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ing materials. The substrate includes a first surface that is bonded to a
semiconductor device and a second surface that is bonded to a printed cir-
cuit board. The substrate is formed using several techniques that minimize
the amount of mask levels used to form the substrate. For example, a metal
substrate is patterned to form a three dimensional pattern on the surface. A
dielectric material is deposited on the three dimensional pattern. Using
several patterning and polishing embodiments described herein, the
metal/dielectric substrate is patterned and polished to form a substantially
flush surface that is bonded to the semiconductor device. In one embodi-
ment, the top surface of the metal/dielectric substrate is patterned to ex-
pose the underlying metal substrate and the bottom surface of the metal
substrate is polished to be substantially flush with the dielectric material.
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SINGLE LAYER BGA SUBSTRATE PROCESS
Cross Reference to Related Applications

This disclosure claims priority to U.S. Patent Application No. 13/358,405,
filed January 25, 2012, which claims priority to Provisional Patent Application No.
61/437,200, filed January 28, 2011, and U.S. Provisional Patent Application No.
61/485,453, filed May 12, 2011, the entire specifications of which are hereby
incorporated by reference in their entireties for all purposes, except for those
sections, if any, that are inconsistent with this specification.

Technical Field

Embodiments of the present disclosure relate to the field of integrated
circuits, and more particularly, to techniques, structures, and configurations of
semiconductor chip packaging.

Background

The background description provided herein is for the purpose of generally
presenting the context of the disclosure. Work of the presently named inventors,
to the extent it is described in this background section, as well as aspects of the
description that may not otherwise qualify as prior art at the time of filing, are
neither expressly nor impliedly admitted as prior art against the present disclosure.

A semiconductor package is a casing - e.g., composed of metal, plastic,
glass, ceramic, or other material - containing one or more semiconductor devices.
A semiconductor package generally provides protection against impact and
corrosion, and supports contact pins or leads which are used to connect a
semiconductor device within the semiconductor package to a circuit external to the
semiconductor package. A semiconductor package typically includes a number of
components — for example, a substrate composed of several layers, metal traces,
and ball pads.. Multiple patterning steps are typically required to respectively
torm the several layers of a substrate, as well as to define the metal traces and ball
pads used in packaging a semiconductor device. Minimizing the amount of

patterning steps can reduce the cost of manufacturing semiconductor devices.
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Summary

This disclosure relates to methods for forming a substrate for supporting a
semiconductor device that is bonded to the substrate. In one implementation, a
three-dimensional pattern is formed on a top surface of a metal substrate. A
dielectric layer is deposited over the three-dimensional pattern and is patterned to
expose the underlying metal substrate. The bottom surface of the metal substrate is
also patterned to expose the dielectric material that was deposited on the top
surface of the metal substrate.

In another implementation, a three-dimensional pattern is formed on a top
surface of metal substrate. An insulating material is deposited on the top surface
of the metal substrate. A portion of the insulating material is removed so that the
top surface of the metal substrate is substantially flush with the remaining
insulating material. Then, a portion of a bottom surface of the metal substrate 1s
removed so that the bottom surface of the metal substrate is substantially flush
with the insulating material deposited on the top surface of the metal substrate. A
first mask layer i1s then formed on the top surface of the substrate along with a
second mask layer that is formed on the bottom surface of the substrate.

In yet another implementation, a metal/dielectric substrate is formed using a
metal substrate with an insulating material that is patterned to expose the
underlying metal substrate. A semiconductor device is bonded to the top surface
patterned metal/dielectric substrate and the bottom surface of the metal substrate is
polished until the metal substrate is substantially flush with the insulating material
that was deposited on the top surface of the metal substrate.

Brief Description of the Drawings

Embodiments of the present disclosure will be readily understood by the
following detailed description in conjunction with the accompanying drawings.
To facilitate this description, like reference numerals designate like structural
elements. Embodiments herein are illustrated by way of example and not by way

of limitation in the figures of the accompanying drawings.
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FIG. 1 illustrates a process flow diagram that describes steps that can be
used during manufacture of a semiconductor package along with side view
illustrations that correspond to the steps in the process flow diagram.

FIG. 2 illustrates another process flow diagram that describes steps that can
be used during manufacture of a semiconductor package along with side view
illustrations that correspond to the steps in the process flow diagram.

FIG. 3 illustrates another process flow diagram that describes steps that can
be used during manufacture of a semiconductor package along with side view
illustrations that correspond to the steps in the process flow diagram.

FIG. 4 illustrates another process flow diagram that describes steps that can
be used during manufacture of a semiconductor package along with side view
illustrations that correspond to the steps in the process flow diagram.

Detailed Description

FIG. 1 illustrates a process flow diagram 100 of steps that can be used
during the manufacturing of a semiconductor package. FIG. 1 also includes side
view illustrations 102 corresponding to the steps in the process flow diagram 100.
The side view illustrations for each step are located to the right of the step in the
process flow diagram 100.

At 104, a metal substrate 114 is patterned to create a three dimensional
pattern in the top surface of the metal substrate 114. In one embodiment, the metal
substrate 114 is etched to create a patterned substrate 116 that will be the
foundation for the semiconductor package. In this embodiment, the patterned
substrate 116 1s a two level pattern, with a portion of the patterned substrate 116
being above the etched portion of a top surface of the patterned substrate 116. The
etched portion of the patterned substrate 116 defines indentations or grooves that
form the basis of a three dimensional pattern that is device specific based upon the
size of the semiconductor package, the number of input/output connections for the
semiconductor package, and the type of connectors used for the input-put
connections. For example, the arrangement of the three dimensional pattern is

determined based upon the type of packaging requirements that needs to be

_3-



10

15

20

25

30

WO 2012/103369 PCT/US2012/022776

accommodated, e.g., Ball-Grid Array (BGA), Quad-Flat Pack (QFP), Quad-Flat
No Leads (QFN), flip-chip, wire bonded, or any other semiconductor packaging
scheme.

In another embodiment, a plating process can be used to add additional
metal to the metal substrate 114 to create a three dimensional pattern on the
surface of the metal substrate, as opposed to the aforementioned etching process.

At 106, another pattern is formed on top of the patterned substrate 116 by
depositing a dielectric material 118 and selectively removing portions of the
dielectric material 118 to expose portions 120a, 120b of the underlying patterned
metal substrate 116. The exposed portions 120a, 120b provide contact areas that
can be used to electrically connect a semiconductor device (not shown) or external
electrical connectors that will couple the patterned metal substrate 116 to a printed
circuit board (not shown). As can be seen, in this embodiment, the dielectric
material 118 on the top surface overlaps the patterned metal substrate 116 to define
upper contact regions 120a, 120b, by the overlapping regions of dielectric material
122a, 122b, 122¢. The overlap portion 122¢ can support semiconductor devices or
electrical connectors that facilitate connecting a completed semiconductor package
to a printed circuit board (not shown).

At 108, a pattern is formed on the bottom of the patterned metal substrate
116 by selectively removing a bottom portion of the patterned metal substrate 116
until the bottom of the patterned metal substrate 116 at portions 124a, 124b is
substantially flush with the dielectric material 118. The lower surfaces of the
portions 124a, 124b define lower contact regions that do not have any overlapping
dielectric material 118 unlike the upper contact regions120a, 120b described
above. The removal process can comprise a grinding or chemical mechanical
polishing process or, alternatively, a wet or dry chemical etch process.

In one embodiment, the remaining portions 124a, 124b of the patterned
metal substrate 116 are electrically isolated from each other by the dielectric
material 118. These metal regions 124a, 124b form an electrical via that allows

current to flow to/from the top of the upper portions of the patterned metal
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substrate 116 from/to the bottom portions of the patterned metal substrate 116. In
this embodiment, the upper contact regions 120a, 120b of the remaining portions
124a, 124b are substantially smaller in surface area than the lower contact regions
of the bottom surfaces of the metal regions 124a, 124b due to the overlap portions
122a, 122b, 122c. The differences in surface can be dictated by the type of
semiconductor packaging scheme (e.g., BGA, QFN,... etc.) being used or the
device bonding scheme (e.g., flip-chip, wire bond).

In other embodiments, the metal regions 124a, 124b may not always be
electrically isolated from each other, but, in general, at least a majority of the metal
regions 124a, 124b will be electrically 1solated from each other.

At 110, surface treatments 126, 128 can be applied to the upper and lower
contact regions, respectively, to improve bonding strength of a desired bonding
scheme being used. In other embodiments, the surface treatments are not required
and are not used. In such other embodiments, the specials treatments can be
omitted from the manufacturing process.

At 112, a semiconductor device 130 is coupled to the bottom surface of the
metal region 124band/or the bottom surface of dielectric material region 122c
using any adhesive material or techniques. The lower contact regions on the metal
regions 124a, 124b have a larger surface area than the upper contact regions 120a,
120b. Smaller surface contact regions on the top surface enable a higher density of
electrical connectors 134 to be coupled to the substrate at the contact regions 120a,
120b. In this embodiment, the electrical connectors are metal spheres or solder
balls 134 that form a BGA packaging arrangement. The semiconductor device 130
is also wire bonded to the metal regions 124a, 124b using metal wires 132. The
metal wires 132 provide an electrical conduit for electrical signals to be sent to and
from the device 130 to a printed circuit board (not shown). For example, the
signals travel from/to the semiconductor device 130 via the metal wires 132,
through the metal regions 124a, 124b, through the metal spheres 134 and to/from a
printed circuit board (not illustrated). The two illustrated metal regions 124a, 124b

are electrically isolated from each other to maintain the integrity of the signals
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being sent or received from the device 130. The metals wires 132 and metal
spheres 134 may be comprised of aluminum, gold, copper, or silver.

In other embodiments (not illustrated), the semiconductor device 130 can be
electrically connected directly to the metal regions 124a, 124b via metal spheres
instead of metal wires 132. For example, metal spheres can be used to couple the
device 130 to the substrate and another set of metal spheres 134 can couple the
substrate to a printed circuit board (not shown).

FIG. 2 illustrates a process flow diagram 200 of steps that can be used
during the manufacturing a semiconductor package, and also illustrates side view
illustrations 202 corresponding to the steps in the process flow diagram 200. The
side view illustrations for each step are located to the right of the step in the
process flow diagram 200.

At 204, a metal substrate 214 is patterned to create a three dimensional
pattern in the top surface of the metal substrate 214. In one embodiment, the metal
substrate 214 is etched to create a patterned metal substrate 216 that will include
the foundation for the semiconductor package. In this embodiment, the patterned
metal substrate 216 is a two level pattern similar to the pattern described in FIG. 1.
Again, the pattern is device specific and dependent upon the desired packaging
scheme.

In another embodiment, a plating process can be used to add additional
metal to the metal substrate 214 to create a three dimensional pattern on the
surface of the metal substrate, as opposed to the aforementioned etching process.

At 206, an insulating material 218 1s deposited on the top surface of the
patterned metal substrate 216. The insulating material can be any type of epoxy
based material (e.g., Intervia™, Dow Chemical Co., 1500 John Tipton Blvd.,
Pennsauken, NJ 08110) or silicon based material (e.g., Si0,, Si;Ny4, Tetracthyl
Orthosilicate (TEOS), Boronphosphosilicate glass (BPSG) or Phosphossilicte glass
(PSG)). The deposition process may include any chemical vapor deposition
process or chemical bath that can conformably apply the insulating material to the

patterned metal substrate 216.
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At 208, the insulating material 218 is patterned and portions of the
insulating material 218 is removed to form a pattern that exposes portions 220a,
220b of the patterned metal substrate 216 through the insulating material 218. The
exposed portions 220a, 220b may also be referred to as upper contact regions that
can be placed in electrical communication with other electrical components (not
shown). The patterning process may be accomplished by any variety of
lithography and etch techniques. This embodiment also includes portions of the
dielectric material 224a, 224b, 224c¢ that overlap the patterned metal substrate 216

At 210, the exposed areas 220a, 220b of the patterned metal substrate 216
are coated or treated with materials 226a, 226b to prevent the patterned metal
substrate 216 from being corroded and/or to improve the ability to apply other
electrical connectors to the patterned metal substrate 216. In other embodiments,
the materials 226a, 226b may not be applied to the patterned metal substrate 216
and the electrical connectors are applied directly to the metal substrate 216.

At 212, a semiconductor device 228 is coupled to the overlap portion 224c.
A semiconductor device 228 is electrically connected to the patterned metal
substrate 216 via metal wires 230a, 230b using any wire bonding technique.

At 214, the bottom surface of the patterned metal substrate 216 is removed
using any grinding, etching, or any other material removal technique. Portions of
the bottom of the patterned metal substrate 216 are removed until the bottom of the
patterned metal substrate 216 is substantially flush with the bottom surface of the
insulating material 218. Once the removal process is completed, the majority of
the metal wires 230a, 230b are electrically isolated from each other even though
they are coupled to many different portions of the same underlying substrate 216.
For instance, the lower contact regions 232a, 232b are electrically isolated from
each other. The lower contact regions 232a, 232b may also be treated to facilitate
soldering to a solder ball (not shown). Alternatively, the soldering process can
enable QFN packaging techniques that enable the lower contact regions 232a,
232b to be secured flushly to a printed circuit board (not shown).
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FIG. 3 illustrates a process flow diagram 300 of steps that can be used
during the manufacturing a semiconductor package, and also illustrates side view
illustrations 302 corresponding to the steps in the process flow diagram 300. The
side view illustrations for each step are located to the right of the step in the
process flow diagram 300.

At 304, a metal substrate 316 is patterned to create a three dimensional
pattern in the top surface of the metal substrate 316. In one embodiment, the metal
substrate 316 is etched to create a patterned metal substrate 318 that will include
the foundation for the semiconductor package. In this embodiment, the patterned
metal substrate 318 is a two level pattern, as shown in FIG. 3 by cross sectional
view.

At 306, an insulating material 320 is deposited on the top surface of the
patterned metal substrate 318. The deposition process may include any chemical
vapor deposition process or chemical bath that can conformably apply the
insulating material to the patterned metal substrate 318.

At 308, portions of the patterned metal substrate 318 and the insulating
material 320 are removed until metal substrate portions 324a, 324b are
substantially flush with the insulating material portions 322a, 322b, 322c with
regard to both the top surface and the bottom surface. For example, the removal
process can include a grinding or chemical mechanical polishing process.

At 310, a first mask layer 326 is applied to the top surface of the portions
322, 324 and a second mask layer 328 is applied to the bottom surface of the
portions 322, 324. The first mask layer 326 1s deposited on the top surface and
patterned to expose portions 330a, 330b of the metal substrate portions 324a, 324b.
The first mask layer 326 comprises an insulating material that assists in electrically
isolating metal substrate portions 324a, 324b from each other. The second mask
layer 328 is deposited on the bottom surfaces of the portions 322a, 322b, 322¢,
324a, 324b and patterned to expose portion 332 of the metal substrate portion
324b.
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In one embodiment, the mask layers 326, 328 may be deposited separately.
In another embodiment, the mask layers 326, 328 are deposited on the portions
322a, 322b, 322c¢, 324a, 324b at the same time. Each mask layer 326, 328 may be
patterned at the same time or separately.

At 312, the exposed portions 330a, 330b, 332 of the metal substrate are
coated or treated with materials 334a, 334b, 336 to prevent the metal substrate
from being corroded and/or to improve the ability to apply other electrical
connectors to the substrate. In other embodiments, the materials 334a, 334b, 336
may not be applied to the exposed portions 330a, 330b, 332 and the electrical
connectors are applied directly to the exposed portions 330a, 330b, 332.
Alternatively, the materials 334a, 334b may be coated on the exposed portions
330a, 330b but not to the exposed portion 332. Similarly, the materials 336 may
be coated on the exposed portion 332 and not the exposed portions 330a, 330b.
Determining whether to apply or not apply the materials 334a, 334b, 336 is
dependent upon the packaging technique being used and the performance or
reliability required for a semiconductor device 338.

At 314, the semiconductor device 338 is coupled to the first mask layer 326.
In one embodiment, the device is wire bonded to the coated (or uncoated
depending upon the packaging technique) exposed portions 330a, 330b using
metal wires 340a, 340b. In another embodiment, the device is coupled directly to
the coated (or uncoated) exposed portions 330a, 330b using an electrical
connector, such as a metal sphere (not shown) (e.g., flip-chip). The coated (or
uncoated) exposed portion 332 also includes another electrical connector that can
be used to couple the exposed portion 332 to a printed circuit board (not shown).
In one embodiment, a metal sphere or solder ball 342 is used as the electrical
connector on the coated (or uncoated) exposed portion 332.

FIG. 4 illustrates a process flow diagram 400 of steps that can be used
during the manufacturing a semiconductor package, and also illustrates side view

illustrations 402 corresponding to the steps in the process flow diagram 400. The
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side view illustrations for each step are located to the right of the step in the
process flow diagram 400.

At 404, a metal substrate 416 is patterned to create a three dimensional
pattern in the top surface of the metal substrate 418. In one embodiment, the metal
substrate 416 is etched to create a patterned substrate 418 that will include the
foundation for the semiconductor package. In this embodiment, the patterned
substrate 418 1s shown in a cross sectional view that includes a multi-level pattern
that includes three levels. In another embodiment, more than three levels can be
used as the substrate pattern.

At 406, an insulating material 420 1s deposited on the top surface of the
patterned metal substrate 418. The insulating material can be any type of epoxy
based material (e.g., Intervia™, Dow Chemical Co., 1500 John Tipton Blvd.,
Pennsauken, NJ 08110) or silicon based material (e.g., S10,, Si,Ny4, Tetracthyl
Orthosilicate (TEOS), Boronphosphosilicate glass (BPSG) or Phosphossilicte glass
(PSG)). The deposition process may include any chemical vapor deposition
process or chemical bath that can conformably apply the insulating material to the
substrate 418.

At 408, the insulating material 420 is polished or etched such that the top
surface of the patterned metal substrate 418 is substantially flush with the top
surface of the insulating material 420. Following the removal of the insulating
material 420, portions 422a, 422b of the metal substrate 418 are exposed. These
portions 422a, 422b define upper contact areas to which electrical connections may
be made. Additionally, portions 424a, 424b, 424c of the dielectric material 420
are left overlapping the exposed portions 422a, 422b of the patterned metal
substrate 418.

At 410, the bottom surface of the patterned metal substrate 418 1s polished
or etched to make the bottom surface of the patterned metal substrate 418
substantially flush with the bottom surface of the insulating material 420.

Following the removal of the insulating material 420, portions 426a, 426b of the

- 10 -
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patterned metal substrate 418 are exposed. These portions 426a, 426b define
lower contact areas to which electrical connections may be made.

At 412, the exposed portions 422a, 422b, 426a, 426b of the patterned metal
substrate 418 are coated or treated with materials 428a, 428b, 430a, 430b to
prevent the patterned metal substrate from being corroded and/or to improve the
ability to apply other electrical connectors to the substrate. In another
embodiment, the materials 428a, 428b may not be applied to the exposed portions
422a, 422b, 426a, 426b and the electrical connectors are applied directly to the
exposed portions 422a, 422b, 426a, 426b.

At 414, a semiconductor device 432 is coupled to the bottom of the
insulating portion 424c. The semiconductor device 432 is electrically connected to
the exposed portions 426a, 426b via metal wires 434a, 434b using any wire
bonding technique. Metal spheres 436a, 436b are then coupled to the bottom
surface of the exposed portions 422a, 422b. The metal spheres 436a, 436b are
used to connect the exposed portions 422a, 422b to a printed circuit board (not
shown).

In another embodiment, metal spheres are coupled to the bottom surface of
the semiconductor device 432 (not shown) instead of directly coupling the device
to the bottom of the insulating portion 424b. Once the spheres are coupled to the
semiconductor device 432, the metal spheres are then coupled to the bottom of the
insulating portion 424b (e.g., flip-chip).

The descriptions above may use perspective-based descriptions such as
up/down, over/under, and/or top/bottom. Such descriptions are merely used to
facilitate the discussion and are not intended to restrict the application of
embodiments described herein to any particular orientation.

Various operations are described as multiple discrete operations in turn, in a
manner that is most helpful in understanding the claimed subject matter. However,
the order of description should not be construed as to imply that these operations
are necessarily order dependent. In particular, these operations may not be

performed in the order of presentation. Operations described may be performed in
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a different order than the described embodiment. Various additional operations
may be performed and/or described operations may be omitted in additional
embodiments.

The description uses the phrases “in an embodiment,” “in embodiments,” or
similar language, which may each refer to one or more of the same or different
embodiments. Furthermore, the terms “comprising,” “including,” “having,” and
the like, as used with respect to embodiments of the present disclosure, are
synonymous.

The terms chip, integrated circuit, monolithic device, semiconductor device,
die, and microelectronic device are often used interchangeably in the
microelectronics field. The present invention is applicable to all of the above as
they are generally understood in the field.

Although certain embodiments have been illustrated and described herein, a
wide variety of alternate and/or equivalent embodiments or implementations
calculated to achieve the same purposes may be substituted for the embodiments
illustrated and described without departing from the scope of the present
disclosure. This disclosure is intended to cover any adaptations or variations of the
embodiments discussed herein.  Therefore, it is manifestly intended that

embodiments described herein be limited only by the claims and the equivalents

thereof.
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Claims

What 1s claimed is:
1. A method comprising:

forming a three-dimensional pattern on a top surface of a metal substrate;

forming a pattern on the top surface of the metal substrate, wherein the
pattern on the top of the metal substrate 1) is formed using a dielectric material, and
11) exposes portions of the top surface of the metal substrate; and

forming a pattern on a bottom surface of the metal substrate in conjunction
with the dielectric material by removing a portion of the bottom surface of the

metal substrate.

2. The method of claim 1, wherein forming the pattern on the top surface of
the substrate includes forming a portion of the dielectric material on top of the top

surface of the metal substrate.

3. The method of claim 2, wherein forming the pattern on the bottom surface
of the metal substrate includes forming the dielectric material to be substantially

flush with the bottom surface of the metal substrate.

4, The method of claim 3, wherein one or more portions of the metal substrate

are electrically isolated from each other by the dielectric material.

S. The method of claim 1, wherein the exposed portions of the top surface of
the metal substrate comprise a surface area that is less than a surface area of the

metal substrate exposed on the bottom surface of the metal substrate.
6. The method of claim 3, further comprising:

coupling a semiconductor device to the bottom surface of the metal

substrate;

- 13-
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forming a plurality of individual electrical connections between the
semiconductor device and the bottom surface of the metal substrate;

coupling an electrical connector to at least one of the exposed portions of
the top surface of the metal substrate, the electrical connector being configured to

be coupled to a printed circuit board.

7. The method of claim 3, further comprising:

applying a surface treatment to the exposed portions of the top surface of
the metal substrate;

applying a surface treatment to a portion of each of the exposed portions of
the bottom surface of the metal substrate;

coupling a semiconductor device to at least one of (1) the bottom surface of
the insulating material and (i1) the bottom surface of the metal substrate;

forming a plurality of individual electrical connections between the
semiconductor device and the surface treated portions of the bottom surface of the
metal substrate;

coupling an electrical connector to at least one of the surface treated
portions of the top surface of the metal substrate, the electrical connector being

configured to be coupled to a printed circuit board.

8. The method of claim 3, further comprising:

coupling a semiconductor device to the top surface of the metal substrate;

forming a plurality of individual electrical connections between the
semiconductor device and each of the exposed portions of the top surface of the
metal substrate;

coupling an electrical connector to at least one of the exposed portions of
the bottom surface of the metal substrate, the electrical connector being configured

to be coupled to a printed circuit board.

9. A method comprising:

- 14 -
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forming a three-dimensional pattern on a top surface of a metal substrate;

depositing an insulating material on the top surface of the metal substrate;

removing a portion of the insulating material so that the top surface of the
metal substrate is substantially flush with the remaining insulating material;

removing a portion of a bottom surface of the metal substrate so that the
bottom surface of the metal substrate is substantially flush with the insulating
material; and

forming (i) a first mask layer on the top surface of the metal substrate and
the insulating material, the first mask layer exposing one or more portions of the
top surface of the metal substrate and (i1) a second mask layer on the bottom
surface of the metal substrate and the insulating material, the second mask layer

exposing one or more portions of the bottom surface of the metal substrate.

10.  The method of claim 9, wherein the one or more exposed portions of the top
surface of the metal substrate are electrically isolated from a majority of the other
exposed portions of the top surface of the metal substrate by the insulating

material.

11.  The method of claim 10, wherein the one or more exposed portions of the
bottom surface of the metal substrate are electrically isolated from a majority of
the other exposed portions of the bottom surface of the metal substrate by the

insulating material.
12.  The method of claim 11, wherein a majority of the exposed portions of the
top surface of the metal substrate are each electrically conductive with a

corresponding exposed portion of the bottom surface of the metal substrate.

13.  The method of claim 9, further comprising;:

coupling a semiconductor device to the top of the first mask layer;
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forming a plurality of individual electrical connections between (i) the
semiconductor device and (i1) the top surface of the metal substrate, each electrical
connection being electrically isolated from each other;

coupling an electrical connector to at least one of the exposed portions of
the bottom surface of the metal substrate, the electrical connector being configured

to be coupled to a printed circuit board.

14.  The method of claim 9, further comprising:

applying a surface treatment to the one or more exposed portions of the top
surface of the metal substrate;

applying a surface treatment to a portion of each of the one or more exposed
portions of the bottom surface of the metal substrate;

coupling a semiconductor device to a bottom surface of the first mask layer

forming a plurality of individual electrical connections between (i) the
semiconductor device and (i1) each of the surface treated portions of the bottom
surface of the metal substrate; and

coupling an electrical connector to at least one of the surface treated
portions of the top surface of the metal substrate, the electrical connector being

configured to be coupled to a printed circuit board.

15. A method comprising:
forming a three-dimensional pattern on a top surface of a metal substrate;
depositing an insulating material on the top surface of the metal substrate;
removing a portion of the insulating material so that one or more portions of
the top surface of the metal substrate are exposed;
coupling a semiconductor device to a top surface of the insulating material;
bonding an electrical connector between the semiconductor device and one

of the exposed portions of the top surface of the metal substrate; and
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removing a portion of a bottom surface of the metal substrate until the
bottom surface of the metal substrate is substantially flush with a bottom surface of

the insulating material.

16.  The method of claim 15, further comprising:

depositing a protective layer over the top surface of the semiconductor
device, the insulating layer, and the metal substrate; and

bonding a portion of the bottom surface of the metal substrate to a printed

circuit board.

17.  The method of claim 15, wherein the metal substrate comprises one of the

following: aluminum or copper.

18.  The method of claim 15, wherein the electrical connector comprises one of

the following: aluminum, copper, silver, or gold.

19.  The method of claim 15, wherein the electrical connector comprises a metal

wire.

20.  The method of claim 15, wherein the electrical connector comprises a metal

sphere.
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