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BURIED METAL JUMPER STRUCTURE FOR BEOL

BACKGROUND

[0001] The present invention generally relates to the field of microelectronic, and more

particularly to formation of a jumper for a Mx lines within an interconnect structure.

[0002]  Nanosheet is the lead device architecture in continuing CMOS scaling. However,
nanosheet technology has shown issues when scaling down such that as the devices become smaller
and closer together, they are interfering with each other. Forming connections between different
metal lines can limit the size/dimension of other lines because it can lead to electrical shorts from the

lines overlapping or being too close to each other.

BRIEF SUMMARY

[0003]  Additional aspects and/or advantages will be set forth in part in the description which
follows and, in part, will be apparent from the description, or may be learned by practice of the

mvention.

[0004] A microelectronic structure including an underlying device. An interconnect located on
the underlying device. Interconnect includes a first Mx metal line and a second Mx metal line. The
first Mx metal line is located adjacent to the second Mx metal line. A jumper connects the first Mx
metal line to the second Mx metal line and the first Mx metal line extends higher than the jumper.
[0005] A microelectronic structure including an underlying device and an interconnect located on
the underlying device. The interconnect includes a plurality of Mx metal lines where at least one Mx

metal line of the plurality of Mx Metal lines includes an integral connecting via. At least one jumper
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connecting at least two adjacent Mx metal lines of the plurality of Mx metal lines. The at least one
Mx metal line with the integral connecting via extends higher than the at least two adjacent Mx
metal lines.

[0006] A microelectronic structure including an underlying device and an interconnect located on
the underlying device. The interconnect includes a plurality of Mx metal lines. At least one or more
jumpers connecting a group Mx metal lines of the plurality of Mx metal lines. The group of Mx
metal lines includes three adjacent Mx metal lines. Each of the Mx metal lines in the group of Mx
metal lines extends higher than the at least one or more jumpers.

[0007] A method including the steps of forming an underlying device and forming an
interconnect located on the underlying device. Interconnect includes a first Mx metal line and a
second Mx metal line. The first Mx metal line is located adjacent to the second Mx metal line. A
jumper connects the first Mx metal line to the second Mx metal line and the first Mx metal line

extends higher than the jumper.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The above and other aspects, features, and advantages of certain exemplary embodiments
of the present invention will be more apparent from the following description taken in conjunction

with the accompanying drawings, in which:

[0009]  Figure 1 illustrates a top-down view of an interconnecting having a jumper, in accordance

with the embodiment of the present invention.

[0010]  Figure 2 illustrates a cross section view of a metal layer, in accordance with the

embodiment of the present invention.
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[0011]  Figure 3 illustrates a cross section view of the interconnect after etching the metal layer to

form the Mx level and the Via level, in accordance with the embodiment of the present invention.

[0012]  Figure 4 illustrates a cross section view of the interconnect after formation and patterning

of a first lithography layer, in accordance with the embodiment of the present invention.

[0013]  Figure 5 illustrates a cross section view of the interconnect after etching the base layer and

formation of the jumper, in accordance with the embodiment of the present invention.

[0014]  Figure 6 illustrates a cross section view of the interconnect after removal of the first
lithography layer, formation of a second lithography layer, and patterning/etching of the plurality of

metal lines, in accordance with the embodiment of the present invention.

[0015]  Figure 7 illustrates a cross section view of the interconnect after removal of the second
lithography layer and the hardmask, formation of an interlayer dielectric layer, in accordance with

the embodiment of the present invention.

[0016]  Figure 8 illustrates a cross section view of the interconnect after formation of a second
interlayer dielectric layer and formation of Mx+1 metal lines, formation of an interlayer dielectric

layer, in accordance with the embodiment of the present invention.

[0017]  Figure 9 illustrates a top-down view of an interconnecting having a double jumper, in

accordance with the embodiment of the present invention.

[0018]  Figure 10 illustrates a cross section view of the interconnect utilizing a double jumper
after formation of a second interlayer dielectric layer and formation of Mx+1 metal lines, formation

of an interlayer dielectric layer, in accordance with the embodiment of the present invention.
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[0019]  Figure 11 illustrates a top-down view of an interconnecting having two offset jumpers, in

accordance with the embodiment of the present invention.

[0020]  Figure 12 illustrates a top-down view of an interconnecting having a plurality of jumpers,

in accordance with the embodiment of the present invention.

DETAILED DESCRIPTION

[0021]  The following description with reference to the accompanying drawings is provided to
assist in a comprehensive understanding of exemplary embodiments of the invention as defined by
the claims and their equivalents. It includes various specific details to assist in that understanding
but these are to be regarded as merely exemplary. Accordingly, those of ordinary skill in the art will
recognize that various changes and modifications of the embodiments described herein can be made
without departing from the scope and spirit of the invention. In addition, descriptions of well-known

functions and constructions may be omitted for clarity and conciseness.

[0022]  The terms and the words used in the following description and the claims are not limited
to the bibliographical meanings but are merely used to enable a clear and consistent understanding of
the invention. Accordingly, it should be apparent to those skilled in the art that the following
description of exemplary embodiments of the present invention is provided for illustration purpose
only and not for the purpose of limiting the invention as defined by the appended claims and their

equivalents.

[0023] It is understood that the singular forms “a,” “an,” and “the” include plural referents unless
the context clearly dictates otherwise. Thus, for example, reference to “a component surface”

includes reference to one or more of such surfaces unless the context clearly dictates otherwise.
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[0024] Detailed embodiments of the claimed structures and the methods are disclosed herein:
however, it can be understood that the disclosed embodiments are merely illustrative of the claimed
structures and methods that may be embodied in various forms. This invention may, however, be
embodied in many different forms and should not be construed as limited to the exemplary
embodiments set forth herein. Rather, these exemplary embodiments are provided so that this
disclosure will be thorough and complete and will fully convey the scope of this invention to those
skilled in the art. In the description, details of well-known features and techniques may be omitted

to avoid unnecessarily obscuring the present embodiments.

2 ¢

[0025]  References in the specification to “one embodiment,” “an embodiment,” an example
embodiment,” etc., indicate that the embodiment described may include a particular feature,
structure, or characteristic, but every embodiment may not include the particular feature, structure,
or characteristic. Moreover, such phrases are not necessarily referring to the same embodiment.
Further, when a particular feature, structure, or characteristic is described in connection with an
embodiment, it is submitted that it 1s within the knowledge of one of ordinary skill in the art o affect

such feature, structure, or characteristic in connection with other embodiments whether or not

explicitly described.

[0026]  For purpose of the description hereinafter, the terms “upper,” “lower,” “right,” “left,”

“vertical,” “horizontal,” “top,” “bottom,” and derivatives thereof shall relate to the disclosed

2 < 2 <

structures and methods, as orientated in the drawing figures. The terms “overlying,” “atop,” “on

2 <<

top,” “positioned on,” or “positioned atop” mean that a first element, such as a first structure, is
present on a second element, such as a second structure, where intervening elements, such as an

interface structure may be present between the first element and the second element. The term

“direct contact” means that a first element, such as a first structure, and a second element, such as a



WO 2025/120406 PCT/IB2024/060851

second structure, are connected without any intermediary conducting, insulating, or semiconductor

layer at the interface of the two elements.

[0027] In the interest of not obscuring the presentation of embodiments of the present invention,
in the following detailed description, some processing steps or operations that are known in the art
may have been combined together for presentation and for illustrative purposes and in some instance
may have not been described in detail. In other instances, some processing steps or operations that
are known in the art may not be described at all. It should be understood that the following
description is rather focused on the distinctive features or elements of various embodiments of the

present invention.

[0028]  Various embodiments of the present invention are described herein with reference to the
related drawings. Alternative embodiments can be devised without departing from the scope of this
invention. It is noted that various connections and positional relationships (e.g., over, below,
adjacent, etc.) are set forth between elements in the following description and in the drawings.
These connections and/or positional relationships, unless specified otherwise, can be direct or
indirect, and the present invention is not intended to be limiting in this respect. Accordingly, a
coupling of entities can refer to either a direct or indirect coupling, and a positional relationship
between entities can be direct or indirect positional relationship. As an example of indirect
positional relationship, references in the present description to forming layer “A” over layer “B”
includes situations in which one or more intermediate layers (e.g., layer “C”) is between layer “A”
and layer “B” as long as the relevant characteristics and functionalities of layer “A” and layer “B”

are not substantially changed by the intermediate layer(s).

[0029]  The following definitions and abbreviations are to be used for the interpretation of the

2 < PN

claims and the specification. As used herein, the terms “comprises,” “comprising,” “includes,”
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“including,” “has,” “having,” “contains,” or “containing” or any other variation thereof, are intended
to cover a non-exclusive inclusion. For example, a composition, a mixture, process, method, article,
or apparatus that comprises a list of elements is not necessarily limited to only those elements but

can include other element not expressly listed or inherent to such composition, mixture, process,

method, article, or apparatus.

[0030]  Additionally, the term “exemplary” is used herein to mean “serving as an example,
instance or illustration.” Any embodiment or design described herein as “exemplary” is not
necessarily to be construed as preferred or advantageous over other embodiment or designs. The
terms “at least one” and “one or more” can be understood to include any integer number greater than
or equal to one, i.e., one, two, three, four, etc. The terms “a plurality” can be understood to include
any integer number greater than or equal to two, i.e., two, three, four, five, etc. The term

“connection” can include both indirect “connection” and a direct “connection.”

[0031]  As used herein, the term “about” modifying the quantity of an ingredient, component, or
reactant of the invention employed refers to variation in the numerical quantity that can occur, for
example, through typical measuring and liquid handling procedures used for making concentrations
or solutions. Furthermore, variation can occur from inadvertent error in measuring procedures,
differences in manufacture, source, or purity of the ingredients employed to make the compositions
or carry out the methods, and the like. The terms “about” or “substantially” are intended to include
the degree of error associated with measurement of the particular quantity based upon the equipment
available at the time of the filing of the application. For example, about can include a range of +£8%,
or 5%, or 2% of a given value. In another aspect, the term “about” means within 5% of the reported
numerical value. In another aspect, the term “about” means within 10,9, 8,7, 6, 5, 4, 3, 2, or 1% of

the reported numerical value.



WO 2025/120406 PCT/IB2024/060851

[0032]  Various processes are used to form a micro-chip that will packaged into an integrated
circuit (IC) fall in four general categories, namely, film deposition, removal/etching, semiconductor
doping and patterning/lithography. Deposition is any process that grows, coats, or otherwise
transfers a material onto the wafer. Available technologies include physical vapor deposition
(PVD), chemical vapor deposition (CVD), electrochemical deposition (ECD), molecular beam
epitaxy (MBE), and more recently, atomic layer deposition (ALD) among others. Removal/etching
is any process that removes material from the wafer. Examples include etching process (either wet
or dry), reactive ion etching (RIE), and chemical-mechanical planarization (CMP), and the like.
Semiconductor doping is the modification of electrical properties by doping, for example, transistor
sources and drains, generally by diffusion and/or by ion implantation. These doping processes are
followed by furnace annealing or by rapid thermal annealing (RTA). Annealing serves to activate
the implant dopants. Films of both conductors (e.g., aluminum, copper, etc.) and insulators (e.g.,
various forms of silicon dioxide, silicon nitride, etc.) are used to connect and isolate electrical
components. Selective doping of various regions of the semiconductor substrate allows the

conductivity of the substrate to be changed with the application of voltage.

[0033] Reference will now be made in detail to the embodiments of the present invention,
examples of which are illustrated in the accompanying drawings, where like reference numerals refer
to like elements throughout. The present invention is directed towards an interconnect structure, for
example, a back-end-of-the-line (BEOL) structure or a backside-power-distribution-network
(BSPDN). These structures are comprised of different metal lines (e.g., Mx, Mx+1 metal lines), and
connecting vias with the components distributed on multiple levels. The connecting vias (or via
level) can be integrally formed with the Mx metal lines. The design for the interconnect can require
that some of the different metal lines, for example, on the Mx level need to be connected to each

other. When a connection is formed on top of the Mx metal lines (i.e., on top of the via level), e.g.,
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in the form of a metal bridge, then the bridge placement interferes with the placement of the Mx+1
metal lines. When the Mx+1 metal lines are located close to the bridge which can lead to the
formation of an electrical short. Furthermore, the placement/location of the bridge affects the sizing

of the Mx+1 metal lines.

[0034] In contrast to the formation of the metal bridge (i.e., bridges on top of the via level) the
present invention forms jumpers between adjacent Mx metal lines. The jumper is located at the base
of the Mx metal lines thus the jumper does not affect the placement/size or interfere with the Mx+1
metal lines located on top of the via level. The Mx metal lines (with an integral via level), Mx metal
lines (without an integral via level), and an integral jumper are formed from the same metal layer.
The different components are formed by selectively removing different portions of the metal layer,

which allows for the reduction of miss alignment processing errors.

[0035]  Figure 1 illustrates a top-down view of an interconnect, in accordance with the
embodiment of the present invention. The cross-section X extends horizontally through the

interconnect across multiple metal lines, where the cross-section passes through the jumper.

[0036] Referring now to Figure 2, a structure is shown during an intermediate step of a method of
fabricating a metal layer on top of an underlying device 105. The underlying device region 105 can
be any type of electronic device that needs an interconnect, BEOL layer, or a BSPDN, for example,
the underlying device region 105 can be a logic device, integrated circuit, a passive device, or some
other type of electronic device. The interconnect (or multiple interconnects) can be located on the
frontside and/or backside of the underlying device 105. A first layer 110 is formed on top of the
underlying device 105, where the first layer 110 can be, for example, TiN or TaN or another suitable
material. A metal layer 115 is formed on top of the first layer 110, the metal layer 115 is comprised

of a conductive metal, for example, Ru, Cu or another suitable conductive metal.
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[0037]  Figure 3 illustrates the processing stage after etching the metal layer 115 to form the Mx
level and the Via level. A hardmask 130 is formed on top of the metal layer 115. The hardmask 130
and the metal layer 115 are etched to form a plurality of metal lines 119, 121, 123, 125, and 127.
The metal layer 115 is not completely etched to separate each of the plurality of metal lines 119,
121, 123, 125, and 127 (i.e,, the metal layer 15 is not through to the first layer 110 or to the
underlying device 105). A base layer 117 remains after the etching process to form the plurality of
metal lines 119, 121, 123, 125, and 127. Each of the plurality of metal lines 119, 121, 123, 125, and
127 are connected to each other via the base layer 117, 1.e., the base layer 117 is formed internally
with each of the plurality of metal lines 119, 121, 123, 125, and 127. Each of the plurality of metal
lines 119, 121, 123, 125, and 127 are comprised of an integral Mx level section and a Via level
section, meaning that the connecting vias (i.e., the via level) is formed with the Mx metal lines (i.e.,
the Mx level). Thus, the single etching process forms the Mx level metal lines and the connecting

vias (i.e., the Via level) out of a single metal layer 115.

[0038]  Figure 4 illustrates the processing stage after formation and patterning of a first
lithography layer 134. A first lithography layer 135 is formed on top of the hardmask 130, on top of
the base layer 117, and around each of the plurality of metal lines 119, 121, 123, 125, and 127. The
first lithography layer 135 is patterned. Most of the first lithography layer 135 is removed except for

the areas/locations where a jumper will be formed.

[0039]  Figure S illustrates the processing stage after etching of the base layer 117 and formation
of the jumper 140. The first lithography layer 135 protects the location where the jumper 140 will
be formed during the etching process of the base layer 117. The base layer 117 is etched, thus
separating each of the plurality of metal lines 112, 121, 123, 125, and 127 from each other. A
portion of the base layer 117 was protected by the first lithography layer 135. Jumper 140 or a based

connector, is formed from the portion of the base layer 117 protected by the first lithography layer
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135, thus the jumper 140 is formed between at least two adjacent metal lines 121 and 123. Jumper
140 1s located at the base of the metal lines 121, 123, meaning that the metal lines 121, 123 extend

higher than the jumper 140. Thus, jumper 140 is located on the first layer 110.

[0040]  Figure 6 illustrates the processing stage after removal of the first lithography layer 135,
formation of a second lithography layer 145, and patterning/etching of the plurality of metal lines
119, 121, 123, 125, and 127. The first lithography layer 135 is removed. A second lithography
layer 145 is formed around the plurality of metal lines 119, 121, 123, 125, 127. The second
lithography layer 145 and some of the plurality of metal lines 121, 123, and 125 are etched to
remove the via level of the metal lines 121, 123, 125, thus leaving Mx metal lines 152, 154, 156.
Jumper 140 does not need to be connected to each of the Mx metal lines 152, 154, 156. Jumper 140
1s connected to adjacent Mx metal lines 152 and 154, but the jumper 140 is not connected to Mx
metal line 156. Metal lines 119 and 127 still have a via level section (i.e., the integral connecting
via), such that the via level section of metal lines 119, 127 extends higher than the height of Mx
metal lines 152, 154, 156. Jumper 140 is located around/at the base of the Mx metal lines 152, 154,

such that the height of the Mx metal lines 152, 154 is greater than the height of the jumper 140.

[0041]  Figure 7 illustrates the processing stage after removal of the second lithography layer 145
and the hardmask 130, formation of an interlayer dielectric layer 160. The second lithography layer
145 and the remaining portions of hardmask 130 are removed. The removal of these layers exposes
the plurality of metal lines 119, 127, the Mx metal lines 152, 154, 156, and jumper 140. An
interlayer dielectric layer 160 is formed around and encloses these layers. Interlayer dielectric layer
160 is planarized, for example, by chemical mechanical planarization (CMP) to remove excess
interlayer dielectric layer 160 material and to expose a top surface of the via level of each of the

plurality of metal lines 119, 127. The top surface of Mx metal lines 152, 154, 156 remains covered
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by the interlayer dielectric layer 160. This means that the Mx metal lines 152, 154, 156 and the

jumper 140 are buried within the interlayer dielectric layer 160.

[0042]  Figure 7 illustrates the processing stage after formation of a second interlayer dielectric
layer 165 and formation of Mx+1 metal lines 170. A second interlayer dielectric layer 165 is formed
on top of the interlayer dielectric layer 160 and on top of the via level of the plurality of metal lines
119, 127. The second interlayer dielectric layer 165 can be comprised of the same material as
interlayer dielectric layer 160 or it can be comprised of a different material. Trenches (not shown)
are formed in the second interlayer dielectric layer 165. The trenches are filled with a conductive
metal to form Mx+1 metal lines 170. The Mx+1 metal lines 170 are in direct contact with the top
surface of the via level of the plurality of metal lines 119, 127. The interlayer dielectric layer 160 is
located between the Mx+1 metal lines 170 and the Mx metal lines 152, 154, 156 and the jumper 140.
The top surface of the Mx metal lines 152, 154, 156 is closer to a bottom surface the Mx+1 metal
lines 170 than a top surface of the jumper 140. If the interconnect 106 is located on the frontside of
the underlying device 105, and the device is flipped over than the directions mention here in this

application will be flipped.

[0043]  Figures 9 and 10 illustrate the processing stage of an interconnect utilizing a double
jumper 200 after formation of a second interlayer dielectric layer 165 and formation of Mx+1 metal
lines 170. Figures 9 and 10 utilize similar components with similar reference numbers as illustrated
in Figure 8. Explanation of these components can be found above. Figures 1 and 8 illustrate the use
of a single jumper 140, i.e., the single jumper 140 connects two adjacent Mx metal lines 152, 154.
Figures 9 and 10 illustrate a double jumper 200, i.e., the double jumper 200 connects multiple
adjacent Mx metal lines 202, 204, 205. Figures 9 and 10 illustrate that the double jumper 200 forms
a connection with three Mx metal lines 202, 204, 205, where Mx metal line 204 1s adjacent to Mx

metal line 202 and Mx metal line 205. This disclosure is not meant to be seen as limiting the



WO 2025/120406 PCT/IB2024/060851
13

number of Mx metal lines 202, 204, 205 that the jumper 200 can be connected to. The design of the
interconnect will determined which Mx metal lines 152, 154, 202, 204, 205, or other lines that the

Jumper 140, 200 will connect to.

[0044]  Figure 11 illustrates a top-down view of an interconnect having two offset jumpers and
Figure 12 illustrates a top-down view of an interconnect having a plurality of jumpers. Figure 11
illustrates a plurality of jumpers (140, 200) connecting three adjacent metal lines. Figures 9 and 10
illustrate a double jumper 200 where the jumper 200 extends across three Mx metal lines in a
common axis. Figure 11 illustrates the use of multiple jumpers 140 that are offset from each other to
connect three Mx metal lines, 1.e., the jumpers 140 are separate from each other and not located on a
common axis. Figure 12 illustrates the use of a plurality of jumpers 140 connected a plurality of
different Mx metal lines. Figure 12 illustrates that plurality of single jumper 140 used in the
interconnect but each of the plurality of jumper connects two different adjacent Mx metal lines. The
interconnect is not limited to the formation of a single type of jumper, but the design of the
interconnect can utilize any type of buried jumpers. For example, the interconnect can include

buried double jumpers, buried offset jumpers, buried single jumpers, or any combination thereof.

[0045] A microelectronic structure including an underlying device 105. An interconnect 106
located on the underlying device 105. Interconnect 106 includes a first Mx metal line 152 and a
second Mx metal line 154. The first Mx metal line 152 is located adjacent to the second Mx metal
line 154. A jumper 140 connects the first Mx metal line 152 to the second Mx metal line 154 and
the first Mx metal line 152 extends higher than the jumper 140.

[0046] The jumper 140 is located at the base of the first Mx metal line 152 and at the base of the
second Mx metal line 154.

[0047] A first layer 110 located between the underlying device 105 and the first Mx metal line

152, and the first layer 110 is located between the underlying device 105 and the second Mx metal
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line 154. The first layer 110 is comprised of TiN or TaN. The jumper 140 is located on the first
layer 110.

[0048]  An interlayer dielectric layer 160 located above and around the first Mx metal line 152,
the second Mx metal line 154, and the jumper 140. The interconnect 106 further includes a Mx+1
metal line 170 located on top of the interlayer dielectric layer 165. The first Mx metal line 152, the
second Mx metal line 154, and the jumper 140 are located at a different height than the Mx+1 metal
line 170. The interlayer dielectric layer 160 is located between the Mx+1 metal line 170 and the first
Mx metal line 152, the second Mx metal line 154, and the jumper 140.

[0049] A microelectronic structure including an underlying device 105 and an interconnect 106
located on the underlying device 105. The interconnect 106 includes a plurality of Mx metal lines
119, 127, 152, 154, 156, where at least one Mx metal lines 119, 127 of the plurality of Mx Metal
lines 119, 127, 152, 154, 156 includes an integral connecting via (i.e., the via level illustrated in the
Figures). At least one jumper 140 connecting at least two adjacent Mx metal lines 152, 154 of the
plurality of Mx metal lines 119, 127, 152, 154, 156. The at least one Mx metal line 119, 127 with
the integral connecting via (i.e., the via level illustrated in the Figures) extends higher than the at
least two adjacent Mx metal lines 152, 154.

[0050] The at least one jumper 140 is located at the base of the at least two adjacent Mx metal
lines 152, 154.

[0051] A first layer 110 located between the underlying device 105 and the at least two adjacent
Mx metal lines 152, 154. The first layer 110 is comprised of TiN or TaN. The at least one jumper
140 1s located on the first layer 110.

[0052] The interconnect 106 further includes an interlayer dielectric layer 160 located above and
around the at least one jumper 140 and the at least two adjacent Mx metal lines 152, 154. The
interconnect 106 further includes at least one Mx+1 metal line 170 located on top of the interlayer

dielectric layer 160. The at least one jumper 140 and the at least two adjacent Mx metal lines 152,
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154 are located at a different height than the at least one Mx+1 metal line 170. The interlayer
dielectric layer 160 is located between the at least one Mx+1 metal line 170 and the at least one
jumper 140 and the at least two adjacent Mx metal lines 152, 154. The at least one Mx+1 metal line
170 is connected to a top surface of the at least one Mx metal line 119, 127 that includes the integral
connecting via (as illustrated in Figure 8 and 10).

[0053] A microelectronic structure including an underlying device 105 and an interconnect 106
located on the underlying device 105. The interconnect 106 includes a plurality of Mx metal lines
119, 127, 202, 204, 205 (or 152, 154, 156). At least one or more jumpers 140, 200 connecting a
group Mx metal lines 202, 204, 205 (or 152, 154, 156) of the plurality of Mx metal lines 119, 127,
202, 204, 205. The group of Mx metal lines 202, 204, 205 (or 152, 154, 156) includes three adjacent
Mx metal lines 202, 204, 205. Each of the Mx metal lines 202, 204, 205 (or 152, 154, 156) in the
group of Mx metal lines extends higher than the at least one or more jumpers 140, 200.

[0054]  The at least one or more jumpers 140, 200 is a double jumper 200. The double jumper
200 extends laterally to connect the three adjacent Mx metal lines 202, 204, 205 of the group of Mx
metal lines.

[0055] At least one or more jumpers 140 is comprised of two jumpers 140 to connect the three
adjacent Mx metal lines 152, 154, 156 of the group of Mx metal lines. The two jumpers 140 are
offset from each other as illustrated in Figure 11.

[0056] A method including the steps of forming an underlying device 105 and forming an
interconnect 106 located on the underlying device 105. Interconnect 106 includes a first Mx metal
line 152 and a second Mx metal line 154 and the first Mx metal line 152 is located adjacent to the
second Mx metal line 154. A jumper 140 connects the first Mx metal line 152 to the second Mx
metal line 154 and the first Mx metal line 152 extends higher than the jumper 140. The jumper 140

1s located at the base of the first Mx metal line 152 and at the base of the second Mx metal line 154.
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[0057]  While the invention has been shown and described with reference to certain exemplary
embodiments thereof, it will be understood by those skilled in the art that various changes in form
and details may be made therein without departing from the spirit and scope of the present invention

as defined by the appended claims and their equivalents.

[0058]  The descriptions of the various embodiments of the present invention have been presented
for purposes of illustration but are not intended to be exhaustive or limited to the embodiments
disclosed. Many modifications and variations will be apparent to those of ordinary skill in the art
without departing from the scope and spirit of the described embodiments. The terminology used
herein was chosen to best explain the principles of the one or more embodiment, the practical
application or technical improvement over technologies found in the marketplace, or to enable others

of ordinary skill in the art to understand the embodiments disclosed herein.
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CLAIMS

What 1s claimed is:

1. A microelectronic structure comprising:

an underlying device;

an interconnect located on the underlying device, wherein the interconnect comprises:

a first Mx metal line and a second Mx metal line, wherein the first Mx metal line is located

adjacent to the second Mx metal line; and

a jumper connects the first Mx metal line to the second Mx metal line, wherein the first Mx

metal line extends higher than the jumper.

2. The microelectronic structure of claim 1, wherein the jumper is located at a base of the first

Mx metal line and at a base of the second Mx metal line.

3. The microelectronic structure of claim 1, further comprising:

a first layer located between the underlying device and the first Mx metal line, and the first

layer is located between the underlying device and the second Mx metal line.

4. The microelectronic structure of claim 3, wherein the first layer is comprised of TiN or TaN.
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S. The microelectronic structure, of claim 4 wherein the jumper is located on the first layer.
6. The microelectronic structure of claim 1, wherein the interconnect further comprises:

an interlayer dielectric layer located above and around the first Mx metal line, the second Mx

metal line, and the jumper.

7. The microelectronic structure of claim 6, wherein the interconnect further comprises:

a Mx+1 metal line located on top of the interlayer dielectric layer.

8. The microelectronic structure of claim 7, wherein the first Mx metal line, the second Mx

metal line, and the jumper are located at a different height than the Mx+1 metal line.

9. The microelectronic structure of claim 8, wherein the interlayer dielectric layer is located

between the Mx+1 metal line and the first Mx metal line, the second Mx metal line, and the jumper.

10. A microelectronic structure comprising:

an underlying device;

an interconnect located on the underlying device, wherein the interconnect comprises:
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a plurality of Mx metal lines, wherein at least one Mx metal line of the plurality of

Mx Metal lines includes an integral connecting via; and

at least one jumper connecting at least two adjacent Mx metal lines of the plurality of
Mx metal lines, wherein the at least one Mx metal line with the integral connecting via extends

higher than the at least two adjacent Mx metal lines.

11. The microelectronic structure of claim 10, wherein the at least one jumper is located at a base

of the at least two adjacent Mx metal lines.

12. The microelectronic structure of claim 10, further comprising:

a first layer located between the underlying device and the at least two adjacent Mx metal

lines.

13. The microelectronic structure of claim 12, wherein the first layer is comprised of TiN or
TaN.

14. The microelectronic structure of claim 13, wherein the at least one jumper is located on the

first layer.

15. The microelectronic structure of claim 10, wherein the interconnect further comprises:
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an interlayer dielectric layer located above and around the at least one jumper and the at least

two adjacent Mx metal lines.

16. The microelectronic structure of claim 15, wherein the interconnect further comprises:

at least one Mx+1 metal line located on top of the interlayer dielectric layer.

17. The microelectronic structure of claim 16, wherein the at least one jumper and the at least

two adjacent Mx metal lines are located at a different height than the at least one Mx+1 metal line.

18. The microelectronic structure of claim 17, wherein the interlayer dielectric layer is located
between the at least one Mx+1 metal line and the at least one jumper and the at least two adjacent

Mx metal lines.

19. The microelectronic structure of claim 18, wherein the at least one Mx+1 metal line is

connected to a top surface of the at least one Mx metal line that includes the integral connecting via.

20. A microelectronic structure comprising:

an underlying device;

an interconnect located on the underlying device, wherein the interconnect comprises:
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a plurality of Mx metal lines; and

at least one or more jumpers connecting a group Mx metal lines of the plurality of Mx
metal lines, wherein the group of Mx metal lines includes three adjacent Mx metal lines, wherein
each of the Mx metal lines in the group of Mx metal lines extends higher than the at least one or

more jumpers.

21. The microelectronic structure of claim 20, wherein the at least one or more jumpers is a
double jumper, wherein the double jumper extends laterally to connect the three adjacent Mx metal

lines of the group of Mx metal lines.

22. The microelectronic structure of claim 20, wherein the at least one or more jumpers 1s
comprised of two jumpers to connect the three adjacent Mx metal lines of the group of Mx metal

lines.

23. The microelectronic structure of claim 22, wherein the two jumpers are offset from each

other.

24, A method comprising:

forming an underlying device;
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forming an interconnected located on the underlying device, wherein the interconnect

comprises:

a first Mx metal line and a second Mx metal line, wherein the first Mx metal line is located

adjacent to the second Mx metal line; and

a jumper connects the first Mx metal line to the second Mx metal line, wherein the first Mx

metal line extends higher than the jumper.

25. The method of claim 24, wherein the jumper is located at a base of the first Mx metal line

and at a base of the second Mx metal line.



PCT/IB2024/060851

WO 2025/120406

1/12

FIG. 1
TOP DOWN VIEW

JUMPER



WO 2025/120406 PCT/IB2024/060851
2/12

FIG. 2
CROSS SECTION X

R T T T T ST
[ "_.z':“x‘fx‘!‘«‘a‘s“_‘s‘\,«‘_,&‘_g“,{«,,{,{‘,{‘,- S A A A

E R g T T
B A ,"x:,a: —110

105




WO 2025/120406

3/12

FIG. 3
CROSS SECTION X

PCT/IB2024/060851

Via

Level

Level

z‘sp‘a‘e@‘e:;“e;).h;)?‘ ;"’_;"’_ / "

EEEEEEE SRR 3
A 2 S :-’ i

P eryy

1T— 110




WO 2025/120406 PCT/IB2024/060851
4/12

FIG. 4
CROSS SECTION X

Via
Level

Level

g e ;
b 2 S ST ’:”;’jf SO l l O




WO 2025/120406

2

CROSS SECTION X

5/12

FIG. 5

140

SRS,

A AL,

PCT/1B2024/060851
130
Via
Level
/
1271 )
— Mx
Level
110

\y




WO 2025/120406 PCT/IB2024/060851
6/12

FIG. 6
CROSS SECTION X

T
145
1 130
Via
1] Level
119 152 154 156 127 M
Level
140
S s 110




WO 2025/120406 PCT/IB2024/060851
7/12

FIG. 7
CROSS SECTION X

160 Via
Level
119 152 154; 156 127 Mx
Level
140
= AAIAIAAAIIA 110
105




WO 2025/120406

106

8/12

FIG. 8
CROSS SECTION X

PCT/IB2024/060851

|| Mix+l
170 170 Level
160 Via
Level
152 1543 156 127
119 — e T — Mx
Level
140
A P P, e 110



PCT/IB2024/060851

WO 2025/120406

9/12

FIG. 9
TOP DOWN VIEW

DOUBLE

JUMPER



WO 2025/120406

106

—
o

[S—
[S—
\O

2

10/12

FIG. 10
CROSS SECTION X

| Sessmmemnn | #

200
B :"': l;f“‘;f‘ /-‘ / / / / / /./ ,/ " ,- 'l\.} (;f SISISISISEGE

~~~~ P g o L8

PCT/IB2024/060851

Mx+1
Level

Via

Level

Level

—
)
i

110



WO 2025/120406

11/12

FIG. 11
TOP DOWN VIEW
lst Mx 2nd Mx 3rd Mx

Metal Line  Metal Line Metal Line

157 HND
OFFSET OFFSET
JUMPER JUMPER

PCT/IB2024/060851




WO 2025/120406 PCT/IB2024/060851
12/12

FIG. 12
TOP DOWN VIEW
1% Mx 2™ Mix 3" Mix 41 Mix

Metal Line  Metal Line Metal Line  Metal Line

1 ST
JUMPER JUMPER



INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2024/060851

A. CLASSIFICATION OF SUBJECT MATTER
INV. H01L21/768 HO01L23/528

ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO1L

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, INSPEC, IBM-TDB, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 10 978 438 Bl (LLAM STEPHEN [US] ET AL) 1-25
13 April 2021 (2021-04-13)
abstract; claims; figure 7
X,P US 2024/071920 Al (LANZILLO NICHOLAS 1,10,20,
ANTHONY [US] ET AL) 24
29 February 2024 (2024-02-29)
abstract; claims; figures
X,P US 2024/096794 Al (LANZILLO NICHOLAS 1,10,20,
ANTHONY [US] ET AL) 24
21 March 2024 (2024-03-21)
abstract; claims; figures
A US 2023/066614 Al (CLEVENGER LAWRENCE A 1-25
[US] ET AL) 2 March 2023 (2023-03-02)
abstract; claims; figures
-/--

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance;; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance;; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

22 January 2025

Date of mailing of the international search report

31/01/2025

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Wirner, Christoph

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2024/060851
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2018/315708 Al (MITTAIL: ANURAG [US] ET 1-25
AL) 1 November 2018 (2018-11-01)
abstract; claims; figures
A US 2017/084536 Al (YU HUNG-CHIH [TW] ET 1-25
AL) 23 March 2017 (2017-03-23)
abstract; claims; figures
A US 2014/332871 Al (KIM YOON-HAE [KR] ET 1-25

AL) 13 November 2014 (2014-11-13)
abstract; claims; figures

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

International application No
Information on patent family members

PCT/IB2024/060851
Patent document Publication Patent family Publication

cited in search report date member(s) date

Us 10978438 B1 13-04-2021 uUs 10978438 B1 13-04-2021
uUs 11018126 B1 25-05-2021
uUs 11075194 B1 27-07-2021
uUs 11081476 B1 03-08-2021
uUs 11081477 B1 03-08-2021
uUs 11107804 B1 31-08-2021

Us 2024071920 Al 29-02-2024 NONE

UsS 2024096794 Al 21-03-2024 uUs 2024096794 Al 21-03-2024
WO 2024057136 Al 21-03-2024

US 2023066614 Al 02-03-2023 NONE

Us 2018315708 Al 01-11-2018 CN 108807338 A 13-11-2018
DE 102018200549 A1l 08-11-2018
TW 201842552 A 01-12-2018
uUs 2018315708 Al 01-11-2018

Us 2017084536 Al 23-03-2017 CN 106548975 A 29-03-2017
™ 201724437 A 01-07-2017
uUs 2017084536 Al 23-03-2017
uUs 2017271206 Al 21-09-2017

UsS 2014332871 Al 13-11-2014 KR 20140133297 A 19-11-2014
uUs 2014332871 Al 13-11-2014

Form PCT/ISA/210 (patent family annex) (April 2005)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - wo-search-report
	Page 38 - wo-search-report
	Page 39 - wo-search-report

