst surface bearing a plurality of 
electrical terminals formed of a ?rst electrically con 
ductive material; 

a plurality of solder balls, each solder ball being attached 
to a different one of the electrical terminals and each 
solder ball comprising: 

an electrically conductive metal Which has a metal ?oW 
temperature, the electrically conductive metal being 
different from the ?rst electrically conductive mate 
rial; and 

a solid ?uXing agent Within the solder ball, the ?uXing 
agent having ?uX activity at a re?oW temperature, 
suf?cient ?uXing agent being present to promote 
melting of the metal at the re?oW temperature. 

41. The microelectronic component of claim 40 Wherein 
the electrically conductive metal comprises an alloy of lead 
and tin. 

42. The microelectronic component of claim 40 Wherein 
the solder balls are substantially lead-free. 
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43. The microelectronic component of claim 40 Wherein 
the re?oW temperature is about 25-70° C. higher than the 
metal ?oW temperature. 

44. The microelectronic component of claim 40 Wherein 
the re?oW temperature is at least about 200° C. 

45. The microelectronic component of claim 40 Wherein 
the re?oW temperature is about 220-270° C. 

46. The microelectronic component of claim 40 Wherein 
the ?uXing agent includes at least one of an organic acid With 
tWo or more carboXylic groups and an epoXy resin With a 

cross-linking agent With ?uXing properties. 
47. The microelectronic component of claim 40 Wherein 

the ?uXing agent comprises an agent selected from a group 
consisting of aromatic dicarboXylic acids having 6-30 car 
bon atoms and aliphatic dicarboXylic acids having 6-30 
carbon atoms. 

48-79. (Canceled) 


