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METHODS OF PACKAGING 
SEMCONDUCTOR DEVICES AND 

PACKAGED SEMCONDUCTORDEVICES 

PRIORITY CLAIMAND CROSS-REFERENCE 

This application claims priority to U.S. Provisional Appli 
cation Ser. No. 61/934,467, filed on Jan. 31, 2014 and entitled 
“Equal Potential Method at Chip on Wafer, which applica 
tion is hereby incorporated herein by reference. 

This application also relates the following commonly-as 
signed U.S. Patent application: application Ser. No. 147243, 
517, filed on Apr. 2, 2014 and entitled “Semiconductor 
Device and Method.”, which application is hereby incorpo 
rated herein by reference. 

BACKGROUND 

Semiconductor devices are used in a variety of electronic 
applications, such as personal computers, cellphones, digital 
cameras, and other electronic equipment, as examples. Semi 
conductor devices are typically fabricated by sequentially 
depositing insulating or dielectric layers, conductive layers, 
and semiconductive layers of material over a semiconductor 
Substrate, and patterning the various material layers using 
lithography to form circuit components and elements 
thereon. 

Dozens or hundreds of integrated circuits are typically 
manufactured on a single semiconductor wafer. The indi 
vidual dies are singulated by sawing the integrated circuits 
along a scribe line. The individual dies are then packaged 
separately, in multi-chip modules, or in other types of pack 
aging, for example. 
The semiconductor industry continues to improve the inte 

gration density of various electronic components (e.g., tran 
sistors, diodes, resistors, capacitors, etc.) by continual reduc 
tions in minimum feature size, which allow more components 
to be integrated into a given area. These Smaller electronic 
components such as integrated circuit dies also require 
Smaller packages that utilize less area than packages of the 
past, in some applications. Chip on wafer (CoW) packages 
are one type of Smaller packaging device for semiconductor 
devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Aspects of the present disclosure are best understood from 
the following detailed description when read with the accom 
panying figures. It is noted that, in accordance with the stan 
dard 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. 

FIGS. 1 through 5 are cross-sectional views illustrating a 
method of packaging semiconductor devices in accordance 
with Some embodiments, wherein a conductive cap layer is 
disposed over integrated circuit dies and a molding material 
coupled over a Substrate. 

FIG. 6 is a cross-sectional view illustrating a method of 
packaging semiconductor devices in accordance with some 
embodiments, wherein the Substrate comprises an interposer 
substrate. 

FIG. 7 is a cross-sectional view illustrating a method of 
packaging semiconductor devices in accordance with some 
embodiments, wherein the Substrate comprises a first pack 
age Substrate that is coupled to a second package substrate. 
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2 
FIG. 8 is a flow chart of a method of packaging semicon 

ductor devices in accordance with Some embodiments. 

DETAILED DESCRIPTION 

The following disclosure provides many different embodi 
ments, or examples, for implementing different features of 
the provided Subject matter. Specific examples of compo 
nents and arrangements are described below to simplify 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 contact, 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 reference numer 
als 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. 

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. 

Embodiments of the present disclosure provide novel 
methods of packaging semiconductor devices and structures 
thereof, wherein a cap layer comprising a conductive material 
is disposed over integrated circuit dies and a molding mate 
rial, which provides a Substantially equal potential of the 
integrated circuit dies that are packaged together over a Sub 
Strate. 

FIGS. 1 through 5 are cross-sectional views illustrating a 
method of packaging semiconductor devices in accordance 
with some embodiments. A packaged semiconductor device 
100 at various stages of the packaging process is shown. 
Referring first to FIG. 1, a substrate 102 is provided. The 
Substrate 102 may comprise a semiconductor material Such as 
silicon, glass, a polymer, other materials, and/or combina 
tions thereof, in some embodiments, for example. In some 
embodiments, the substrate 102 may include one or more 
passive components (not shown) embedded inside. In some 
embodiments, a plurality of substrates 102 may be manufac 
tured on a wafer, board, or strip, for example. The substrate 
102 comprises an interposer Substrate in Some embodiments. 
The substrate 102 includes one or more interconnect struc 
tures in some embodiments, such as redistribution layers 
(RDLs) or post-passivation interconnect (PPI) structures (not 
shown in FIG. 1; refer to interconnect structures 124a and 
124b shown in FIG. 6). The substrate 102 may include a 
plurality of through-vias formed therein (also not shown in 
FIG. 1; see through-vias 128 shown in FIG. 6). Alternatively, 
the substrate 102 may comprise other materials and/or com 
ponents. The substrate 102 is also referred to herein as a first 
package Substrate. 

In some embodiments, the substrate 102 has not been fully 
processed in the packaging steps shown in FIGS. 1 through 3. 
For example, the substrate 102 includes a previously formed 
interconnect structure 124a (see FIG. 6). The substrate 102 
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also includes through-vias 128 that have been formed par 
tially yet not fully through the substrate 102 in some embodi 
ments. The Substrate 102 comprises an initial thickness com 
prising dimension do in Some embodiments. Dimension do 
may comprise about 50 um to about 1,000 um, for example. 
Alternatively, dimensions do may comprise other values. 

Referring again to FIG. 1, a plurality of integrated circuit 
dies 104 are provided. The integrated circuit dies 104 may be 
previously fabricated on a semiconductor wafer and singu 
lated along scribe lines to form individual dies, for example. 
Some or all of the integrated circuit dies 104 may comprise 
the same or similar functions, or alternatively, Some or all of 
the integrated circuit dies 104 may comprise different func 
tions. The integrated circuit dies 104 may comprise logic 
chips, memory chips, processors, application specific 
devices, or other functions, as examples. The integrated cir 
cuit dies 104 comprise dies 104that will be packaged together 
in a single packaged semiconductor device 100, in some 
embodiments. One or more types of integrated circuit dies 
104 may be packaged in a single packaged semiconductor 
device 100 to form a system on a chip (SoC) device. 
The integrated circuit dies 104 are attached to predeter 

mined locations of the Substrate 102 using an automated 
machine Such as a pick and place machine. Alternatively, the 
integrated circuit dies 104 may be placed manually on the 
substrate 102 or by other methods. In some embodiments, the 
integrated circuit dies 104 include a plurality of contact pads 
105 formed thereon, and the substrate 102 includes a plurality 
of contact pads 108 formed thereon that are arranged in sub 
stantially the same pattern (i.e., footprint) as the contact pads 
105 on the integrated circuit dies 104. The contact pads 105 
and 108 may comprise Cu, Al, other conductive materials or 
metals, or multiple layers or combinations thereof, as 
examples. The contact pads 105 and 108 are not included in 
FIGS. 2 through 7 for simplicity; however, the contact pads 
105 and 108 may also be included in the structures shown in 
FIGS. 2 through 7. 
The integrated circuit dies 104 are bonded to the substrate 

102 when the substrate 102 is in a wafer form, in some 
embodiments; thus, the combined structure of the packaged 
semiconductor device 100 comprises a chip on wafer (CoW) 
configuration. 

To couple the integrated circuit dies 104 to the substrate 
102, a eutectic material such as solder is formed on the contact 
pads 105 of the integrated circuit dies 104, on the contact pads 
108 of the substrate 102, or on both the contact pads 105 of the 
integrated circuit dies 104 and the contact pads 108 of the 
substrate 102, in some embodiments. The eutectic material 
may comprise solder balls or solder paste in some embodi 
ments. The eutectic material is reflowed by heating the eutec 
tic material 106 (e.g., by heating the substrate 102 and/or 
integrated circuit dies 104) to a melting temperature of the 
eutectic material 106, and the eutectic material is then 
allowed to cool and re-solidify, forming connectors 106 
between the contact pads 105 and 108 of the integrated circuit 
dies 104 and the substrate 102, respectively. 
The connectors 106 electrically and mechanically couple 

the integrated circuit dies 104 to the substrate 102. The con 
nectors 106 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 106 may comprise joined bumps, as another 
example. 

Each of the plurality of integrated circuit dies 104 is 
mounted on the substrate 102 using a plurality of electrical 
connections such as contact pads 105. The plurality of elec 
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4 
trical connections may comprise any suitable structure. For 
example, in some embodiments, the electrical connections 
may include conductive pads, under bump metallization 
(UBM) structures, and/or the like. Thus, the integrated circuit 
dies 104 are coupled to the substrate 102 by the plurality of 
connectors 106 disposed between contact pads 105 on the 
integrated circuit dies 104 and contact pads 108 on the sub 
strate 102, in some embodiments. 
An underfill material 110 disposed beneath the integrated 

circuit dies 104 in some embodiments, as shown in FIG. 2. 
The underfill material 110 may extend along at least a portion 
of a sidewall of the integrated circuit dies 104. The underfill 
material 110 provides structural and environmental protec 
tion to the integrated circuit dies 104, the connectors 106, and 
the substrate 102. The underfill material 110 comprises an 
epoxy, deformable gel, silicon rubber, or other materials that 
is in a substantially liquid state when applied. The underfill 
material 110 is injected in the space between the integrated 
circuit dies 104 and the substrate 102 between the connectors 
106 in some embodiments, for example. The underfill mate 
rial 110 may be dispensed using a needle or other object along 
one or more edges of the integrated circuit die 104. The 
underfill material 110 may alternatively comprise other mate 
rials and may be applied using other methods. The underfill 
material 110 is cured and/or allowed to harden in some 
embodiments. The underfill material 110 provides stress 
relief and prevents cracks in the connectors 106, for example. 
In some embodiments, the underfill material 110 is not 
included. 

In the drawings, the underfill material 110 is shown extend 
ing to top surfaces of the integrated circuit dies 104. In some 
embodiments, the underfill material 110 is applied only along 
the bottom of the integrated circuit dies 104 around the perim 
eter of the integrated circuit dies 104, as shown in phantom 
(e.g., in dashed lines) at 110' in FIG. 2. 
A molding material 112 is disposed around the integrated 

circuit dies 104 and around the underfill material 110, as 
shown in FIG. 3. The molding material 112 may be molded 
using, for example, compressive molding, transfer molding, 
or other methods. The molding material 112 is applied after 
the underfill material 110 is applied beneath the integrated 
circuit dies 104 in some embodiments. The molding material 
112 encapsulates the integrated circuit dies 106, for example. 
The molding material 112 may comprise an epoxy, an organic 
polymer, or a polymer with or without a silica-based or glass 
filler added, as examples. In some embodiments, the molding 
material 112 comprises a liquid molding compound (LMC) 
that is a gel type liquid when applied. Alternatively, the mold 
ing material 112 may comprise other insulating and/or encap 
Sulating materials. 

In some embodiments, the molding material 112 is applied 
so that it extends to top Surfaces of the integrated circuit dies 
104. The top surface of the molding material 112 is substan 
tially coplanar with top surfaces of the integrated circuit dies 
104 in some embodiments, for example. If the molding mate 
rial 112 extends over top surfaces of the integrated circuit dies 
104 after the molding material 112 is applied, as shown in 
phantom at 112' in FIG. 3, the molding material 110 is 
removed from over the top surfaces of the integrated circuit 
dies 104 using a grinding process, a chemical-mechanical 
polish (CMP) process, an etch process, other methods, or 
combinations thereof, in Some embodiments, for example. 
The CMP process or other removal process is adapted to stop 
on the top surfaces of the integrated circuit dies 104, for 
example. The molding material 112 is formed between and 
around the integrated circuit dies 104 and the underfill mate 
rial 110 in some embodiments. 
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Next, the molding material 112 is cured using a curing 
process. The curing process may comprise heating the mold 
ing material 112 to a predetermined temperature for a prede 
termined period of time, using an anneal process or other 
heating process. The curing process may also comprise an 5 
ultra-violet (UV) light exposure process, an infrared (IR) 
energy exposure process, combinations thereof, or a combi 
nation thereof with a heating process. Alternatively, the mold 
ing material 112 may be cured using other methods. 
A cap layer 120 is coupled over each of the integrated 10 

circuit dies 104 and the molding material 112, as shown in 
FIG. 4. The cap layer 120 is coupled directly in contact with 
a top surface of the integrated circuit dies 104 and also 
directly in contact with the top surface of the molding mate 
rial 112. The cap layer 120 is continuous and comprises a 15 
conductive material in some embodiments. The cap layer 120 
is a continuous layer that extends over and is adjacent to each 
of the plurality of integrated circuit dies 104 in some embodi 
ments. Such embodiments provide a single Surface that 
reduces cross-contamination and provides a more uniform or 20 
equal potential at the integrated circuit dies 104 in the pack 
aged semiconductor device 100, thereby lowering electrical 
over stress (EOS) risk. 
The cap layer 120 comprises a material having a lower 

resistance than a material of the integrated circuit dies 104 25 
and/or the molding material 112 in some embodiments. The 
cap layer 120 is more conductive than a material of the inte 
grated circuit dies 104 and the molding material 112, for 
example. In some embodiments, cap layer 120 is conductive 
in order to provide a Substantially equal potential across the 30 
integrated circuit dies 104 and across the molding material 
112. By providing an equal potential, any charge build-up that 
may occur during the packaging process (which could dam 
age or destroy one or more of the integrated circuit dies 104) 
may be equalized across integrated circuit dies 104 and the 35 
molding material 112, which facilities in reducing or elimi 
nating damage or other deleterious effects that may result 
from an unequal charge distribution. The cap layer 120 cre 
ates a Substantially equal potential for each of the integrated 
circuit dies 104 disposed across the substrate 102 in some 40 
embodiments, for example. 
The cap layer 120 comprises a substantially flat planar 

layer in Some embodiments. For example, the integrated cir 
cuit dies 104 are substantially coplanar with the top surface of 
the molding material 112 across the substrate 102, and the cap 45 
layer 120 comprises the same flat topography as the underly 
ing integrated circuit dies 104 and molding material 112. 
Thus, the bottom surface and top surface of the cap layer 120 
comprise Substantially flat surfaces, in Some embodiments. 
The cap layer 120 comprises a metal, a conductive poly- 50 

mer, or a semiconductive material in Some embodiments. The 
cap layer 120 comprise Cu, Al, Ti, Si, TiN, Ta, TaN, W, WN, 
other materials, or combinations or multiple layers thereof, as 
examples. In some embodiments, the cap layer 120 comprises 
a thin Ti layer. The cap layer 120 may be formed using 55 
physical vapor deposition (PVD), chemical vapor deposition 
(CVD), plasma enhanced chemical vapor deposition 
(PECVD), atomic layer deposition (ALD), or other methods, 
for example. 
The cap layer 120 comprises a thickness comprising 60 

dimension d, wherein dimension d comprises about 500 
Angstroms to about 2,000 Angstroms in Some embodiments. 
Alternatively, dimension d may comprise other values. For 
example, the cap layer 120 comprises a thickness such that 
the cap layer 120 is adapted to equalize charge for the plural- 65 
ity of integrated circuit dies 104 attached across the top sur 
face of the substrate 102. 

6 
In some embodiments, the integrated circuit dies 104 are 

coupled to a first surface of the substrate 102 (e.g., to the top 
surface of the substrate 102 in the views shown in FIGS. 1 
through 5), and after the cap layer 120 is coupled over the 
molding material 112 and the integrated circuit dies 104, a 
second surface (e.g., the bottom surface of the substrate 102) 
of the substrate 102 is processed, wherein the second surface 
is opposite the first surface (to be described further herein 
with reference to FIG. 6). The second surface of the substrate 
102 may be processed using a process such as thinning the 
second Surface of the Substrate 102, forming an interconnect 
structure over the second surface of the substrate 102, form 
ing a passivation material over the second Surface of the 
substrate 102, and/or forming a plurality of connectors over 
the second surface of the substrate 102. Alternatively, the 
second Surface of the Substrate 102 may be processed using 
other types of processes after the cap layer 120 is applied. 

In other embodiments, the substrate 102 is not processed 
after the cap layer 120 is applied. For example, the substrate 
102 may require no additional processing steps after the for 
mation of the cap layer 120 in some embodiments. 

In some embodiments, after the second surface of the sub 
strate 102 is processed, a process is performed to remove the 
cap layer 120, as shown in FIG. 5. The cap layer 120 is 
removed using a process such as an etch process Suitable for 
the material of the cap layer 120. As an example, in embodi 
ments wherein the cap layer 120 comprises Ti, the etch pro 
cess to remove the cap layer 120 may comprise a base or acid 
type of chemistry. Alternatively, other methods or chemicals 
may be used to remove the cap layer 120. 

In some embodiments, a portion 120' of the cap layer 120 
is left remaining over the molding material 112 and the inte 
grated circuit dies 104, after performing the process to 
remove the cap layer 120, as shown in FIG. 5. The portion 
120' of the cap layer 120 remains because a stable metal 
silicide is naturally formed in some embodiments, for 
example. The portion 120" of the cap layer 120 comprises a 
continuous ultra-thin metal or conductive material left 
remaining over the integrated circuit dies 104 and the mold 
ing compound 112. The thickness of the portion 120' of the 
cap layer 120 left remaining may comprise a dimension d. 
wherein dimension d comprises about 100 Angstroms or 
less, for example. Alternatively, dimension d may comprise 
other values. In some embodiments, dimension d comprises 
about Zero; e.g., substantially all of the cap layer 120' may be 
removed. 

In embodiments wherein the cap layer 120 or the portion 
120' of the cap layer 120 is left remaining, a substantially 
equal potential for the integrated circuit dies 104 continues to 
be provided by the cap layer 120 or portion 120" of the cap 
layer 120 in some embodiments, advantageously. For 
example, in embodiments wherein about 20 Angstroms to 
about 100 Angstroms of the cap layer 120 is left remaining, a 
sufficient amount of the cap layer 120 remains to equalize the 
potential for the integrated circuit dies 104, in some embodi 
ments. The sufficient amount of the cap layer 120 left remain 
ing is a function of the material used for the cap layer 120 and 
the resistance and/or conductivity of the material, for 
example. 
An experiment of implementing a cap layer 120 compris 

ing Ti described herein over integrated circuit dies 104 and a 
Surrounding molding material 112, and removing the Ti cap 
layer 120 after backside processing of the substrate 102 
resulted in an ultra-thin metal comprising Ti being left 
remaining, which was observed by transmission electron 
microscope (TEM) imaging. Furthermore, the packaging 
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approach described herein was implemented with no inte 
grated circuit die 104 damage by EOS or electro-static dis 
charge (ESD). 

FIG. 6 illustrates a method of packaging semiconductor 
devices inaccordance with some embodiments. The substrate 
102 comprises an interposer substrate in some of the embodi 
ments shown in FIG. 6, for example. A backside process for 
the interposer substrate 102 is performed after the packaging 
steps shown in FIGS. 1 through 5 in some embodiments, as 
shown in FIG. 6. After the packaging process step shown in 
FIG. 4 or 5, a carrier 122 is coupled to the cap layer 120 or to 
the portion 120' of the cap layer 120 using a temporary adhe 
sive, not shown. The carrier 122 may comprise glass, silicon 
oxide, aluminum oxide, or a semiconductor wafer, as 
examples. The carrier 122 may also comprise other materials. 

FIG. 6 also illustrates a more detailed view of the substrate 
102 in accordance with some embodiments. The substrate 
102 comprises an interposer substrate that includes a plurality 
of through-vias 128 and an interconnect structure 124a 
coupled to the plurality of through-vias 128 at the upper ends 
of the plurality of through-vias 128. In some embodiments, 
the substrate 102 only includes the interconnect structure 
124a and through-vias 128 formed in a core substrate 126 
during the packaging process steps shown in FIGS. 1 through 
5. The packaged semiconductor device 100 is coupled to the 
carrier 122 to complete the fabrication of the substrate 102 in 
some embodiments, for example. The through-vias 128 do 
not extend completely through the substrate 102 in the pack 
aging process steps shown in FIGS. 1 through 5. So the Sub 
strate 102 is thinned so that ends (i.e., the lower ends in the 
view shown in FIG. 6) of the through-vias 128 are exposed. 
Then another interconnect structure 124b is formed over the 
core substrate 126 and through-vias 128, with portions of the 
interconnect structure 124b being electrically coupled to the 
lower ends of the through-vias 128. The resulting substrate 
102 includes the substrate 102 and interconnect structure 
124b. 

For example, the substrate 102 may be thinned to expose 
the through-vias 128 using a grinding, CMP process, and/or 
etch step. The resulting thickness of the substrate 102 com 
prises dimension d, wherein dimension d comprises about 
50 um to about 200um. Dimension d is less than dimension 
do (see FIG. 1) of the initial thickness of the substrate 102, for 
example. The interconnect structure 124b is then formed over 
the thinned substrate 102. The interconnect structure 124b 
may comprise an RDL or PPI and may include one or more 
conductive line layers, via layers, and insulating layers (not 
shown). A passivation material may beformed over the inter 
connect structure 124b, not shown. The interconnect structure 
124b may include a final passivation material layer, for 
example. The interconnect structure 124b is disposed on a 
lower side of the core substrate 126. Interconnect structure 
124a disposed on an upper side of the core substrate 126 may 
comprise similar materials and components as described for 
interconnect structure 124b. 

Electrical signals can be transmitted and received within 
the packaged semiconductor device 100 to and from the inte 
grated circuit dies 104 through the connectors 106, the inter 
connect structure 124a, the through-vias 128, the intercon 
nect structure 124b, and through connectors 130 coupled to 
the interconnect structure 124b. The through-vias 128 pro 
vide vertical electrical connections for the packaged semi 
conductor device 100, and the interconnect structures 124a 
and 124b provide horizontal electrical connections for the 
packaged semiconductor device 100 in some embodiments. 

In some embodiments, a plurality of connectors 130 are 
then coupled to the substrate 102, also shown in FIG. 6. The 
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8 
plurality of connectors 130 is coupled to a second surface 
(i.e., to the bottom surface of the substrate 102 in FIG. 6) of 
the substrate 102 that is opposite the first surface (i.e., the top 
surface) of the substrate 102. The plurality of connectors 130 
are coupled to contact pads or other conductive features (not 
shown) of the interconnect structure 124b formed on the 
substrate 102. The plurality of connectors 130 may comprise 
a eutectic material Such as Solder, and may comprise Solder 
balls or C4 bumps in some embodiments. The connectors 130 
may be attached using a ball drop process or a solder bath, as 
examples. Alternatively, the connectors 130 may comprise 
other types of connectors and may be attached using other 
methods, or the connectors 130 may not be included on the 
packaged semiconductor device 100. 
The carrier 122 is then removed or de-bonded from the cap 

layer 120 or portion 120" of the cap layer 120, and the pack 
aged semiconductor devices 100 are then singulated using a 
saw blade or laser along scribe lines. 

Thus, FIG. 6 illustrates a novel packaged semiconductor 
device 100 that includes the substrate 102 or 102', a plurality 
of integrated circuit dies 104, and a molding material 112 
disposed over the substrate 102 or 102 between adjacent 
integrated circuit dies 104. The cap layer 120 or portion 120 
of the cap layer 120 is disposed over the molding material 112 
and the plurality of integrated circuit dies 104. In some 
embodiments, the cap layer 120 is completely removed and is 
not left remaining in the structure. 

In some embodiments, the cap layer 120 or portion 120' of 
the cap layer 120 is left remaining on the packaged semicon 
ductor device 100 during transportation of the finished device 
100. The cap layer 120 or portion 120' of the cap layer 120 
protects the integrated circuits 104 during transportation, e.g., 
within a packaging facility, to an end user of the packaged 
semiconductor device 100, or to other locations. The cap 
layer 120 orportion 120" of the cap layer 120 may be removed 
at any stage of the packaging process or transportation of the 
packaged semiconductor device 100. 

Other structures can likewise benefit from the packaging 
process flows and structures described herein. For example, 
FIG. 7 is a cross-sectional view of a packaged semiconductor 
device 100 described herein coupled to a package substrate 
142 in accordance with Some embodiments. The package 
Substrate 142 is also referred to herein as a second package 
substrate 142. Connectors 130 of the packaged semiconduc 
tor device 100 described herein are coupled to contact pads 
(not shown) on the package Substrate 142. A plurality of the 
connectors 130 are coupled between contact pads on the 
package Substrate 142 and contact pads (also not shown) on 
the substrate 102 or 102'. In some embodiments, the substrate 
102 or 102 comprises a first package substrate, and the first 
package substrate 102 or 102' is coupled to a second package 
substrate 142 by the plurality of connectors 130. The sub 
strate 102 is mounted to the second package substrate 142 
using a ball mount process in some embodiments. The second 
package Substrate 142 may include a plurality of connectors 
144 formed on a bottom surface thereof. The connectors 144 
may comprise solder balls arranged in a ball grid array 
(BGA). Alternatively, the connectors 144 may comprise other 
types of connectors arranged in other shapes. In some 
embodiments, the connectors 144 are not included. 
An underfill material or molding material 146 may be 

disposed in the space between the first package substrate 102 
or 102 and the second package substrate 142 between the 
connectors 144, to provide stress relief and crack prevention 
for the connectors 144. Alternatively, the underfill material or 
molding material 146 may not be included. 
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The packaged semiconductor device 140 shown in FIG. 7 
comprises a chip on wafer on substrate (CoWoS) configura 
tion in some embodiments, for example. 

FIG. 8 is a flow chart 160 of a method of packaging semi 
conductor devices in accordance with some embodiments. In 
step 162, a substrate 102 is provided (see also FIG. 1). Inte 
grated circuit dies 104 are coupled to the substrate 102 in step 
164. In step 166, an underfill material 110 is disposed beneath 
the integrated circuit dies 104 (FIG.2). In step 168, a molding 
material 112 is disposed around the integrated circuit dies 104 
and the underfill material 110 (FIG.3). In step 170, a cap layer 
120 comprising a conductive material is coupled over the 
molding material 112 and the integrated circuit dies 104 (FIG. 
4). 
Some embodiments of the present disclosure include meth 

ods of packaging semiconductor devices. Other embodi 
ments include packaged semiconductor devices that have 
been packaged using the novel methods described herein. 
Some advantages of embodiments of the present disclosure 

include providing novel Substantially equal or more uniform 
potential structures and methods for CoW configuration 
package structures. The packaging structures and methods 
include a cap layer that is used to evenly distribute charges 
that can build up during processing and transportation and 
damage the integrated circuit dies. Thus, including the cap 
layer in the packaged semiconductor device and packaging 
process flows avoids damage to the integrated circuit dies and 
results in packaged semiconductor devices with increased 
yields. 

The cap layer has a low resistance and is conductive, and is 
formed adjacent each integrated circuit die within the pack 
age; thus, isolation of the integrated circuit dies (which cre 
ates an unbalanced potential, which induces pulses and can 
damage the dies) is avoided. Damage to integrated circuit dies 
from EOS or ESD during the packaging process or during 
Subsequent transportation of the finished packaged semicon 
ductor devices is prevented. 
The cap layer provides one single continuous Surface of 

material that has lower cross-contamination, and provides 
equal potential among each chip and thus, provides a lower 
EOS risk. In some embodiments, the electrically conductive 
cap layer is also thermally conductive, and provides heat 
dissipation for the integrated circuit dies during operation. 
The cap layer can be left remaining on the packaged device, 

or the cap layer can be removed. For example, the cap layer 
may be removed after transportation or after substrate back 
side processing. Other processes may also be performed prior 
to removing the cap layer. In some embodiments, even 
removing the cap layer can result in a thin conductive portion 
of the cap layer being left remaining, which further continues 
to protect the integrated circuit dies from EOS or ESD dam 
age. Furthermore, the novel packaging methods and struc 
tures described herein are easily implementable in manufac 
turing and packaging process flows. 

In some embodiments, a method of packaging semicon 
ductor devices includes coupling a plurality of integrated 
circuit dies to a Substrate, disposing a molding material 
around the plurality of integrated circuit dies, and coupling a 
cap layer over the molding material and the plurality of inte 
grated circuit dies. 

In some embodiments, a method of packaging semicon 
ductor devices includes providing a Substrate, and coupling a 
plurality of integrated circuit dies to the substrate. An under 
fill material is disposed beneath each of the plurality of inte 
grated circuit dies. A molding material is disposed around the 
plurality of integrated circuit dies and the underfill material. A 
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10 
cap layer is coupled over the molding material and each of the 
plurality of integrated circuit dies. The cap layer comprises a 
conductive material. 

In other embodiments, a packaged semiconductor device 
includes a substrate, a plurality of dies coupled over the 
Substrate, and a molding material disposed over the Substrate 
between adjacent ones of the plurality of dies. A cap layer is 
disposed over the molding material and the plurality of dies. 
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 struc 
tures 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 equiva 
lent 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 depart 
ing from the spirit and scope of the present disclosure. 

What is claimed is: 
1. A method of packaging semiconductor devices, the 

method comprising: 
coupling a plurality of integrated circuit dies to a Substrate; 
disposing a molding material around the plurality of inte 

grated circuit dies; and 
depositing a conductive cap layer directly over the molding 

material and the plurality of integrated circuit dies, the 
cap layer contacting one or more of the plurality of 
integrated circuit dies, the depositing comprising at least 
one of a vapor deposition process or an atomic layer 
deposition process. 

2. The method according to claim 1, further comprising 
disposing an underfill material beneath the plurality of inte 
grated circuit dies, before disposing the molding material. 

3. The method according to claim 1, wherein coupling the 
plurality of integrated circuit dies comprises coupling the 
plurality of integrated circuit dies to a first surface of the 
Substrate, and wherein the method further comprises process 
ing a second Surface of the Substrate after coupling the cap 
layer, the second Surface being opposite the first Surface. 

4. The method according to claim 3, wherein processing 
the second Surface of the Substrate comprises using a process 
selected from the group consisting essentially of thinning the 
Substrate, forming an interconnect structure over the Sub 
strate, forming a passivation material over the Substrate, and 
forming a plurality of connectors over the Substrate. 

5. The method according to claim 3, further comprising 
performing a process to remove the cap layer, after processing 
the second surface of the substrate. 

6. The method according to claim 5, wherein a portion of 
the cap layer is left remaining over the molding material and 
the plurality of integrated circuit dies, after performing the 
process to remove the cap layer. 

7. The method according to claim 1, further comprising 
curing the molding material. 

8. A method of packaging semiconductor devices, the 
method comprising: 

providing a Substrate; 
coupling a plurality of integrated circuit dies to the Sub 

Strate; 
disposing an underfill material beneath each of the plural 

ity of integrated circuit dies and along on sidewalls of 
each of the plurality of integrated circuit dies: 

disposing a molding material around the plurality of inte 
grated circuit dies and the underfill material; and 
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coupling a cap layer over the molding material and each of 
the plurality of integrated circuit dies, wherein the cap 
layer comprises a metal silicide. 

9. The method according to claim 8, wherein disposing the 
molding material further comprises disposing the molding 
material over top surfaces of the plurality of integrated circuit 
dies, and wherein the method further comprises removing the 
molding material from the top surfaces of the plurality of 
integrated circuit dies, before coupling the cap layer. 

10. The method according to claim 8, wherein providing 
the Substrate comprises providing an interposer substrate, the 
interposer Substrate including a plurality of through-vias and 
an interconnect structure coupled to the plurality of through 
V13S. 

11. The method according to claim8, wherein coupling the 
cap layer comprises coupling a material having a lower resis 
tance than a material of the plurality of integrated circuit dies 
and the molding material. 

12. The method according to claim8, wherein coupling the 
plurality of integrated circuit dies comprises coupling the 
plurality of integrated circuit dies to a first surface of the 
substrate, and wherein the method further comprises cou 
pling a plurality of connectors to a second surface of the 
substrate, the second surface being opposite the first surface. 

13. A method of packaging semiconductor devices, the 
method comprising: 

coupling a plurality of integrated circuit dies to a substrate, 
wherein the substrate is electrically connected to the 
plurality of integrated circuit dies; 

encapsulating the plurality of integrated circuit dies in a 
molding material; and 

forming a cap layer over the molding material and the 
plurality of integrated circuit dies, wherein the cap layer 
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comprises an electrically conductive material that 
directly contacts the molding material and the plurality 
of integrated circuit dies. 

14. The method of claim 13, wherein the plurality of inte 
grated circuit dies comprises a plurality of singulated inte 
grated circuit dies. 

15. The method of claim 13, wherein the encapsulating the 
plurality of integrated circuit dies in the molding material 
comprises disposing the molding material around and over 
the plurality of integrated circuit dies, and planarizing the 
molding material, wherein a major surface of the molding 
material is co-planar with major surfaces of the plurality of 
integrated circuit dies. 

16. The method of claim 13, further comprising removing 
a first portion of the cap layer, wherein a second portion of the 
cap layer remains over the molding material and the plurality 
of integrated circuit dies. 

17. The method of claim 13, further comprising processing 
a surface of the substrate facing away from the plurality of 
integrated circuit dies. 

18. The method of claim 17, wherein the processing the 
Surface of the substrate comprises forming a plurality of 
connectors at the surface of the substrate, the plurality of 
connectors electrically coupled to the plurality of integrated 
circuit dies. 

19. The method of claim 17, wherein the processing the 
Surface of the substrate comprises thinning the substrate, the 
thinning exposing one or more through-vias extending 
through the substrate. 

20. The method of claim 13, further comprising disposing 
an underfill material beneath each of the plurality of inte 
grated circuit dies and along on sidewalls of each of the 
plurality of integrated circuit dies. 


