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(57) ABSTRACT 
Packaging methods and packaged semiconductor devices are 
disclosed. In one embodiment, a packaging method includes 
providing a first die, partially packaging the first die, and 
forming a plurality of solder balls on a surface of the partially 
packaged first die. An epoxy flux is disposed over the plurality 
of solder balls. A second die is provided, and the second die is 
partially packaged. The plurality of solder balls is coupled to 
the partially packaged second die. 
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PACKAGING METHODS AND PACKAGED 
SEMCONDUCTOR DEVICES 

BACKGROUND 

0001. Semiconductor devices are used in a variety of elec 
tronic applications, such as personal computers, cellphones, 
digital cameras, and other electronic equipment, as examples. 
Semiconductor devices are typically fabricated by sequen 
tially depositing insulating or dielectric layers, conductive 
layers, and semiconductive layers of material overa semicon 
ductor Substrate, and patterning the various material layers 
using lithography to form circuit components and elements 
thereon. Dozens or hundreds of integrated circuits are typi 
cally manufactured on a single semiconductor wafer and then 
singulated by sawing the integrated circuits along a scribe 
line. The individual dies may then be packaged separately, in 
multi-chip modules, or in other types of packaging. 
0002 The semiconductor industry continues to improve 
the integration density of various electronic components 
(e.g., transistors, diodes, resistors, capacitors, etc.) by con 
tinual reductions in minimum feature size, which allow more 
components to be integrated into a given area. These Smaller 
electronic components also require Smaller packages that 
utilize less area than packages of the past, in Some applica 
tions. 
0003. One type of smaller packaging for semiconductor 
devices that has been developed is wafer level packaging 
(WLP), in which dies are packaged in packages that may 
include a redistribution layer (RDL) that is used to fan out 
wiring for contact pads of the integrated circuit die so that 
electrical contact can be made on a larger pitch than contact 
pads of the die. Another type of packaging for semiconductor 
devices is referred to as a bump on trace (BOT) package, in 
which dies or “flip-chips' are attached or soldered to traces on 
the BOT packages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0004 For a more complete understanding of the present 
disclosure, and the advantages thereof, reference is now made 
to the following descriptions taken in conjunction with the 
accompanying drawings, in which: 
0005 FIGS. 1 through 3 show cross-sectional views of a 
methodofpackaging semiconductor devices at various stages 
in accordance with an embodiment of the present disclosure; 
0006 FIGS. 4A through 4C illustrate more detailed cross 
sectional views of a solder joint region of FIG. 3, showing an 
epoxy flux disposed on the solder joints and different shapes 
of the Solder joints in accordance with embodiments; 
0007 FIG. 4D is a cross-sectional view of an embodiment 
wherein the epoxy flux includes a filler material; 
0008 FIGS. 5 and 6 show cross-sectional views of 
embodiments wherein solder balls that form the solder joints 
include a metal stud; 
0009 FIGS. 7 and 8 show cross-sectional views of meth 
ods of packaging semiconductor devices in accordance with 
embodiments; 
0010 FIG. 9 illustrates a more detailed cross-sectional 
view of a solder joint region of FIG. 8: 
0.011 FIG.10 shows a cross-sectional view of a method of 
packaging semiconductor devices in accordance with another 
embodiment; 
0012 FIG. 11 illustrates a more detailed cross-sectional 
view of a solder joint region of FIG. 10; 
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0013 FIG. 12 shows a cross-sectional view of a method of 
packaging semiconductor devices in accordance with yet 
another embodiment; and 
0014 FIG. 13 is a flow chart of a packaging method in 
accordance with an embodiment of the present disclosure. 
0015 Corresponding numerals and symbols in the differ 
ent figures generally refer to corresponding parts unless oth 
erwise indicated. The figures are drawn to clearly illustrate 
the relevant aspects of the embodiments and are not neces 
sarily drawn to scale. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

0016. The making and using of the embodiments of the 
present disclosure are discussed in detail below. It should be 
appreciated, however, that the present disclosure provides 
many applicable inventive concepts that can be embodied in a 
wide variety of specific contexts. The specific embodiments 
discussed are merely illustrative of specific ways to make and 
use the disclosure, and do not limit the scope of the disclosure. 
0017 Embodiments of the present disclosure are related to 
packaging methods and structures for semiconductor 
devices. Novel methods of packaging semiconductor devices 
and structures thereof will be described herein. 

0018 FIGS. 1 through 3 show cross-sectional views of a 
method of packaging semiconductor devices at various stages 
in accordance with an embodiment of the present disclosure. 
A first partially packaged die 100 is packaged with a second 
partially packaged die 120 in accordance with embodiments. 
Referring first to FIG. 1, a first die 110 (shown in phantom in 
FIG. 1) is provided. The first die 110 comprises an integrated 
circuit or chip that will be packaged with a second die (see 
second die 130 shown in phantom in FIG. 2) in a single 
package. The first die 110 and the second die 130 may each 
include a workpiece that may include a semiconductor Sub 
strate comprising silicon or other semiconductor materials 
and may be covered by an insulating layer, for example. The 
first die 110 and second die 130 may include one or more 
components and/or circuits formed in and/or over the work 
piece, not shown. The first die 110 and second die 130 may 
include conductive layers and/or semiconductor elements, 
e.g., transistors, diodes, capacitors, etc., also not shown. The 
dies 110 and 130 may comprise logic circuitry, memory 
devices, or other types of circuits, as examples. The dies 110 
and 130 may include a plurality of contacts formed on a 
surface thereof. 

0019. In some embodiments, the first die 110 comprises a 
memory device Such as a random access memory (RAM) or 
other types of memory devices, and the second die 130 com 
prises a logic device. Alternatively, the first die 110 and the 
second die 130 may comprise other functional circuitry. 
0020. The first die 110 is partially packaged to form a first 
partially packaged die 100, as shown in FIG. 1. The first 
partially packaged die 100 is also referred to herein as a 
partially packaged first die. The first die 110 may be partially 
packaged by attaching the first die 110 to a first substrate 102. 
The first substrate 102 may comprise an interposer, to be 
described further herein. The first substrate 102 includes a 
plurality of contacts 106 formed on a bottom surface thereof. 
The contacts 106 may comprise Cu, Al, Au, alloys thereof, 
other materials, or combinations and/or multiple layers 
thereof, as examples. The contacts 106 may alternatively 
comprise other materials. 
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0021. In accordance with embodiments, a plurality of sol 
der balls 108 are coupled to the contacts 106 on the bottom 
surface of the first substrate 102, as shown in FIG. 1. An 
epoxy flux 111 is disposed over the plurality of solder balls 
108, as shown in FIG.2. The epoxy flux 111 is formed on each 
of the plurality of solder balls 108, for example. The epoxy 
flux 111 includes a flux component and an epoxy component. 
The flux component may comprise activators, solvents, and/ 
or additives. In some embodiments, the flux component may 
comprise Zinc chloride, ammonium chloride, hydrochloric 
acid, phosphoric acid, or hydrobromic acid, as examples. The 
epoxy component may comprise polyepoxide, as an example. 
The epoxy component may comprise a similar material or the 
same material used for the molding compound 116 and/or 
136 (see FIGS. 7 and 8, respectively) which will be described 
further herein, for example. The flux component may com 
prise a material adapted to reduce or remove oxides on the 
solder balls 108, to improve the solder joint 108 (see FIG. 3) 
formed by the solder balls 108, as an example. Alternatively, 
the epoxy flux 111 may comprise other materials and may 
include other components. 
0022. The epoxy flux 111 may be formed on the plurality 
of solder balls 108 by dipping the plurality of solder balls 108 
in the epoxy flux 111 in some embodiments. The epoxy flux 
111 may comprise a liquid that is poured into a tray, and the 
partially packaged first die 100 may be placed proximate the 
tray and lowered towards the epoxy flux 111 until the plurality 
of solder balls 108 are at least partially submerged in the 
epoxy flux 111, for example. A portion of the epoxy flux 111 
adheres to the solder balls 108, e.g., due to a meniscus effect. 
Alternatively, the epoxy flux 111 may be sprayed onto the 
solderballs 108, i.e., using a jet-spray process. The epoxy flux 
111 may also be formed on the plurality of solder balls 108 
using other methods. 
0023. An amount of epoxy flux 111 that is formed on the 
solder balls 108 may be adjusted and/or controlled by altering 
an amount of the flux component of the epoxy flux 111 
relative to the epoxy component in some embodiments. The 
flux component may be less viscous than the epoxy compo 
nent in Some embodiments, and increasing the amount of flux 
component may cause the epoxy flux 111 to flow faster and 
easier, thus forming less epoxy flux 111 on the solder balls 
108, in some embodiments. Alternatively, a thickness of the 
epoxy flux 111 may be controlled by the jetting or the dipping 
amount. The thickness of the epoxy flux 111 may also be 
controlled using other methods. In some embodiments, the 
epoxy flux 111 comprises a storage modulus of about 0.1 to 
10 GPa, for example. 
0024. The second die 130 is provided, and the second die 
130 is also partially packaged on a second Substrate 122, as 
described for the first die 110, forming a second partially 
packaged die 120, also shown in FIG. 2. The second partially 
packaged die 120 is also referred to herein as a partially 
packaged second die. The second die 130 may be partially 
packaged using a similar method as the first die 110 is par 
tially packaged in some embodiments. In other embodiments, 
the second die 130 may be partially packaged using a differ 
ent method than a method used to partially package the first 
die 110. In some embodiments, the first die 110 is partially 
packaged using a flip-chip wafer level packaging (WLP) 
technique and wire bonding, and the second die 130 is par 
tially packaged using a flip-chip and bump-on-trace (BOT) 
technique, as an example. Alternatively, the first die 110 and 
the second die 130 may be partially packaged using other 
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methods or techniques. The second partially packaged die 
120 includes a plurality of contacts 126 formed on a top 
surface thereof. 
(0025. The plurality of solder balls 108 having the epoxy 
flux 111 formed thereon on the first partially packaged die 
100 are then coupled to the second partially packageddie 120, 
as shown in FIG. 3. A solder reflow process may be used to 
couple the plurality of solder balls 108 to the contacts 126 of 
the partially packaged second die 120. The solder reflow 
process reflows a solder material of the solder balls 108, 
electrically and mechanically attaching the solder balls 108 to 
the contacts 126 of the partially packaged second die 120. 
(0026. The solder balls 108 become solder joints 108' after 
being attached to the contacts 126 of the partially packaged 
second die 120, as shown in FIG. 3. The solder joints 108 
comprise the material of the solder balls 108 after the reflow 
process to attach the solder balls 108 to the partially packaged 
second die 120. 
0027 Advantageously, the flux component of the epoxy 
flux 111 facilitates the soldering of the solder balls 108 to the 
contacts 126 of the partially packaged second die 120. The 
flux component may be adapted to at least partially evaporate 
during the solder process to attach the solder balls 108 to the 
partially packaged second die 130. In some embodiments, the 
flux component of the epoxy flux 111 substantially entirely 
evaporates during the soldering process, so that a cleaning 
process to remove any flux residue is not required, for 
example. In other embodiments, the flux component of the 
epoxy flux 111 is not entirely evaporated. In these embodi 
ments, the flux component may comprise a material that is not 
detrimental to Subsequent packaging steps and may thus be 
left remaining in the packaged semiconductor device 150. In 
other embodiments, a cleaning process may be used to 
remove the flux component left remaining from the epoxy 
flux 111 after the solder reflow process, as another example. 
0028. In some embodiments, an optional underfill mate 
rial 118, shown in phantom in FIG.3, may be applied after the 
first partially packaged die 100 is coupled to the second 
partially packaged die 120 using the solder balls 108 with 
epoxy flux 111 formed thereon. The underfill material 118 
may be applied using a dispensing needle along one or more 
edges of the packaged semiconductor device 150, for 
example, although other methods may also be used to form 
the underfill material 118. The underfill material 118 may 
comprise an epoxy or a polymer, although other materials 
may alternatively be used. However, in accordance with some 
embodiments, an underfill material 118 is not required, due to 
the use of the epoxy flux 111 having the epoxy component. 
Thus, the use of the epoxy flux 111 in the packaging method 
advantageously avoids a processing step and a material in the 
packaging process in some embodiments, lowering packag 
ing costs and time. 
0029 Advantageously, the use of the novel epoxy flux 111 
in the packaged semiconductor device 150 results in at least a 
portion of the epoxy component of the epoxy flux 111 being 
left remaining on the solder joints 108' after the soldering 
process, as shown in FIGS. 4A through 4C, which illustrate 
more detailed cross-sectional views of a solder joint region 
142 of FIG. 3. The epoxy flux 111 left remaining surrounds 
the solder joints 108", protecting and strengthening the solder 
joints 108. 
0030. Also illustrated in FIGS. 4A through 4C (and also 
FIGS. 4D, 6.9, and 11) are different shapes of the solderjoints 
108" in accordance with embodiments after the solder reflow 
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process. The plurality of solder joints 108 may substantially 
comprise a shape of a circle or oval in a cross-sectional view, 
as shown in FIGS. 4A, 4D, and 9. Alternatively, the plurality 
of solder joints 108 may substantially comprise a shape of a 
barrel in a cross-sectional view, as shown in FIG. 4B. In other 
embodiments, the plurality of solder joints 108 may substan 
tially comprise a shape of an hour glass in a cross-sectional 
view, as shown in FIG. 4C, or a shape of a portion of a figure 
eight, as shown in FIG. 11. 
0031. In FIG. 4A, a portion of the epoxy flux 111 is left 
remaining after the soldering process proximate the Solder 
joints 108", in accordance with embodiments. The epoxy flux 
111 may comprise a greater thickness adjacent the plurality of 
solder joints 108 proximate the first substrate 102 and the 
second Substrate 122 than proximate a wider central region of 
the plurality of solder joints 108", in some embodiments. The 
epoxy flux 111 may not reside at all on the central region of 
the plurality of solder joints 108' in some embodiments, as 
shown in FIG. 4A. 
0032. Alternatively, a small amount of epoxy flux 111 may 
reside on the central region of the plurality of solder joints 
108" in some embodiments, as shown in phantom at 111" in 
FIG. 4A. The small amount of epoxy flux 111" may also reside 
on the central region of the plurality of solderjoints 108' in the 
other embodiments described herein, not shown in the draw 
ings. The epoxy flux 111 or 111' left remaining on the solder 
joints 108 may comprise only the epoxy component in some 
embodiments, or both the epoxy component and a portion of 
the flux component, in other embodiments. 
0033. The solder joints 108'join together the contacts 106 
on the first substrate 102 and the contacts 126 on the second 
substrate 122. The epoxy flux 111 or 111' left remaining on 
the solder joints 108' advantageously strengthens the solder 
joints 108' and reduces or prevents cracking due to thermal 
and/or mechanical stress, e.g., during the packaging process, 
during thermal cycling tests or other tests of the packaged 
semiconductor device 150 (see FIG.3), during shipping of the 
packaged semiconductor device 150, and/or when the pack 
aged semiconductor device 150 is used in an end application. 
Thus, the epoxy flux 111 or 111 improves the electrical and 
mechanical connection provided by the solder joints 108' that 
join the first substrate 102 to the second substrate 122. 
0034 FIG. 4D is a cross-sectional view of an embodiment 
wherein the epoxy flux 111" includes a filler material 144. 
The filler material 144 may comprise an insulating material or 
conductive material, for example. In some embodiments the 
filler material 144 may comprise SiO, or aluminum nitride, as 
examples, although alternatively, the filler material 144 may 
comprise other types of materials. The filler material 144 may 
comprise about 20 to 90% by volume or weight of the epoxy 
flux 111, as an example. Alternatively, other amounts of the 
filler material 144 may be used. The filler material 144 is 
adapted to increase a thermal conductivity of the epoxy flux 
111" in some embodiments, for example. The filler material 
144 may alternatively have other functions. 
0035 FIGS. 5 and 6 show cross-sectional views of 
embodiments wherein the solder balls 108 include a metal 
stud 146. The contacts 106 on the first substrate 102 may 
include a metal stud 146 formed thereon, as shown in phan 
tom in FIG. 5. The metal stud 146 may also comprise a metal 
pillar, for example. The metal stud 146 may comprise Au, Cu, 
or other metals, for example. The solder balls 108 are formed 
on the metal studs 146 in this embodiment, as shown. An 
optional silicide 148 comprising NiSi or other materials may 
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beformed over the metal studs 146 in some embodiments, for 
example. FIG. 6 shows a cross-sectional view of a solderjoint 
region 142 formed by the solder ball 108 in FIG. 5 after a 
solder reflow process in accordance with an embodiment. A 
portion of the metal stud 146 may be viewable in a cross 
sectional view of the solder joint 108' after the solder reflow 
process, in some embodiments, as shown. 
0036 FIG. 7 shows a cross-sectional view of a method of 
packaging semiconductor devices in accordance with an 
embodiment. More detailed views of the substrates 102 and 
122 are shown. Note that in the embodiments shown in FIGS. 
7, 8, 10, and 12, the packaged semiconductor devices 150 are 
shown before the first partially packageddie 100 is coupled to 
the second partially packaged die 120 using the solder balls 
108 having the epoxy flux 111 disposed thereon. The final 
packaged semiconductor devices 150 actually comprise the 
first partially packaged die 100 coupled to the second par 
tially packaged die 120 using the solderjoints 108' having the 
epoxy flux 111 disposed thereon, as shown in FIG. 3. 
0037 Referring again to FIG. 7, the first substrate 102 
and/or the second Substrate 122 may comprise interposers in 
some embodiments. The first substrate 102 and/or the second 
substrate 122 may include a plurality of through-substrate 
vias (TSVs) 104 and 124, respectively, and may comprise 
TSV interposers in some embodiments. The TSVs 104 and 
124 comprise conductive or semiconductive material that 
extends completely through the substrates 102 and/or 122. 
The TSVs 104 and 124 may optionally be lined with an 
insulating material. The TSVs 104 and 124 provide vertical 
electrical connections (e.g., y-axis connections) from a bot 
tom surface to a top surface of the substrates 102 and 122, 
respectively. The first substrate 102 and/or the second sub 
strate 122 may include electronic components and elements 
formed thereon in some embodiments, or alternatively, the 
first substrate 102 and/or the second substrate 122 may be free 
of electronic components and elements. 
0038. The substrates 102 and/or 122 may each include 
wiring 112 and 132, respectively. The wiring 112 and/or 132 
provides horizontal electrical connections (e.g., X-axis con 
nections) in some embodiments, for example. The wiring 112 
and 132 may include fan-out regions that include traces of 
conductive material for expanding the footprint of the first die 
110 and second die 130 to a footprint of a bottom side of the 
substrates 102 and/or 122, respectively, e.g., of contacts 106 
of the first substrate 102 (and contacts within wiring 132 of 
the second substrate 122., not labeled) that are coupled to the 
solder balls 108 and solder balls 138, respectively. 
0039. The wiring 112 and/or 132 of the substrates 102 and 
122 may include one or more redistribution layers (RDLs). 
The RDLS may comprise one or more insulating layers and 
wiring layers. The RDLs may include inter-level dielectrics 
(ILDs) with wiring in metallization layers disposed or formed 
therein. The wiring 112 and 132 may comprise one or more 
vias and/or conductive lines, for example. The wiring 112 and 
132, and also the TSVs 104 and 124, may beformed using one 
or more subtractive etch processes, single damascene tech 
niques, and/or dual damascene techniques, as examples. One 
or more carrier wafers, not shown, may be used to form the 
wiring 112 and 132 and/or the TSVs 104 and 124. A portion 
of the wiring 112 and 132 resides on the top and bottom 
surfaces of the substrates 102 and 122, respectively; e.g., 
portions of the wiring 112 of the first substrate 102 may 
comprise contacts 106, wire bond pads 115 and/or other 
traces, and portions of the wiring 132 of the second substrate 
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122 may comprise contacts 126 and other contacts (not 
labeled) or traces that are coupleable to other elements, such 
as the solder balls 138 formed on the bottom surface of the 
second substrate 122. 

0040. In some embodiments, the first substrate 102 may 
not include an RDL in the wiring 112, as shown in FIG. 7. All 
or Some of the X-axis orhorizontal electrical connections may 
be made using the wire bonds 114 that couple contacts on the 
first die 110 to wire bond pads 115 on the first substrate 102, 
in this embodiment. In some embodiments, the second Sub 
strate 122 may include two RDLs in the wiring 132, also 
shown in FIG. 7. One RDL may be disposed proximate the 
top surface of the second substrate 122 and may be adapted to 
make X-axis electrical connections between contacts 126 
coupled to microbumps 134 and contacts 126 that will be 
coupled to the solder balls 108. The other RDL may be 
disposed proximate the bottom surface of the second sub 
strate 122 and may be adapted to make X-axis electrical con 
nections between the TSVs 124 and the contacts coupled to 
the plurality of solder balls 138 disposed on the bottom sur 
face of the second substrate 122, for example. 
0041. A method of attaching the dies 110 and 130 to the 
substrates 102 and 122, respectively, is also illustrated in FIG. 
7. In the embodiment shown, the first die 110 is coupled to the 
first substrate 102 using a flip-chip technique, wherein wire 
bonds 114 are attached to contacts on the first die 110 at one 
end and wherein the wire bonds 114 are attached to contacts 
or wire bond pads 115 on the top surface of the first substrate 
102 at the other end. The second die 130 is attached to the 
second substrate 122 using a flip-chip bond-on-trace (BOT) 
attachment technique, wherein microbumps 134 are coupled 
to the second die 130, and the microbumps 134 are then 
soldered to contacts 126 in a central region of the top Surface 
of the second substrate 122, for example. An optional under 
fill material 140 may be formed under the second die 130, 
over the second substrate 122, as shown. The underfill mate 
rial 140 may comprise similar materials and may be applied 
using similar methods as described for the optional underfill 
material 118 shown in FIG. 3, for example. Alternatively, 
other methods may be used to attach the first die 110 and/or 
the second die 130 to the first substrate 102 and/or the second 
substrate 122, respectively. The same method or a different 
method may be used to attach the first die 110 to the first 
substrate 102, than is used to attach the second die 130 to the 
second substrate 122. 

0.042 FIG. 8 illustrates a cross-sectional view of a method 
of packaging semiconductor devices in accordance with 
another embodiment. Like numerals are used to describe the 
various elements and components as were used in the previ 
ous figures. In this embodiment, a molding compound 136 is 
applied over the second partially packaged die 120 after the 
second die 130 is attached to the second substrate 122 and 
after the optional underfill material 140 is applied. The mold 
ing compound 136 may comprise similar materials as 
described for molding compound 116 of the first partially 
packaged die 100 shown in FIG. 7, for example. 
0043 A portion of the molding compound 136 is removed 
from over the top surface of the second substrate 122 over 
contacts 126, leaving the contacts 126 exposed. The top Sur 
face of the second substrate 122 may comprise a plurality of 
contacts 126 disposed thereon around a perimeter of the sec 
ond substrate 122, as shown in FIG.8. The second die 130 is 
attached to contacts 126 in a central region of the second 
substrate 122. Contacts 126 in a perimeter region of the sec 
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ond substrate 122 may be larger than contacts 126 in a central 
region of the second substrate 122, as shown. Portions of the 
molding compound 136 are removed from over the plurality 
of contacts 126 on the top surface of the second substrate 122 
using lithography or a laser, as examples, or other methods 
may alternatively be used. The portions of the molding com 
pound 136 removed may comprise through-molding Vias 
(TMVs), for example. The plurality of solder balls 108 are 
attached to the top surface of the second substrate 122 through 
the TMVs formed in the molding compound 136. FIG. 9 
illustrates a more detailed cross-sectional view of a solder 
joint region 142 of the embodiment shown in FIG. 8. The 
solderjoints 108 may comprise a substantially circular shape 
in this embodiment. 

0044 FIG.10 shows a cross-sectional view of a method of 
packaging semiconductor devices in accordance with another 
embodiment. After the molding compound 136 described in 
FIG. 8 is formed and patterned to expose the contacts 126 in 
the perimeter region of the second substrate 122, a plurality of 
solder balls 128 is formed on the plurality of contacts 126 
exposed within the molding compound 136 on the second 
substrate 122, in this embodiment. The plurality of solder 
balls 128 on the second substrate 122 is then coupled to the 
plurality of solder balls 108 with epoxy flux 111 disposed 
thereon on the first substrate 102, and the solder of the solder 
balls 108 and 128 is reflowed. FIG. 11 illustrates a more 
detailed cross-sectional view of a solder joint region 142 of 
the embodiment shown in FIG.10. The solder joints 108' after 
the reflow process comprise a portion of a figure eight shape 
in a cross-sectional view. The solder joints 108' comprise a 
bottom portion that includes the material of the solder balls 
128 on the second substrate 122 and a top portion that 
includes the material of the solder balls 108 on the first sub 
strate 102, after the solder reflow process. 
0045. In the embodiments shown in FIGS. 8 through 11, 
the molding compound 136 extends over a top surface of the 
second die 130, as shown at 136 in FIG. 8 and FIG. 10. In 
other embodiments, the molding compound 136 may be 
formed to a lower height over the second substrate 122 so that 
the second die 130 is not covered by the molding compound 
136, as shown in FIG. 12. Alternatively, the molding com 
pound 136 may be applied to cover the second die 130 ini 
tially, and the portion of the molding compound 136' (see 
FIG. 8 and FIG.10) residing over the top surface of the second 
die 130 is then removed, e.g., using an etch-back process. In 
some embodiments such as the one shown in FIG. 12, solder 
balls 128 may be formed on the top surface of the second 
substrate 122 over the contacts 126, before the molding com 
pound 136 is applied. The etch-back process used to remove 
the excess molding compound 136' may result in exposing a 
top portion of the solder balls 128 so that they may be attached 
to the solder balls 108 on the first substrate 102, for example. 
0046. In accordance with the embodiments shown in 
FIGS. 10 and 12 having solder balls 128 on the second par 
tially packageddie 120, the epoxy flux 111 may be applied to 
solder balls 108 on the first partially packaged die 100. Alter 
natively, the epoxy flux 111 may not be applied to solder balls 
108, but rather, the epoxy flux 111 may be applied to solder 
balls 128 disposed on the top surface of the second partially 
packageddie 120, as shown in phantom in FIG. 12. The epoxy 
flux 111 can be applied to either solder balls 108 or solder 
balls 128, for example. In other embodiments, the epoxy flux 
111 may be applied to both the solder balls 108 on the first 
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partially packaged die 100 and to the solder balls 128 on the 
second partially packaged die 120, for example. 
0047 FIG. 13 is a flow chart 160 of a packaging method in 
accordance with an embodiment of the present disclosure. 
The method includes providing a first die 110 (step 162), 
partially packaging the first die 110 (step 164), and forming a 
plurality of solder balls 108 on a surface of the partially 
packaged first die 110 (step 166). An epoxy flux 111 is dis 
posed over the plurality of solder balls 108 (step 168). The 
method includes providing a second die 130 (step 170), par 
tially packaging the second die 130 (step 172), and coupling 
the plurality of solder balls 108 to the partially packaged 
second die 130 (step 174), forming the packaged semicon 
ductor devices 150 shown in FIGS. 3, 7, 8, 10, and 12 that 
include solder joints 108'. 
0048 Embodiments of the present disclosure include 
methods of packaging semiconductor devices using the 
epoxy flux 111, 111", and 111" and also include packaged 
semiconductor devices 150 that include the epoxy flux 111, 
111", and 111". 
0049 Advantages of embodiments of the present disclo 
Sure include providing novel packaging methods and struc 
tures 150 that utilize an epoxy flux 111, 111", or 111" on 
solder balls 108 and/or 128 used to connect partially pack 
aged dies 100 and 120. Novel package-on-package (PoP) 
packaging techniques are disclosed that have improved solder 
joints 108' formed by the solder balls 108 and/or 128 that 
include the epoxy flux 111, 111", and 111" formed thereon. 
Joint cracks, which may occurat an interface between solder 
joints 108" (that comprise the solder ball 108 and/or 128 
material) and solder pads (contacts 106 and/or 126), of PoP 
packages and packaging methods are reduced or prevented by 
surrounding the solder joints 108' with epoxy material from 
the epoxy flux 111, 111", and 111" which strengthens the 
solder connections. At least an epoxy component of the epoxy 
flux 111, 111", and 111" is left remaining surrounding the 
solder joints 108' after the solder reflow process, which pro 
tects and strengthens the solder joints 108' and also the metal 
studs 146, if included. The novel packaging methods and 
structures are easily implementable in packaging and manu 
facturing process flows. 
0050. In accordance with one embodiment of the present 
disclosure, a packaging method includes providing a first die, 
partially packaging the first die, and forming a plurality of 
solder balls on a surface of the partially packaged first die. An 
epoxy flux is disposed over the plurality of solder balls. A 
second die is provided, and the second die is partially pack 
aged. The plurality of solder balls is coupled to the partially 
packaged second die. 
0051. In accordance with another embodiment, a packag 
ing method includes providing a first die and providing a first 
interposer. The first interposer has a first Surface and a second 
Surface opposite the first Surface and includes a first Substrate 
having a plurality of first TSVs formed therein. The method 
includes attaching the first die to the second surface of the first 
interposer, and coupling a plurality of solder balls to the first 
Surface of the first interposer. A second die is provided, and a 
second interposer is provided. The second interposer has a 
first Surface and a second Surface opposite the first Surface and 
includes a second Substrate including a plurality of second 
TSVs formed therein. The second die is attached to the second 
surface of the second interposer. The method includes form 
ing an epoxy flux on the plurality of solder balls on the first 
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interposer, and attaching the plurality of solder balls on the 
first interposer to the second Surface of the second interposer. 
0052. In accordance with yet another embodiment, a pack 
aged semiconductor device includes a first die coupled to a 
first Substrate, and a second die coupled to a second Substrate. 
A plurality of solder joints is coupled between the first sub 
strate and the second Substrate. An epoxy flux is coupled to 
each of the plurality of solder joints. 
0053 Although embodiments of the present disclosure 
and their advantages have been described in detail, it should 
be understood that various changes, Substitutions and alter 
ations can be made herein without departing from the spirit 
and scope of the disclosure as defined by the appended 
claims. For example, it will be readily understood by those 
skilled in the art that many of the features, functions, pro 
cesses, and materials described herein may be varied while 
remaining within the scope of the present disclosure. More 
over, the scope of the present application is not intended to be 
limited to the particular embodiments of the process, 
machine, manufacture, composition of matter, means, meth 
ods and steps described in the specification. As one of ordi 
nary skill in the art will readily appreciate from the disclosure 
of the present disclosure, processes, machines, manufacture, 
compositions of matter, means, methods, or steps, presently 
existing or later to be developed, that perform substantially 
the same function or achieve Substantially the same result as 
the corresponding embodiments described herein may be 
utilized according to the present disclosure. Accordingly, the 
appended claims are intended to include within their scope 
Such processes, machines, manufacture, compositions of 
matter, means, methods, or steps. 

1. A packaging method, comprising: 
providing a first die; 
partially packaging the first die; 
forming a plurality of solder balls on a surface of the 

partially packaged first die; 
disposing an epoxy flux over the plurality of Solder balls; 
providing a second die; 
partially packaging the second die; and 
after disposing the epoxy flux over the plurality of solder 

balls, coupling the plurality of solder balls to the par 
tially packaged second die. 

2. The method according to claim 1, wherein disposing the 
epoxy flux comprises dipping the plurality of solder balls in 
the epoxy flux or jet-spraying the epoxy flux on the plurality 
of solder balls. 

3. The method according to claim 1, wherein coupling the 
plurality of solder balls to the partially packaged second die 
comprises reflowing a solder material of the solder balls. 

4. The method according to claim 1, wherein the plurality 
of solder balls comprises a plurality of first solder balls, 
further comprising forming a plurality of second solder balls 
on a Surface of the partially packaged second die, before 
coupling the plurality of first solder balls to the partially 
packaged second die, and wherein coupling the plurality of 
solder balls to the partially packaged second die comprises 
coupling the plurality of first solder balls to the plurality of 
second solder balls. 

5. The method according to claim 1, wherein disposing the 
epoxy flux comprises disposing an epoxy flux that includes a 
filler material. 

6. The method according to claim 5, wherein the filler 
material is adapted to increase a thermal conductivity of the 
epoxy flux. 
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7. The method according to claim 5, wherein the filler 
material comprises SiO, or aluminum nitride. 

8. The method according to claim 1, wherein partially 
packaging the first die or partially packaging the second die 
comprises coupling the first die or the second die to a through 
substrate via (TSV) interposer, the TSV interposer including 
a redistribution layer (RDL). 

9-20. (canceled) 
21. The method of claim 1 wherein the step of partially 

packaging the first die comprises: 
providing a first interposer, the first interposer having a first 

Surface and a second Surface opposite the first Surface, 
the first interposer comprising a first Substrate having a 
plurality of first through-substrate vias (TSVs) formed 
therein; and 

attaching the first die to the second surface of the first 
interposer. 

22. The method of claim 1 wherein the step of partially 
packaging the second die comprises: 

providing a second interposer, the second interposer hav 
ing a first Surface and a second Surface opposite the first 
Surface, the second interposer comprising second Sub 
strate including a plurality of second TSVs formed 
therein; and 

attaching the second die to the second Surface of the second 
interposer. 

23. The method of claim 1 wherein the step of forming a 
plurality of solder balls on a surface of the partially packaged 
first die comprises: 

coupling the plurality of solder balls to the first surface of 
the first interposer. 

24. The method of claim 1 wherein the step of coupling the 
plurality of Solder balls to the partially packaged second die 
comprises: 

attaching the plurality of solder balls on the first interposer 
to the second Surface of the second interposer. 

25. The method according to claim 21, wherein attaching 
the first die to the second surface of the first interposer com 
prises wire-bonding contacts of the first die to bond pads on 
the second surface of the first interposer. 

26. The method according to claim 22, wherein attaching 
the second die to the second Surface of the second interposer 
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comprises coupling a plurality of microbumps between the 
second die and the second Surface of the second interposer, 
further comprising forming an underfill material between the 
second die and the second Surface of the second interposer 
between the plurality of microbumps. 

27. The method according to claim 22, further comprising 
forming a molding compound over the second die, after 
attaching the second die to the second Surface of the second 
interposer. 

28. The method according to claim 27, wherein the second 
Surface of the second interposer comprises a plurality of 
contacts disposed thereon, further comprising removing por 
tions of the molding compound from over the plurality of 
contacts on the second Surface of the second interposer, and 
wherein attaching the plurality of solder balls on the first 
interposer to the second Surface of the second interposer 
comprises attaching the plurality of solder balls to the second 
Surface of the second interposer through the molding com 
pound. 

29. The method according to claim 27, further comprising 
removing the molding compound from over a top Surface of 
the second die, before attaching the plurality of solder balls on 
the first interposer to the second surface of the second inter 
poser. 

30. A packaging method, comprising: 
forming a plurality of solderballs on a surface of apartially 

packaged first die; 
coating the plurality of solder balls with an epoxy flux; and 
after coating the plurality of solder balls with the epoxy 

flux, connecting the plurality of solder balls to a partially 
packaged second die. 

31. The method of claim 30 further comprising electrically 
coupling a first semiconductor die to a first Substrate to form 
the packaged first die and electrically coupling a second semi 
conductor die to a second Substrate to form the packaged 
second die. 

32. The method of claim 30 wherein the step of coating the 
plurality of solder balls with an epoxy flux comprises dipping 
the plurality of solder balls into a liquid. 

k k k k k 


