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157) ABSTRACT

A device comprises a substrate having a die mounted on the
first side of the substrate and a moldable underfill 1MUF)
disposed on the first side of the substrate and around the die.
An interposer is mounted on the first side of the substrate,
with the interposer having lands disposed on a first side of the
interposer. The interposer mounted to the substrate by con-
nectors bonded to a second side of the interposer, the connec-
tors providing electrical connectivity between the interposer
and the substrate. A package is mounted on the first side ofthe
interposer and is electrically connected to the lands. At least
one of the lands is aligned directly over the die and wherein a
pitch of the connectors is different than a pitch of the lands.
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PACKAGE-ON-PACKAGE STRUCTURE WITH
ORGANIC INTERPOSER

BACKGROUND

[0001] Semiconductor devices are used in a variety of elec-
tronic applications, such as, for example, personal computers,
cell phones, digital cameras, and other electronic equipment.
Semiconductor devices are typically fabricated by sequen-
tially depositing insulating or dielectric layers, conductive
layers, and semiconductor layers ofmaterial over a semicon-
ductor substrate, and patterning the various material layers
using lithography to form circuit components and elements
thereon.
[0002] The semiconductor industry continues to improve
the integration density of various electronic components
(e.g. , transistors, diodes, resistors, capacitors, etc.) by con-
tinual reductions in minimum feature size, which allow more
components to be integrated into a given area. In some
devices, multiple dies or packages with active devices or
circuits are stacked vertically to reduce the footprint of a
device package and permit dies with different processing
technologies to be interconnected.
[0003] Interconnections for this vertical stacking are cre-
ated on the top and bottom surfaces of a substrate by forming
redistribution layers (RDLs) with conductive lines in insulat-

ing layers. The RDLs, and the dies external to a particular
package, are electrically connected to dies in a package, or
dies on opposing sides of the package by vias extending
through the substrate. The external packages are electrically
connected to the RDL by conductive connectors disposed on
lands exposed at the surface of the RDLs. Vias disposed in a
substrate connect RDLs on opposite sides of a package.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Aspects of the present disclosure are best under-
stood 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 discus-
sion.
[0005] FIGS. 1 through 7 are cross-sectional views illus-
trating intermediate steps of a process for forming package-
on-package structures in accordance with some embodi-
ments;
[0006] FIGS. S through 10 are cross-sectional views illus-

trating intermediate steps of a process for forming package-
on-package structures in accordance with some embodi-
ments;
[0007] FIGS. 11A through 11D are cross-sectional
enlarged views illustrating various embodiments of an inter-
poser over a die in a package-on-package structure;

[000S] FIGS. 12A through 12B are cross-sectional
enlarged view illustrating various embodiments ofpillar con-
nectors arrangements; and

[0009] FIG. 13 is a flow diagram illustrating a method for
forming a package-on package structure according to some
embodiments.

DETAILED DESCRIPTION

[0010] The following disclosure provides many different
embodiments, or examples, for implementing different fea-
tures of the provided subject matter. Specific examples of

components and arrangements are described below to sim-

plify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. For example,
the formation of a first feature over or on a second feature in
the description that follows may include embodiments in
which the first and second features are formed in direct con-
tact, and may also include embodiments in which additional
features may be formed between the first and second features,
such that the first and second features may not be in direct
contact. In addition, the present disclosure may repeat refer-
ence numerals and/or letters in the various examples. This
repetition is for the purpose of simplicity and clarity and does
not in itself dictate a relationship between the various
embodiments and/or configurations discussed.

[0011] 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.

[0012] 3D integrated circuits are formed by stacking mul-

tiple chips. Electrical connectivity for signals and power con-
nections from external devices are provided to various levels
of the package by vertical interconnections. Described herein
is a structure having reduced interconnection pitch between
levels. It has been discovered that conductive pillars between
a lower substrate and an interposer permit the pillars between
the lower substrate and the interposer to be closer together
than other types of interconnections. The interposer provides
a surface for mounting additional packages having a different
pitch than the pillars. Furthermore, the interposer permits
connections to be aligned directly over lower dies to increase
the number of connections for overlying packages.

[0013] FIG. 1 is a cross-sectional view illustrating a sub-
strate 110according to some embodiments. The substrate 110
has a first redistribution layer (RDL) 102 and a second RDL
104 disposed on opposite sides of a substrate layer 10S.The
substrate layer 10S has one or more vias 120 extending from
the top surface of the substrate layer 10S to the bottom surface
of the substrate layer 10S.The vias 120 connect conductive
features 112 in the top RDL 102 to conductive features 112 in
the bottom RDL 104.The bottom RDL 104 and top RDL 102
each have one or more insulating layers with the conductive
features 112 disposed therein. The top RDL 102 has one or
more lands 106 disposed on the top surfaces. Die lands 11S
are disposed on the top surface of the top RDL 102. In some
embodiments, the die lands 11Sare disposed between lands,
and in some embodiments, the die lands 11Shave a different
pitch than the lands 106.As discussed in greater detail below,
a die is mounted to the die lands, while pillars are formed on
the lands 106. The bottom RDL 104 also has lands 114
disposed on a bottom surface. In some embodiments, a pro-
tective layer 116is disposed over the lands 114on the bottom
surface of the bottom RDL 104 and has openings exposing
surfaces of the lands 114.
[0014] In an embodiment, substrate 110is formed by form-

ing the bottom RDL 104 first, with the substrate layer 10S
formed over the bottom RDL 104 and the top RDL 102
subsequently formed over the substrate layer 10S.The RDLs
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102 and 104 are formed by metal layer deposition and pat-
terning by, for example, deposition of a seed layer, masking
and deposition of metal over the patterned mask. The mask
and exposed portions of the seed layer are removed, and a
dielectric layer such as PBO, polyimide, or the like is formed
around the patterned metal elements. The process is repeated
to form additional layers, with the metal features in each layer
aligning with metal elements in adjacent metal features to
form conductive elements 112.
[0015] The substrate layer 10S is formed over the bottom
RDL 104 and is an electrically insulating layer such as an
oxide, a nitride, a molding compound, polybenzoxazole
(PBO), epoxy, polyimide, polymer or the like with conductive
vias 120 in the insulating layer. In some embodiments, the
substrate layer 10S is formed by forming the vias 120 first and
then forming an insulating material around the vias. For
example, the vias 120 are formed by plating a metal layer in
openings in a patterned mask, by placing preformed vias on a
carrier, or the like, with the substrate layer 10S formed around
the vias. In other embodiments, the substrate layer 10S is
formed prior to the vias 120 by molding, deposition such as
chemical vapor deposition (CVD), plasma enhanced CVD
(PECVD), thermal oxidation, or the like, with the vias 120
formed after the substrate layer 10S is formed. In such an
embodiment, the substrate layer 10S is formed with openings
for the vias 120 in place, such as with a molding chase, or the
substrate layer 10S is formed and via openings are formed
after forming the substrate layer 10S using a process such as
laser drilling, etching or the like. The vias 120 are formed by
plating or otherwise depositing metal in the via openings
formed in the substrate layer 10S.
[0016] In other embodiments, the substrate layer 10S is
formed first, with the top RDL 102 and bottom RDL 104
formed on respective surfaces of the substrate layer 10S. In
such an embodiment, the substrate layer 10S is formed on a
carrier or other support surface with bottom RDL layers (such
as metal traces or copper foil) on opposite sides of the sub-
strate layer 10S.Alternatively, in an embodiment in which the
substrate layer 10S is formed of an organic material, such as
polymer impregnated glass-fiber laminate with bottom RDL
layers (such as metal traces or copper foil) on its opposite
surfaces, the substrate layer 10Sitself can be used as a support
in subsequent processing steps. Either the top RDL 102 or
bottom RDL 104 is formed starting with the bottom RDL
layer on the substrate layer 10S.The RDL is built up layer by
layer as described above. Substrate layer 10S is inverted, and
the RDL on the opposing side is formed from the bottom layer
up according to the process described above.

[0017] FIG. 2 is a cross-sectional view illustrating forma-
tion of pillars 202 on the substrate 110 according to some
embodiments. In some embodiments, the pillars 202 are
formed by initially depositing a seed layer over the lands 106.
The seed layer is formed from copper (Cu), titanium (Ti),
aluminum (Al), an alloy of the same, or another conductive
material. The seed layer is formed by, for example, electroles s

copper deposition, atomic layer deposition, physical vapor
deposition (PVD) by sputtering Ti, Cu, or another deposition
process. A mask layer is formed over the seed layer from a
material such as a photoresist or the like. The mask layer is
patterned to form openings exposing the lands 106 by, for
example, exposing and developing a photoresist mask layer.
A metal layer is formed over the patterned mask layer by, for
example physical vapor deposition, electroless plating, seed
layer deposition by ALD and electroplating, or by another

metal formation process. In some embodiments, the depos-
ited metal layer is planarized by, for example, a chemical-
mechanical polish (CMP), grinding, etching, or the like. The
planarization step removes excess deposited metal from over
the patterned mask layer, leaving pillars 202. The mask layer
is then removed by, for example, chemical stripping or ashing
with a plasma oxygen treatment. The seed layer outside ofthe
pillars 202 subsequently removed by etching or the like. In
some embodiments, a tin (Sn) plating layer is applied over the
pillars 202, with the tin reflowed after etching or otherwise
removing the excess seed layer material.

[001S] In some embodiments, the pillars 202 are formed
with a pitch between adjacent pillars that is between about
200 pm and about 400 pm. It has been discovered that pillars
202 with the aforementioned pitch provide a spacing between
pillars 202 that reduces or prevents bridging between adjacent
pillars. In particular, the pitch range described above results in
spacing such that a solder connecting member connecting the
pillars 202 on the substrate 110 to pillars on a subsequently
mounted interposer (see, FIG. 4, elements 402, 414, 416).
Additionally, in some embodiments, the pillars 202 are
formed with a round cross-sectional shape with a diameter
between about 120 pm and about 240 pm and a height that is
about equal to, or less than, the diameter of the pillars 202. It
has been discovered that such a height and ratio of width-to-
height permits formation of the pillars 202 by plating and
prevents voids in the pillars 202.Additionally, such a range of
widths for the pillars 202 provides a width and spacing at the
described pitch to prevent bridging of connecting members
that are subsequently formed on the pillars.

[0019] A solder resist layer 204 is formed around the pillars
202, with the pillars 202 exposed through the top surface of
the solder resist layer 204. In some embodiments, the solder
resist layer 204 is an epoxy based polymer, PBO, oxide,
nitride, or another material. In some embodiments, the solder
resist layer 204 is formed after the pillars 202 are formed. In
such an embodiment, the solder resist layer 204 is formed
around the pillars 202. In other embodiments, the solder resist
layer 204 is formed prior to forming pillars 202. In such an
embodiment, the solder resist layer 204 is formed with open-
ings over the lands 106 for the pillars 202 using a process such
as molding, deposition and etching or laser drilling, or
another process, and the pillars 202 are formed in the open-
ings over the lands 106. The solder resist layer 204 has an
additional opening exposing the die lands 11S, permitting a
die to be mounted in the die lands 11Sin subsequent process-
ing steps.

[0020] FIG. 3 is a cross-sectional view illustrating mount-

ing a die 302 on the substrate 110according to some embodi-
ments. In some embodiments, the die 302 has one or more
active or passive devices such as transistors, inductors,
capacitors, resistors or the like disposed therein. The die 302
is attached to the die lands 11S by, for example, a flip-chip
bonding technique. In some embodiments, connectors 304
are disposed between contact pads on the die 302 and the die
lands 11S.The connectors 304 bond the die 302 to the die
lands 11Swhile providing electrical connections between the
die 302 and the die lands 11S. In some embodiments, the
connectors 304 are solder balls, controlled collapse chip con-
nections (C4), a land grid array, microbumps, pillars, studs, or
the like.

[0021] FIG. 4 is a cross-sectional view illustrating mount-

ing an interposer 402 on the substrate 110according to some
embodiments. In an interposer first process, an interposer 402
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is initially provided and mounted over the substrate 110 by
attaching pillars 416 on the interposer 402 to the pillars 202
on the substrate 110. The interposer 402 has an interposer
substrate 40S with a top RDL 404 and bottom RDL 406
disposed on the top and bottom surfaces of the interposer
substrate 40S. Vias 410 in the interposer substrate 40S con-
nect the bottom RDL 406 to the top RDL 404.
[0022] The interposer substrate 40S is formed, in some
embodiments, from an organic material such as an epoxy
impregnated glass-fiber laminate, polymer impregnated
glass-fiber laminate, preimpregnated composite fiber, Ajino-
moto build-up film (ABF), molding compound, epoxy, PBO,
polyimide or another organic material. It has been discovered
that an interposer with an organic interposer substrate 40S
provides a structure with a coefficient of thermal expansion
(CTE) that more closely matches the CTE of a substrate 110
than an inorganic interposer substrate 40S. It should be under-
stood that the matching of the CTEs for the interposer 402
will depend on the materials used for the substrate 110.How-
ever, the interposer substrate 40S is not limited to such mate-
rial, as in other embodiments, the interposer substrate 40S is
formed from an oxide, oxynitride, nitride, or another insulat-
ing material. The interposer substrate 40S and vias 410 are
formed, in some embodiments as described above with
respect to the substrate layer 10S and vias 120.
[0023] In some embodiments, the interposer substrate 40S
is formed first, with the top RDL 404 and bottom RDL 406
subsequently formed, respectively, on the top surface and
bottom surface of the interposer substrate 40S. In other
embodiments, the interposer 402 is formed by forming the top
RDL 404 or bottom RDL 406 on a carrier or the like, with the
interposer substrate 40S formed on the first formed RDL
404/406 and the remaining RDL 404/406 formed over the
interposer substrate 40S.
[0024] The RDLs 404 and 406 are formed as described
above with respect to RDLs 102 and 104.While the top RDL
404 and bottom RDL 406 of the interposer 402 are illustrated
as each having a single layer ofconductive features, the RDLs
404 and 406 are not limited to such structures, as the RDLs
404 and 406, in some embodiments, have multiple conductive
features and dielectric layers. The conductive features in the
bottom RDL 406 comprise lands 41S that are exposed at the
bottom side of the interposer 402 by openings in an overlying
protection layer 422. The protection layer 420 on the top RDL
404 has openings exposing lands 412 for subsequent mount-

ing ofan external device such as a die, package, board, device
or the like.

[0025] It has been discovered that the interposer 402 having
lands 412 on the top surface that are disposed over the die 302
permits connectors for subsequently formed devices to have a
pitch that is different than the pitch of the pillars 416. In
particular, a larger pitch for the lands 412 permits greater
spacing of the connectors on the lands 412, preventing solder
bridging between adjacent connectors, and permitting larger
connectors. Additionally, the lands 412 being disposed over
the die 302 allows for a greater number of lands 412 and
associated connectors than the number ofpillars 416. In some
embodiments, the lands 412 have exposed regions with a
diameter between about 200 pm and about 400 pm and a pitch
between about 350 pm and about 650 pm.

[0026] Pillars 416 are disposed on the lands 41S and extend
through the openings in the protection layer 422. In some
embodiments, the pillars 416 are formed as described above
with respect the pillars 202, with the pillars 416 formed over

the protection layer 422 instead of over the solder resist 204.
In some embodiments, the pillars 416 on the interposer 402
are formed to have about the same size and pitch as the pillars
202 on the substrate 110,and with a complementary arrange-
ment so that pillars 416 align with pillars 202 when the
interposer 402 is mounted on the substrate 110.
[0027] The interposer 402 is mounted to the substrate 110
by aligning the pillars 416 over the pillars 202 and bonding
the aligned pairs ofpillars 202 and 416 to each other. In some
embodiments, a connecting member 414, such as a solder
cap, tin layer, or other conductive material is used to joining
the aligned ends of the pillars 202 and 416. The connecting
member is, for example, formed on one set of pillars 202 or
416 prior to the pillars 202 and 416 being connected. The
pillars 202 and 416 are then brought together, and the con-
necting member 414 is subjected to heat and/or pressure to
reflow the material of the connecting member 414 or other-
wise bond the aligned pairs of pillars 202 and 416.
[002S] FIG. 5 is a cross-sectional view illustrating applica-
tion of a moldable underfill (MUF) 502 according to some
embodiments. In the interposer first process, the interposer
402 is mounted to the substrate 110 and the MUF 502 is
formed between the joined interposer 402 and substrate 110.
In some embodiments, the MUF 502 is a molding compound,
epoxy, PBO, polyimide or another moldable insulating mate-
rial. The MUF 502 is injected between the interposer 402 and
the substrate 110and retained in place by way ofa mold or the
like during application and curing. In such an embodiment,
the MUF 502 contacts the sidewalls of the pillars 202 and 416
and surrounds the pillars 202, connecting members 414 and
pillars 416.Additionally, the MUF 502 contacts and extends
from the top surface of the substrate 110to contact the bottom
surface of the interposer 402. In some embodiments, the top
surface of the die 302 is spaced apart from the bottom surface
of the interposer 402, and a portion of the MUF 502 is dis-
posed in the space between the die 302 and the interposer 402.
In some embodiments, a portion of the MUF 502 extends
between the die 302 and the substrate 110.
[0029] FIG. 6 is a cross-sectional view illustrating mount-

ing connectors 602 on the substrate 110 according to some
embodiments. Connectors 602, such as, for example, solder
balls, are mounted on the lands 114. In other embodiments,
the connectors 602 are conductive bumps, pillars, studs or
another conductive structure.

[0030] FIG. 7 is a cross-sectional view illustrating mount-

ing a package 702 on the interposer 402 according to some
embodiments. Package connectors 704 such as, for example,
solder balls, pillars, studs, conductive bumps, or the like bond
the package 702 to the interposer 402. The connectors 704
electrically connect the lands 412 on the top surface of the
interposer 402 to the lands 716 on the bottom surface of the
package 702. In some embodiments, the package 702 has one
or more dies 710electrically connected to conductive features
714 that are in turn electrically connected to the lands 716 by
way of vias 712 disposed in a package substrate 706.
[0031] While the package 702 is illustrated herein as hav-

ing a substrate 706 with dies 710 disposed thereon, the struc-
ture is not limited to having such a package 702 with such an
arrangement. In other embodiments, the package 702 is a die
or chip mounted directly on the connectors 704, multiple dies
or packages on the connectors 704 or another arrangement.

[0032] While FIGS. 1 through 7 describe a process for
forming the described structure using an interposer first pro-
cess, in other embodiments, an interposer last process is
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employed to form the structure. In such embodiments, the
MUF 502 is formed prior to mounting the interposer 402 to
the substrate 110, as shown in FIGS. S through 10.FIG. S is
a cross-sectional view illustrating formation of an MUF S02
prior to mounting the interposer 402 according to some
embodiments. The MUF S02 is formed after the die 302 is
mounted to the substrate 110as shown in FIGS. 1 and 3, and
in some embodiments, the MUF S02 is also formed after
formation of the pillars 202 as shown in FIG. 2. In such
embodiments, the MUF S02 is formed with openings S04
exposing the pillars 202. The openings S04 are formed by
patterning the MUF S02 using a molding chase or another
process to form the openings S04 during the molding process.
In other embodiments, the MUF S02 is formed over the die
302 and pillars 202 and openings S04 are formed after form-
ing the MUF S02 by, for example, laser drilling, etching or the
like. In some embodiments, the openings S04 are conical,
with the upper portion of the openings S04 at the top surface
of the MUF S02 being wider than the lower portion of the
openings S04. In other embodiments, the openings S04 are
cylindrical, rectangular, or another shape.

[0033] In other embodiments, the pillars 202 are formed
after forming the MUF S02 and openings in the MUF S02. In
an embodiment, the openings S04 expose a portion of the
lands 106. The pillars 202 are subsequently formed on the
lands 106 and in the openings S04.
[0034] FIG. 9 is a cross-sectional view illustrating mount-

ing of the interposer 402 on the substrate 110after formation
of the MUF S02 according to some embodiments. In such
embodiments, pillars 416 extend into the openings S04, with
the connecting members 414 disposed in the openings S04.
The sidewalls of the openings S04 are, in some embodiments,
spaced apart from the sidewalls of the pillars 202 and 416.
[0035] FIG. 10 is a cross-sectional view illustrating mount-

ing of the package 702 on the interposer 402 in an interposer
last process according to some embodiments. The package
702 is mounted to the interposer by connectors 704, as
described above.

[0036] While FIGS. 1 through 10 illustrate the MUF S02
extending to the bottom surface ofthe interposer 402, over the
die 302 and under the die 302, the structure is not limited to
such embodiments. FIGS. 11A through 11D are cross-sec-
tional enlarged views illustrating various embodiments of an
interposer 402 over a die 302 and MUF S02. FIG. 11A is a
cross sectional enlarged view illustrating a MUF S02 over the
die 302 and spaced apart from the interposer 402 according to
some embodiments. In such embodiments, the MUF S02 is
formed by the interposer last process, with the MUF S02
molded to cover the die 302. The MUF S02 is spaced apart
from the bottom surface of the interposer 402 by an air gap
1104 having a distance less than the separation between the
top surface of the die 302 and the bottom surface of the
interposer 402. In some embodiments, the air gap 1104helps
the pillars 202 and 416 successfully bond to each other with-
out being influenced by the height and surface uniformity of
MUF S02 in the interposer last process.

[0037] FIG. 11B is a cross-sectional enlarged view illus-
trating the die 302 extending above the MUF S02 according to
some embodiments. In such embodiments, the MUF is
formed by the interposer last process, with the MUF S02
molded around the die 302. The die 302 has a top surface that
is exposed through the top surface of the MUF S02.The MUF
S02 is spaced apart from the bottom surface of the interposer
402 by an air gap 1104having a distance equal to, or greater

than, the separation between the top surface ofthe die 302 and
the bottom surface of the interposer 402.
[003S] FIG. 11C is a cross-sectional enlarged view illus-
trating a die attachment film (DAF) 1106disposed on the top
surface of the die 302 according to some embodiments. In
some embodiments, the die 302 is attached to the interposer
prior to the die 302 being mounted to the substrate 110. In
such embodiments, the die 302 is mounted to the substrate
110when the interposer 402 is mounted to the substrate 110.
In other embodiments, the DAF 1106is applied to the die 302
or to the interposer after the die 302 is mounted to the sub-
strate 110and prior to the interposer 402 being mounted to the
substrate 110.The die 302 is bonded to the interposer 402 by
the DAF 1106 when the interposer 402 is mounted to the
substrate 110. In some embodiments, the DAF 1106 is a
different material than the MUF 502. The DAF 1106reduces
warping of the interposer and improves heat transfer from the
die 302 during operation.

[0039] FIG. 11D is a cross-sectional enlarged view illus-

trating an underfill (UF) 110Sdisposed between the die 302
and the substrate 110.The UF 110S is a molding compound,
epoxy, PBO, polyimide or another moldable insulating mate-
rial, and in some embodiments, the UF 110S is a different
material than the MUF 502. In some embodiments the UF
110Sis dispensed along the bottom edge ofthe die 302, so that
the UF 110Swill flow and fill the space in between the bottom
of die 302 and the substrate 110 through capillary effect. In
some embodiments, the UF 110S is applied between the die
302 and the substrate 110prior to the MUF 502 being applied,
and in other embodiments, the MUF 502 is omitted so that the
side surfaces of the UF 110Sare exposed.
[0040] The structures illustrates herein are shown as having
pillars 202 disposed on the substrate 110and on the interposer
402, with the pillars 202 and 416 aligned and joined by the
connecting members 414. As illustrated in FIGS. 12A
through 12B, in other embodiments, a single pillar 202 or 416
is used and bonded directly to a land 106 or 41S by the
connecting member 414. FIG. 12A is a cross-sectional
enlarged view illustrating an alternative pillar 202 arrange-
ment according to some embodiments. The pillars 202 are
formed on the substrate 110and extend above the top surface
of the die 302. The connecting members 414 bond the pillars
202 to the lands 41S on the bottom surface of the interposer
402.
[0041] FIG. 12B is a cross-sectional enlarged view illus-
trating an alternative pillar 416 arrangement according to
some embodiments. The pillars 416 are formed on the inter-
poser 402 and extend below the top surface ofthe die 302. The
connecting members 414 directly bond the pillars 416 to the
lands 106 on the top surface of the substrate 110.
[0042] FIG. 13 is a flow diagram illustrating a method 1300
for forming a package-on package structure according to
some embodiments. Initially a substrate is formed or pro-
vided, and pillars are formed on the substrate in block 1302.
A die is mounted on the substrate in block 1304. In an inter-
poser first embodiment, the interposer is mounted on the
substrate in block 1306 and the molding compound is formed
between the interposer and substrate in block 130S. In an
interposer last embodiment, after the die is mounted to the
substrate in block 1304, the molding compound is formed
over the substrate and patterned in block 1310, and then the
interposer is mounted to the substrate in block 1312.Connec-
tors are mounted on the substrate in block 1314and packages
are singulated and tested in block 1316 to identify known
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good packages. A package is mounted on the substrates that
are known good packages in block 131S.
[0043] According to an embodiment, a device comprises a
substrate having a die mounted on the first side of the sub-
strate and a moldable underfill (MUF) disposed on the first
side of the substrate and around the die. An interposer is
mounted on the first side of the substrate, with the interposer
having lands disposed on a first side of the interposer. The
interposer mounted to the substrate by connectors bonded to
a second side of the interposer, the connectors providing
electrical connectivity between the interposer and the sub-
strate. A package is mounted on the first side of the interposer
and is electrically connected to the lands. At least one of the
lands is aligned directly over the die and wherein a pitch of the
connectors is different than a pitch of the lands.

[0044] According to another embodiment, a device com-
prises a substrate having a die disposed on a first side of the
substrate and first pillars disposed on the first side of the
substrate. The first pillars have a first pitch. A moldable under-
fill (MUF) is disposed on the first side of the substrate, with
the MUF surrounding the die and each of the first pillars. An
interposer is mounted over the first side of the substrate and
has lands disposed on a first side of the interposer. The lands
have a second pitch greater than the first pitch, and at least one
of the lands is aligned directly over the die. Second pillars are
disposed on a second side of the interposer, and the second
pillars are bonded to the first pillars and provide electrical
connectivity between the interposer and the substrate.

[0045] A method of forming a device according to an
embodiment comprises mounting a die on a first side of a
substrate and forming first pillars on the first side of the
substrate. A moldable underfill (MUF) is applied on the first
side ofthe substrate and surrounds the die and each of the first
pillars. An interposer is mounted on the first side of the
substrate by bonding second pillars on a second side of the
interposer to the first pillars. The interposer has lands dis-
posed on a first side of the interposer and at least one of the
lands is aligned directly over the die. After the mounting the
interposer, the first pillars and second pillars provide electri-
cal connectivity between the interposer and the substrate. A
package is mounted on the lands and the die is disposed
between the first pillars.

[0046] The foregoing outlines features of several embodi-
ments 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 dis-
closure 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 intro-
duced 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.

1.A device comprising:

a substrate having a die mounted on a first side of the
substrate;

a moldable underfill (MUF) disposed on the first side of the
substrate and around the die;

an interposer mounted on the first side of the substrate, the
interposer having lands disposed on a first side of the
interposer, and the interposer mounted to the substrate

by connectors bonded to a second side of the interposer,

the connectors providing electrical connectivity
between the interposer and the substrate; and

a package mounted on the first side of the interposer and
electrically connected to the lands;

wherein:
at least one of the lands is aligned directly over the die;

and
a pitch of the connectors is different than a pitch of the

lands.
2. The device of claim 1, wherein the connectors comprise

first pillars disposed on the first side of the substrate.
3. The device of claim 2, wherein:
the connectors further comprise second pillars disposed on

the second side of the interposer; and
each of the first pillars is bonded to a respective one of the

second pillars.
4. The device of claim 3, wherein the second pillars have a

first pitch between about 200 pm and about 400 pm;
wherein:

the lands have a second pitch between about 350 pm and
about 650 pm; and

the first pitch is less than the second pitch.
5. The device of claim 3, wherein the MUF is spaced apart

from sidewalls of the second pillars.
6. The device of claim 3, wherein each pillar of the first

pillars and the second pillars has a height that is equal to or
less than a width of the respective pillar.

7. The device of claim 1, wherein the connectors comprise
first pillars disposed on the second side of the interposer and
bonded to the first side of the substrate by a solder ball.

S.The device ofclaim 1, wherein a top surface of the MUF
is spaced apart from the second side of the interposer.

9.A device comprising:
a substrate having a die disposed on a first side of the

substrate;
first pillars disposed on the first side of the substrate,

wherein the first pillars have a first pitch;
a moldable underfill (MUF) disposed on the first side ofthe

substrate, the MUF surrounding the die and each of the
first pillars;

an interposer mounted over the first side of the substrate
and having lands disposed on a first side of the inter-

poser, wherein the lands have a second pitch greater than
the first pitch, and wherein at least one of the lands is
aligned directly over the die; and

second pillars disposed on a second side of the interposer,
wherein the second pillars are bonded to the first pillars
and provide electrical connectivity between the inter-
poser and the substrate.

10. The device of claim 9, wherein the second pillars
extend into openings in the MUF.

11.The device of claim 10, wherein sidewalls of the open-
ings are spaced apart from sidewalls of the second pillars.

12. The device of claim 10, wherein the MUF contacts
sidewalls of the second pillars.

13.The device of claim 9, wherein the second pillars are
bonded to the first pillars by solder connecting members.

14. The device of claim 9, wherein:
the second pillars have a pitch between about 200 pm and

about 400 pm; and
the lands have a pitch between about 350 pm and about 650

pIn.
15. The device of claim 9, wherein a top surface of the

MUF contacts the second side of the interposer.
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16.The device ofclaim 9, wherein a topmost surface of the
MUF is spaced apart from a bottommost surface of the inter-

poser.
17.The device of claim 16, wherein a portion of the MUF

is disposed between a top surface of the die and the bottom-
most surface of the interposer.

1S.-20. (canceled)
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