TITLE OF INVENTION: ORGANIC INTERPOSERS FOR INTEGRATED
CIRCUIT PACKAGES

TECHNICAL FIELD

[0001] Embodiments of the present description generally relate to the field of integrated
circuit package fabrication, and, more specifically, to the fabrication of an organic interposer
within an integrated circuit package, wherein the organic interposer includes high density

interconnects.

BACKGROUND

[0002] The integrated circuit industry is continually striving to produce ever faster, smaller,
and thinner integrated circuit packages for use in various electronic products, including, but not
limited to, computer servers and portable products, such as portable computers, electronic

tablets, cellular phones, digital cameras, and the like.

[0003] As a part of this effort, integrated circuit packages containing multiple integrated
circuit devices, such as microelectronic dice, have been developed. These multiple integrated
circuit device packages are referred to in the art as multi-device or multi-chip packages (MCPs)
and offer the potential for increased architectural flexibility at reduced cost, but must do so such
that appropriate interconnects between integrated circuit devices and to external components are
provided. These interconnects are provided through the fabrication of interposers, wherein the

integrated circuit devices are mechanically attached and electrically connected to the interposers.



These interposers may be formed from silicon, by embedding silicon in dielectric layers of the

interposer, from organic dielectric layers, and the like.

[0004] Silicon interposers may be active (i.e. include integrated electronic devices) or
passive (i.e. include no integrated electronic devices). However, most silicon interposers
currently used are passive, wherein the conductive routing structures may be through-silicon vias
(“TSVs”) and interconnect stacks, known as “backend of line” or “BEOL”, to provide high
density interconnects for active integrated circuit dice assembled on the silicon interposer.
Although silicon interposers have benefits with regard to being able to fabricate very small
conductive routing structures (i.e. high density interconnects), the TSVs have inferior signaling
performance compared to simple via stacks in an organic interposer (e.g. an interposer having
organic dielectric layers). Additionally, silicon interposers have higher costs compared to
organic interposers due to costly TSV and BEOL processing. Furthermore, silicon interposers
have size limitations due to mechanical assembly considerations and reliability, as will be

understood to those skilled in the art.

[0005] In order to address some of the issues with silicon interposers, Embedded
Interconnect Bridge (“EMIB”) interposers have been developed. EMIB interposers are formed
by embedding passive silicon bridges in areas of the interposer where high density interconnects
are required. The embedded passive silicon bridges are used to form the high density
interconnects without needing to provide TSVs, which have inferior signaling performance.
Although EMIB interposers are generally more cost effective than silicon interposers, this cost

efficiency diminishes when a large number of silicon bridges are required, as embedding each



silicon bridge adds sequentially to processing time and cost. Additionally, the form factor (e.g.
size) of the silicon bridges is limited. For example, if one were to edge-to-edge “stitch” two
large integrated circuit dice together with a single bridge, it would require a die aspect ratio of
over five (5). Furthermore, efficient space transformation is not possible, as only rectangular

pieces of silicon can be used, as will be understood to those skilled in the art.

[0006] In order to address some of the issues with regard to silicon interposers and EMIB
interposers, organic interposers may provide a low-cost alternative, while improving power
delivery and signaling (depending on the organic dielectrics used), comparatively. Organic
interposers generally utilize carbon-based photo-imageable dielectrics (“PIDs”), such as
polyimides, for the material in the interconnect stack (e.g. inter-layer dielectrics “ILDs”). These
materials have high coefficients of thermal expansion (“CTE”), usually greater than

about 40ppm/°C. The CTE of the PID materials can result in a CTE of the organic interposer of
about 20ppm/°C that is considerably higher than the CTE of integrated circuit dice, primarily
silicon (with a CTE of about 3ppm/°C), that is mounted on the organic interposer. This CTE
mismatch may lead to increasing stresses with growing interposer size, and, thus, usually limits
both the size and layer count of these organic interposers to well below what silicon interposers

can achieve.



BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The subject matter of the present disclosure is particularly pointed out and distinctly
claimed in the concluding portion of the specification. The foregoing and other features of the
present disclosure will become more fully apparent from the following description and appended
claims, taken in conjunction with the accompanying drawings. It is understood that the
accompanying drawings depict only several embodiments in accordance with the present
disclosure and are, therefore, not to be considered limiting of its scope. The disclosure will be
described with additional specificity and detail through use of the accompanying drawings, such

that the advantages of the present disclosure can be more readily ascertained, in which:

[0008] FIG. 1 is a side cross-sectional view of an integrated circuit package, according to one

embodiment of the present description.

[0009] FIG. 2 is a side cross-sectional view of the upper section of the electronic interposer

of FIG. 1, according to an embodiment of the present description.

[0010] FIG. 3 is a side cross-sectional view along line 3-3 of FIG. 2, according to one

embodiment of the present description.

[0011] FIG. 4 is a side cross-sectional view of the middle section of the electronic interposer

of FIG. 1, according to an embodiment of the present description.

[0012] FIG. 5 is a side cross-sectional view along line 5-5 of FIG. 4, according to one

embodiment of the present description.



[0013] FIG. 6 is a side cross-sectional view of the lower section of the electronic interposer

of FIG. 1, according to an embodiment of the present description.

[0014] FIG. 7 is a side cross-sectional view along line 7-7 of FIG. 6, according to one

embodiment of the present description.

[0015] FIG. 8 is a side cross-sectional view of high-density device-to-device conductive

routes, according to one embodiment of the present description.

[0016] FIGs. 9-13 are side cross-sectional views of various configurations of high-density

device-to-device conductive routes, according to embodiments of the present description.

[0017] FIGs. 14-18 are side cross-sectional views of various configurations of conductive
traces of the middle section have enhanced thicknesses, according to embodiments of the present

description.

[0018] FIGs. 19 and 20 are side cross-sectional views of various configurations of high-
density device-to-device conductive routes having enhanced thicknesses, according to

embodiments of the present description.

[0019] FIG. 21 is a side cross-sectional view of an integrated circuit package, according to

one embodiment of the present description.

[0020] FIG. 22 is a side cross-sectional view of an integrated circuit package, according to

another embodiment of the present description.



[0021] FIG. 23 is a side cross-sectional view of an integrated circuit package, according to

still another embodiment of the present description.

[0022] FIG. 24 is an electronic system, according to one embodiment of the present

description.



DETAILED DESCRIPTION

[0023] In the following detailed description, reference is made to the accompanying
drawings that show, by way of illustration, specific embodiments in which the claimed subject
matter may be practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the subject matter. It is to be understood that the various
embodiments, although different, are not necessarily mutually exclusive. For example, a
particular feature, structure, or characteristic described herein, in connection with one
embodiment, may be implemented within other embodiments without departing from the spirit
and scope of the claimed subject matter. References within this specification to “one
embodiment” or “an embodiment” mean that a particular feature, structure, or characteristic
described in connection with the embodiment is included in at least one implementation
encompassed within the present description. Therefore, the use of the phrase “one embodiment”
or “in an embodiment” does not necessarily refer to the same embodiment. In addition, it is to
be understood that the location or arrangement of individual elements within each disclosed
embodiment may be modified without departing from the spirit and scope of the claimed subject
matter. The following detailed description is, therefore, not to be taken in a limiting sense, and
the scope of the subject matter is defined only by the appended claims, appropriately interpreted,
along with the full range of equivalents to which the appended claims are entitled. In the
drawings, like numerals refer to the same or similar elements or functionality throughout the

several views, and that elements depicted therein are not necessarily to scale with one another,



rather individual elements may be enlarged or reduced in order to more easily comprehend the

elements in the context of the present description.

[0024] The terms “over”, “to”, “between” and “on” as used herein may refer to a relative
position of one layer with respect to other layers. One layer “over” or “on” another layer or
bonded “to” another layer may be directly in contact with the other layer or may have one or
more intervening layers. One layer “between” layers may be directly in contact with the layers

or may have one or more intervening layers.

[0025] The term “package” generally refers to a self-contained carrier of one or more dice,
where the dice are attached to the package substrate, and may be encapsulated for protection,
with integrated or wire-boned interconnects between the dice and leads, pins or bumps located
on the external portions of the package substrate. The package may contain a single die, or
multiple dice, providing a specific function. The package is usually mounted on a printed circuit
board for interconnection with other packaged integrated circuits and discrete components,

forming a larger circuit.

[0026] Here, the term “cored” generally refers to a substrate of an integrated circuit package
built upon a board, card or wafer comprising a non-flexible stiff material. Typically, a small
printed circuit board is used as a core, upon which integrated circuit device and discrete passive
components may be soldered. Typically, the core has vias extending from one side to the other,

allowing circuitry on one side of the core to be coupled directly to circuitry on the opposite side



of the core. The core may also serve as a platform for building up layers of conductors and

dielectric materials.

[0027] Here, the term “coreless” generally refers to a substrate of an integrated circuit
package having no core. The lack of a core allows for higher-density package architectures, as
the through-vias have relatively large dimensions and pitch compared to high-density

interconnects.

[0028] Here, the term “land side”, if used herein, generally refers to the side of the substrate
of the integrated circuit package closest to the plane of attachment to a printed circuit board,
motherboard, or other package. This is in contrast to the term “die side”, which is the side of the

substrate of the integrated circuit package to which the die or dice are attached.

[0029] Here, the term “dielectric” generally refers to any number of non-electrically
conductive materials that make up the structure of a package substrate. For purposes of this
disclosure, dielectric material may be incorporated into an integrated circuit package as layers of

laminate film or as a resin molded over integrated circuit dice mounted on the substrate.

[0030] Here, the term “metallization” generally refers to metal layers formed over and
through the dielectric material of the package substrate. The metal layers are generally patterned
to form metal structures such as traces and bond pads. The metallization of a package substrate

may be confined to a single layer or in multiple layers separated by layers of dielectric.



[0031] Here, the term “bond pad” generally refers to metallization structures that terminate
integrated traces and vias in integrated circuit packages and dies. The term “solder pad” may be

occasionally substituted for “bond pad” and carries the same meaning.

[0032] Here, the term “solder bump” generally refers to a solder layer formed on a bond pad.

The solder layer typically has a round shape, hence the term “solder bump”.

[0033] Here, the term “substrate” generally refers to a planar platform comprising dielectric
and metallization structures. The substrate mechanically supports and electrically couples one or
more IC dies on a single platform, with encapsulation of the one or more IC dies by a moldable
dielectric material. The substrate generally comprises solder bumps as bonding interconnects on
both sides. One side of the substrate, generally referred to as the “die side”, comprises solder
bumps for chip or die bonding. The opposite side of the substrate, generally referred to as the

“land side”, comprises solder bumps for bonding the package to a printed circuit board.

[0034] Here, the term “assembly” generally refers to a grouping of parts into a single
functional unit. The parts may be separate and are mechanically assembled into a functional unit,
where the parts may be removable. In another instance, the parts may be permanently bonded

together. In some instances, the parts are integrated together.

[0035] Throughout the specification, and in the claims, the term "connected” means a direct
connection, such as electrical, mechanical, or magnetic connection between the things that are

connected, without any intermediary devices.
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[0036] The term "coupled” means a direct or indirect connection, such as a direct electrical,
mechanical, magnetic or fluidic connection between the things that are connected or an indirect

connection, through one or more passive or active intermediary devices.

[0037] The term "circuit" or “module” may refer to one or more passive and/or active
components that are arranged to cooperate with one another to provide a desired function. The
term "signal™ may refer to at least one current signal, voltage signal, magnetic signal, or
data/clock signal. The meaning of "a,” "an," and "the" include plural references. The meaning

of "in" includes "in" and "on."

[0038] The vertical orientation is in the z-direction and it is understood that recitations of
“top”, “bottom”, “above” and “below” refer to relative positions in the z-dimension with the
usual meaning. However, it is understood that embodiments are not necessarily limited to the

orientations or configurations illustrated in the figure.

29 ¢

[0039] The terms “substantially,” “close,” “approximately,” “near,” and “about,” generally

refer to being within +/-10% of a target value (unless specifically specified). Unless otherwise

99 ¢¢

specified the use of the ordinal adjectives “first,” “second,” and “third,” etc., to describe a
common object, merely indicate that different instances of like objects to which are being
referred and are not intended to imply that the objects so described must be in a given sequence,

either temporally, spatially, in ranking or in any other manner.
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[0040] For the purposes of the present disclosure, phrases “A and/or B” and “A or B” mean
(A), (B), or (A and B). For the purposes of the present disclosure, the phrase “A, B, and/or C”

means (A), (B), (C), (A and B), (A and C), (B and C), or (A, B and C).

[0041] Views labeled “cross-sectional”, “profile” and “plan” correspond to orthogonal planes
within a cartesian coordinate system. Thus, cross-sectional and profile views are taken in the x-z
plane, and plan views are taken in the x-y plane. Typically, profile views in the x-z plane are
cross-sectional views. Where appropriate, drawings are labeled with axes to indicate the

orientation of the figure.

[0042] Embodiments of the present description include an electronic interposer comprising
an upper section, a lower section and a middle section. The upper section and the lower section
may each have between two and four layers, wherein each layer comprises an organic material
layer and at least one conductive route comprising at least one conductive trace and at least one
conductive via. The middle section may be formed between the upper section and the lower
section, wherein the middle section comprises up to eight layers, wherein each layer comprises
an organic material and at least one conductive route comprising at least one conductive trace
and at least one conductive via. A thickness of each layer of the middle section is thinner than a
thickness of any of the layers of the upper section and thinner than a thickness of any of the

layers of the lower section.

[0043] FIG. 1 illustrates an integrated circuit package 100 of the present description, which

includes an electronic interposer 110 and at least one die side integrated circuit device (illustrated

12



as a first die side integrated circuit device 180, and a second die side integrated circuit

device 180,) electrically attached to the electronic interposer 110. The first die side integrated
circuit device 180; and the second die side integrated circuit device 180, (as well as any further
integrated circuit devices that may be utilized) may be any appropriate device, including, but not
limited to, a microprocessor, a chipset, a graphics device, a wireless device, a memory device, an

application specific integrated circuit device, combinations thereof, stacks thereof, and the like.

[0044] As shown in FIG. 1, the electronic interposer 110 may be formed having an upper
section 120, a lower section 140, and a middle section 160 between the upper section 120 and the
lower section 140. In one embodiment, the total thickness T of the electronic interposer 110 may

be between about 30 microns and 100 microns.

[0045] As further shown in FIG. 1, the first die side integrated circuit device 180; and the
second die side integrated circuit device 180, may be attached to the upper section 120 of the
electronic interposer 110 through a plurality of die side device-to-interposer interconnects 190,
such as reflowable solder bumps or balls, in a configuration generally known as a flip-chip or
controlled collapse chip connection (“C4”) configuration. The die side device-to-interposer
interconnects 190 may extend between bond pads (not shown) of the first die side integrated
circuit device 180; and the second die side integrated circuit device 180, and corresponding bond
pads (not shown) on the upper section 120 of the electronic interposer 110 to form electrical
connections therebetween. It is understood that the die side device-to-interposer

interconnects 190 may be in electrical communication with integrated circuitry (not shown)

13



within the first die side integrated circuit device 180;, and may be in electrical communication

with integrated circuitry (not shown) within the second die side integrated circuit device 180,.

[0046] The die side device-to-interposer interconnects 190 may be any appropriate
electrically conductive material or structure, including but not limited to, solder balls, metal
bumps or pillars, metal filled epoxies, or a combination thereof. In one embodiment, the die side
device-to-interposer interconnects 190 may be solder balls formed from tin, lead/tin alloys (for
example, 63% tin / 37% lead solder), and high tin content alloys (e.g. 90% or more tin - such as
tin/bismuth, eutectic tin/silver, ternary tin/silver/copper, eutectic tin/copper, and similar alloys).
In another embodiment, the die side device-to-interposer interconnects 190 may be copper
bumps or pillars. In a further embodiment, the die side device-to-interposer interconnects 190

may be metal bumps or pillars coated with a solder material.

[0047] In one embodiment, a mold material 182, such as an epoxy material, may be used to
at least partially encase the first die side integrated circuit device 180; and the second die side
integrated circuit device 180,. The processing and techniques for encasing integrated circuit
device in a mold material are well known in the art and for purposes of clarity and conciseness

are not discussed herein.

[0048] As further shown in FIG. 1, a plurality of external interconnects 192 may be attached
to the lower section 140 of the electronic interposer 110 for the attachment thereof to external
components (not shown), such as a motherboard or other such substrate. The external

interconnects 192 may extend from bond pads (shown as a portion of conductive traces 1563 of
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FIG. 6, as will be discussed) on the lower section 140 of the electronic interposer 110. In one
embodiment, the external interconnects 192 may be solder balls in a ball grid array having a
pitch of less than or equal to about 350 microns. In another embodiment, the external
interconnects 192 may be lands in a land grid array having a pitch of less than or equal to about

1 millimeter.

[0049] In a further embodiment, at least one land side integrated circuit device 200 may be
electrically attached to the lower section 140 of the electronic interposer 110. The land side
integrated circuit device 200 may be passive or active, as will be understood to those skilled in
the art. In one embodiment, the at least one land side integrated circuit device 200 may be a
voltage regulator for at least one of the first die side integrated circuit device 180, and the second
die side integrated circuit device 180,. As shown in FIG. 1, the land side integrated circuit
device 200 may be attached to the lower section 140 of the electronic interposer 110 through a
plurality of land side device-to-interposer interconnects 210, such as a solder material. The land
side device-to-interposer interconnects 210 may extend between bond pads (not shown) of the at
least one land side integrated circuit device 200 and corresponding bond pads (shown as a
portion of conductive traces 1563 of FIG. 6, as will be discussed) on the lower section 140 of the
electronic interposer 110 to form electrical connections therebetween. It is understood that the
land side device-to-interposer interconnects 210 may be in electrical communication with

integrated circuitry (not shown) within the at least one land side integrated circuit device 200.

[0050] In one embodiment shown in FIG. 1, the upper section 120 may include at least two

layers, illustrated as a first layer 122; and a second layer 122,. In an embodiment, the upper
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section 120 has between two and four layers. In an embodiment shown in FIG. 2, the first

layer 122, and the second layer 122, may each have a thickness Ty of between about 13 and 40
microns. In another embodiment shown in FIG. 2, the first layer 122; and the second layer 122,
may each comprise a first organic dielectric material layer 132, and a second organic dielectric
material layer 132, respectively, and at least one conductive route 134, comprising at least one
first conductive trace 136; within the first organic dielectric material layer 132, at least one
second conductive trace 136, within the second organic dielectric material layer 132, and at least
one conductive via 138 electrically connecting the at least one first conductive trace 136, and the
at least one second conductive trace 136,. In one embodiment, the at least one first conductive
trace 136; may have a thickness Tyt of between about 8 and 15 microns. In a further
embodiment, shown in FIG. 3, the conductive traces (shown as first conductive traces 1361,

and 1363;) in one of the dielectric material layers (shown as first organic dielectric material

layer 132;) may have a line width L of about 8 microns or greater, and a line spacing S of

about 8 microns or greater. The at least one first conductive trace 136, the at least one second
conductive trace 136,, and the at least one conductive via 138 may be made of any appropriate
conductive material, including but not limited to, metals, such as copper, silver, nickel, gold, and
aluminum, alloys thereof, and the like. The conductive vias 138 can be formed by any
appropriate process known in the art, including, but not limited to, lithographically defined vias,
zero-misalignment vias (described in, for example, U.S. Patent No. 9,713,264), self-aligned vias

(described in, for example, U.S. Patent Publication No. 2018/0233431 A1), or the like. In one
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embodiment, at least one passive component 124, such as a thin film capacitor may be formed in

the upper section 120 of the electronic interposer 110.

[0051] In one embodiment shown in FIG. 1, the middle section 160 may include up to eight
layers, i.e. between one and eight layers, illustrated as four layers, i.e. layers 162; through 162,.
In an embodiment shown in FIG. 4, each of the layers (e.g. layers 162;-162,) of the middle
section 160 may have a thickness Ty, of between about 1.5 and 9 microns. In another
embodiment, each of the layers 162,-162, may comprise an organic dielectric material

layer 172,-172, and at least one conductive route 174, comprising at least one conductive

trace 176,-1764 and at least one conductive via 178;-178,. In one embodiment, the at least one
conductive trace 176;-1764 may have a thickness Tyt of between about 0.5 and 4 microns, and at
least one conductive via 178;:-178, may have a thickness Ty of between about 1 and 6 microns.
In a further embodiment, shown in FIG. 5, the conductive traces (shown as conductive

traces 1761, and 176,p) in one of the organic dielectric material layers (shown as first organic
dielectric material layer 172;) may have a line width L of between about 0.75 microns

and 3 microns, and a line spacing S of between about 0.75 microns and 3 microns. As will be
understood to those skilled in the art, the middle section 160 may be used primarily as a routing
layer. It is further understood that at least one of the layers 162;-162, of the middle section 160
may be used for ground shielding between any of the layers 162,-162, of the middle section 160.
The at least one conductive trace 176,-176,4 and the at least one conductive via 178;-178, may be
made of any appropriate conductive material, including but not limited to, metals, such as

copper, silver, nickel, gold, and aluminum, alloys thereof, and the like. The conductive
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vias 178,-178, can be formed by any appropriate process known in the art, including, but not

limited to, lithographically defined vias, zero-misalignment vias, self-aligned vias, or the like.

[0052] In one embodiment shown in FIG. 1, the lower section 140 may include at least two
layers, illustrated as a first layer 142;, a second layer 142,, and a third layer 1423. In a specific
embodiment, the lower section 140 has between two and four layers. In an embodiment shown
in FIG. 6, the first layer 142, the second layer 142,, and the third layer 1423 may each have a
thickness T of between about 13 and 40 microns. In another embodiment shown in FIG. 6, the
first layer 142;, the second layer 142,, and the third layer 142; may comprise a first organic
material layer 1523, a second organic dielectric material layer 152, and a third organic dielectric
material layer 1523, respectively, and at least one conductive route 154, comprising at least one
first conductive trace 156, at least one second conductive trace 156,, and at least one third
conductive trace 1563, wherein at least one first conductive via 158; electrically connects the at
least one first conductive trace 156, and the at least one second conductive trace 156,, and
wherein at least one second conductive via 158 electrically connects the at least one second
conductive trace 156, and the at least one third conductive trace 1563. In one embodiment, the at
least one first conductive trace 156; may have a thickness Tt of between about 8 and 15
microns. In a further embodiment, shown in FIG. 7, the conductive traces (shown as conductive
traces 1561, and 156,5) in one of the organic dielectric layers (shown as first organic dielectric
layer 152;) may have a line width L of about 8 microns or greater, and a line spacing S of

about 8 microns or greater. The at least one conductive trace 156,, 156,, 1563 and the at least

one conductive via 158,, 1583 may be made of any appropriate conductive material, including
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but not limited to, metals, such as copper, silver, nickel, gold, and aluminum, alloys thereof, and
the like. The conductive vias 158, 1583 can be formed by any appropriate process known in the
art, including, but not limited to, lithographically defined vias, zero-misalignment vias, self-
aligned vias, or the like. In one embodiment, as shown in FIG. 1, at least one passive
component 124, such as a thin film capacitor may be formed in the lower section 140 of the

electronic interposer 110.

[0053] As previously discussed, the electronic interposer 110 may be an organic interposer,
meaning that the electronic interposer 110 uses organic-based materials as its dielectric layers.
These organic dielectric materials may be composites that consist of an organic matrix and filler
particles. The organic matrix may comprise any appropriate polymer, including but not limited
to epoxide polymers, polyimides, and the like. In one embodiment, the organic dielectric
materials may be buildup films, as known in the art, that can be laminated onto a wafer or onto a
glass-panel (or any other carrier substrate). In another embodiment, the organic dielectric
materials may be supplied in liquid form and then dispensed through nozzles in a spin-coating
process (such as for round wafer-format carriers) or by slit-coating (such as for square format
panels). The organic dielectric materials may have coefficients of thermal expansion of between
about 9 and 25ppm/°C and may have elastic moduli of between about 1 and 20GPa. Itis
understood that the organic dielectric materials need not be photo-imageable. The filler particles
may be any appropriate filler, including, but not limited to, silicon dioxide particles, carbon-
doped oxide particles, various known low-k dielectric particles (dielectric constants less than

about 3.6), and the like.
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[0054] As further shown in FIG. 1, the electronic interposer 110 may further include high-
density device-to-device conductive routes 240 within the middle section 160 that provides
electrical communication between the first integrated circuit device 180; and the second
integrated circuit device 180,. FIG. 8 provides a closer view of the high-density device-to-
device conductive routes 240 with an eight-layer middle section 160 (i.e. layers 162;-162g). The
high-density device-to-device conductive routes 240 are fabricated from the conductive

traces 176,-176g and the conductive vias 178;-178g during the fabrication of the middle

section 160 of the electronic interposer 110. As further shown in FIG. 8, the high-density
device-to-device conductive routes 240 may include high-density vertical interconnects 240v
(e.g. stacked vias) for electrical interconnection between the upper section 120 and the lower

section 140 of the electronic interposer 110 (see FIG. 1).

[0055] FIGs. 9-13 illustrate potential configurations of the high-density device-to-device
conductive traces 176;-176g, along line 9-9 of FIG. 8. In one embodiment, as shown in FIG. 9,
all of the high-density device-to-device conductive traces 176,-176g may be used for signalling
and are organized in ordered rows and columns. In another embodiment, as shown in FIG. 10,
all of the high-density device-to-device conductive traces 176,-176g may be used for signalling
and are organized in a staggered configuration. In an embodiment, as shown in FIG. 11, the
high-density device-to-device conductive traces 176,-176g are organized in ordered rows and
columns with the high-density device-to-device conductive traces 176,, 1763, 1765, and 1767
used for signalling and the high-density device-to-device conductive traces 176,, 1764, 176,

and 176g used for ground/shielding. In one embodiment, as shown in FIG. 12, the high-density
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device-to-device conductive traces 176,-176g are organized in ordered rows with the high-
density device-to-device conductive traces 1761, 1763, 1765, and 1767 used for signalling and the
high-density device-to-device conductive traces 176,, 1764, 1765, and 176g are formed and used
as ground planes. In another embodiment, as shown in FIG. 13, all of the high-density device-
to-device conductive traces 1761, 176, 1764, 1765, 1767, and 176g may be used for signalling and
are organized in a staggered configuration, and the high-density device-to-device conductive

traces 1763 and 176¢ are formed and used as ground planes.

[0056] Referring back to FIG. 1, the die side device-to-interposer interconnects 190 over the
high-density device-to-device conductive routes 240 may have a finer pitch than the die side
device-to-interposer interconnects 190 that are not over the high-density device-to-device
conductive routes 240. In one embodiment, the pitch of the die side device-to-interposer
interconnects 190 over the high-density device-to-device conductive routes 240 may be between
about 20 and 55 microns. As will be understood to those skilled in the art, pitch translation can
be implemented. It will also be understood that the die side device-to-interposer

interconnects 190 can be full array of fine pitch or a combination of pitches between about 20

and 110 microns.

[0057] As shown in FIGs. 14-18, the middle section 160 may have at least one conductive
trace 176a having an enhanced thickness, which allows general/coarse routing within the thin
layers (shown as layers 162;, 162,, 1623, and/or 1624 of FIG. 1) of the middle section 160. In an
embodiment, the thickened conductive traces 176a may be formed outside of the area where the

high-density device-to-device conductive routes 240 (see FIG. 1) are formed (referred to herein
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as the “general routing area”). In one embodiment, the thickened conductive traces 176a in the
middle section 160 may be formed with a thick/thin technology, as described in U.S. Patent
Application Publication No. 2018/0331003 A1. When such a thin/thin technology is used, the
thickness of the thickened conductive trace 176a in these areas can increase from between

about 1 and 7 microns resulting in shorter conductive via 178, thickness between about 0.5 and 3
microns, as shown in FIG. 14 (without thickening is illustrated on the right as conductive

trace 176a and with thickening is illustrated on the left as conductive trace 176,). In another
embodiment, as shown in FIG. 15, the via formation process may form the conductive via 178,
across the entire conductive trace 176, to form a via/trace shunt 244. This allows the via/trace
shunt 244 to have a thickness substantially equal to the thickness of the dielectric material

layer 172, and still remain at minimum critical dimension. The via/trace shunt 244 may be
formed with known lithographically defined via techniques, zero-misalignment via formation
techniques, self-aligned via formation techniques, or the like. As further shown in FIG. 15, the
dielectric material layer 174, may cover the via/trace shunt 244 to inhibit electrical shorts, as will

be understood to those skilled in the art.

[0058] As shown in FIG. 16, the via/trace shunt 244 may be further thickened by forming
another conductive trace (i.e. first conductive trace 176,) on the via/trace shunt 244 (see FIG. 15)
to form a thickened via/trace shunt 246. The conductive trace 176, may be widened relative to
the via/trace shunt 244 (see FIG. 15), as shown in FIG. 17, to accommodate any
registration/alignment errors. In another embodiment, as shown in FIG. 18, the via formation

process may form the conductive via 178; across the thickened via/trace shunt 246 (see FIG. 17)
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to form a double via/trace shunt 248. This allows the double via/trace shunt 248 to have a
thickness substantially equal to the thickness of two dielectric material layers 172; and 172;, and

still remain at minimum critical dimension.

[0059] It is understood that the conductive trace thickening process it not limited to the areas
outside of the high-density device-to-device conductive routes 240 (see FIG. 1) as discussed with
regard to FIGs. 14-18, but may also be used within the high-density device-to-device conductive
routes 240. As shown in FIG. 19, the high-density device-to-device conductive routes may
extend within two dielectric layers 172,/1723 and 1725/172, i.e. two actual dielectric layers to
form a plurality of thickened high-density device-to-device conductive traces 242. This results
in a trade-off of reduced input/output layer count for reduced losses. As also shown in FIG. 19,
ground planes GP1, GP2, and GP3 may separate layers of thickened high-density device-to-
device conductive traces 242. In a further embodiment shown in FIG. 20, only a portion of the
high-density device-to-device conductive traces 240 may be thickened, for instance to deliver a
global system signal and/or to have specific lower loss (i.e. lower resistance) traces. As shown, a
single thickened trace 242 may be formed and may even extend through at least one ground

plane, shown as ground plane GP.

[0060] In a further embodiment as shown in FIG. 21, the at least one land side integrated
circuit device 200 of FIG. 1 may be embedded in the lower section 140 of the electronic
interposer 110 (illustrated as a first land side integrated circuit device 200; and a second land
side integrated circuit device 200;). In one embodiment, a first surface 202 of the first land side

integrated circuit device 200, and/or the second land side integrated circuit device 200, may be
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substantially in the same plane as an outer surface 148 of the lower section 140 of the electronic
interposer 110. In the illustrated embodiment, the first land side integrated circuit device 200,
and the second land side integrated circuit device 200, may each be an active device having a
plurality of device-to-substrate interconnects 232, such as solder balls, attached thereto, wherein
the device-to-substrate interconnects 232 may be in electrical communication with integrated
circuitry (not shown) within the first land side integrated circuit device 200; and within the
second land side integrated circuit device 200,. As shown in FIG. 21, the vertical high-density
interconnects 240v can be used to electrically connect at least one of the die side integrated
circuit devices with at least one of the land side integrated circuit devices, which is illustrated as
die side integrated circuit devices 180,, 1803, and 180, connected to the first land side integrated
circuit device 2004, and die side integrated circuit devices 180s, 1805, and 1807 with the second
land side integrated circuit device 200,. As will be understood to those skilled in the art, the
vertical high-density interconnects 240v may be connected with through-silicon vias (not shown)
on the back side 204 of the first land side integrated circuit device 200, and the second land side
integrated circuit device 200,, in order to make electrical contact therewith. As further shown in
FIG. 21, the first die side integrated circuit device 180; may be electrically connected to the
second die side integrated circuit device 180, with the high-density device-to-device conductive
routes 240,, a fourth die side integrated circuit device 180, may be electrically connected to a
fifth die side integrated circuit device 1805 with the high-density device-to-device conductive
routes 240,, and a seventh die side integrated circuit device 180; may be electrically connected to

an eighth die side integrated circuit device 180g with the high-density device-to-device
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conductive routes 2403. It is understood that the interconnection of integrated circuit devices
with high-density device-to-device conductive routes is not limited to the die side integrated
circuit devices. As shown in FIG. 22, the first land side integrated circuit device 200, may be
electrically connected to the second land side integrated circuit device 200, with high-density
device-to-device conductive routes 240, within the middle section 160 of the electronic

interposer 110.

[0061] Although the previously described embodiment of the present description show a
single middle section 160, the embodiments are not so limited. For example, as shown in

FIG. 23, the electronic interposer 110 may have multiple middle sections (shown as a first
middle section 160, and a second middle section 160;). The first middle section 160, and the
second middle section 160, may be separated by a center section 260, which may be fabricated
in the manner described with regard to the upper section 120 and/or the lower section 140, and
which may have conductive routes 262 that form electrical connections between the first middle

section 160; and the second middle section 160,.

[0062] Although the die side integrated circuit devices and the land side integrated circuit
devices may be individual silicon integrated circuit devices, the embodiments of the present
description are not so limited. In one specific embodiment, at least one of the die side integrated
circuit devices and the land side integrated circuit devices may be a smaller version of one

embodiment of the present description.
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[0063] FIG. 24 illustrates an electronic or computing device 300 in accordance with one
implementation of the present description. The computing device 300 may include a

housing 301 having a board 302 disposed therein. The computing device 300 may include a
number of integrated circuit components, including but not limited to a processor 304, at least
one communication chip 306A, 306B, volatile memory 308 (e.g., DRAM), non-volatile
memory 310 (e.g., ROM), flash memory 312, a graphics processor or CPU 314, a digital signal
processor (not shown), a crypto processor (not shown), a chipset 316, an antenna, a display
(touchscreen display), a touchscreen controller, a battery, an audio codec (not shown), a video
codec (not shown), a power amplifier (AMP), a global positioning system (GPS) device, a
compass, an accelerometer (not shown), a gyroscope (not shown), a speaker, a camera, and a
mass storage device (not shown) (such as hard disk drive, compact disk (CD), digital versatile
disk (DVD), and so forth). Any of the integrated circuit components may be physically and
electrically coupled to the board 302. In some implementations, at least one of the integrated

circuit components may be a part of the processor 304.

[0064] The communication chip enables wireless communications for the transfer of data to
and from the computing device. The term “wireless” and its derivatives may be used to describe
circuits, devices, systems, methods, techniques, communications channels, etc., that may
communicate data through the use of modulated electromagnetic radiation through a non-solid
medium. The term does not imply that the associated devices do not contain any wires, although
in some embodiments they might not. The communication chip or device may implement any of

a number of wireless standards or protocols, including but not limited to Wi-Fi (IEEE 802.11
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family), WiMAX (IEEE 802.16 family), IEEE 802.20, long term evolution (LTE), Ev-DO,
HSPA+, HSDPA+, HSUPA+, EDGE, GSM, GPRS, CDMA, TDMA, DECT, Bluetooth,
derivatives thereof, as well as any other wireless protocols that are designated as 3G, 4G, 5G,
and beyond. The computing device may include a plurality of communication chips. For
instance, a first communication chip may be dedicated to shorter range wireless communications
such as Wi-Fi and Bluetooth and a second communication chip may be dedicated to longer range
wireless communications such as GPS, EDGE, GPRS, CDMA, WiMAX, LTE, Ev-DO, and

others.

[0065] The term “processor” may refer to any device or portion of a device that processes
electronic data from registers and/or memory to transform that electronic data into other

electronic data that may be stored in registers and/or memory.

[0066] At least one of the integrated circuit components may include an integrated circuit
package comprising an electronic interposer, comprising an upper section having between two
and four layers, wherein each layer comprises an organic material layer and at least one
conductive route comprising at least one conductive trace and at least one conductive via; a
lower section having between two and four layers, wherein each layer comprises an organic
material layer and at least one conductive route comprising at least one conductive trace and at
least one conductive via; and a middle section between the upper section and the lower section,
wherein the middle section comprises up to eight layers, wherein each layer comprises an
organic material and at least one conductive route comprising at least one conductive trace and at

least one conductive via, and wherein a thickness of each layer of the middle section is thinner
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than a thickness of any of the layers of the upper section and thinner than a thickness of any of
the layers of the lower section; and a plurality of die side integrated circuit devices electrically

attached to the upper section of the electronic interposer.

[0067] In various implementations, the computing device may be a laptop, a netbook, a
notebook, an ultrabook, a smartphone, a tablet, a personal digital assistant (PDA), an ultra-
mobile PC, a mobile phone, a desktop computer, a server, a printer, a scanner, a monitor, a set-
top box, an entertainment control unit, a digital camera, a portable music player, or a digital
video recorder. In further implementations, the computing device may be any other electronic

device that processes data.

[0068] It is understood that the subject matter of the present description is not necessarily
limited to specific applications illustrated in FIGs. 1-24. The subject matter may be applied to
other integrated circuit devices and assembly applications, as well as any appropriate electronic

application, as will be understood to those skilled in the art.

[0069] The follow examples pertain to further embodiments and specifics in the
examples may be used anywhere in one or more embodiments, wherein Example 1 is an
electronic interposer, comprising an upper section having between two and four layers, wherein
each layer comprises an organic material layer and at least one conductive route comprising at
least one conductive trace and at least one conductive via; a lower section having between two
and four layers, wherein each layer comprises an organic material layer and at least one

conductive route comprising at least one conductive trace and at least one conductive via; and
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a middle section between the upper section and the lower section, wherein the middle section
comprises up to eight layers, wherein each layer comprises an organic material and at least one
conductive route comprising at least one conductive trace and at least one conductive via, and
wherein a thickness of each layer of the middle section is thinner than a thickness of any of the

layers of the upper section and thinner than a thickness of any of the layers of the lower section.

[0070] In Example 2, the subject matter of Example 1 can optionally include the thickness of
each layer of the upper section being between about 13 and 40 microns, wherein the thickness of
each layer of the upper section is between about 13 and 40 microns, and wherein the thickness of

each layer of the middle section is between about 1.5 and 9 microns.

[0071] In Example 3, the subject matter of either Example 1 or 2 can optionally include the
at least one conductive trace of the upper section comprises a plurality of conductive traces
having a width of about 8 microns or greater, a spacing of about 8 microns or greater, and a
thickness of between 8 and 15 microns; wherein the at least one conductive trace of the lower
section comprises a plurality of conductive traces having a width of about 8 microns or greater, a
spacing of about 8 microns or greater, and a thickness of between 8 and 15 microns; and wherein
the at least one conductive trace of the middle section comprises a plurality of conductive traces
having a width between about 0.75 microns and 3 microns, a spacing between about 0.75
microns and 3 microns, and a thickness of between 0.5 microns and 4 microns, and wherein the

at least one conductive via has a thickness of between about 1 and 6 microns.
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[0072] In Example 4, the subject matter of any of Examples 1 to 3 can optionally include at

least one high-density device-to-device conductive route within the middle section.

[0073] In Example 5, the subject matter of any of Examples 1 to 4 can optionally include at

least one conductive trace of the middle section having an enhanced thickness.

[0074] In Example 6, the subject matter of any of Examples 1 to 5 can optionally include at

least one capacitor formed in at least one of the upper section and the lower section.

[0075] In Example 7, the subject matter of any of Examples 1 to 6 can optionally include
organic material layers of the any of the upper section, the middle section, and the lower section
having a coefficient of thermal expansion of between about 9 and 25ppm/°C and an elastic

moduli of between about 1 and 20GPa.

[0076] Example 8 is an integrated circuit package comprising an electronic interposer,
comprising an upper section having between two and four layers, wherein each layer comprises
an organic material layer and at least one conductive route comprising at least one conductive
trace and at least one conductive via; a lower section having between two and four layers,
wherein each layer comprises an organic material layer and at least one conductive route
comprising at least one conductive trace and at least one conductive via; and a middle section
between the upper section and the lower section, wherein the middle section comprises up to
eight layers, wherein each layer comprises an organic material and at least one conductive route
comprising at least one conductive trace and at least one conductive via, and wherein a thickness

of each layer of the middle section is thinner than a thickness of any of the layers of the upper
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section and thinner than a thickness of any of the layers of the lower section; and a plurality of
die side integrated circuit devices electrically attached to the upper section of the electronic

interposer.

[0077] In Example 9, the subject matter of Example 8 can optionally include the thickness of
each layer of the upper section being between about 13 and 40 microns, wherein the thickness of
each layer of the upper section is between about 13 and 40 microns, and wherein the thickness of

each layer of the middle section is between about 1.5 and 9 microns.

[0078] In Example 10, the subject matter of either Example 8 or 9 can optionally include the
at least one conductive trace of the upper section comprises a plurality of conductive traces
having a width of about 8 microns or greater, a spacing of about 8 microns or greater, and a
thickness of between 8 and 15 microns; wherein the at least one conductive trace of the lower
section comprises a plurality of conductive traces having a width of about 8 microns or greater, a
spacing of about 8 microns or greater, and a thickness of between 8 and 15 microns; and wherein
the at least one conductive trace of the middle section comprises a plurality of conductive traces
having a width between about 0.75 microns and 3 microns, a spacing between about 0.75
microns and 3 microns, and a thickness of between 0.5 microns and 4 microns, and wherein the

at least one conductive via has a thickness of between about 1 and 6 microns.

[0079] In Example 11, the subject matter of any of Examples 8 to 10 can optionally include
at least one high-density device-to-device conductive route within the middle section which

electrically interconnects one die side integrated circuit device of the plurality of die side
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integrated circuit devices with another die side integrated circuit device of the plurality of die

side integrated circuit devices.

[0080] In Example 12, the subject matter of any of Examples 8 to 11 can optionally include

at least one conductive trace of the middle section having an enhanced thickness.

[0081] In Example 13, the subject matter of any of Examples 8 to 12 can optionally include
at least one land side integrated circuit device electrically attached to the lower section of the

electronic interposer.

[0082] In Example 14, the subject matter of Example 13 can optionally include the at least
one land side integrated circuit device comprises a plurality of land side integrated circuit
devices; and further comprising at least one high-density device-to-device conductive route
within the middle section which electrically interconnects one land side integrated circuit device
of the plurality of land side integrated circuit devices with another land side integrated circuit

device of the plurality of land side integrated circuit devices.

[0083] In Example 15, the subject matter of Example 13 can optionally include at least one

land side integrated circuit device embedded the lower section of the electronic interposer.

[0084] In Example 16, the subject matter of Example 15 can optionally include the at least
one land side integrated circuit device comprises a plurality of land side integrated circuit
devices; and further comprising at least one high-density device-to-device conductive route

within the middle section which electrically interconnects one land side integrated circuit device
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of the plurality of land side integrated circuit devices with another land side integrated circuit

device of the plurality of land side integrated circuit devices.

[0085] Example 17 is an electronic system, comprising a board and an integrated circuit
package electrically attached to the board, wherein the integrated circuit package comprises an
electronic interposer, comprising an upper section having between two and four layers, wherein
each layer comprises an organic material layer and at least one conductive route comprising at
least one conductive trace and at least one conductive via; a lower section having between two
and four layers, wherein each layer comprises an organic material layer and at least one
conductive route comprising at least one conductive trace and at least one conductive via; and a
middle section between the upper section and the lower section, wherein the middle section
comprises up to eight layers, wherein each layer comprises an organic material and at least one
conductive route comprising at least one conductive trace and at least one conductive via, and
wherein a thickness of each layer of the middle section is thinner than a thickness of any of the
layers of the upper section and thinner than a thickness of any of the layers of the lower section;
and a plurality of die side integrated circuit devices electrically attached to the upper section of

the electronic interposer.

[0086] In Example 18, the subject matter of Example 17 can optionally include the thickness
of each layer of the upper section being between about 13 and 40 microns, wherein the thickness
of each layer of the upper section is between about 13 and 40 microns, and wherein the thickness

of each layer of the middle section is between about 1.5 and 9 microns.
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[0087] In Example 19, the subject matter of either Example 17 or 18 can optionally include
the at least one conductive trace of the upper section comprises a plurality of conductive traces
having a width of about 8 microns or greater, a spacing of about 8 microns or greater, and a
thickness of between 8 and 15 microns; wherein the at least one conductive trace of the lower
section comprises a plurality of conductive traces having a width of about 8 microns or greater, a
spacing of about 8 microns or greater, and a thickness of between 8 and 15 microns; and wherein
the at least one conductive trace of the middle section comprises a plurality of conductive traces
having a width between about 0.75 microns and 3 microns, a spacing between about 0.75
microns and 3 microns, and a thickness of between 0.5 microns and 4 microns, and wherein the

at least one conductive via has a thickness of between about 1 and 6 microns.

[0088] In Example 20, the subject matter of any of Examples 17 to 19 can optionally include
at least one high-density device-to-device conductive route within the middle section which
electrically interconnects one die side integrated circuit device of the plurality of die side
integrated circuit devices with another die side integrated circuit device of the plurality of die

side integrated circuit devices.

[0089] In Example 21, the subject matter of any of Examples 17 to 20 can optionally include

at least one conductive trace of the middle section having an enhanced thickness.

[0090] In Example 22, the subject matter of any of Examples 17 to 21 can optionally include
at least one land side integrated circuit device electrically attached to the lower section of the

electronic interposer.
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[0091] In Example 23, the subject matter of Example 22 can optionally include the at least
one land side integrated circuit device comprises a plurality of land side integrated circuit
devices; and further comprising at least one high-density device-to-device conductive route
within the middle section which electrically interconnects one land side integrated circuit device
of the plurality of land side integrated circuit devices with another land side integrated circuit

device of the plurality of land side integrated circuit devices.

[0092] In Example 24, the subject matter of Example 22 can optionally include at least one

land side integrated circuit device embedded the lower section of the electronic interposer.

[0093] In Example 25, the subject matter of Example 24 can optionally include the at least
one land side integrated circuit device comprises a plurality of land side integrated circuit
devices; and further comprising at least one high-density device-to-device conductive route
within the middle section which electrically interconnects one land side integrated circuit device
of the plurality of land side integrated circuit devices with another land side integrated circuit

device of the plurality of land side integrated circuit devices.

[0094] Having thus described in detail embodiments of the present invention, it is understood
that the invention defined by the appended claims is not to be limited by particular details set
forth in the above description, as many apparent variations thereof are possible without departing

from the spirit or scope thereof.
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CLAIMS

What is claimed is:

1. An electronic interposer, comprising:

an upper section having between two and four upper section layers, wherein each upper
section layer comprises an organic material, and at least one upper section conductive route
comprising at least one upper section conductive trace and at least one upper section
conductive via;

a lower section having between two and four lower section layers, wherein each lower
section layer comprises an organic material, and at least one lower section conductive route
comprising at least one lower section conductive trace and at least one lower section
conductive via; and

a middle section between the upper section and the lower section, wherein the middle
section comprises up to eight middle section layers, wherein each middle section layer
comprises an organic material, and at least one middle section conductive route comprising
at least one middle section conductive trace and at least one middle section conductive via,
wherein a thickness of each middle section layer is less than a thickness of any the upper
section layer and less than a thickness of any lower section layer, and wherein a thickness of
the at least one middle section conductive trace is less than a thickness of the at least one
upper section conductive trace and less than a thickness of the at least one lower section

conductive trace.
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2. The electronic interposer of claim 1, wherein the thickness of the upper section layers is
between 13 and 40 microns, wherein the thickness of the lower section layers is between 13
and 40 microns, and wherein the thickness of the middle section layers is between 1.5 and 9

microns.

3. The electronic interposer of claim 1, wherein the at least one upper section conductive
trace comprises a plurality of upper section conductive traces having a width of 8 microns or
greater, a spacing of 8 microns or greater, and a thickness of between 8 and 15 microns;
wherein the at least one lower section conductive trace comprises a plurality of lower section
conductive traces having a width of 8 microns or greater, a spacing of 8§ microns or greater,
and a thickness of between 8 and 15 microns; and wherein the at least one middle section
conductive trace comprises a plurality of middle section conductive traces having a width
between 0.75 microns and 3 microns, a spacing between 0.75 microns and 3 microns, and a
thickness of between 0.5 microns and 4 microns, and wherein the at least one middle section

conductive via has a thickness of between 1 and 6 microns.

4. The electronic interposer of claim 1, further comprising at least one high-density device-

to-device conductive route within the middle section.

5. The electronic interposer of claim 1, wherein the at least one middle section conductive

trace has a thickness which allows general/coarse routing within the at least one middle

section layer.
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6. The electronic interposer of claim 1, further comprising at least one capacitor within at

least one of the upper section and the lower section.

7. The electronic interposer of claim 1, wherein the upper section layers, the middle section
layers, and the lower section layers have a coefficient of thermal expansion of between 9 and

25 ppm/° C. and an elastic moduli of between 1 and 20 GPa.

8. An integrated circuit package, comprising:
an electronic interposer, comprising:

an upper section having between two and four upper section layers, wherein
each upper section layer comprises an organic material and at least one upper section
conductive route comprising at least one upper section conductive trace and at least one
upper section conductive via;

a lower section having between two and four lower section layers, wherein each
lower section layer comprises an organic material and at least one lower section conductive
route comprising at least one lower section conductive trace and at least one lower section
conductive via; and

a middle section between the upper section and the lower section, wherein the
middle section comprises up to eight middle section layers, wherein each middle section
layer comprises an organic material and at least one middle section conductive route
comprising at least one middle section conductive trace and at least one middle section
conductive via, and wherein a thickness of each middle section layer is less than a thickness

of any upper section layer and less than a thickness of any lower section layer, and wherein a
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thickness of the at least one middle section conductive trace is less than a thickness of the at
least one upper section conductive trace and less than a thickness of the at least one lower
section conductive trace; and

a plurality of die side integrated circuit devices electrically attached to the upper section

of the electronic interposer.

9. The integrated circuit package of claim 8, wherein the thickness of the upper section layers
is between 13 and 40 microns, wherein the thickness of the lower section layers is between
13 and 40 microns, and wherein the thickness of the middle section layers is between 1.5 and

9 microns.

10. The integrated circuit package of claim 8, wherein the at least one upper section
conductive trace comprises a plurality of conductive traces having a width of 8 microns or
greater, a spacing of 8 microns or greater, and a thickness of between 8 and 15 microns;
wherein the at least one lower section conductive trace comprises a plurality of conductive
traces having a width of 8 microns or greater, a spacing of 8 microns or greater, and a
thickness of between 8 and 15 microns; and wherein the at least one middle section
conductive trace comprises a plurality of middle section conductive traces having a width
between 0.75 microns and 3 microns, a spacing between 0.75 microns and 3 microns, and a
thickness of between 0.5 microns and 4 microns, and wherein the at least one middle section

conductive via has a thickness of between 1 and 6 microns.
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11. The integrated circuit package of claim 8, further comprising at least one high-density
device-to-device conductive route within the middle section which electrically interconnects
one die side integrated circuit device of the plurality of die side integrated circuit devices
with another die side integrated circuit device of the plurality of die side integrated circuit

devices.

12. The integrated circuit package of claim 8, wherein the at least one middle section
conductive trace thickness which allows general/coarse routing within the at least one middle

section layer.

13. The integrated circuit package of claim 8, further comprising at least one land side

integrated circuit device electrically attached to the lower section of the electronic interposer.

14. The integrated circuit package of claim 13, wherein the at least one land side integrated
circuit device comprises a plurality of land side integrated circuit devices; and further
comprising at least one high-density device-to-device conductive route within the middle
section which electrically interconnects one land side integrated circuit device of the
plurality of land side integrated circuit devices with another land side integrated circuit

device of the plurality of land side integrated circuit devices.

15. The integrated circuit package of claim 13, wherein the at least one land side integrated

circuit device is embedded in the lower section of the electronic interposer.
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16. The integrated circuit package of claim 15, wherein the at least one land side integrated
circuit device comprises a plurality of land side integrated circuit devices; and further
comprising at least one high-density device-to-device conductive route within the middle
section which electrically interconnects one land side integrated circuit device of the
plurality of land side integrated circuit devices with another land side integrated circuit

device of the plurality of land side integrated circuit devices.

17. An electronic system comprising:

a board; and

an integrated circuit package electrically attached to the board, wherein the integrated
circuit package comprises:

an electronic interposer, comprising an upper section having between two and

four upper section layers, wherein each upper section layer comprises an organic material
and at least one upper section conductive route comprising at least one upper section
conductive trace and at least one upper section conductive via; a lower section having
between two and four lower section layers, wherein each lower section layer comprises an
organic material and at least one lower section conductive route comprising at least one
lower section conductive trace and at least one lower section conductive via; and a middle
section between the upper section and the lower section, wherein the middle section
comprises up to eight middle section layers, wherein each middle section layer comprises an
organic material and at least one middle section conductive route comprising at least one
middle section conductive trace and at least one middle section conductive via, wherein a

thickness of each middle section layer is less than a thickness of any upper section layer and
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less than a thickness of any lower section layer, and wherein a thickness of the at least one
middle section conductive trace is less than a thickness of the at least one upper section
conductive trace and less than a thickness of the at least one lower section conductive trace;
and

a plurality of die side integrated circuit devices electrically attached to the upper section

of the electronic interposer.

18. The electronic system of claim 17, wherein the thickness of the upper section layers is
between 13 and 40 microns, wherein the thickness of the lower section layers is between 13
and 40 microns, and wherein the thickness of the middle section layers is between 1.5 and 9

microns.

19. The electronic system of claim 17, wherein the at least one upper section conductive
trace comprises a plurality of upper section conductive traces having a width of 8 microns or
greater, a spacing of 8 microns or greater, and a thickness of between 8 and 15 microns;
wherein the at least one lower section conductive trace comprises a plurality of lower section
conductive traces having a width of 8 microns or greater, a spacing of 8 microns or greater,
and a thickness of between 8 and 15 microns; and wherein the at least one middle section
conductive trace comprises a plurality of conductive traces having a width between 0.75
microns and 3 microns, a spacing between (.75 microns and 3 microns, and a thickness of
between 0.5 microns and 4 microns, and wherein the at least one middle section conductive

via has a thickness of between 1 and 6 microns.
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20. The electronic system of claim 17, further comprising at least one high-density device-to-
device conductive route within the middle section which electrically interconnects one die
side integrated circuit device of the plurality of die side integrated circuit devices with
another die side integrated circuit device of the plurality of die side integrated circuit

devices.

21. The electronic system of claim 17, wherein the at least one middle section conductive
trace has thickness which allows general/coarse routing within the at least one middle section

layer.

22. The electronic system of claim 17, further comprising at least one land side integrated

circuit device electrically attached to the lower section of the electronic interposer.

23. The electronic system of claim 22, wherein the at least one land side integrated circuit
device comprises a plurality of land side integrated circuit devices; and further comprising at
least one high-density device-to-device conductive route within the middle section which
electrically interconnects one land side integrated circuit device of the plurality of land side
integrated circuit devices with another land side integrated circuit device of the plurality of

land side integrated circuit devices.

24. The electronic system of claim 22, wherein the at least one land side integrated circuit

device is embedded in the lower section of the electronic interposer.
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25. The electronic system of claim 24, wherein the at least one land side integrated circuit
device comprises a plurality of land side integrated circuit devices; and further comprising at
least one high-density device-to-device conductive route within the middle section which
electrically interconnects one land side integrated circuit device of the plurality of land side
integrated circuit devices with another land side integrated circuit device of the plurality of

land side integrated circuit devices.
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