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MOLD MATERIAL FOR BIRECT METALLIZATION

CROSS-REFERENCE TO RELATED APPLICATION
This application is a continuation of U.5. Patent Application Senal No.
14/977,386, filed December 21, 2015, which is incorporated by reference herein

in its entirety.

TECHNICAL FIELD
This document relates generally to mold material used 1o semiconductor
packaging and more particularly to material formulations for direct metallization

on mold material used in semiconductor packaging.

BACKGROUND
Mold compounds have various uses in the microelectronics and
semiconductor industry, including as semiconductor packaging material.
However, many commonly used mold compounds have poor adhesion strength
to metals deposited directly on the surface of the mold compound without

additional surface treatments.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, which are not necessarily drawn to scale, like numerals
may describe similar components in different views. Like numerals having
The drawings illustrate generally, by way of example, but not by way of
fimitation, various embodiments discussed in the present document,

FIG. 1 illustrates generally an example mold compound having a surface
fayver and a base layer.

FIGS. 2-11 illustrate generally an example process flow to manufacture a
MIS-BGA semiconductor package using the mold compound described herein.

FIG. 12 illustrates generally an example multi-layer molded substrate
including first, second, and third layers that can be built using the process flow

described in FIGS. 2-11 and the mold compound described herein.
i
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FIGS. 13-22 iilustrate generally an example process tlow to manufacture
an ¢PLB (Embedded Panel-Level BGA) semiconductor package using the mold

compound described herein.

DETAILED DESCRIPTION

Mold Interconnect System {(MIS) Ball Grid Array (BGA) (MIS-BGA)
packaging architecture is an attractive semiconductor packaging solution due to
its relatively low profile (z-height) and low cost, both process and matenial, as
laser drilling is typically not required and the mold compound is typically less
expensive than pre-impregnated composite fibers (prepreg, PP) or other buld-up
material.

Ermbedded Wafer/Panel-Level Ball Grid Array (BGA) (eWLB/ePLB)
packaging is a versatile fan-out wafer/panel-level packaging platform (FOWLP)
designed to address the growing ruismatch in intercounect gap, higher levels of
wiegration, improved elecirical performance and shorter vertical interconnects.
The eWLB/ePLB platform provides a more space-efficient package design
enabling a smalier footprint, higher density wnput/output JO) and lower package
profiles than is possible with laminate or flip chip semiconductor packages.

One of the key process steps in an MIS-BGA or an ePLB/eWLB build-up
is forming a seed layer or direct metallization on a mold compound. Traditional
mold compounds are heavily loaded with filler, and specifically designed to have
release agents that migrate to the surface during cure to enable release of the
mold compound from the mold, each reducing adhesion of the seed layer to the
surface of the cured mold compound. Specific compression molding compounds
also form an interaction layer with the adhesives several micrometers thick that
further degrades adheston of the seed layer to the mold compound. Accordingly,
in such processes, the surface of the mold compound is typically treated prior to
seed layer formation to increase adhesion of the seed layer to the mold
compound. However, such surface treatment typically requires additional
processing and equipruent, increasing cost and adding complexity.

Traditional mold compounds consist essentially of a monomer epoxy
resin, a hardener, and a filler material. The present inventors have recognized,
among other things, a mold compound including polymer interphase material

that forms a surface layer having improved seed layer adhesion with traditional
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processes, without requiring additional surface treatment. In certain examples,
the adhesion strength of the mold compound disclosed herein {e.g., cured) to a
seed layer 1s greater than the adhesion strength of a mold compound without the

polymer interphase material, or a mold compound consisting of or consisting

W

essentially of a monomer epoxy resin and hardener; or a monomer epoxy resin, a
hardener, and a filler material.
The moeld compound disclosed herein can have highly polar
phenol/amine-based hardeners that enhance adhesion of the mold compound to
metal, and can include long-chained polymers containing, for example, amine,
10 ester, or phenolic-group polymers that evolve to the surface of the mold
compound during cure, as polyimides, phenoxy resins, ete. The molecular
weight difference between the epoxy-hardener mix and the long-chain polymers
can allow phase separation of the long-chain polymer during cure, precipitating
or phase-separating, forming a surface layer that provides enhanced adhesion to

15 seed layers deposited using traditional processes, such as electroless (E-less) or
sputter deposition, without requiring special surface treatments.

However, if desired, an optional simple plasma etch of a top surface of
the mold compound can be used to further improve adhesion of the seed layer to
the mold compound. The simple plasma etch is much simpler and cheaper than

20 more costly wet surface treatments. However, using the mold compound
disclosed herein, the simple plasma etch is not required for enhanced adhesion
strength.

FI1G. 1 illustrates generally an example mold compound (cured) 100
including a base layer 101 and a surface layer 102 on the base layer 101. The

25  mold compound can include a monomer epoxy resin, a hardener, a filler material
103, and a polymer interphase material. The base layer 101 can include, or
consist essentially of, for example, a majority of the filler material 103, the
monomer epoxy resin, and the hardener. The polymer interphase material can
form the surface layer 102 of the example meold compound 100, having an

30  increased adhesion strength to a seed layer deposited on a top surface of the

surface layer 102 of the mold compound 100 tn contrast to a traditional mold
compound, described above, without the polymer interphase material. In certain
examples, the polymer interphase material can include a long-chain polymer,

such as polyetherimide.

(9]
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The monomer epoxy resin can include at least one of biphenyl epoxy or
epoxy novolac. The hardener can include an amine hardener or a phenol
hardener, including biphenyl diamine, phenol novolac, etc. The filler material
can include silica, or one or more other filler material, e.g., having a diameter
between 1 and 75 microns. In certain examples, the example mold compound
can include an adhesion promoter, such as a silane adhesion promoter.

The base layer 101 of the example mold compound 100 can include a
substantial majority or all of the filler material 103 and, in certain examples, can
have a thickness between 5 and 100 microns. The surface layer 102 can have a
thickness between 50 nanometers and 5 microns. In other examples, depending
on materials and the desired configuration, the ranges can include one or more
other values. The example mold compound 100 of FIG. 1, such as the filler
material 103 location and amount, etc., 1s Hlustrative, and not restrictive, and can
vary depending on the materials used, etc.

In an example, during the curing process of the example mold compound
100, phase separation between the monomer epoxy resin and hardener and the
polymer interphase material (e.g., long-chain polymer interphase material) can
form the surface layer 102 consisting essentially of the polymer interphase
material, as well as, in certain examples, a portion of the epoxy resin, separate
from, above, but coupled to the base layer 101, In certain examples, the base
fayer 101 forms with a substantial majority or all of the filler material 103, and a
majority of the epoxy resin and hardener.

In contrast, most traditional mold compounds are specifically designed to
Himit phase separation, unless, for example, using a wax or other material to
assist in removal of a cured mold compound from a mold chase. Whereas, in the
mold compound described herein, a relatively large roolecular weight polymer
(e.g., a pre-polymerized resin, etc.) can be added to the mold compound to come
out during cure creating an interphase layer. Depending on layer thickness, the
peel strength (P8} of the interphase material can range between 0.4 and 0.7

kg/cm, higher than traditional mold compounds without surface treatments.
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Table 1, below, illustrates generally example mold compound

components.

Example Typical Ratios
Components {(Wit%) Compounds
Matrix 1-10% Epoxy Resins
Hardener 1-10% Amines, Anhydrides, Phenois
Fillers 80- 90 % Silica, AIZO3
Adhesion Promoters { <1 % Silane Coupling Agents

Wand or None for compression mold
Release agents < 1% compound

Polyimides; Polyetherimides; Polyacetal
interphase agents, Resins; or other resins thai phase
e.g., to improve separate {0 surface during cure of mold
adhesion 1-2 % compound

Table 1. Example Mold Compound Components
5 Table 2, below, illustrates generally example mold compound
formulations.
Example
Formuiation Compound Composition
Epoxy Resin 1 BiPhenyl Epoxy 30% of mol fraction of epoxy
Epoxy Novolac; Epoxy
Epoxy Resin 2 Resin 70% of mol fraction of epoxy
100% of maole fraction of

Hardener 1 Biphenyi Diamine hardener
Filler Fused Synthetic Silica 80% wi of total formulation
Adhesion Promoter Amino Silane < 1% wit of total formulation
interphase Agent Polyetherimide <1 % wi of total formulation

Table 2. Example Meold Compound Formulation
FIGS. 2-11 illustrate generally an example process flow to manufacture a
MIS-BGA semiconductor package using the mold compound described herein.
10 FIG. 2 llustrates generally an example cross section 200 including a
carrier substrate 105, a seed layer 106 (e.g., copper (Cu}, nickel (N1}, titanium
{T1), etc.) laminated or deposited on a top surface of the carrier substrate 105,
and dry film resist (DFR) 107 can be patterned {e.g., laminated, exposed,
developed, etc ) to form a template on a top surface of the seed layer 106
15 FIG. 3 illustrates generally an example cross section 300 including a first

metal 108 {e.g., the same metal as the seed layer 106, such as Cu, etc.) deposited
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(e.g., electrolytic Cu plating, etc.} on the exposed sections of the seed layer 106
between the remaining portions of the patterned DFR 107, After the first metal
108 is deposited, the DFR 107 can be removed (e.g., using developer, stripper,
etc.). FIG. 4 illustrates generally an example cross section 400 with the DRF 107

removed.

W

FIG. 5 illustrates generally an example cross section 500 including a
second DFR 109 patterned to form a template on the seed layer 106 and the first
metal 108, In an example, the second DFR can be patterned to expose at least a
portion of the first metal 108,

10 FI1G. 6 illustrates generally an example cross section 600 including a
second metal 110 (e.g., the same metal as the first metal 108, such as Cuy, etc.)
deposited {e.g., electrolytic Cu plating, etc.} on a top surface of the exposed first
metal 108, In an example, the second metal 110 can be used as a via, or an
electrical connection from the first metal layer to a top surface or another layer

1S ofa finished MIS-BGA semiconductor package, etc. After the second metal 110
is deposited, the second DFR 109 can be removed (e.g., using developer,
stripper, etc.). FIG. 7 illustrates generally an example cross section 700 with the
second DFR 109 removed.

FI1G. 8 illustrates generally an example cross section 800 with the

20 exposed portions of the first seed layer 106 (e.g., not covered by the first metal
108} removed (e.g., etched), 1solating the remaining metal portions.

FIG. 9 illustrates generally an example cross section 900 including a
mold compound 111, such as described above, disposed over the remaining
metal. FIG. 10 iltustrates generally an example cross section 1000 with a top

25 portion of the mold compound 111 ground down to expose a top surface of the
second metal 110, Following this step, with traditional mold compounds, the
remaining surface of the mold compound 111 would have to be treated, such as
using a wet etch or one or more other surface treatment options. However,
because of the mold compound 111 disclosed herein, this step can be avoided

30  altogether.

FIG. 11 ilustrates generally an example cross section 1100 including a
second seed layer 112 deposited (e.¢, Electro-less or spuiter deposition, etc.) on
a top surface of the mold compound 111. A plasma etch of the top surface of the

mold compound 111 prior to the second seed layer 112 deposition can be

6
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optionally performed, if desired or necessary. In certain examples, one or more
additional layers can be added, similar to the process flow described in FIGS. 2-
11. The carrier substrate 105 can be etched/separated and First- or Second-Level
Intercommect (FLI/SLT) bumping can be added, creating a 2 or more layer MIS-

BGA subsirate.

W

FIG. 12 illustrates generally an example three-layer MIS-BGA substrate
including first, second, and third layers 1, 2, 3, conductive material (e.g., a first
metal 108), and a mold compound (e.g., a mold compound 111}, such as
described above with respect to FIGS. 1-11.

10 FIGS. 13-22 illustrate generally an example process tlow to manufacture
an ePLB (Embedded Panel-Level BGA) semiconductor package (e.g., with
bumpless die} using the mold compound described herein. The example process
flow described herein for the ePLB semiconductor package is similar to that of a
eWLB (Embedded Wafter-Level BGA) semiconductor package; except the latter

1S uses wafer-based infrastructure.

FIG. 13 illustrates generally an example cross section 1300 including a
carrier substrate 115 {e.g, a reusable stainless steel carrier, or one or more other
carrter substrates), an adhesive layer 116 {e.g., thermal release tape, such as
REVALPHA, etc) disposed (e g., lanminated) on a top surface of the carrier

20 substrate 115, and one or more dies 117 bonded on a top surface of the adhesive
fayer 116.

FIG. 14 illustrates generally an example cross section 1400 including a
mold compound 118, such as described above, disposed (e.g., molded and cured)
over the one or more dies 117 and exposed portions of the top surface adhesive

25 layer 116. Once cured, the mold compound 118 can be released from the carrier
substrate 115, and the adhesive laver 116 can be removed (e.g., de-taped),
leaving one or more dies 117 embedded in the mold compound 118, such as
illustrated in FIG. 15.

FIG. 15 illustrates generally an example cross section 1500 including a

30 mold compound 118 and one or more dies 117 in the mold compound 118.

For simplicity, the subsequent figures describe the process flow with a
single die. FIG. 106 illustrates generally an example cross section 1600 including
a die 117 embedded in a mold compound 118, and a first seed layer 119
deposited on the die 117 and the mold compound 118. With traditional mold

7
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compounds, the surface of the mold compound 118 would have to be treated
prior to depositing the first seed layver 119, such as using a wet etch or one or
more other surface treatment options, adding cost, time, and complexity, and

increasing the risk of damage to the die 117. However, because of the mold

W

compound 118 disclosed herein, this step can be avoided altogether, as the mold
compound 118 and techniques disclosed herein enable deposition of the seed
fayer 119 directly on the mold compound 118 with enhanced adhesion. The seed
fayer 119 can include, among other things, sputter Titanium (T1) or Copper (Cu),
electro-less Cu, or one or more other deposited metals.
10 A plasma etch of the top surface of the mold compound 118 prior to the
seed layer 119 deposition can be optionally performed, if desired or necessary.
The process steps described in FIGS. 2-11 can be similarly adopted to create the
first redistribution layer on the embedded die. Multiple redistribution layers can
be created by repeating process flow described in FIGS. 2-11. The multiple
1S redistribution layers can also be created using the traditional HDI substrate build
up materials with laser drilled vias or wafer level processes such as those used in
eWLB. Once the desired configuration 1s achieved, a Solder Resist Layer can be
laminated, patterned and bumped to create the SLI forming the ePLB package.
F1G. 17 illustrates generally an example cross section 1700 including a
20 die 117 embedded in a mold compound 118, a first seed layer 119, and dry film
resist (DFR) (e.g., a DRF 120} laminated, exposed, and developed on the first
seed layer 119
F1G. 18 illustrates generally an example cross section 1800 including a
die 117 embedded in a mold compound 118, a first seed layer 119, a DFR 120,
25  and a conductive material 121 deposited on the first seed layer 119 between the
remaining portions of the patterned DFR 120, The conductive material can be
electroplated (e.g., Cu, etc.) on the first seed layer 119. Following electroplating
of the conductive material 121, the DFR 120 can be removed (e g, stripped),
such as illustrated in example cross section 1900 of FIG. 19.
30 FIG. 19 illustrates generally an example cross section 1900 including a
die 117 embedded in a2 mold compound 118§, a first seed layer 119, and a
conductive material 121 deposited on the first seed layer 119.
FIG. 20 illustrates generally an example cross section 2000 including a
die 117 embedded in a mold compound 118, a first seed layer 119, and a

8
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conductive material 121 with a portion of the first seed layer 119 removed (e.g.,
etched).
FIG. 21 illustrates generally an example cross section 2100 including a

die 117 embedded in a mold compound 118, a conductive material 121, and a

W

faver of solder resist (SR) material 122 laminated over the conductive material
121
FIG. 22 illustrates generally an example cross section 2200 including a
die 117 embedded in a mold compound 118, a conductive material 121, a layer
of SR material 122 (e.g., exposed and developed) with one or more solder balls
10 (e.g., asolder ball 123) placed and reflowed to create the SLI {Second Level
Interconnect}.

Although the example of FIG. 22 illustrates a single-layer ePLB package,
this can be extended to a mulii-laver ePLB package by adding more
redistribution layers using a process flow similar to that described in FIGS 17-

1S 21; build-up materials used for lamination in the redistribution layers followed

by SR lamination for the final bumping layer.

Additional Notes and Examples

Example 1 15 a microelectronic system, comprising: a mold compound
20 inciuding a base layer and a surface layer on the base layer, the mold compound
including: an epoxy resin; a hardener; a filler material; and a polymer interphase
material; and a seed layer deposited on the surface layer of the mold compound,
wherein the polymer interphase material forms the surface layer of the mold
compound having an adhesion strength to the seed layer greater than the epoxy
25  resin and hardener alone.

In Example 2, the subject matter of Example 1 optionally includes,
wherein the base laver includes the filler material, and the surface layer includes
the polymer interphase material.

In Example 3, the subject matter of any one or more of Examples 1-2

30 optionally include, wherein the epoxy resin includes a monomer epoxy resin,
wherein the hardener includes biphenyl diamine, wherein the filler material
includes silica, and wherein the polymer interphase material includes

polyetherimide.
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In Example 4, the subject matter of Example 3 optionally includes,
wherein the monomer epoxy resin includes at least one of biphenyl epoxy or
epoxy novolac,

In Example S, the subject matter of any one or more of Exarmples 3—4

W

optionally include, wherein the mold compound includes a silane adhesion

promoter.

In Example 6, the subject matter of any one or more of Examples 1-5
optionally include, wherein the hardener includes an amine hardener or a phenol
hardener.

10 In Example 7, the subject matter of any one or more of Examples 1-6
optionally include, wherein the base layer has a thickness between 5 and 100
microns, and the surface layer has a thickness between 50 nanometers and 5
OICrons.

In Example 8, the subject matter of any one or more of Examples 1-7

1S optionally include, wherein the polymer interphase material forms the surface
fayer of the mold compound having an adhesion strength to the seed layer
greater than at least one of. a mold compound without the polymer interphase
material; a mold compound without the polymer interphase material, and
without surface treatment; a mold compound consisting essentially of the epoxy

20 resin and the hardener; a mold compound consisting essentially of the epoxy
resin, the hardener, and the filler maternial; or a mold compound consisting
essentially of the epoxy resin, the hardener, and the filler material, without the
polymer interphase material.

Example 9 15 a mold compound, comprising: an epoxy resin; a hardener;

25  and a filler material; a polymer interphase material; and wherein the polymer
mterphase material forms a surface layer of the mold compound having an
adhesion strength to a seed layer deposited on the surface layer greater than the
epoxy resin and hardener alone.

In Example 10, the subject matter of Example 9 optionally includes,

30  including a base layer including the filler material under the surface layer.

In Example 11, the subject matter of Example 10 optionally includes,
wherein the base laver includes the filler material, and the surface layer includes

the polymer interphase material.

10
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In Example 12, the subject matter of any one or more of Examples 9-11
optionally nclude, wherein the epoxy resin includes a monomer epoxy resin,
wherein the monomer epoxy resin includes at least one of biphenyl epoxy or

epoxy novolac, wherein the hardener includes biphenyl diamine, wherein the

W

filler material includes silica, and wherein the polymer interphase agent includes
polyetherimide.
In Example 13, the subject matter of Example 12 optionally includes,
wherein the monomer epoxy resin includes biphenyl epoxy and epoxy novolac.
In Example 14, the subject matter of any one or more of Examples 9-13
10 optionally include, wherein the hardener includes an amine hardener or a phenol
hardener.

In Example 15, the subject matter of any one or more of Examples 914
optionally include, wherein the base layer has a thickness between 5 and 100
microns, and the surface layer has a thickness between 50 nanometers and 5

1S microns.

In Example 16, the subject matter of any one or more of Examples 9-15
optionally include, wherein the polymer interphase material forms the surface
tayer of the mold compound having an adhesion strength to the seed layer
greater than at least one of' a mold compound without the polymer interphase

20 matertal; a mold compound without the polymer interphase material, and
without surface treatment; a mold compound consisting essentially of the epoxy
resin and the hardener; a mold compound consisting essentially of the epoxy
resin, the hardener, and the filler matenial; or a mold compound consisting
essentially of the epoxy resin, the hardener, and the filler material, without the

25 polvmer interphase material.

Example 17 is a method, comprising: curing a mold compound
including: an epoxy resin; a hardener; and a filler material; a polymer interphase
material, wherein curing the mold compound includes: forming a surface layer
using the polymer interphase material, the surface layer having an adheston

30 strength greater than the epoxy resin and hardener alone; and forming a base
laver under the surface layer, the base laver including the filler material; and
depositing a seed layer on the surface layer of the mold compound.

In Example 18, the subject matter of Example 17 optionally includes,
wherein forming the surface layer using the polymer interphase matenial includes

11
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forming a surface layer having an adhesion strength to a seed layer greater than
at least ove of: a wold compound without the polymer interphase material; a
mold compound without the polymer interphase material, and without surface
treatment; a mold compound consisting essentially of the epoxy resin and the
hardener; a mold compound consisting essentially of the epoxy resin, the
hardener, and the filler material; or a mold compound consisting essentially of
the epoxy resin, the hardener, and the filler material, without the polymer
interphase material.

Hxample 19 is a method, comprising: depositing a mold compound over
a conductor, the mold compound including: an epoxy resin; a hardener; and a
filler material; a polymer interphase material, wherein the mold compound, once
deposited, cures to form a surface layer using the polymer interphase material,
the surface layer having an adhesion strength greater than the epoxy resin and
hardener alone, and a base layer under the surface layer, the base layer including
the tiller material; and depositing a seed layer on the surface layer of the mold
compound.

In Example 20, the subject matter of Example 19 optionally includes,
wherein the surface layer has an adhesion strength to a seed layer greater than at
least one of! a mold compound without the polymer interphase material; a mold
compound without the polymer interphase material, and without surface
treatment; a mold compound consisting essentially of the epoxy resin and the
hardener; a mold compound consisting essentially of the epoxy resin, the
hardener, and the filler material; or a mold compound consisting essentially of
the epoxy resin, the hardeuver, and the filler material, without the polymer
interphase material.

fo Example 21, a system or apparatus can include, or can optionally be
combined with any portion or combination of any portions of any one or more of
Examples 1-20 to include, means for performing any one or more of the
functions of Examples 1-20.

The above detailed description includes references to the accompanying
drawings, which form a part of the detailed description. The drawings show, by
way of illustration, specific embodiments in which the invention can be
practiced. These embodiments are also referred to herein as “exarples.” Such
examples can include elements in addition to those shown or described.

12
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However, the present inventors also contemplate examples in which only those
elements shown or described are provided. Moreover, the present inventors also
contemplate examples using any combination or permutation of those elements
shown or described (or one or more aspects thereof), etther with respect to a
particular example {or one or more aspects thereof), or with respect to other
examples {or one or more aspects thereof) shown or described herein.

All publications, patents, and patent documents referred to in this
document are incorporated by reference herein in their entirety, as though
individually incorporated by reference. In the event of inconsistent usages
between this document and those documents so incorporated by reference, the
usage in the incorporated reference(s) should be considered supplementary to
that of this document; for irreconctiable inconsistencies, the usage in this
document controls.

In this document, the terms “a” or “an” are used, as is common in patent
documents, to include one or more than one, independent of any other nstances
or usages of “at least one” or “one or more.” In this document, the term “or” is
used to refer to a nonexclusive or, such that “A or B” includes “A but not B,” “B
but not A,” and “A and B,” unless otherwise indicated. In the appended claims,
the terms “including” and “in which” are used as the plain-English equivalents
of the respective terms “comprising” and “wherein.” Also, in the following
claims, the terms “including” and “comprising” are open-ended, that is, a
system, device, article, or process that includes elements in addition to those
listed after such a term in a claim are still deemed to fall within the scope of that
claim. Moreover, in the following claims, the terms “first,” “second,” and
“third,” etc. are used merely as labels, and are not intended to impose numerical
requirements on their objects.

Method examples described herein can be machine or computer-
implemented at least in part. Some examples can include a computer-readable
medium or machine-readable medium encoded with instructions operable to
configure an electronic device to perform methods as described in the above
examples. An implementation of such methods can include code, such as
microcode, assembly language code, a higher-level language code, or the like.
Such code can include computer readable instructions for performing various
methods. The code may form portions of computer program products. Further,

13
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the code can be tangibly stored on one or more volatile or non-volatile tangible
computer-readable media, such as during execution or at other times, Examples
of these tangible computer-readable media can include, but are not limited to,
hard disks, removable magnetic disks, removable optical disks (e.g., compact
disks and digttal video disks), magnetic cassettes, memory cards or sticks,
random access memories (RAMSs), read only memories (ROMs), and the like.
The above description is intended to be tllustrative, and not restrictive.
For example, the above-described examples (or one or more aspects thereof)
may be used in combination with each other. Other embodiments can be used,
such as by one of ordinary skill in the art upon reviewing the above description.
The Abstract is provided to allow the reader to quickly ascertain the nature of the
technical disclosure. It is submitted with the understanding that #t will not be
used to interpret or limit the scope or meaning of the claims. Also, in the above
Detailed Diescription, various features may be grouped together to streamline the
disclosure. This should not be interpreted as intending that an unclaimed
disclosed feature is essential to any claim. Rather, inventive subject matter may
fie in less than all features of a particular disclosed embodiment. Thus, the
following claims are hereby incorporated into the Detailed Description, with
each claim standing on its own as a separate embodiment, and it is contemplated
that such embodiments can be combined with each other in various
combinations or permutations. The scope of the invention should be determined
with reference to the appended claums, along with the full scope of equivalents to

which such claims are entitled.
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CLAIMS
WHAT IS CLAIMED IS:
I A mucroelectronic system, comprising;

a mold compound including a base layer and a surface layer on the base
fayer, the mold compound including:
an epoxy resin;
a hardener;
a filler material; and
a polymer interphase material; and
a seed layer deposited on the surface layer of the mold compound,
wherein the polymer interphase material forms the surface layer of the
mold compound having an adhesion strength to the seed layer greater than the

epoxy resin and hardener alone.

2. The system of claim 1, wherein the base layer includes the filler material,

and the surface layer includes the polymer interphase material

3. The system of claim 1, wherein the epoxy resin includes a monomer
EpOXy resin,

wherein the hardener includes biphenyl diamine,

wherein the filler material includes silica, and

wherein the polymer interphase material includes polyetherimide.
4. The system of claim 3, wherein the monomer epoxy resin includes at

least one of biphenyl epoxy or epoxy novolac.

5. The system of claim 3, wherein the mold compound includes a silane

adbesion promoter.

6. The system of claim 1, wherein the hardener includes an amine hardener

or a phenol hardener.
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7. The system of claim 1, wherein the base layer has a thickness between 5
and 100 microns, and the surface layer has a thickness between 50 nanometers

and 5 microns.

8. The system of claim 1, wherein the polymer interphase material forms
the surtace layer of the mold compound having an adhesion strength to the seed
layer greater than at least one of:

a mold compound without the polymer interphase material;

a mold compound without the polymer interphase material, and without
surface treatment;

a mold compound consisting essentially of the epoxy resin and the
hardener;

a mold compound consisting essentially of the epoxy resin, the hardener,
and the filler material; or

a mold compound consisting essentially of the epoxy resin, the hardener,

and the filler material, without the polymer interphase material.

9. A mold compound, comprising:

an epoxy resin;

a hardener; and

a filler material;

a polymer interphase material; and

wherein the polymer interphase material forrms a surface layer of the
mold compound having an adhesion strength to a seed layer deposited on the

surface layer greater than the epoxy resin and hardener alone.

10. The mold compound of claim 9, including a base layer including the

filler material under the surface layer.

t1.  The mold compound of claim 10, wherein the base layer includes the

filler material, and the surface layer includes the polymer interphase material.

16
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12. The mold compound of claim 9, wherein the epoxy resin includes a
MONOMEr epoxy resin,

wherein the monomer epoxy resin includes at least one of biphenyl
epoxy or epoxy novolac,

wheretn the hardener includes biphenyl diamine,

wherein the filler material includes silica, and

wherein the polymer interphase agent includes polyetherimide.

3. The mold compound of claim 12, wherein the monomer epoxy resin

includes biphenyl epoxy and epoxy novolac.

14. The mold compound of claim 9, wherein the hardener includes an amine

hardener or a phenol hardener.

15, The meold compound of claim 9, wherein the base layer has a thickness
between 5 and 100 microns, and the surface layer has a thickness between 50

nanometers and 5 microns.

16. The mold compound of claim 9, wherein the polymer interphase material
forms the surface layer of the mold compound having an adhesion strength to the
seed layer greater than at least one of’

a mold compound without the polymer interphase material;

a mold compound without the polymer interphase material, and without
surface treatment;

a mold compound consisting essentially of the epoxy resin and the
hardener;

a mold compound consisting essentially of the epoxy resin, the hardener,
and the filler material; or

a mold compound consisting essentially of the epoxy resin, the hardener,

and the filler material, without the polymer interphase material.

-
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17. A method, comprising:

curing a mold compound including:

an epoxy resin,

a hardener; and

a filler material;

a polymer interphase material,
wherein curing the mold compound includes:

forming a surface layer using the polymer interphase material, the
surface layer having an adhesion strength greater than the epoxy resin
and hardener alone; and

forming a base layer under the surface layer, the base layer
including the filler material; and

depositing a seed layer on the surface layer of the mold compound.

18.  The method of claim 17, wherein forming the surface layer using the
polymer interphase material includes forming a surface layer having an adhesion
strength to a seed layer greater than at least one of

a mold compound without the polymer interphase material;

a mold compound without the polymer interphase material, and without
surface treatment;

a mold compound consisting essentially of the epoxy resin and the
hardener;

a mold compound consisting essentially of the epoxy resin, the hardener,
and the filler material; or

a mold compound consisting essentially of the epoxy resin, the hardener,

and the filler material, without the polymer interphase material.

18
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19. A method, comprising:
depostting a mold compound over a conductor, the mold compound
including:
an epoxy resin;
a hardener; and
a filler material;
a polymer interphase material,
wherein the mold compound, once deposited, cures to form a surface
laver using the polymer interphase material, the surface layer having an adhesion
strength greater than the epoxy resin and hardener alone, and a base layer under
the surface layer, the base layer including the filler material; and

depositing a seed layer on the surface layer of the mold compound.

20. The method of claim 19, wherein the surface layer has an adhesion
strength to a seed layer greater than at least one of’

a mold compound without the polymer interphase material;

a mold compound without the polymer interphase material, and without
surface treatment;

a mold compound consisting essentially of the epoxy resin and the
hardener;

a mold compound consisting essentially of the epoxy resin, the hardener,
and the filler material; or

a mold compound consisting essentially of the epoxy resin, the hardener,

and the filler material, without the polymer interphase material.

19
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