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1. 

PACKAGE-ON-PACKAGE (POP) STRUCTURE 
HAVING AT LEAST ONE PACKAGE 

COMPRISING ONE DIE BEING DSPOSED IN 
A CORE MATERAL BETWEEN FIRST AND 

SECOND SURFACES OF THE CORE 
MATERAL 

BACKGROUND 

Electronics can be divided into a simple hierarchy consist 
ing of devices such as integrated circuit (IC) chips, packages, 
printed circuit boards (PCB) and a system. The package is the 
interface between an electronic device. Such as a computer 
chip, and a PCB. Devices are made from semiconductor 
materials such as silicon. Integrated circuits are assembled 
into a package Such as a quad flat pack (QFP), pin grid array 
(PGA), or ball grid array (BGA), using wire bonding (WB), 
tape automated bonding (TAB), or flip chip (FC) bumping 
assembly techniques. The packaged device is then attached 
either directly to a printed wiring board or to another type of 
Substrate, which is defined as the second level of packaging. 

Ball grid array (BGA) packaging technology generally is 
an advanced semiconductor packaging technology, which is 
characterized in that a semiconductor chip is mounted on a 
front surface of a substrate, and a plurality of conductive 
elements such as solder balls are arranged in a matrix array, 
customarily referred to as ball grid array, on a back Surface of 
the substrate. The ball grid array allows the semiconductor 
package to be bonded and electrically connected to an exter 
nal PCB or other electronic devices. The BGA package may 
be employed in a memory such as Dynamic Random Access 
Memory and others. 
A basic flip-chip (FC) packaging technology comprises an 

IC, an interconnect system, and a Substrate. A function chip is 
connected to the substrate with a plurality of solder bumps, 
wherein the solder bumps forming a metallurgical intercon 
nection between the chip and the substrate. The function chip, 
the solder bump, and the Substrate form a flip-chip package. 
Further, a plurality of balls form a ball grid array (BGA). 

Wire bonding can be used to make the electrical connec 
tions from chip components such as chip resistors or chip 
capacitors to Substrate. Two function chips and are stacked on 
top of a plurality of substrate layers. The chips are connected 
to the substrate by a plurality of bonding gold wires. Other 
form of wires such as aluminum wire can be used, too. The 
function chips, the gold wire, and the Substrate form a wire 
bonding (WB) package. 

Package-on-Package (PoP) is an integrated circuit packag 
ing technique to allow vertically combining discrete logic and 
memory ball grid array (BGA) packages. Two or more pack 
ages are installed on top of one another, i.e. stacked, with a 
standard interface to route signals between them. This allows 
higher density, for example in the mobile telephone/PDA 
market. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present embodi 
ments, and the advantages thereof, reference is now made to 
the following descriptions taken in conjunction with the 
accompanying drawings, in which: 

FIGS. 1 through 8 are a first portion of a process for 
forming a package according to an embodiment; 

FIGS. 9 through 17 are a first example of a second portion 
of a process for forming a package according to an embodi 
ment, 
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2 
FIGS. 18 through 24 are a second example of a second 

portion of a process for forming a package according to an 
embodiment; 

FIGS. 25 through 33 are another example of another por 
tion of a process for forming a package according to an 
embodiment; 

FIGS. 34 through 48 are a process for forming a package 
with an interposer according to an embodiment; 

FIGS. 49A and 49B are example package-on-package 
(PoP) structures according to embodiments; 
FIG.50 is a step to form electrical connectors on the PoP 

structure of FIG. 49A according to an embodiment; 
FIG. 51 is another example PoP structure according to an 

embodiment; 
FIG. 52 a step to form electrical connectors on the PoP 

structure of FIG. 51 according to an embodiment; 
FIG. 53 is a step to test the PoP structure of FIG. 50 

according to an embodiment; 
FIG. 54 is a step to test the PoP structure of FIG. 52 

according to an embodiment; and 
FIGS. 55A and 55B are further examples of PoP structures 

according to embodiments. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

The making and using of the present embodiments are 
discussed in detail below. It should be appreciated, however, 
that the present disclosure provides many applicable inven 
tive concepts that can be embodied in a wide variety of spe 
cific contexts. The specific embodiments discussed are 
merely illustrative of specific ways to make and use the dis 
closed subject matter, and do not limit the scope of the dif 
ferent embodiments. 

Embodiments will be described with respect to a specific 
context, namely a package-on-package (PoP) structure and 
methods for forming a PoP structure. Although the example 
methods are discussed in a particular order, embodiments 
contemplate that a method may be performed in any logical 
order. 

FIG. 1 shows a first die 10 on a first carrier substrate 12. A 
back side of the first die 10 is attached to the first carrier 
substrate 12 by an adhesive 14. A front side, or active side, of 
the first die 10 has conductive features 16 which are electri 
cally coupled to active devices in the first die 10. In this 
embodiment, the conductive features 16 are conductive pil 
lars, such as copper, the like, or a combination thereof. In 
other embodiments, the conductive features 16 may be any 
structure upon which a metallization layer may be electrically 
coupled, as discussed later in more detail. The first die 10 can 
be a logic circuitry die, a memory die, or any other die. 

Generally, the first carrier substrate 12 provides temporary 
mechanical and structural Support during Subsequent pro 
cessing steps. The first carrier Substrate 12 may comprise, for 
example, glass, silicon oxide, aluminum oxide, a combina 
tion thereof, and/or the like and may be a wafer. The adhesive 
14 may be any suitable adhesive, such as ultraviolet (UV) 
glue, which loses its adhesive property when exposed to UV 
lights. It should be noted that multiple dies can be attached to 
the first carrier substrate 12. 

FIG. 2 shows a core material. Such as molding compound 
18, applied and cured over the first die 10 and the first carrier 
Substrate 12. The molding compound 18 can be an epoxy, 
polyimide, silicone rubber, the like, or a combination thereof. 
The molding compound 18 can be applied using acceptable 
techniques, such as compression molding. In FIG. 3, the 
molding compound 18 is ground and/or polished to expose 
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the conductive features 16 on the first die 10. The grinding 
and/or polishing may be performed using a chemical 
mechanical polishing (CMP) process. 

FIG. 4 illustrates a front side interlayer dielectric (ILD) and 
redistribution layer (RDL) structure. A seed layer, such as a 
copper, titanium, or the like, is deposited on the molding 
compound 18. Such as by Sputtering or another physical vapor 
deposition (PVD) process. A photo resist is deposited on the 
seed layer and patterned to expose portions of the seed layer 
by photolithography. The pattern is for a first metallization 
layer on the front side. Conductive material of the first met 
allization layer, Such as copper, aluminum, the like, or a 
combination thereof, is deposited on the exposed seed layer, 
Such as by electroless plating, electroplating, or the like. The 
photoresist is removed by an ash and/or flush process. The 
exposed seed layer removed, such as by a wet or dry etch. The 
remaining conductive material forms the first front side met 
allization layer 20, portions of which are electrically coupled 
to the conductive features 16. 
A first ILD layer 22 is deposited on the front side and over 

the first metallization layer 20. The first ILD layer 22 may be 
a polyimide, polybenzoxazole (PBO), benzocyclobutene 
(BCB), the like, or a combination thereof. The first ILD layer 
22 can be deposited by a coating process, a lamination pro 
cess, the like, or a combination thereof. Openings may be 
formed through the first ILD layer 22 to the first metallization 
layer 20 using acceptable photolithography techniques. 

Subsequent metallization layers and ILD layers, such as a 
second metallization layer 24 and a second ILD layer 26, may 
be formed using the same or similar processes as discussed 
with regard to the first metallization layer 20 and the first ILD 
layer 22. Conductive material deposited during the formation 
of a Subsequent metallization layer may be deposited in open 
ings of the previously formed ILD layer to electrically couple 
respective metallization layers. After forming the topmost 
ILD layer, the second ILD layer 26 in this embodiment, 
openings 28 and 30 are formed through the topmost front side 
ILD layer for connectors coupled between the topmost front 
side metallization layer, Such as the second metallization 
layer 24, and another package, another die, and/or another 
substrate. It should be noted that any number of metallization 
layers and ILD layers may be formed, and the use of two in 
this embodiment is used as an example. 

FIG. 5 shows the de-bonding of the backside of the inter 
mediate structure from the first carrier substrate 12 and bond 
ing the front side of the intermediate structure to a second 
carrier substrate 32. The de-bonding from the first carrier 
substrate 12 may comprise exposing the adhesive 14 to UV 
lights, such as a laser, or by exposing the adhesive 14 to a 
solvent. The front side is bonded by an adhesive 34. The 
second carrier Substrate 32 may comprise, for example, glass, 
silicon oxide, aluminum oxide, a combination thereof, and/or 
the like and may be a wafer. The adhesive 34 may be any 
suitable adhesive, such as UV glue, which loses its adhesive 
property when exposed to UV lights. 

FIG. 6 illustrates a through molding via (TMV) opening 
formation. TMV openings 36 are formed through the molding 
compound 18 to the first front side metallization layer 20 by, 
for example, a laser technique or a mechanical process like 
drilling. FIG. 7 shows the TMVs 38 being formed. A seed 
layer is deposited over the back side of the structure and into 
the TMV openings 36. The seed layer can be copper, titanium, 
the like, or a combination thereof deposited by Sputtering, 
another PVD process, or the like. A photoresist is deposited 
and patterned exposing the TMV openings 36 and any other 
pattern for a metallization layer that is desired, such as by 
acceptable photolithography techniques. A conductive mate 
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4 
rial. Such as copper, aluminum, the like, or a combination 
thereof, is deposited on the back side by electroless plating, 
electroplating, or the like. The photoresist is removed, such as 
by an ash and/or flush process. Remaining exposed seed layer 
portions are removed, such as by a wet or dry etch. TMVs 38 
remain along with any further metallization pattern. 

FIG. 8 illustrates a back side ILD and RDL structure. FIG. 
8 shows first back side ILD layer 40, a second back side 
metallization layer 42, a second ILD layer 44, and openings 
46 and 48 through the second ILD layer 44 to the second back 
side metallization layer 42. These may be formed the similar 
to or in the same manner as the ILD layers and metallization 
layers on the front side, and therefore, explicit description of 
the formation of these features is omitted for brevity. Any 
number of metallization and ILD layers may beformed on the 
back side. 

FIGS. 9 through 17 illustrate a first example method for 
processing at a package level. FIG. 9 illustrates a probing step 
to test the first die 10 and the interconnects formed by the 
metallization layers and ILD layers on the front side and the 
back side. The second back side metallization layer 42 is 
probed by pins 50 of a probe card through the openings 46 and 
48. In FIG. 10, the structure is de-bonded from the second 
carrier substrate 32, such as by exposing the adhesive 34 to 
UV lights, such as a laser, or by exposing the adhesive 34 to 
a solvent. Further, individual packages are singulated, such as 
by sawing. Known good packages, such as determined by the 
probing in FIG.9, may subsequently be used during process 
1ng. 

In FIG. 11, a second die 52, such as a memory die having a 
thickness of less than or equal to 3 mils, is attached through 
the opening 46 to conductive features in the second back side 
metallization layer 42. Such as by conductive connectors 54. 
like controlled collapse chip connection (C4) bumps. The 
second die 52 may be attached using an acceptable pick-and 
place tool and reflowing connectors 54 between the second 
die 52 and the conductive features in the second back side 
metallization layer 42. Accordingly, the connectors 54 may 
be a bump on trace (BOT). In FIG. 12, an underfill material 
56, such as liquid epoxy, deformable gel, silicon rubber, the 
like, or a combination thereof, is dispensed and cured 
between the second die 52 and the back side of the package, 
such as between the second die 52 and the second metalliza 
tion layer 42. 

FIG. 13 shows the formation of conductive connectors 58, 
such as ball grid array (BGA) balls, on the front side of the 
package in the openings 28. Bond pads may be formed in the 
openings 28 on the front side of the package, and connectors 
58 may be formed on the bond pads. The connectors 58 may 
be a lead-free solder. In FIG. 14, the connectors 58 are probed 
by pins 60 of a probe card to test the structure. Known good 
packages can be used in further processing. 

FIG. 15 shows a third die 62, such as a memory die having 
athickness of less than or equal to 3 mils, attached through the 
opening 30 to conductive features in the second front side 
metallization layer 24. The third die 62 may be attached using 
an acceptable pick-and-place tool and reflowing connectors 
64, such as C4 bumps, between the third die 62 and the 
conductive features in the second front side metallization 
layer 24. Accordingly, the connectors 64 may be a BOT. The 
third die 62 also has a thermal interface material 66 on a back 
side of the third die 62. The thermal interface material 66 may 
be coated on the back side of the third die 62 before the third 
die 62 was singulated from the wafer in which it was pro 
cessed. The thermal interface material 66 may be an epoxy, 
rubber, metal (such as silver or gold), the like, or a combina 
tion thereof. In FIG. 16, an underfill material 68, such as 

IPR2026-00066 
TSMC EX1010 Page 36



US 9,123,763 B2 
5 

liquid epoxy, deformable gel, silicon rubber, the like, or a 
combination thereof, is dispensed and cured between the third 
die 62 and the front side of the package, such as between the 
third die 62 and the second metallization layer 24. In FIG. 17. 
the connectors 58 are probed using pins 70 of a probe card to 
test the structure. Known good packages can be used in fur 
ther processing. 

FIGS. 18 through 24 illustrate a second example method 
for processing at a package level. Many of the components in 
FIGS. 18 through 24 are the same as or similar to components 
discussed with respect to FIGS. 11 through 17. A person 
having ordinary skill in the art will readily understand these 
similarities, and therefore, some explicit discussion of these 
components is omitted for brevity. 

After processing through FIG. 10, FIG. 18 shows a second 
die 80. Such as a memory die having a thickness of less than 
or equal to 3 mils, attached through the opening 30 to con 
ductive features in the second front side metallization layer 24 
by conductive connectors 82, such as C4 bumps. In FIG. 19. 
an underfill material 84 is dispensed and cured between the 
second die 80 and the front side of the package, such as 
between the second die 80 and the second metallization layer 
24. 

FIG. 20 shows the formation of conductive connectors 86, 
such as BGA balls, on the back side of the package. Bond 
pads may beformed in the openings 48 on the back side of the 
package, and connectors 86 may be formed on the bond pads. 
In FIG. 21, the connectors 86 are probed by pins 88 of a probe 
card to test the structure. Known good packages can be used 
in further processing. 

FIG.22 shows a third die 90, such as a memory die having 
a thickness of less than or equal to 3 mils, with a thermal 
interface material 94 on a back side, and the third die 90 is 
attached through the opening 46 to conductive features in the 
second back side metallization layer 42 by conductive con 
nectors 92, such as C4 bumps. In FIG. 23, an underfill mate 
rial 96 is dispensed and cured between the third die 90 and the 
back side of the package, such as between the third die 90 and 
the second metallization layer 42. In FIG. 24, the connectors 
86 are probed by pins 98 of a probe card to test the structure. 
Known good packages can be used in further processing. 

FIGS. 25 through 33 illustrate an example method for 
processing at a wafer level. As with the previous examples, 
many of the components in FIGS. 25 through 33 are the same 
as or similar to components discussed with respect to previ 
ous figures. A person having ordinary skill in the art will 
readily understand these similarities, and therefore, some 
explicit discussion of these components is omitted for brevity. 

After processing through FIG. 8, the conductive connec 
tors 110, such as BGA balls, are formed in openings 48 on the 
back side of the package, as shown in FIG. 25. Bond pads may 
beformed in the openings 48 on the back side of the package, 
and connectors 110 may be formed on the bond pads. The 
connectors may be a lead-free solder. In FIG. 26, the connec 
tors 110 are probed by pins 112 of a probe card to test the 
structure. Known good packages can be used in further pro 
cessing. 

In FIG. 27, a second die 114, such as a memory die having 
a thickness of less than or equal to 3 mils, with a thermal 
interface material 118 on a back side is attached through the 
opening 46 to conductive features in the second back side 
metallization layer 42 by conductive connectors 116, such as 
C4 bumps. In FIG. 28, an underfill material 120 is dispensed 
and cured between the second die 114 and the back side of the 
package. Such as between the second die 114 and the second 
metallization layer 42. In FIG. 29, the connectors 110 are 
probed by pins 122 of a probe card to test the structure. 
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Known good packages can be used in further processing. In 
FIG. 30, the structure is de-bonded from the second carrier 
Substrate 32, and individual packages are singulated. 
FIG.31 shows a third die 124, such as a memory die having 

athickness of less than or equal to 3 mils, attached through the 
opening 30 to conductive features in the second front side 
metallization layer 24 by conductive connectors 126, Such as 
C4 bumps. In FIG. 32, an underfill material 128 is dispensed 
and cured between the third die 124 and the front side of the 
package. Such as between the third die 124 and the second 
front side metallization layer 24. In FIG. 33, the connectors 
110 are probed by pins 130 of a probe card to test the struc 
ture. Known good packages can be used in further processing. 

FIGS. 34 through 48 illustrate a method of forming an 
interposer and a die attached to the interposer. Referring to 
FIG. 34, a substrate 140 of an interposer is shown with 
through substrate via (TSV) recesses 142 formed through a 
front side of the substrate 140. The substrate 140 generally 
comprises a material similar to the Substrate used to form a die 
that will be attached to the interposer, such as silicon. While 
the substrate 140 may be formed of other materials, it is 
believed that using silicon Substrates for the interposer may 
reduce stress because the coefficient of thermal expansion 
(CTE) mismatch between the silicon substrates and the sili 
con typically used for the dies is lower than with substrates 
formed of different materials. The TSV recesses 142 are 
formed by, for example, etching, milling, laser techniques, a 
combination thereof, and/or the like. 

FIG.35 shows the formation of an isolation layer 144 over 
the front surface of the substrate 140 and in the recesses 142. 
The isolation layer 144 can be, for example, silicon oxide, 
silicon nitride, the like, or a combination thereof. The isola 
tion layer 144 can be formed by, for example, a chemical 
vapor deposition (CVD) process, a thermal oxidation pro 
cess, an atomic layer deposition process (ALD), the like, or a 
combination thereof. 

FIG. 36 shows the deposition of a conductive material 146. 
A seed layer is deposited over the front surface of the sub 
strate 140 and in the recesses 142. The seed layer can be 
copper, titanium, the like, or a combination thereof, and can 
be deposited by sputtering, another PVD process, the like, or 
a combination thereof. The conductive material 146, such as 
copper, aluminum, tungsten, silver, gold, the like or a com 
bination thereof, is deposited over the seed layer using, for 
example, electroplating, electroless plating, the like, or a 
combination thereof. 

In FIG. 37, excess conductive material 146 and isolation 
layer 144 is removed from the front side of the substrate 140 
by, for example, (CMP). Thus, the TSVs 148 comprise a 
conductive material and an isolation layer between the con 
ductive material and the substrate 140. 

Front side processing continues in FIG.38 with the forma 
tion of a front side RDL. The RDL may comprise any number 
or combination of metallization layers, ILD layers, vias, and 
passivation layers. The RDL depicted in FIG. 38 comprises 
one front side metallization layer 152 and two ILD layers 150 
and 154. A first ILD layer 150 is deposited on the front side of 
the substrate 140. The first ILD layer 150 may be a polyimide, 
PBO, BCB, silicon oxide, the like, or a combination thereof. 
The first ILD layer 150 can be deposited by a coating process, 
a lamination process, a CVD process, the like, or a combina 
tion thereof. Openings may be formed through the first ILD 
layer 150 to the TSVs 148 using acceptable photolithography 
techniques and/or etching. A seed layer. Such as a copper, 
titanium, or the like, is deposited on the first ILD layer 150 
and in the openings to the TSVs 148, such as by sputtering or 
another physical vapor deposition (PVD) process. A photo 

IPR2026-00066 
TSMC EX1010 Page 37



US 9,123,763 B2 
7 

resist is deposited on the seed layer and patterned to expose 
portions of the seed layer by photolithography. The pattern is 
of a first metallization layer on the front side. Conductive 
material of the first metallization layer 152, such as copper, 
aluminum, nickel, copper aluminum, tungsten, titanium, the 
like, or a combination thereof, is deposited on the exposed 
seed layer. Such as by electroless plating, electroplating, or 
the like. The photoresist is removed by an ash and/or flush 
process. The exposed seed layer removed, such as by a wet or 
dry etch. The remaining conductive material forms the first 
front side metallization layer 152, portions of which are elec 
trically coupled to the TSVs 148. A second ILD layer 154 is 
deposited on the first ILD layer 150 and over the first metal 
lization layer 152. The second ILD layer 154 may be a poly 
imide, PBO, BCB, silicon oxide, the like, or a combination 
thereof. The second ILD layer 154 can be deposited by a 
coating process, a lamination process, a CVD process, the 
like, or a combination thereof. Openings 156 may be formed 
through the second ILD layer 154 to the first metallization 
layer 152 using acceptable photolithography techniques and/ 
or etching techniques. 

In FIG. 39, the front side of the structure in FIG.38 is then 
attached to a carrier substrate 158 by an adhesive 160. The 
carrier Substrate 158 may comprise, for example, glass, sili 
con oxide, aluminum oxide, a combination thereof, and/or the 
like. The adhesive 160 may be any suitable adhesive, such as 
UV glue. 

Back side processing begins as shown in FIG. 40. In FIG. 
40, the back side of the substrate 140 is ground and/or pol 
ished, such as by CMP, and/or etched to expose the TSVs 148 
on the back side of the substrate 140 by thinning the substrate 
140. In FIG. 41, a first ILD layer 162, a metallization layer 
164, and a second ILD layer 166 are formed the same as or 
similar to corresponding components discussed with respect 
to the front side of the substrate 140 in FIG. 38. Any number 
of ILD layer and metallization layers may be formed. Open 
ings 168 and 170 are formed through the second ILD layer 
166 using acceptable photolithography techniques and/or 
etching techniques. 

In FIG. 42, the metallization layer 164 on the back side is 
probed by pins 172 of a probe card through the openings 168 
and 170 for testing. Known good interposers can be used for 
further processing. 

In FIG. 43, a die 174, such as a logic circuitry die, is 
attached through the opening 170 by the conductive connec 
tors 176, such as C4 bumps. The die 174 may be known good 
dies attached using a pick-and-place tool, and the conductive 
connectors 176 may be reflowed. The connectors 176 are 
attached to conductive features in the back side metallization 
layer 164, and thus, the die 174 uses BOT technology. In FIG. 
44, an underfill material 178 is dispensed and cured between 
the die 174 and the interposer, for example, the back side 
metallization layer 164. The underfill material 178 may be a 
liquid epoxy, deformable gel, silicon rubber, a combination 
thereof, and/or the like dispensed using acceptable dispens 
ing equipment. In FIG. 45, the back side metallization layer 
164 is probed through openings 168 by pins 180 of a probe 
card for testing. Known good dies and interposers can be used 
for further processing. 

FIG. 46 shows the de-bonding of the front side of the 
interposer from the carrier substrate 158 and singluation of 
individual interposers. The de-bonding from the carrier sub 
strate 158 may comprise exposing the adhesive 160 to UV 
lights, such as a laser, or by exposing the adhesive 160 to a 
solvent. FIG. 47 illustrates the formation of conductive con 
nectors 182, such as BGA balls, on the front side of the 
interposer. Bond pads may be formed in the openings 156 on 
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8 
the front side of the interposer, and connectors 182 may be 
formed on the bond pads. The connectors may be a lead-free 
solder. In FIG. 48, the connectors 182 are probed by pins 184 
of a probe card to test the structure. Known good interposers 
and dies can be used in further processing. 

In FIGS. 49A and 49B, packages are stacked to form the 
PoP structure. In FIG. 49A, a package 202 comprising a first 
die encased in molding compound, a second die on a back 
side of the package, and a third die on a front side of the 
package is stacked on an interposer package 204 comprising 
a die on a top Surface of an interposer. The package 202 can be 
the package formed in FIG. 17, and the interposer package 
204 can be the package formed in FIG. 48. In FIG. 49B, a 
package 206 comprising a first die encased in molding com 
pound, a second die on a front side of the package, and a third 
die on a back side of the package is stacked on an interposer 
package 204 comprising a die on a top Surface of an inter 
poser. The package 202 can be the package formed in FIGS. 
24 and 33, and the interposer package 204 can be the package 
formed in FIG. 48. In FIGS. 49A and 49B, the package 202 
and 206, respectively, is attached to the interposer package 
204 with conductive connectors, such as BGA balls, coupling 
a metallization layer on a back side of the interposer. The 
conductive connectors are then reflowed to more permanently 
attach the packages. 

In FIG.50, the PoP structure of FIG.49A, for example, has 
conductive connectors 208, such as BGA balls, formed 
coupled to a metallization layer on a front side of the inter 
poser of the interposer package 204. The connectors 208 may 
beformed before the packages 202 and 204 are stacked, such 
as described in FIG. 13, or after the packages 202 and 204 are 
stacked, as shown in FIG. 50. Further, the PoP structure of 
49B can similarly have conductive connectors formed, 
although not explicitly depicted. 

FIG. 51 shows that multiple packages 202 (or packages 
206) can be stacked in the PoP structure. In FIG. 52, connec 
tors 210, such as BGA balls, formed coupled to a metalliza 
tion layer on a front side of the interposer of the interposer 
package 204, similar to FIG. 50. 

In FIGS. 53 and 54, the PoP structures of FIGS. 50 and 52 
have connectors 208 and 210 probed by pins 212 and 214 of 
a probe card for testing the PoP structures, respectively. 

Embodiments may achieve a more efficient use of space by 
placing a die within a Substrate of a package. By placing the 
die within the Substrate of a package, another Substrate may 
not be required to have the die on a surface. 
An embodiment is a package-on-package (PoP) structure. 

The structure comprises a first package and a second package. 
The first package comprises a first die, a second die, and a first 
core material. The first core material has a first Surface and a 
second surface opposite the first surface. A first redistribution 
layer (RDL) is on the first surface of the first core material, 
and a second RDL is on the second surface of the first core 
material. The first die is disposed in the first core material 
between the first surface of the first core material and the 
second surface of the first core material. The second die is 
coupled to one of the first RDL and the second RDL. The 
second package comprises a third die and an interposer. The 
interposer has a first side and a second side opposite the first 
side. The third die is coupled to the second side of the inter 
poser. The first package is coupled to the second package by 
first electrical connectors coupled to the second side of the 
interposer and the first RDL. 

Another embodiment is a PoP structure. The structure 
comprises an interposer, a first die, a first Substrate compris 
ing a second die, and a third die. The interposer has a first side 
and a second side opposite the first side. The first die is on the 
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second side of the interposer. The first substrate is on and 
coupled to the second side of the interposer by first electrical 
connectors. The first Substrate comprises a first core material, 
a first RDL, the second die, and a second RDL. The first core 
material has a first Surface and a second Surface. The first 
RDL is on the first surface of the first core material, and the 
first RDL is coupled to the first electrical connectors. The 
second die is disposed in the first core material between the 
first surface of the first core material and the second surface of 
the first core material. The second RDL is on the second 
surface of the first core material. The third die is on the first 
substrate. 
A further embodiment is a method for forming a PoP 

structure. The method comprises applying a first molding 
compound on a first die, first electrical connectors electrically 
coupled to the first die being exposed through a first surface of 
the first molding compound; forming a first redistribution 
layer (RDL) on the first surface of the first molding com 
pound, the first RDL on the first molding compound being 
electrically coupled to the first electrical connectors; forming 
a second RDL on a second Surface of the first molding com 
pound; attaching a second die to one of the first RDL on the 
first molding compound and the second RDL on the first 
molding compound; and attaching second electrical connec 
tors to one of the first RDL on the first molding compound and 
the second RDL on the first molding compound and to a first 
side of an interposer, the interposer having a third die on the 
first side of the interposer 

Although the present embodiments and their advantages 
have been described in detail, it should be understood that 
various changes, Substitutions and alterations can be made 
herein without departing from the spirit and scope of the 
disclosure as defined by the appended claims. For example, 
some of the steps and components of PoP structures depicted 
herein may be omitted. FIGS. 55A and 55B show examples. 
The modified packages 202' and 206' comprise one less die 
that the packages 202 and 206 in FIGS. 49A and 49B, respec 
tively. A person having ordinary skill in the art will readily 
understand how to achieve this PoP structure based on this 
disclosure, and thus, further explicit description is omitted for 
brevity. 

Moreover, 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, methods and steps described in the specification. As 
one of ordinary skill in the art will readily appreciate from the 
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. 
What is claimed is: 
1. A package-on-package (PoP) structure comprising: 
an interposer having a semiconductor Substrate with a first 

side and a second side opposite the first side, through 
Substrate Vias through the semiconductor Substrate elec 
trically coupling a first metallization pattern on the first 
side of the semiconductor Substrate to a second metalli 
Zation pattern on a second side of the semiconductor 
Substrate; 

a first die on the second side of the interposer and coupled 
to the second metallization pattern with first electrical 
connectors comprising reflowable material; 
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10 
a first substrate on and coupled to the second side of the 

interposer by second electrical connectors, the first Sub 
strate comprising: 
a first core material consisting of a single material mold 

ing compound and having a first Surface and a second 
Surface; 

a first redistribution layer (RDL) on the first surface of 
the first core material, the first RDL being coupled to 
the second electrical connectors; 

a second die disposed in the first core material between 
the first surface of the first core material and the sec 
ond surface of the first core material, conductive pil 
lars directly coupled to the second die and having 
surfaces that are co-planar with at least one of the first 
surface of the first core material and the second sur 
face of the first core material, the molding compound 
adjoining a Surface of the second die perpendicular to 
at least one of the first surface of the core material and 
the second Surface of the core material; and 

a second RDL on the second surface of the first core 
material; 

a third die coupled to the second RDL of the first substrate 
with third electrical connectors comprising reflowable 
material; and 

a fourth die coupled to the first RDL of the first substrate 
with fourth electrical connectors comprising reflowable 
material. 

2. The PoP structure of claim 1, wherein the first substrate 
comprises through core Vias in the first core material extend 
ing from the first surface of the first core material to the 
second surface of the first core material, the through core vias 
electrically coupling the first RDL and the second RDL. 

3. The PoP structure of claim 1, wherein athermal interface 
material is between the fourth die and the first die. 

4. The PoP structure of claim 1 further comprising: 
a second Substrate on the first Substrate, the second Sub 

strate being coupled to the second RDL by fifth electri 
cal connectors, the second Substrate comprising: 
a second core material having a first Surface and a second 

Surface; 
a first RDL on the first surface of the second core mate 

rial, the first RDL being coupled to the fifth electrical 
connectors; 

a fifth die disposed in the second core material between 
the first surface of the second core material and the 
second Surface of the second core material; and 

a second RDL on the second surface of the second core 
material; and 

a sixth die on the second Substrate. 
5. A package-on-package (PoP) structure comprising: 
a first package comprising a first Substrate, a first die, and a 

second die, the first die being mechanically and electri 
cally attached to the first substrate by first connectors, 
the first connectors comprising a solder material, the 
second die being mechanically and electrically attached 
to the first Substrate by second connectors, the second 
connectors comprising a solder material, the first Sub 
strate comprising: 
a first molding compound core consisting of a single 

material molding compound and having a first Surface 
and a second Surface, 

a third die in the first molding compound core between 
the first surface and the second surface, the third die 
having lateral Surfaces adjoining the first molding 
compound core, conductive pillars directly coupled to 
the third die and having Surfaces that are co-planar 
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with at least one of the first surface of the first molding 
compound core and the second surface of the first 
molding compound core, 

a first redistribution layer (RDL) on the first surface of 
the first molding compound core, the first connectors 
being mechanically and electrically attached to the 
first RDL, and 

a second RDL on the second surface of the first molding 
compound core, through core vias in the first molding 
compound core electrically coupling the first RDL 
and the second RDL, the second connectors being 
mechanically and electrically attached to the second 
RDL; and 

a second package mechanically and electrically attached to 
the first RDL, the second package comprising: 
an interposer having a silicon substrate with a first side 

and a second side opposite the first side, a first metal 
lization pattern on the first side of the silicon substrate 
being mechanically and electrically attached to the 
first RDL by third connectors, and 

a fourth die mechanically and electrically attached to the 
first metallization pattern by fourth connectors. 

6. The PoP structure of claim 5, wherein an active side of 
the second die faces the second RDL. 

7. The PoP structure of claim 5, wherein an active side of 
the second die faces the first RDL. 

8. The PoP structure of claim 5 further comprising: 
a third package mechanically and electrically attached to 

the second RDL, the third package comprising a second 
Substrate comprising: 
a second molding compound core having a third surface 

and a fourth surface, 
a fifth die in the second molding compound core 

between the third surface and the fourth surface, the 
fourth diehaving lateral Surfaces adjoining the second 
molding compound core. 

a third RDL on the third surface of the second molding 
compound core, and 

a fourth RDL on the fourth surface of the second mold 
ing compound core. 

9. A package-on-package (PoP) structure comprising: 
a first package comprising a first die, a second die, a third 

die, and a first core material, the first core material con 
sisting of a single material molding compound and hav 
ing a first surface and a second surface opposite the first 
surface, a first redistribution layer (RDL) of the first 
package being on the first surface of the first core mate 
rial, and a second RDL of the first package being on the 
second surface of the first core material, the first die 
being disposed in the first core material between the first 
Surface of the first core material and the second surface 
of the first core material, conductive pillars directly 
coupled to the first die and having surfaces that are 
co-planar with at least one of the first surface of the first 
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core material and the second surface of the first core 
material, the molding compound adjoining at least one 
lateral surface of the first die, the at least one lateral 
Surface of the first die extending in a direction perpen 
dicular to at least one of the first surface of the first core 
material and the second surface of the first core material, 
the second die being coupled to the first RDL of the first 
package by first conductive connector bumps, the third 
die being coupled to the second RDL of the first package 
by second conductive connector bumps; and 

a second package comprising a fourth die and an inter 
poser, the interposer having a semiconductor substrate 
with a first side and a second side opposite the first side, 
a first metallization pattern being on the first side of the 
semiconductor substrate, a second metallization pattern 
being on the second side of the semiconductor substrate. 
through Vias being through the semiconductor substrate 
to electrically couple the first metallization pattern to the 
second metallization pattern, the fourth die being 
coupled to the second metallization pattern of the inter 
poser, the first package being coupled to the second 
package by first electrical connectors coupled to the 
second metallization pattern of the interposer and the 
first RDL of the first package. 

10. The PoP structure of claim 9, wherein a thermal inter 
face material disposed between the fourth die and the second 
die. 

11. The PoP structure of claim 9 further comprising a third 
package comprising a fifth die, a sixth die, and a second core 
material, the second core material having a first surface and a 
second surface opposite the first surface, a first RDL of the 
third package being on the first surface of the second core 
material, and a second RDL of the third package being on the 
second surface of the second core material, the fifth die being 
disposed in the second core material between the first surface 
of the second core material and the second surface of the 
second core material, the sixth die being coupled to one of the 
first RDL of the third package and the second RDL of the third 
package, the third package being coupled to the first package 
by second electrical connectors coupled to the first RDL of 
the third package and the second RDL of the first package. 

12. The Pop structure of claim 9, wherein an active surface 
of the first die faces the second surface of the first core 
material, the conductive pillars being electrically coupled to 
the active surface, the surfaces of the conductive pillars being 
co-planar with the second surface of the first core material and 
being electrically coupled to the second RDL. 

13. The PoP structure of claim 9, wherein an active surface 
of the first die faces the first surface of the first core material, 
the conductive pillars being electrically coupled to the active 
Surface, the surfaces of the conductive pillars being co-planar 
with the first surface of the first core material and being 
electrically coupled to the first RDL. 
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