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PATTERN BETWEEN PATTERN FOR LOW PROFILE SUBSTRATE

Hong Bok We, Chin-Kwan Kim, Dong Wook Kim,
Jae Sik Lee, Kyu-Pyung Hwang, & Young Kyu Song

Cross-Reference to Related Application
[0001] This application claims priority to U.S. Nonprovisional Application No.
14/253,798, filed on April 15, 2014, which is herein incorporated by reference in its

entirety.

Technical Field
[0002] This application relates to substrates in integrated circuit devices, and
more particularly, to substrates that include a metal pattern in between a metal pattern to

provide a low profile substrate.

Background

[0003] To manufacture integrated circuit (IC) devices, photolithography is
typically used. Photolithography produces a three-dimensional pattern on a surface of a
substrate using a light-sensitive photoresist material and controlled exposure to light.
Generally, the resist is applied on the substrate surface as a polymer solution. The resist
is then baked, which drives out the solvent. Next, the resist is exposed to controlled
light. The light passes through a mask that defines the desired pattern. The pattern is
transferred to the resist, and the resist is used to transfer the pattern to the underlying
substrate. In this way, layers can be built one on top of another to form the desired IC
device.

[0004] Patterned conductive material on one level is typically electrically

insulated from patterned conductive material on another level by a layer of dielectric
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material. Figure 1 illustrates an IC substrate 100 having a first patterned metal layer
104 and a second patterned metal layer 108 according to the prior art. The first
patterned metal layer 104 is formed on a substrate 102. A dielectric layer 106 is formed
over the first patterned metal layer 104 and separates the second patterned metal layer
108 from the first patterned metal layer 104. The second patterned metal layer 108 is
formed on the dielectric material 106. The space 110 between the two patterned metal
layers is occupied only by dielectric material 106, taking up space and adding unwanted
thickness to the IC substrate 100.

[0005] Figures 2A-2J illustrate a method that is typically used to form patterned
metal layers on a substrate. In Figure 2A, a substrate 200 with a first metal layer 202
formed on the substrate 200 is provided. In Figure 2B, a photoresist layer 204 is
formed on top of the first metal layer 202, and in Figure 2C, the photoresist layer 204 is
patterned to include various openings that expose portions of the first metal layer 202 to
subsequent etch. In Figure 2D, the first metal layer 202 is patterned using the
photoresist layer 204. In Figure 2E, the photoresist layer 204 is removed, leaving the
first patterned metal layer 202. In Figure 2F, a dielectric layer 206 is formed over the
first patterned metal layer 202, In Figure 2G, a photoresist layer 208 is formed on top
of the dielectric layer 206. In Figure 2H, the photoresist layer 208 is patterned and
etched to expose portions of the dielectric layer 206. In Figure 21, a second metal 210
is deposited on the exposed portions of the dielectric layer 206, and in Figure 21, the
photoresist layer 208 is removed, leaving the second patterned metal layer 210 and the
first patterned metal layer 202, with the dielectric layer 206 separating the two metal
layers.

[0006] Advances in semiconductor IC design, processing, and packaging

technologies have resulted in increases in the number and density of features in a
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substrate. Nonetheless, the size of portable electronic systems such as portable
computers, cell phones, PDAs, etc. continues to shrink despite the addition of new
features and functions. New features and functionalities, such as digital cameras and
camcorders, global positioning systems, and removable memory cards‘ are continually
being integrated into modern portable and/or high density electronic systems. It is
therefore desirable to decrease the thickness of the components within portable
electronic systems to provide size reduction as well as additional space to add new
components.

[0007] Accordingly, there is a need in the art for thin, low profile substrates.

Summary

[0008] To provide an IC substrate with a reduced thickness and height, an IC
substrate that includes a second patterned metal layer formed in between a first
patterned metal layer is disclosed. In other words, portions of the second patterned
metal layer are located in the middle of portions of the first patterned metal layer. A
dielectric layer separates the first patterned metal layer from the second patterned metal
layer. A non-conductive layer is formed on the dielectric layer and the second patterned
metal layer. In exemplary embodiments, the metal layers comprise copper. In one
embodiment, the IC substrate comprises a package substrate such as an organic
substrate. Alternatively, the IC substrate may comprise a semiconductor substrate (a
die). The IC substrate of the present disclosure not only has a reduced height, but also
has improved routing density, greater mechanical stability, and improved electrical
performance.

[0009] In various embodiments, the dielectric layer is thinner than in traditional
implementations and allows the second patterned metal layer to be closer to the first

patterned metal layer. In some embodiments, the dielectric layer is uniform in
3
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thickness, In an exemplary embodiment, the dielectric layer is about 10 um thick. In
another embodiment, the dielectric layer conforms to the shape of the first patterned

metal layer. Vacuum coating may be used to form the dielectric layer.

Brief Description of the Drawings

[0010] Figure 1 is a cross-sectional view of an IC substrate with first and second
patterned metal layers in accordance with the prior art.

[0011] Figures 2A-2J are cross-sectional views of an IC substrate at various
fabrication stages in accordance with the prior art.

[0012] Figure 3A is a cross-sectional view of an IC substrate with a pattern in
between a pattern in accordance with an embodiment of the present disclosure.

[0013] Figure 3B is a cross-sectional view of an IC substrate with a pattern in
between a pattern in accordance with an embodiment of the present disclosure.

[0014] Figure 4 is an integrated circuit package that includes an IC substrate
with a pattern in between a pattern in accordance with an embodiment of the present
disclosure.

[0015] Figures 5A-5H are cross-sectional views of a sequence for
manufacturing an IC substrate with a pattern in between a pattern in accordance with an
embodiment of the present disclosure.

[0016] Figure 6 is a flowchart for a method of manufacture for an IC substrate
with a pattern in between a pattern in accordance with an embodiment of the present
disclosure.

[0017] Figure 7 illustrates some example electronic systems incorporating an IC
substrate with a pattern in between a pattern in accordance with an embodiment of the

present disclosure.
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[0018]  Embodiments of the present disclosure and their advantages are best
understood by referring to the detailed description that follows. It should be appreciated
that like reference numerals are used to identify like elements illustrated in one or more

of the figures.

Detailed Description

[0019] To meet the need in the art for an IC substrate with reduced thickness
and height, an IC substrate is provided that includes a second patterned metal layer
formed in between a first patterned metal layer. A dielectric layer separates the first
patterned metal layer from the second patterned metal layer. The dielectric layer is a
means for separating and electrically isolating the first patterned metal layer from the
second patterned metal layer. A non-conductive layer is formed on the dielectric layer
and the second patterned metal layer. In one embodiment, the IC substrate comprises a
package substrate such as an organic substrate. Alternatively, the IC substrate may

comprise a die substrate.

Overview

[0020] Figure 3A shows an example IC substrate 300 comprising a substrate
302, a first patterned metal layer 304, a dielectric layer 306, a second patterned metal
layer 308, and a non-conductive layer 310. The metal layers 304, 308 may comprise
copper, nickel, or other suitable metals for conducting such as silver or gold. The
dielectric layer 306 covers and conforms to the shape of the first patterned metal layer
306. The dielectric layer 306 typically includes an oxide (e.g., silicon oxide), or any
other suitable material such as phosphosilicate glass (PSG) or borophosphosilicate glass
(BPSG). The second patterned metal layer 308 is formed on the dielectric layer 306,

extends past the first patterned metal layer 304, and is substantially parallel to the first
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patterned metal layer 304. The second patterned metal layer 308 is formed in between
the first patterned metal layer 304, The non-conductive layer 310 is formed on the
second patterned metal layer 308 and the dielectric layer 306. In various embodiments,
the non-conductive layer 310 comprises a dielectric material, a prepreg material (e.g.,
epoxy), an organic material, or a combination thereof.

[0021] The substrate 302 may include a package substrate or a die substrate.
The substrate 302 may comprise a wide variety of forms such as an organic substrate or
a semiconductor substrate. One can readily appreciate that the present disclosure is
independent of the type of substrate.

[0022] When the substrate 230 includes a package substrate, the substrate 302
includes conductive layers (e.g., first and second patterned metal layers 304, 308) to
carry powet, ground, and signals through the substrate 302. In an embodiment, the
conductive layers are formed from copper, although other conductive materials such as
tin, lead, nickel, gold, palladium, or other materials may be used. Non-conductive
material in the substrate 302 may be formed from organic materials, such as epoxy
material.

[0023] When the substrate 302 comprises a die substrate, the substrate 302 may
include suitable semiconductor materials such as silicon, germanium, silicon carbide,
gallium arsenic, indium arsenide, and indium phosphide. The substrate 302 may
include a variety of other features such as p-type doped regions and/or n-type doped
regions, isolation features, gate stacks, inter-level dielectric (ILD) layers, and
conductive features (e.g., first and second patterned metal layers 304, 308).

[0024] Referring back to Figure 3A, in contrast to traditional implementations,
the space typically occupied by only dielectric material is now used and includes a

second patterned metal layer 308. This space can be used because the dielectric layer
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306 is coated onto the first patterned metal layer 304 to conform to the shape of the first
patterned metal layer 304. In the past, the dielectric layer was blanket deposited to
cover the first patterned metal layer to form a thick dielectric block, regardless of the
shape of the first patterned metal layer.

[0025] The dielectric layer 306 formed over the first patterned metal layer 304 is
thinner than in traditional implementations and allows the second patterned metal layer
308 to be closer to the first patterned metal layer 304. Hence, the second patterned
metal layer 308 can be formed in between the first patterned metal layer 304, In an
exemplary embodiment, the dielectric layer 306 is about 10 pm thick. The thinner
dielectric layer 306 and metal layers 304, 308 that are spaced closer together provide an
IC substrate with a reduced thickness/height. Despite the use of a thinner dielectric
layer 306, the dielectric layer 306 can still serve as a guard rail that reduces coupling
and interference for high speed/critical signal routing without an increase in the
substrate area.

[0026] Because the metal layers 306, 308 can be formed closer together, several
advantages are realized. First, the IC substrate 300 has improved routing density (e.g.,
more features are provided in an area). This increased density provides greater
mechanical stability to the IC substrate 300. Second, the IC substrate 300 has improved
electrical performance. For example, there is decreased loop inductance of conductive
lines (e.g., metal layers 306, 308) in the substrate 300 because the conductive lines are
closer together. When the conductive lines are closer together, the loop through which
current travels is made smaller. A larger loop creates a stronger magnetic field, and
results in a greater inductance than a smaller loop. In package substrate embodiments,

there is reduced package inductance because of thinner package thickness. Moreover,
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better tolerance/control and reduced coupling distance can be used in designing
directional couplers, filter, and inductors without an increase in substrate area.

[0027] In exemplary embodiments, the dielectric layer 306 is coated onto the
first patterned metal layer 304 in a uniform thickness. For example, the thickness T1 is
substantially the same as the thickness T2. With the use of very controlled dielectric
processing, such as vacuum coating, the thickness of dielectric layer 306 can be made
very uniform. This controlled dielectric processing allows the formation of both thick
and fine line metal patterns. For instance, as shown in Figure 3A, the second patterned
metal layer 308 includes a portion having a larger width W1 and a thinner width W2, In
other embodiments, the second patterned metal layer 308 includes portions having
substantially the same width.

[0028] Figure 3B illustrates an IC substrate 300 having a substrate 302 built up
with second patterned metal layers 308 formed in between first patterned metal layers
304 to provide a low profile substrate having a reduced thickness or height. The first
patterned metal layers 304 are separated from the second patterned metal layers 308 by
dielectric layers 306. Non-conductive layers 310 are formed over the second patterned
metal layers 308. In various embodiments, the first patterned metal layers 304 are
coﬁpled to the second patterned metal layers 308 through vias 312.

[0029] In an exemplary embodiment, the thickness of an IC substrate prepared
according to traditional implementations is about 656 microns. When the IC substrate is
prepared according to the present disclosure with second patterned metal layers formed
in between first patterned metal layers, the thickness of the substrate is reduced to about

586 microns. This is a difference in thickness of about 70 microns or about 10.7%.
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Package and Die Substrate Embodiments

[0030] Figure 4 illustrates a flip-chip package 400 that includes a substrate in
accordance with one or more embodiments of the present disclosure. Package 400
includes a die substrate 410 (e.g., an integrated circuit die) and a package substrate 420
such as an organic package substrate, Die 410 electrically (and mechanically)
interconnects with package substrate 420 by means of solder bumps 412 as known in
the flip-chip packaging arts. Alternatively bumps 412 may be replaced by copper pillars
or other suitable interconnects. More generally, package 400 includes a means for
conductively interconnecting die 410 to package substrate 420 such as through the use
of bumps 412 (e.g., solder bumps, or copper pillars). Package substrate 420 couples to a
printed circuit board 330 via solder balls 422.

[0031] In one embodiment, the die substrate 410 includes a substrate with
patterned metal layers formed in between other patterned metal layers according to the
present disclosure, In another embodiment, the package substrate 420 includes a
substrate with patterned metal layers formed in between other patterned metal layers
according to the present disclosure. In yet another embodiment, both the die substrate
410 and the package substrate 420 include a substrate with patterned metal layers

formed in between other patterned metal layers according to the present disclosure.

Example Methods of Manufacture

[0032] Figure 5A through Figure 5H illustrate manufacturing steps for forming
an IC substrate, such as IC substrate 300 of Figures 3A-3B.

[0033] In Figure SA, the IC substrate starts off with a first patterned metal layer
502 formed on a substrate 500. The first patterned metal layer 502 and the substrate

500 are coated with a dielectric layer 504. The dielectric layer 504 conforms to the
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shape of the first patterned metal layer 502, In an exemplary embodiment, vacuum
coating is used to deposit the dielectric layer 504 on the first patterned metal layer 502
and the substrate 500. Vacuum coating provides precise control of film thickness and
for the deposition of uniform films. In various embodiments, vacuum coating is used to
deposit thin dielectric films on the first patterned metal layer 502 and the substrate 500.
In one embodiment, the thickness of the dielectric layer 504 is about 10 pm.

[0034] In Figure 5B, a metal seed layer 506 is deposited on top of the dielectric
layer 504. The metal seed layer 506 may include any suitable metal, such as copper or
cobalt. In an embodiment, the metal seed layer 506 is deposited by physical vapor
deposition (PVD) or chemical vapor deposition (CVD).

[0035] Figure 5C illustrates the deposition of a photoresist layer 508 over the
metal seed layer 506. For example, the photoresist layer 508 can be deposited using
spin-on coating methods, CVD, plasma-enhanced chemical vapor deposition (PECVD),
low energy chemical vapor deposition (LECVD), evaporation, and the like.

[0036] Figure 5D illustrates the patterning of the photoresist layer 508 to form
openings 510 that expose portions of the metal seed layer 506. Any suitable patterning
method known in the art may be used to pattern the photoresist layer 508. Typically,
patterning involves radiation of a portion of the photoresist layer 508 and development.
In one example of the exposure, the photoresist layer 508 is selectively exposed by
radiation beam through a mask having a predefined pattern. The radiation beam
includes ultraviolet (UV) light in one example. After the exposing process, the
photoresist layer 508 is further processed by a thermal baking process, referred to as a
post exposure bake (PEB). The PEB may induce a cascade of chemical transformations
in the exposed portion of the photoresist layer 508, which is transformed to have an

increased or decreased solubility of the photoresist layer 508 in a developer. Thereafter,
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the photoresist layer 508 is developed such that the exposed resist portion is either: (1)
dissolved and washed away or (2) remains during the developing process.

[0037] In Figure 5E, the openings 510 are filled with conductive material 512
and the photoresist layer 508 is removed. According to one embodiment, the
conductive material 512 is deposited using conventional electroplating procedures or
electrolytic deposition. The conductive material 512 may be, for examplé, copper or
nickel. The photoresist layer 508 may be removed by a process such as wet stripping or
O, plasma ashing.

[0038] In Figure 5F, the portions of the metal seed layer 506 that are not
covered by conductive material 512 are etched out. The conductive material 512 forms
a second patterned metal layer 512 that is between the first patterned metal layer 502.
The second patterned metal layer 512 is separated from the first patterned metal layer
502 by the dielectric layer 504, This pattern between pattern feature provides a
substrate that has reduced thickness or height.

[0039] In Figure 5G, a non-conductive layer (e.g., dielectric or prepreg layer) is
formed over the dielectric layer 504 and the second patterned metal layer 512. In
Figure 5H, openings 516 for vias are formed in the non-conductive layer 514 and
dielectric layer 504. In an exemplary embodiment, the non-conductive layer 514 and
the dielectric layer 504 are etched or laser drilled to form the openings 516 for vias. As
can be seen, vias can be formed on both the first patterned metal layer 502 and secdnd

patterned metal layer.

Method of Manufacturing Flowchart

[0040] A manufacturing process generic to the various embodiments discussed
herein may be summarized as shown in a flowchart of Figure 6. A first step 600

comprises forming a first patterned metal layer on a substrate. This step is illustrated,
11
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for example, in Figure 5A. A second step 605 comprises forming a dielectric layer on
the first patterned metal layer. An example of this step is shown in Figure SA. In
various embodimenté, the dielectric layer is formed onto the first patterned metal layer
using vacuum coating. The dielectric layers formed using vacuum coating may have a
uniform thickness. The process includes a step 610 of forming a second patterned metal
layer on the dielectric layer. The second patterned metal layer is formed between the
first patterned metal layer. This step is illustrated, for example, in Figures SC-5F.
Finally, the process includes a step 615 of forming a non-conductive layer on the
dielectric layer and the second patterned metal layer. This step is illustrated, for

example, in Figure 5G.

Example Electronic Systems

[0041] Integrated circuit packages including an IC substrate as disclosed herein
may be incorporated into a wide variety of electronic systems. For example, as shown
in Figure 7, a cell phone 700, a laptop 705, and a tablet PC 710 may all include an
integrated circuit package incorporating a substrate constructed in accordance with the
disclosure. Other exemplary electronic systems such as a music player, a video player,
a communication device, and a personal computer may also be configured with
integrated circuit packages constructed in accordance with the disclosure.

[0042] As those of some skill in this art will by now appreciate and depending
on the particular application at hand, many modifications, substitutions and variations

“can be made in and to the materials, apparatus, configurations and methods of use of the
devices of the present disclosure without departing from the spirit and scope thereof. In
light of this, the scope of the present disclosure should not be limited to that of the

particular embodiments illustrated and described herein, as they are merely by way of

12
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some examples thereof, but rather, should be fully commensurate with that of the claims

appended hereafter and their functional equivalents.
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Claims

We claim:

1. An integrated circuit (IC) substrate, comprising:

a first patterned metal layer formed on a substrate;

a dielectric layer formed on the first patterned metal layer;

a second patterned metal layer formed on the dielectric layer and in between the
first patterned metal layer; and

a non-conductive layer formed on the dielectric layer and the second patterned

metal layer.

2. The IC substrate of claim 1, wherein the dielectric layer conforms to a shape of

the first patterned metal layer.

3. The IC substrate of claim 1, wherein the dielectric layer has a uniform thickness.
4. The IC substrate of claim 3, wherein the dielectric layer is about 10 pm thick.

5. The IC substrate of claim 1, wherein the dielectric layer comprises silicon oxide.
6. The IC substrate of claim 1, wherein the first patterned metal layer and second

patterned metal layer comprise copper.

7. The IC substrate of claim 1, wherein the second patterned metal layer is

substantially parallel to the first patterned metal layer.

14
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8. The IC substrate of claim 1, wherein the second patterned metal layer comprises

portions having different widths.

9. The IC substrate of claim 1, wherein the non-conductive layer comprises a

dielectric material, a prepreg material, an organic material, or a combination thereof.

10.  The IC substrate of claim 1, wherein the IC substrate comprises a package
substrate.
11.  The package substrate of claim 10, wherein the package substrate is incorporated

into at least one of a cellphone, a laptop, a tablet, a music player, a communication

device, a computer, and a video player.

12.  Anintegrated circuit (IC) substrate comprising:
a first patterned metal layer formed on a substrate;
a second patterned metal layer formed in between the first patterned metal layer;
a non-conductive layer formed on the second patterned metal layer;
a third patterned metal layer formed on the non-conductive layer; and

a fourth patterned metal layer formed in between the third patterned metal layer.

13.  The IC substrate of claim 12, further comprising a first dielectric layer formed

on the first patterned metal layer and a second dielectric layer formed on the third

patterned metal layer.

15
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14.  The IC substrate of claim 13, wherein the first dielectric layer conforms to a
shape of the first patterned metal layer and the second dielectric layer conforms to a

shape of the third patterned metal layer.

15.  The IC substrate of claim 13, wherein the first and second dielectric layers have

a uniform thickness.

16.  The IC substrate of claim 15, wherein the first and second dielectric layers are

about 10 pm thick.

17.  The IC substrate of claim 12, wherein the second patterned metal layer is
substantially parallel to the first patterned metal layer and the fourth patterned metal

layer is substantially parallel to the third patterned metal layer.

18.  The IC substrate of claim 12, wherein the second patterned metal layer and the

fourth metal layer each comprise portions having different widths.

19.  The IC substrate of claim 12, further comprising a plurality of vias that

electrically connect the second patterned metal layer to the third patterned metal layer.

20,  The IC substrate of claim 19, wherein the plurality of vias extend through the

non-conductive layer.

21. A method comprising:

forming a first patterned metal layer on a substrate;

16
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forming a second patterned metal layer in between the first patterned metal
layer; and

forming a non-conductive layer on the second patterned metal layer.

22.  The method of claim 21, further comprising forming a dielectric layer on the

first patterned metal layer.

23, The method of claim 22, wherein forming the dielectric layer comprises vacuum

coating the dielectric layer on the first patterned metal layer.

24.  The method of claim 21, whetein forming the second patterned metal layer

comprises a photolithography process.

25.  The method of claim 21, wherein forming the second patterned metal layer

comprises an electroplating process.

26.  The method of claim 21, further comprising forming openings in the non-

conductive layer.

27.  The method of claim 26, wherein forming openings comprises laser drilling the

non-conductive layer.

28. A device, comprising:
a first patterned metal layer on a substrate;

a second patterned metal layer in between the first patterned metal layer;

17
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means for separating the first patterned metal layer from the second patterned
metal layer; and
a non-conductive layer formed on the means and the second patterned metal

layer.

29.  The device of claim 28, wherein the means comprise a dielectric layer formed on

the first patterned metal layer.

30.  The device of claim 29, wherein the dielectric layer conforms to a shape of the

first patterned metal layer.

18
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Form a first patterned metal layer on a substrate — 600

l

Form a dielectric layer on the first patterned metal layer

l

Form a second patterned metal layer on the dielectric layer,
wherein the second patterned metal layer is between the first —610
patterned metal layer

——605

Y

Form a non-conductive layer on the dielectric layer and the 615
second patterned metal layer

FIG. 6
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