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INTEGRATED FAN-OUT STRUCTURE AND 
METHOD 

BACKGROUND 

The semiconductor industry has experienced rapid growth 
due to continuous improvements in the integration density of 
a variety of electronic components (e.g., transistors, diodes, 
resistors, capacitors, etc.). For the most part, this improve 
ment in integration density has come from repeated reduc 
tions in minimum feature size, which allows more compo 
nents to be integrated into a given area. As the demand for 
even Smaller electronic devices has grown recently, there has 
grown a need for Smaller and more creative packaging 
techniques of semiconductor dies. 
An example of these packaging technologies is the Pack 

age-on-Package (POP) technology. In a PoP package, a top 
semiconductor packages is stacked on top of a bottom 
semiconductor package to allow high level of integration 
and component density. This high level of integration from 
PoP technology enables production of semiconductor 
devices with enhanced functionalities and small footprints 
on the printed circuit board (PCB). A semiconductor pack 
age with a small footprint on PCB is advantageous for small 
form factor devices such as mobile phones, tablets and 
digital music players. Another advantage of a PoP package 
is that it minimizes the length of the conductive paths 
connecting the interoperating parts within the package. This 
improves the electrical performance of the semiconductor 
device, since shorter routing of interconnections between 
circuits yields faster signal propagation and reduced noise 
and cross-talk. 
Many challenges exist for the manufacturing of PoP 

packages. For example, due to the mismatch of the coeffi 
cient of thermal expansion (CTE) for the different materials 
used in the package, warpage can occur when the semicon 
ductor package is Subjected to repeated heating and cooling 
cycles during test and normal usage. Serious warpage can 
cause defects Such as cracks and delamination to occur in the 
semiconductor package. Warpage can also cause unreliable 
or broken electrical connection between the package and the 
PCB. 

Efforts have been made to address different difficulties for 
the PoP technology. However, there is still a need in the art 
for PoP type semiconductor packages which have improved 
mechanical and/or electrical characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Aspects of the present disclosure are best understood from 
the following detailed description when read with the 
accompanying figures. It is noted that, in accordance with 
the standard practice in the industry, various features are not 
drawn to scale. In fact, the dimensions of the various 
features may be arbitrarily increased or reduced for clarity of 
discussion. Corresponding numerals and symbols in the 
different figures generally refer to corresponding parts 
unless otherwise indicated. 

FIG. 1a illustrates a cross sectional view of a semicon 
ductor PoP package in accordance with various embodi 
ments of the present disclosure; 

FIG. 1b-1d illustrate cross sectional views of a semicon 
ductor PoP package with one or more rows and columns of 
inter-package connectors with various embodiments of the 
present disclosure; 
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2 
FIG. 2-19 illustrate cross sectional views of a PoP pack 

age at various manufacturing stages, in accordance with 
various embodiments of the present disclosure; 

FIG. 20-21 illustrate cross sectional views of a semicon 
ductor PoP package in accordance with other embodiments 
of the present disclosure; 

FIG. 22 illustrates a flow chart of a method for forming 
the structure shown in FIG. 13 in accordance with various 
embodiments of the present disclosure; and 

FIG. 23 illustrates a flow chart of a method for forming 
the PoP structure shown in FIG. 1a in accordance with 
various embodiments of the present disclosure. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

The making and using of the embodiments of the present 
disclosure are discussed in detail below. It should be appre 
ciated, 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. 

Further, spatially relative terms, such as “beneath.” 
“below,” “lower,” “above,” “upper” and the like, may be 
used herein for ease of description to describe one element 
or feature's relationship to another element(s) or feature(s) 
as illustrated in the figures. The spatially relative terms are 
intended to encompass different orientations of the device in 
use or operation in addition to the orientation depicted in the 
figures. The apparatus may be otherwise oriented (rotated 90 
degrees or at other orientations) and the spatially relative 
descriptors used herein may likewise be interpreted accord 
ingly. 

FIG. 1a illustrates a cross sectional view of a PoP package 
500 in accordance with some embodiments of the present 
disclosure. The PoP package 500 contains a top semicon 
ductor package 200 stacked on top of a bottom semicon 
ductor package 100. Inter-package connectors 320 are 
formed between the top package and the bottom package to 
mechanically and electrically couple contact pads 214 at the 
lower surface 218 of the top package 200 to a top surface of 
through-vias 106/112 near an upper surface 177 of the lower 
package 100. The inter-package connectors 320 are located 
near a perimeter of the PoP package 500, in accordance with 
some embodiments. A first material 310 is formed in the 
center of a space 330 delimited by a lower surface 218 of the 
top package 200, an upper surface 177 of the bottom 
package 100, and the inner-most inter-package connectors 
320 of PoP package 500. The first material 310 partially fills 
the space 330, in some embodiments. At least center por 
tions of the first material 310 contact an upper surface 177 
of the bottom package and a lower surface 218 of the top 
package, in some embodiments. A second material 315 
Surrounds and encapsulates the inter-package connectors 
320 and contacts a lower surface of the top package 218 and 
the upper surface 177 of the bottom package, in some 
embodiments. 

FIG. 1b shows a cross sectional view of a PoP package 
500 viewed from the top and cut along a plane as indicated 
by line A-A in FIG. 1a between top package 200 (shown in 
phantom) and bottom package 100, in Some embodiments. 
As shown in FIG. 1b, there may be one row or one column 
of inter-package connectors 320 along each side of the 
perimeter of top package 200, in some embodiments. First 
material 310 is formed in the center of space 330 (shown in 
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phantom), in accordance with Some embodiments. Each 
inter-package connector 320 is encapsulated by second 
material 315 individually, in some embodiments. In some 
other embodiments, some of the inter-package connector 
320 are encapsulated by second material 315 individually, 
while other inter-package connectors 320 are encapsulated 
by second material 315 together, as shown in FIG. 1c. 

FIG. 1d shows a cross sectional view similar to FIG. 1b, 
with a plurality of rows or columns of inter-package con 
nectors 320 along each side of the perimeter of top package 
200. First material 310 is formed in the center of space 330 
(shown in phantom), in accordance with some embodiments. 
Each inter-package connector 320 is encapsulated by second 
material 315 individually, in some embodiments. Some of 
the inter-package connectors 320 may be encapsulated by 
second material 315 together (not shown), in some embodi 
mentS. 

FIGS. 2 through 19 are cross-sectional views illustrating 
steps of fabricating a semiconductor PoP package shown in 
FIG. 1a in accordance with some embodiments. Referring 
first to FIG. 2, to fabricate the semiconductor PoP package 
in FIG. 1a, a carrier 101 is provided. The carrier 101 may 
comprise glass, silicon oxide, aluminum oxide, or a semi 
conductor wafer, as examples. The carrier 101 may also 
comprise other materials. The carrier may be circular, 
square, or rectangular in a top view, as examples. Alterna 
tively, the carrier 101 may comprise other shapes. 

The carrier 101 has a film 102 formed thereon in some 
embodiments. The film 102 comprises a light to heat con 
version (LTHC) material or other materials, for example. 
The LTHC film 102 comprises a thickness of about 0.5 um 
to about 3 um, for example. Alternatively, the film 102 may 
comprise other dimensions. In some embodiments, the film 
102 is not included. 
An insulating material 104 is disposed over the film 102, 

as shown in FIG. 2. The insulating material 104 is formed 
over the carrier 101 in embodiments wherein the film 102 is 
not included. The insulating material 104 comprises a pas 
Sivation layer for the package. The insulating material 104 
comprises a glue/polymer base buffer layer in some embodi 
ments, for example. The insulating material 104 comprises 
a solder resist (SR), polyimide (PI), polybenzoxazole 
(PBO), or multiple layers or combinations thereof in some 
embodiments, as examples. The insulating material 104 
comprises a thickness of about 1 um to about 20 Jum, for 
example. Alternatively, the insulating material 104 may 
comprise other materials and dimensions. The insulating 
material 104 is formed using spin coating, lamination, or 
other methods, for example. 

Next, a seed layer 106 is formed over the insulating 
material 104, as shown in FIG. 3. The seed layer 106 
comprises a seed material for a Subsequent plating process 
for through-vias, to be described further herein. The seed 
layer 106 comprises a metal. Such as copper, a titanium and 
copper alloy, other metals, alloys, combinations or multiple 
layers thereof, as examples. The seed layer 106 comprises a 
thickness of about 500 Angstroms to about 5,000 Ang 
stroms, for example. Alternatively, the seed layer 106 may 
comprise other materials and dimensions. The seed layer 
106 is formed by physical vapor deposition (PVD) or other 
methods. 
A sacrificial material 108 is then formed over the seed 

layer 106, as shown in FIG. 4. The sacrificial material 108 
comprises a photoresist, an organic material, an insulating 
material, or other materials, in some embodiments, as 
examples. The sacrificial material 108 is patterned with a 
desired pattern for a plurality of through-vias using a lithog 
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4 
raphy process or a direct patterning process, as shown in 
FIG. 5. In a lithography process, the sacrificial material 108 
comprising a photoresist or other material is exposed to light 
or energy reflected from or transmitted through a lithogra 
phy mask (not shown) that has the desired pattern thereon. 
The sacrificial material 108 is then developed, and portions 
of the sacrificial material 108 are then ashed or etched away. 
A direct patterning process may comprise forming the 
pattern in the sacrificial material 108 using a laser, for 
example. Alternatively, the sacrificial material 108 may be 
patterned using other methods. 
A plating process is used to form a conductive material 

112 in the patterns of the sacrificial material 108 over the 
seed layer 106, as shown in FIG. 6. The plating process may 
comprise an electro-chemical plating (ECP) or other types of 
plating processes, for example. The seed layer 106 functions 
as a seed for the plating process for the conductive material 
112. The conductive material 112 is plated over the seed 
layer 106 through the patterned sacrificial material 108. 
The sacrificial material 108 is then stripped or removed, 

as shown in FIG. 7. After the sacrificial material 108 is 
removed, portions of the seed layer 106 are left remaining 
over the insulating material 104 between the conductive 
material 112 that has been plated onto the seed layer 106. 
The exposed portions of the seed layer 106 are then 

removed, as shown in FIG. 8. An etch process or other 
process is used to remove the exposed portions of the seed 
layer 106 between the regions of conductive material 112, 
for example. The seed layer 106 and the conductive material 
112 comprise through-vias 106/112 of a package for a 
semiconductor device. The through-vias 106/112 each com 
prise a lower portion comprising the material of the seed 
layer 106 and an upper portion comprising the plated-on 
conductive material 112. 

In other embodiments, the through-vias 106/112 may be 
formed using Subtractive techniques, damascene techniques, 
or other methods. For example, in a Subtractive technique, a 
conductive material Such as Cu, a Cu alloy, other metals, or 
combinations or multiple layers thereof may be formed over 
the entire surface of the insulating material 104, and the 
conductive material is patterned to form the through-vias 
106/112. The through-vias 106/112 may comprise a single 
material layer in these embodiments, for example, not 
shown. The conductive material may be patterned using 
photolithography, by forming a layer of photoresist over the 
conductive material, exposing the layer of photoresist to 
light or energy reflected from or transmitted through a 
lithography mask having a desired pattern thereon, and 
developing the layer of photoresist. Exposed (or unexposed, 
depending on whether the layer of photoresist is positive or 
negative) portions of the layer of photoresist are then ashed 
and removed. The patterned layer of photoresist is then used 
as an etch mask during an etch process for the conductive 
material. The layer of photoresist is removed, leaving the 
conductive material patterned with the desired pattern of the 
through-vias 106/112. 
A first side of the through-vias 106/112 is coupled to the 

insulating material 104 in some embodiments, for example. 
Referring next to FIG. 9, after the formation of the 

through-vias 106/112, a plurality of semiconductor devices 
120 are provided and are bonded to the insulating material 
104. Each semiconductor device 120 may have one chip 
inside, in Some embodiments. The semiconductor device 
120 may include a plurality of chips stacked together by a 
Suitable method, in accordance with some embodiments. 
The plurality of semiconductor chips in the semiconductor 
device 120 may be of the same type. Such as digital signal 
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processors (DSP) or memory chips. Alternatively, these 
semiconductor chips may be of different types, with some 
being DSP chips, some being logic chips, and yet some 
others being memory chips. 
The semiconductor devices 120 each includes a first side 

128a and a second side 128b, the second side 128b being 
opposite the first side 128a. The first sides 128a of the 
integrated circuit dies 120 are coupled to the insulating 
material 104. 
The semiconductor devices 120 each include a plurality of 

contact pads 124 formed across the second side 128b 
thereof. The contact pads 124 are electrically coupled to the 
chip(s) inside the semiconductor device 120. The contact 
pads 124 comprise a conductive material Such as copper, 
aluminum, other metals, or alloys or multiple layers thereof, 
as examples. Alternatively, the contact pads 124 may com 
prise other materials. The second side 128b of the semicon 
ductor device is also referred to as the front side or active 
side of the semiconductor device. The first side 128a does 
not have contact pads formed thereon and is also referred to 
as the back side or non-active side of the semiconductor 
device. Alternatively, the semiconductor devices 120 may 
include through-vias, thereby providing electrical connec 
tion on the first side 128a and the second side 128b. 
A plurality of the semiconductor devices 120 are coupled 

to the carrier 101 over the insulating material 104. Only two 
semiconductor devices 120 are shown in FIGS. 9 through 
19; however, dozens, hundreds, or more semiconductor 
devices 120 may be coupled to carrier 101 and packaged 
simultaneously. The first sides 128a of semiconductor 
devices 120 are coupled to carrier 101, over the insulating 
material 104. The integrated circuit dies 120 may be coupled 
to the insulating material 104 using an adhesive 122. Such as 
a die attach film (DAF), for example. The semiconductor 
devices 120 may be coupled to the insulating material 104 
manually or using an automated machine Such as a pick 
and-place machine. 
A molding material 130 is then formed over the insulating 

material 104 to encapsulate semiconductor devices 120 and 
through-vias 106/112, as shown in FIG. 10. The molding 
material 130 is applied using a wafer level molding process 
in Some embodiments, for example. The molding material 
130 may be molded using, for example, compressive mold 
ing, transfer molding, or other methods. The molding mate 
rial 130 may comprise an epoxy, an organic polymer, a 
polymer with or without a silica-based or glass filler added, 
or other materials, as examples. In some embodiments, the 
molding material 130 comprises a liquid molding compound 
(LMC) that is a gel type liquid when applied. The molding 
material 130 may also comprise a liquid or solid when 
applied. Alternatively, the molding material 130 may com 
prise other insulating and/or encapsulating materials. 

Next, the molding material 130 is cured using a curing 
process in Some embodiments. The curing process may 
comprise heating the molding material 130 to a predeter 
mined temperature for a predetermined period of time, using 
an anneal process or other heating process. The curing 
process may also comprise an ultra-violet (UV) light expo 
Sure process, an infrared (IR) energy exposure process, 
combinations thereof, or a combination thereof with a heat 
ing process. Alternatively, the molding material 130 may be 
cured using other methods. In some embodiments, a curing 
process is not included. 
A top portion of the molding material 130 is then 

removed, as shown in FIG. 11. The top portion of the 
molding material 130 is removed using a grinding process in 
Some embodiments, for example. In some embodiments, a 
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6 
chemical-mechanical polishing (CMP) process is used to 
remove the top portion of the molding material 130, for 
example. A combination of a grinding process and a CMP 
process may also be used. The CMP process or grinding 
process may be adapted to stop when the second sides 128b 
of semiconductor devices 120 and/or the top surfaces of the 
through-vias 106/112 are reached in some embodiments, for 
example. The CMP process and/or grinding process com 
prise a front-side grinding process in Some embodiments. 

In some embodiments, a top surface 131 of the molding 
material 130 after the grinding and/or CMP process, is 
substantially coplanar with the second sides 128b of the 
semiconductor devices 120 and the top surfaces of the 
through-vias 106/112. The top surface 131 of molding 
material being Substantially coplanar with the second sides 
128b and the top surfaces of through-vias 106/112 advan 
tageously facilitates in the formation of a Subsequently 
formed redistribution layer (RDL) 140, which is illustrated 
in FIG. 12. 
The redistribution layer (RDL) 140 is formed over the 

plurality of semiconductor devices 120, the molding mate 
rial 130, and the top surfaces of the through-vias 106/112, in 
some embodiments. The RDL 140 includes one or more 
dielectric layers 140D, and a plurality of conductive metal 
lines 141/141a and/or a plurality of conductive metal vias 
142/142a formed inside the one or more dielectric layers 
140D. The plurality of conductive metal lines 141/141a and 
plurality of metal vias 142/142a form interconnector struc 
tures 145/145a. Interconnect structures 145a enable fan-out 
for semiconductor devices 120, since they are located out 
side a boundary of semiconductor devices 120, hence they 
are also called fan-out interconnect structures 145a hereaf 
ter. Fan-out interconnect structures 145a are connected to 
through-vias 106/112 to provide easy access to electrical 
connection proximate back sides (e.g., side 128a) of semi 
conductor devices 120, so that top packages 200 can be 
electrically connected to bottom packages 100 in Subsequent 
processing, in some embodiments. 
The dielectric layers 140D may be formed, for example, 

of a low dielectric constant (low-K) dielectric material, such 
as phosphosilicate glass (PSG), borophosphosilicate glass 
(BPSG), fluorinated silicate glass (FSG), SiOxCy, spin-on 
glass, spin-on-polymers, silicon carbon material, com 
pounds thereof, composites thereof, combinations thereof, 
or the like, by any Suitable method, Such as spinning, CVD. 
and/or plasma-enhanced CVD (PECVD). The conductive 
lines 141/141a and conductive vias 142/142a may comprise 
copper, copper alloys, other metals or alloys, or combina 
tions or multiple layers thereof, as examples. The conductive 
lines 141/141a and conductive vias 142/142a may be 
formed using Subtractive and/or damascene techniques, as 
examples. The conductive lines 141/141a and conductive 
vias 142/142a may be formed using one or more Sputtering 
processes, photolithography processes, plating processes, 
and photoresist Strip processes, as examples. Other methods 
can also be used to form the interconnect structures 1457 
145a. The interconnect structures 145/145a include contact 
pads 144 formed proximate a top surface of the RDL 140. 
The contact pads 144 may comprise under-ball metallization 
(UBM) structures in some embodiments that are arranged in 
a ball grid array (BGA) or other patterns or arrangements. 

In some embodiments, a plurality of connectors 146 are 
then coupled to the contact pads 144 of the redistribution 
layer, as shown in FIG. 13. The carrier 101 and the structures 
formed thereon described herein are referred to as structure 
100D hereinafter. The connectors 146 may comprise a 
eutectic material Such as solder, for example. The eutectic 



US 9,524,956 B2 
7 

material may comprise solder balls or solder paste in some 
embodiments that is reflowed by heating the eutectic mate 
rial to a melting temperature of the eutectic material. The 
connectors 146 are attached using a ball mount process or 
other process. The eutectic material is then allowed to cool 
and re-solidify, forming the connectors 146. The connectors 
146 may include other types of electrical connectors. Such as 
microbumps, controlled collapse chip connection (C4) 
bumps, or pillars, and may include conductive materials 
Such as Cu, Sn, Ag, Pb, or the like. In some embodiments, 
the connectors 146 are not included on the package. A test 
of the connectors 146 is then conducted in some embodi 
ments, to ensure electrical and structural integrity of the 
connections made. 

In some embodiments, an insulating material is formed 
between the connectors 146 over the RDL 140, not shown. 
The insulating material comprises a LMC in Some embodi 
ments. The insulating material may alternatively comprise 
other materials. In other embodiments, the insulating mate 
rial is not included. 

Structures 100D formed in FIG. 13 is then inverted and 
coupled to a dicing tape 165, as shown in FIG. 14. The 
dicing tape 165 is coupled to a support 160. The support 160 
might be a metal frame, in Some embodiments. Next, carrier 
101 and film 102 are removed, using a de-bonding process, 
and a protective film 170 is formed over the insulating 
material 104 after the carrier de-bonding process, as shown 
in FIG. 15, in some embodiments. The protective film 170 
comprises a back side lamination film in some embodi 
ments, for example. The protective film 170 comprises about 
1 um to about 100 um of a lamination coating (LC) tape or 
DAF, as examples. The protective film 170 is formed using 
a laminating process in Some embodiments. The protective 
film 170 may also comprise other materials, dimensions, and 
formation methods. In some embodiments, the lamination 
film 170 is not included. 

Structure 100D shown in FIG. 15 now comprises a 
plurality of bottom packages 100 that will be used to form 
a plurality of PoP packages 500 in subsequent processing. 
The insulating material 104 is then patterned to expose a 

top surface of through-vias 106/112, as shown in FIG. 16. In 
embodiments wherein the protective film 170 is included, 
the protective film 170 is also patterned, as shown in FIG. 
16. The openings 171 in the insulating material 104 and 
protective film 170 may be formed using a lithography 
process or a direct patterning method, as examples. In 
accordance with an embodiment of the present disclosure, 
laser drilling may be used to form openings 171 through 
protective film 170 and the insulating material 104 to expose 
the top surfaces of through-vias 106/112. 

FIG. 17 illustrates a cross sectional view of the structure 
shown in FIG. 16 after a first material 310, hereafter 
Material-1, is formed on a top surface 177 of bottom 
packages 100 and solder paste 305 is formed in openings 
171. Solder paste 305 may be formed in openings 171 by a 
solder printing process using a solder printing machine, in 
Some embodiments. 

FIG. 17 shows a space 330 in phantom. The center of 
space 330 is substantially free of openings 171 and solder 
paste 305. Material-1 may be formed in the center of space 
330 by a printing process similar to a solder paste printing 
process, in Some embodiments. Material-1 may be dispensed 
in the center of space 330 by a needle or jetting dispenser, 
similar to an underfill dispensing process, in some other 
embodiments. Material-1 partially fills space 330. In accor 
dance with some embodiments, Material-1 fills up substan 
tially 30%-65% the volume of space 330. The process for 
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8 
determining the exact percentage of the Volume for Mate 
rial-1 in space 330, as well as the composition (i.e., solute, 
solvent, and mixing ratio for solute and solvent) of Materail 
1, is described in details below. 

Material-1 may be formed by mixing a solute with a 
solvent, wherein the solute may be SiO2, Al2O3, TiO2, etc., 
and the solvent might be epoxy, acrylic, polypropylene, 
polyimide, etc. The typical CTE for epoxy is approximately 
70 ppm/°C., and the CTE for SiO2 is approximately 2 ppm/° 
C. As an example, by changing the mixing ratio of SiO2 (an 
example of Solute) with epoxy (an example of solvent), the 
CTE of the mixture (an example of Material-1) can be varied 
between a range substantially from 2 ppm/°C. to 70 ppm/ 
C. In the above example, decreasing the amount of solute in 
the mixture causes the CTE of the mixture to increase. 
Due to the CTE mismatch between the different layers of 

materials in a PoP package, the PoP package may experi 
ences significant warpage. For example, the package may 
originally have little warpage at high temperature. However, 
at room temperature, a commonly encountered warpage 
situation is such that the edge portion of the bottom package 
bends downward and away from the top package. This 
warpage situation may occur because the upper layers of the 
bottom package have CTE smaller than that of the lower 
layers. As the package cools down, the lower layers shrink 
more than the upper layers, effectively exerting force to pull 
the edges of the bottom package downward. At a result of the 
warpage, inter-package connectors 320 located near the edge 
of the PoP package may experience significant mechanical 
stress, which may lead to broken solder joints. In addition, 
external connectors 146 on the bottom package may lie on 
a significantly curved surface, making it difficult to attach 
the PoP package to a flat PCB board. 
The CTE of Material-1 may be adjusted to compensate for 

the warpage due to CTE mismatch in the package. For the 
warpage situation described above, a large CTE of Mate 
rial-1 (larger than the CTE of the upper layers of the bottom 
package) may be desirable. This is because Materia-1 
shrinks more than the upper layers of the bottom package 
when it cools down, effectively exerting force to pull the 
edges of the bottom package up—thus compensating the 
downward warpage experienced at the edge of the package, 
as examples. 
One skilled in the art will appreciate from the above 

description that there are at least two parameters of Mate 
rial-1 that can be tuned to compensate for the warpage of the 
package. First, the CTE coefficient of Material-1 can be 
adjusted by varying the mixing ratio of Solute with solvent, 
as well as by choosing different solvent and solute. Second, 
for a given CTE, the amount of Material-1 in space 330 can 
be adjusted to provide different amount of compensating 
force. A larger amount of Material-1 may provide more 
compensating force, in some embodiments. However, Mate 
rial-1 should not fill up space 330 and contact solder paste 
305, to prevent cold joints from forming at inter-package 
connectors 320 during a Subsequent reflow process. Unnec 
essarily large amount of Material-1 in space 330 may not be 
desirable due to material cost and processing time. The best 
range for the volume of Material-1 in space 330, as well as 
the mixing ratio for solvent and solute in Material-1, may be 
found by an experimental moiré pattern measurement pro 
cess or computer simulations, which will be described in the 
following paragraphs, in Some embodiments. 

In an experimental moiré measurement process, both the 
CTE of Material-1 and the volume of Material-1 in space 
330 may be changed for each experiment, and the corre 
sponding warpage of the package may be determined by 
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measuring and analyzing the moiré pattern using a defect 
inspector. The desired parameters for the composition (sol 
ute, solvent, and mixing ratio for Solute and solvent) and 
volume of Material-1 for each particular PoP structure may 
be found through repeated experiments. The moiré pattern 
may be generated using known methods in the art. For 
example, a reference pattern etched on a low expansion 
quartz glass may be projected onto the warped Surface of the 
semiconductor package. When observed from above the 
quartz glass, the geometric inference between the reference 
pattern and the projected pattern on the warped Surface of 
the semiconductor package produces a moiré pattern. A 
defect inspector, such as the ICOS optical defect inspector 
from KLA-Tencor Corporation may be used to measure the 
amount of warpage. 

In another embodiment, computer simulations may be 
used to determine the composition and volume of Material 
1. The size, structure, and materials of the PoP package can 
be modeled and analyzed in simulations to determine the 
preferred parameters for Material-1. 

In accordance with Some embodiments, Material-1 may 
be formed by mixing a solute with a solvent, wherein the 
solute may be SiO2, Al2O3, TiO2, etc., and the solvent 
might be epoxy, acrylic, polypropylene, polyimide, etc. The 
amount of the solute in Material-1 is substantially between 
0%-50% by weight, in some embodiments. In accordance 
with some embodiments, Material-1 comprising 20%-40% 
of solute and 80%-60% of solvent may work effectively. 
Material-1 fills up substantially 30%-65% the volume of 
space 330, in some embodiments. In some other embodi 
ments, Material-1 may contain ceramic based materials. 

FIG. 18 shows, in sectional view, top packages 200 being 
stacked on top of bottom packages 100. As shown in FIG. 
18, each top package 200 has a semiconductor device 220 
mounted on an upper surface 217 of a substrate 210. The 
semiconductor device 220 may include one chip, in some 
embodiments. The semiconductor device 220 may include a 
plurality of semiconductor chips stacked together, in some 
embodiments. The semiconductor chips may be of the same 
type, such as digital signal processors (DSP) or memory 
chips. Alternatively, these semiconductor chips may have 
different functionalities, with some being DSP chips, some 
being logic chips, and yet some others being memory chips, 
in Some embodiments. An upper molding layer 230 may be 
formed on an upper surface 217 of substrate 210 to encap 
sulate semiconductor device 220. Contact pads 224 of 
semiconductor device 220 are connected to contact pads 211 
on the upper surface 217 of substrate 210, using suitable 
methods known in the art, such as bonding wires, bumps, 
ball grid array (BGA) balls, in some embodiments. The 
Substrate 210 comprises interconnect structures (not shown). 
Interconnect structures in substrate 210 connect to contact 
pads 211, which are bonded to semiconductor device 220, 
and contact pads 214 on opposite side of substrate 210, 
which are bonded to external connectors 216, in accordance 
with some embodiments. In an embodiment of the present 
disclosure, the size of the top package 200 is no greater than 
that of bottom package 100 (i.e., when viewed from the top, 
the perimeter of the top package overlaps or is contained 
within the perimeter of the bottom package), to facilitate the 
dicing process described later. 

Top packages 200 are aligned with bottom packages 100 
so that the locations of external connectors 216 of top 
packages match those of solder paste 305 on bottom pack 
ages. A second material 315, hereafter Material-2, is formed 
around external connectors 216 by dipping the external 
connectors 216 of top package into Material-2, in some 
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embodiments. In an alternate embodiment, Material-2 may 
be jetted on solder paste 305 (not shown) using a jetting 
dispenser. Material-2 may be different from Material-1, in 
accordance with some embodiments. Material-2 may be a 
polymer with reducing agent and/or wetting agent, in some 
embodiments. Material-2 may be epoxy or acrylic with flux 
or flux with high viscosity, in accordance with Some embodi 
ments. Material-2 may facilitate the soldering process by 
removing oxides on Solder balls and improving Solder 
wetting, in some embodiments. Material-2 may reduce the 
mechanical stress experienced by inter-package connectors 
320, in some embodiments. 

After top packages 200 are stacked on bottom packages 
100, a reflow process may performed to form inter-package 
connector 320. The reflow process may be performed in a 
commercial reflow oven and may include preheat, thermal 
Soak, reflow, and cooling stages, in Some embodiments. 
Material-1 and Material-2 are cured during the same reflow 
process, in Some embodiments. The temperature of the 
reflow may be determined by the composition of the external 
connectors 216, solder paste 305, the particular PoP struc 
ture, materials used in the PoP package, and composition of 
Material-1 and Material-2, in some embodiments. In accor 
dance with some embodiments, the reflow temperature 
ramps from room temperature to about 270° C. Other 
temperature profiles are also possible. 

Inter-package connectors 320 may be formed by Soldering 
together external connectors 216 of the top package with 
solder paste 305 formed in openings 171 on the top surface 
of the bottom package, in accordance with some embodi 
ments. Inter-package connectors 320 may be copper pillars, 
controlled collapse chip connection (C4) bumps, or other 
Suitable types of connectors, in accordance with some other 
embodiments. Inter-package connectors 320 may be located 
near a perimeter of the PoP package 500, in accordance with 
Some embodiments. 
The next step after the top package Stacking and reflow 

process is the cleaning process. No figure is shown for this 
process. A commercial solvent may be used to clean residues 
generated from the reflow process, in some embodiments. 
For example, the Micronox or AquanoX product from KyZen 
Corporation may be used for cleaning. The cleaning process 
may include stages such as solvent cleaning, water cleaning 
and wind blowing performed in a commercial cleaning tool 
for semiconductor manufacturing, in Some embodiments. 
The time, speed, temperature of the cleaning process may be 
determined by the particular PoP structure and production 
requirements. For example, the peak temperature of the 
cleaning process is less than 100°C., in some embodiments. 

FIG. 19 shows the cross sectional view of a structure with 
a plurality of PoP packages 500, after the cleaning process. 
As shown in FIG. 19, Material-2 (label 315) surrounds and 
encapsulates inter-package connectors 320 and contacts the 
lower surface 218 of top packages 200 and the upper surface 
177 of bottom packages 100. Material-2 protects and pro 
vides stress relief for inter-package connectors 320. Mate 
rial-1 is located in the center area of space 330. In some 
embodiments, Material-1 fills up substantially 30-65% of 
space 330. At least center portions of Material-1 contact the 
lower surface 218 of top packages and the upper surface 177 
of bottom packages. 

FIG. 19 also illustrates a dicing process to form individual 
PoP packages. Dicing starts from the top package side and 
goes down to the bottom package side along a boundary 400 
between two adjacent PoP packages 500. Dicing saw or laser 
cutting may be used, in Some embodiments. 
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In accordance with another embodiment of the current 
disclosure, shown in FIG. 20, Material-1 may be in the form 
of a film 310 attached on the top surface 177 of bottom 
package 100 inside space 330. The composition of film 310 
may be substantially the same as that of Material-1 shown in 
FIG. 1a, in some embodiments. In an alternate embodiment, 
film 310 may be a metal-based or a polymer-based material. 
For example, a copper film with adhesive may be used as 
Material-1 for film 310 and attached to the upper surface 177 
of bottom package 100 by a thermal compression process. In 
yet another embodiment, as shown in FIG. 21, a first film 
310 made of Material-1 is attached on the upper surface 177 
of bottom package 100, and a second film 312 made of a 
third material (Material-3 hereafter) is attached on the lower 
surface 218 of top package 200. Both film 310 and film 312 
may be inside space 330, in some embodiments. Film 310 
and film 312 may be made of substantially the same mate 
rials, in some embodiments. Film 310 and film 312 may be 
made of different materials to compensate for different types 
of warpage experienced by the bottom package and the top 
package, in Some other embodiments. The Volume (i.e., size 
and thickness) and composition of the film(s) may be 
determined by experimental moiré pattern measurement 
process or computer simulations, similar to the process 
described above, in some embodiments. 

Embodiments of the above described process for forming 
a PoP package may have many advantages. One advantage 
of is low cost and high unit-per-hour (UPH) count. Mate 
rial-1 does not have to fill up the space between the top 
package and the bottom package completely, saving pro 
cessing time and material cost. The reflow process is done 
once to form inter-package connectors 320 and cure Mate 
rial-1 (if needed) and Material-2 at the same time. This 
simplifies the manufacturing process, thus saving processing 
time and lowering cost. 

Another advantage for embodiments of the above process 
for forming a PoP package is good warpage performance 
and better reliability of the PoP structure. Due to the CTE 
mismatch between the different layers of materials in the 
package, the PoP package may experiences significant war 
page. Due to the warpage, inter-package connectors 320 
located near the edge of the PoP package may experience 
significant mechanical stress, which may lead to broken 
solder joints. In addition, external connectors 146 on the 
bottom package may lie on a significantly curved surface, 
making it difficult to attach the PoP package to a flat PCB 
board. The CTE and volume of Material-1, as well as 
Material-3 if applicable, can be adjusted to compensate for 
the warpage, as described above. With the compensating 
force exerted by Material-1, as well as Material-3 if appli 
cable, the warpage of the package may be reduced consid 
erably. This provides good warpage control. As a result, the 
final PoP packages are easier to handle and have better 
reliability and final test results. 

FIG. 22 illustrates a flow chart of a method for forming a 
structure 100D shown in FIG. 13, in accordance with 
various embodiments of the present disclosure. The struc 
ture 100D is used in the first step of the flow chart in FIG. 
23, which shows a method for forming the PoP semicon 
ductor package shown in FIG. 1a, in accordance with 
various embodiments of the present disclosure. The flow 
charts shown in FIGS. 22 and 23 are merely examples, 
which should not unduly limit the scope of the claims. One 
of ordinary skill in the art would recognize many variations, 
alternatives, and modifications. For example, various steps 
as illustrated in FIGS. 22 and 23 may be added, removed, 
replaced, rearranged and repeated. 
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Referring to FIG. 22. At step 1010, a film is formed over 

a carrier and an insulating material is formed over the film. 
At step 1020, a seed layer is formed over the insulating 
material. At step 1030, a sacrificial material is formed over 
the seed layer and patterned to have a desired pattern of 
openings for forming through-vias. At step 1040, a conduc 
tive material is formed in the openings of the sacrificial 
material. At step 1050, the sacrificial material is removed. At 
step 1060, exposed portions of the seed layer are removed, 
the conductive material and remaining portions of the seed 
layer form through-vias. At step 1070, the back sides of a 
plurality of semiconductor devices are attached to the insu 
lating material. At step 1080, molding material is formed 
over the insulating material to encapsulate the semiconduc 
tor devices and the through-vias. At step 1090, the molding 
material is planarized to have a coplanar Surface with the 
front sides of the semiconductor devices and the top Surfaces 
of the through-vias. At step 1100, a redistribution layer is 
formed over the coplanar surface. At step 1110, connectors 
are coupled to contact pads on an upper Surface of the 
redistribution layer. Structure 100D shown in FIG. 13 is 
formed at step 1110. 

Referring to FIG. 23. At step 2010, structure 100D formed 
at step 1110 of FIG. 22 is inverted and attached to a dicing 
tape in a metal frame. At step 2020, a carrier de-bonding 
process is performed, and a protective film is formed over 
the insulating material. At step 2030, openings are formed in 
the protective film and the insulating material to expose a top 
surface of the through-vias. At step 2040, Material-1 is 
formed in the center of a space delimited by a lower surface 
of the top package, an upper Surface of the bottom package, 
and the inner-most inter-package connectors of the PoP 
package. Solder paste is formed in the openings. At step 
2050, top packages are stacked on top of the bottom pack 
ages, with Material-2 formed around external connectors of 
the top packages and/or around the Solder paste. A reflow 
process follows to form inter-package connectors and cures 
Material-1 and Material-2. At step 2060, a cleaning process 
is performed to clean residues after the reflow process. At 
step 2070, dicing is performed starting from the top package 
side to form individual PoP packages. 

In accordance with an embodiment, a semiconductor 
package comprises a top package and a bottom package with 
fan-out interconnect structures. A plurality of inter-package 
connectors electrically connect the top package and the 
bottom package, and are located near a perimeter of the 
semiconductor package. A first material is located in a space 
delimited by a lower Surface of the top package, an upper 
Surface of the bottom package, and the inner-most inter 
package connectors of the semiconductor package, wherein 
the first material partially fills the space. A second material 
different from the first material encapsulates the inter-pack 
age connectors. 

In accordance with an embodiment, forming a PoP struc 
ture comprises forming a bottom package with fan-out 
interconnect structures and attaching a top package on top of 
the bottom package, forming a plurality of inter-package 
connectors between the top package and the bottom pack 
age, wherein the inter-package connectors are located near a 
perimeter of the PoP package, forming a first material in a 
space delimited by a lower Surface of the top package, an 
upper Surface of the bottom package, and the inner-most 
inter-package connectors of the PoP package, wherein the 
first material partially fills the space, and forming a second 
material encapsulating the inter-package connectors, 
wherein the second material is different from the first 
material. 
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The foregoing outlines features of several embodiments 
so that those skilled in the art may better understand the 
aspects of the present disclosure. Those skilled in the art 
should appreciate that they may readily use the present 
disclosure as a basis for designing or modifying other 
processes and structures for carrying out the same purposes 
and/or achieving the same advantages of the embodiments 
introduced herein. Those skilled in the art should also realize 
that such equivalent constructions do not depart from the 
spirit and scope of the present disclosure, and that they may 
make various changes, Substitutions, and alterations herein 
without departing from the spirit and scope of the present 
disclosure. 

What is claimed is: 
1. A semiconductor package, comprising: 
a top package; 
a bottom package with fan-out interconnect structures; 
a plurality of inter-package connectors electrically con 

necting the top package and the bottom package and 
located near a perimeter of the semiconductor package; 

a first material located in a space delimited by a lower 
Surface of the top package, an upper Surface of the 
bottom package, and the inner-most inter-package con 
nectors of the semiconductor package, wherein the first 
material partially fills the space; and 

a second material different from the first material encap 
Sulating the inter-package connectors; 

wherein the first material is a mixture of a solute and a 
solvent, wherein the solute is a material selected from 
the group consisting of SiO, Al2O and TiO, and the 
Solvent is a material selected from the group consisting 
of epoxy, acrylic, polypropylene, polyimide, and com 
binations thereof. 

2. The semiconductor package of claim 1, wherein the 
solute constitutes 0%-50% of the first material by weight. 

3. The semiconductor package of claim 1, wherein the 
first material is located in the center of the space and fills up 
substantially 30%-65% of the space. 

4. The semiconductor package of claim 1, wherein the 
first material is in the form of a first film attached to the 
upper Surface of the bottom package within the space, 
wherein the first film is spaced apart from the inter-package 
connectors and the lower Surface of the top package. 

5. The semiconductor package of claim 4, further com 
prising a third material in the form of a second film attached 
to the lower Surface of the top package within the space, 
wherein the second film is spaced apart from the inter 
package connectors, the first film, and the upper Surface of 
the bottom package. 

6. The semiconductor package of claim 1, wherein the 
second material comprises a material selected from the 
group consisting of epoxy, acrylic, a reducing agent, a 
wetting agent, and combinations thereof. 

7. The semiconductor package of claim 1, wherein the 
second material contacts the lower Surface of the top pack 
age and the upper Surface of the bottom package. 

8. The semiconductor package of claim 1, wherein the top 
package has a perimeter that, when viewed from the top, 
overlaps or is contained within a perimeter of the bottom 
package. 

9. The semiconductor package of claim 1, wherein the 
first material has a first coefficient of thermal expansion 
(CTE) that counteracts effects of CTE mismatch of materials 
of at least one of the bottom package and the top package. 
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10. The semiconductor package of claim 5, wherein the 

third material has a second coefficient of thermal expansion 
(CTE) that counteracts effects of CTE mismatch of materials 
of the top package. 

11. A method of forming a PoP package, comprising: 
forming a bottom package with fan-out interconnect 

Structures; 
attaching a top package on top of the bottom package; 
forming a plurality of inter-package connectors between 

the top package and the bottom package, wherein the 
inter-package connectors are located near a perimeter 
of the PoP package; 

forming a first material in a space delimited by a lower 
Surface of the top package, an upper Surface of the 
bottom package, and the inner-most inter-package con 
nectors of the PoP package, wherein the first material 
partially fills the space, wherein the first material is 
formed by mixing a solute with a solvent, wherein the 
Solute is a material selected from the group consisting 
of SiO, Al-O, and TiO, wherein the solvent is a 
material selected from the group consisting of epoxy, 
acrylic, polypropylene, polyimide, and combinations 
thereof, and 

forming a second material around the inter-package con 
nectors, wherein the second material is different from 
the first material. 

12. The method of claim 11, wherein the first material is 
formed in the center of the space and fills up substantially 
30%-65% of the space, and wherein at least center portions 
of the first material contact the lower surface of the top 
package and the upper surface of the bottom package. 

13. The method of claim 11, wherein the first material is 
formed as a first film attached to the upper surface of the 
bottom package within the space, wherein the first film is 
separated from the inter-package connectors and the lower 
Surface of the top package. 

14. The method of claim 13, further comprising forming 
a second film attached to the lower surface of the top 
package within the space, wherein the second film is sepa 
rated from the inter-package connectors, the first film, and 
the upper Surface of the bottom package. 

15. The method of claim 11, wherein the second material 
is formed using a material selected from the group consist 
ing of epoxy, acrylic, a reducing agent, a Wetting agent, and 
combinations thereof, and wherein the second material con 
tacts the lower Surface of the top package and the upper 
Surface of the bottom package. 

16. A semiconductor package, comprising: 
a top package; 
a bottom package with fan-out interconnect structures 

connected to the top package by a plurality of conduc 
tive connectors, wherein the conductive connectors are 
disposed between a lower side of the top package and 
an upper side of the bottom package, and along a 
perimeter of the semiconductor package; and 

a first film attached to a first center region of the upper 
side of the bottom package, wherein the first center 
region is free of conductive connectors, wherein the 
first film is spaced apart from the conductive connec 
tors and there is an empty space between an upper side 
of the first film and the lower side of the top package, 
and wherein the first film has a first coefficient of 
thermal expansion (CTE) that counteracts effects of 
CTE mismatch of materials of the bottom package. 

17. The semiconductor package of claim 16, wherein the 
first film is a metal-based material. 
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18. The semiconductor package of claim 16, further 
comprising: 

a second film attached to a second center region of the 
lower side of the top package, wherein the second film 
is spaced apart from the conductive connectors, the first 
film, and the upper side of the bottom package. 

19. The semiconductor package of claim 18, wherein the 
second film has a second coefficient of thermal expansion 
(CTE) that counteracts effects of CTE mismatch of materials 
of the top package. 

20. The semiconductor package of claim 16, wherein the 
first film is a polymer-based material. 
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