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FUSE ARRAY FOR INTEGRATED CIRCUIT

Field
Embodiments of the present disclosure generally relate 1o the field

of integrated circuits, and more particularly, fo fuse arrays for integrated circuits.

Background
There is high emphasis on making back-end metallization for
integrated circuits more robust. However, since the fuse array of the integrated
circuit is part of the aclive die and goes through the same processing steps as the
metallization, the fuse array aiso becomes robust, thereby making the fuses

harder to break.

Brief Description of the Drawings

Embodiments will be readily undersiood by the following detailed
description in conjunction with the accompanying drawings. To facilitate this
description, like reference numerals designate like structural elements.
Embodiments are iliustrated by way of example and not by way of limitation in the
figures of the accompanying drawings.

Figure 1 schematically Hiusirates a top view of an example die in
wafer form and in singulated form, in accordance with some embodiments.

Figure 2 schematically illustrates a cross-section side view of an
integrated circuit (IC) assembly, in accordance with some embodiments.

Figure 3 is a flow diagram that illustrates a process for forming a
fuse array of an IC, in accordance with some embodiments.

Figures 4A-4G schematically illustrate cross-sectional side views of
an IC structure at various stages of the process of Figure 3, in accordance with
some embodiments.

Figure 4H schematically illustrates a top view of an IC device
including a fuse, in accordance with some embodiments.

Figure § schematically Hlustrates an example system that may

include an IC device as described herein, in accordancs with soma embodiments.
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Detailed Description

Embodiments of the present disclosure describe apparatuses,
methods, and systems associated with a fuse array of an integrated circuil. An
integrated circuit may include a first metallization layer including a plurality of
trenches separated by an interlayer dielectric (ILD), wherein the ILD forms a
protrusion that extends above a {op surface of the trenches. In some
embodiments, the protrusion may be an artifact of a chemical mechanical
planarization (CMP) process that is performed on the first metallization layer. The
height of the protrusion may be based on the distance vetween adjacent trenches,
with a higher protrusion formed between adjacent trenches that are farther apart.

An eich stop layer may be disposed on the first metallization layer.
The integrated circuit may further include a fuse disposed on the eich stop layer,
wherein the fuse includes a fuse channel coupled between an ancde and a
cathode, wherein the fuse channel is disposed directly above the protrusion and is
in contact with the etch stop layer. The fuse channel, anode, and cathode may be
formed of a metal (.g., copper). The fuse channel may be aligned with the fuse
channel between a first pair of adjacent trenches that are separated by a greater
separation distance than a second pair of adjacent trenches of the first
meiallization layer. Accordingly, the protrusion may provide the fuse channel with
a reduced height, thereby making the fuse easier {0 break.

In some embodiments, the integrated circuit may additionally or
aliernatively include one or more dummy regions adjacent to the fuse channel and
separated from the fuse channel, the anode, and the cathode by a dislectiic
material. The dummy regions may be formed of a metal (2.g., the same metsl as
the fuse). CMP may be performed on the integrated circuit after deposition of the
metal of the fuse and dummy regions. The rate of material removal of the CMP
process may be greater for a region of the integrated circuit with a greater ratio of
metal {o dielectric material. Accordingly, the dummy regions may cause the CMP
process 1o remove more of the fuse channel, thereby further reducing the
thickness of the fuse channel.

in the following detailed description, reference is made to the
accompanying drawings which form a part hereof, wherein like numerals
designate like parts throughout, and in which is shown by way of illustration

embodiments in which the subject matter of the present disciosure may be

7.
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practiced. 1t is to be understood that other embodiments may be utilized and
structural or logical changes may be made without depariing from the scope of the
present disclosure. Therefore, the following detlailed description is not to be taken
in a limiting sense, and the scope of embodiments is defined by the appended
claims and their equivalents.

For the purposes of the present disclosure, the phrase "A andfor 87
means (A}, (B), or {A and B). Forthe purposes of the present disclosure, the
phrase “A, B, and/or C” means (A), (B), (C), (Aand B), (Aand C), (Band C), or
(A, BandC)

The description may use perspective-based descriptions such as
top/bottom, side, overfunder, and the like. Such descriptions are merely used {0
facilitate the discussion and are not intended to restrict the application of
embodiments described herein to any particuiar orientation.

The description may use the phrases “in an embodiment,” or “in
embodiments,” which may each refer to one or more of the same or different
embodiments. Furthermore, the terms “comprising,” “including,” “having,” and the
like, as used with respect 10 embodiments of the present disclosure, are
SYNONYMous.

The term “coupled with,” along with its derivatives, may be used
herein. “Coupled” may mean one or more of the following. “Coupled” may mean
that two or more elements are in direct physical or electrical contact. However,
“‘coupled” may also mean that two or more elements indirecily contact each other,
but yet still cooperate or interact with each other, and may mean that one or more
other slements are coupled or connected between the elements that are said o
be coupled with each other. The term “directly coupled” may mean that two or
more elements are in direct contact.

in various embodiments, the phrase “a first feature formed,
deposited, or otherwise disposed on a second feature” may mean that the first
feature is formed, deposited, or disposed over the second feature, and atleast a
part of the first feature may be in direct contact (e.g., direct physical and/or
glectrical contact) or indirect contact {e.g., having one or more other features
between the first feature and the second feature) with at least a part of the second

feature.
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As used herein, the term “circuitry” may refer to, be part of, or
include an Application Specific Integrated Circuit (ASIC), an electronic circuit, 2
processor (shared, dedicated, or group) and/or memory (shared, dedicated, or
group) that execute one or more software or firmware programs, a combinational
logic circuit, and/or other suitable components that provide the described
functionality.

FIG. 1 schematically illustrates a {op view of an example die 102 in
wafer form 10 and in singulated form 100, in accordance with some embodiments.
in some embodiments, the die 102 may be one of a plurality of dies (e.g., dies
102, 103a, 103b) of a wafer 11 composed of semiconductor material such as, for
example, silicon or other suitable material. The plurality of dies may be formed on
a surface of the wafer 11. Each of the dies may be a repeating unit of a
semiconductor product that includes one or more ICs {e.g., IC 400 and/or an IC
formed using method 300) as described herein. For example, the die 102 may
include circuitry having transistor structures 104 such as, for example, one or
more channel bodies (e.¢., fin structures, nanowires, planar bodies, etc.) that
provide a channel pathway for mobile charge carriers of one or more transistor
devices or source/drain regions. Transistor elecirode assemblies {e.g., terminal
contacts) may be formed on and coupled with the one or more transistor
structures 104 {o route slectrical energy to or from the transistor structures 104.
For example, terminal contacts may be electrically coupled with a channel body o
provide a gate elecirode for delivery of a threshold voliage and/or a source/drain
current to provide mobile charge carriers for operation of a transistor device.
Although the transistor struciures 104 are depicted in rows that traverse a
substantial portion of the die 102 in FIG. 1 for the sake of simplicity, itis {o be
understood that the transistor structures 104 may be configured in any of a wide
variety of other suitable arrangements on the die 102 in other embodiments,
including, for example, vertical and horizontal features having much smaller
dimensions than depicted.

After a fabrication process of the semiconductor product embodied
in the dies is complete, the wafer 11 may undergo a singulation process in which
each of the dies (e.q., die 102} is separated from one another {0 provide discreie
“chips” of the semiconductor product. The wafer 11 may be any of a variety of

sizes. In some embodimenis, the wafer 11 has a diameter ranging from about
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254 mm to about 450 mm. The wafer 11 may include other sizes and/or other
shapes in other embodiments. According 1o various embodiments, the transistor
structures 104 may be disposed on a semiconductor substrate in wafer form 10 or
singulated form 100, The transistor structures 104 may be incorporated in a die
102 for logic or memory, or combinations thereof. In some embodiments, the
transistor structures 104 may be part of a system-on-chip (50C) assembly.

in various embodiments, the die 102 may include a fuse array as
described herein. The fuse array may be used 1o store information associated
with the dig, such as an encryption key, identifying information associated with the
die, and/or other suitable information.

FiG. 2 schematically illustrates a cross-section side view of an IC
assembly 200, in accordance with some embodiments. In some embodiments,
the IC assembly 200 may include one or more dies (hereinafter “die 102"
electrically and/or physically coupled with a package substrate 121. In some
embodiments, the package substraie 121 may be electrically coupled with a
circuit board 122, as can be seen. In some embodiments, an IO assembly 200
may include one or more of the die 102, package substrate 121 and/or circuit
board 122, according to various embodiments. Embodiments described herein for
a fuse array may be implemented in any suitable IC device according to various
embodiments.

The die 102 may represent a discrete product made from a
semiconductor material {e.q., silicon) using semiconductor fabrication fechniques
such as thin film deposition, lithography, etching and the like used in connection
with forming CMOS devices. In some embodiments, the die 102 may be, include,
or be a part of a processor, memory, SoC or ASIC. In some embodiments, an
electrically insulative material such as, for exampie, molding compound or
underfill material (not shown) may encapsulate at least a portion of the die 102
and/or die-level interconnect structures 106.

The die 102 can be attached {o the package substrate 121
according to a wide variety of suitable configurations including, for example, being
directly coupled with the package substrate 121 in a flip-chip configuration, as
depicted. in the flip-chip configuration, an active side, 51, of the die 102 including
circuitry is attached to a surface of the package substrate 121 using die-level

interconnect structures 108 such as bumps, pillars, or other suitable structures

-5.
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that may also electrically couple the die 102 with the package substrate 121. The
active side 51 of the die 102 may include active devices such as, for example,
transistor devices. An inactive side, 82, may be disposed opposite {o the active
side 51, as can be seen.

The die 102 may generally include a semiconductor substrate 102a,
one or more device layers (hereinafter "device layer 102b”) and one or more
interconnect layers (hereinafter “interconnect layer 102¢”). The semiconductor
substrate 102a may be substantially composed of a bulk semiconductor material
such as, for example silicon, in some embodiments. In accordance with various
gmbodiments, the semiconductor substrate 102a may include a plurality of
substrate regions with isolation regions disposed between the subsiraie regions.
In some embodiments, an isolation material may be disposed in the isolation
regions.

The device layer 102b may represent a region where active devices
such as transistor devices are formed on the semiconductor substrate. The
device fayer 102b may include, for example, transistor structures such as channel
bodies and/or source/drain regions of transistor devices. The interconnedct layer
102¢ may include interconnect structures that are configured to route electrical
signals to or from the active devices in the device layer 102b. For example, the
interconnect fayer 102¢ may include horizontal lines (e.q., trenches) and/or
vertical plugs (e.g., vias) or other suitable features o provide electrical routing
and/or contacts. In various embodiments, one or more layers of the interconnect
layer 102¢ may include a fuse array as described hergin.

In some embodiments, the die-level interconnect structures 106 may
be elecirically coupled with the interconnect laver 102¢ and configured o route
electrical signals between the die 102 and other electrical devices. The electrical
signals may include, for example, input/output (/Q) signals and/or power/ground
signals that are used in connection with operation of the die 102.

In some embodiments, the package subsirate 121 is an epoxy-
based laminate substrate having a core and/or build-up layers such as, for
example, an Ajlinomoto Build-up Film (ABF) substrate. The package substrate
121 may include other suitable types of subsirates in other embodiments
including, for example, substrates formed from glass, ceramic, or semiconductor

materials.
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The package substrate 121 may include electrical routing features
corfigured to route electrical signals {o or from the die 102, The electrical routing
features may include, for example, pads or fraces {(not shown) disposed on one or
more surfaces of the package substrate 121 and/or internal routing features {(not
shown) such as, for example, frenches, vias or other interconnect structures {o
route electrical signals through the package substrate 121, For example, in some
embodiments, the package subsirate 121 may inciude electrical routing features
such as pads (not shown) configured o receive the respective die-level
interconnect structures 106 of the die 102.

The circuit board 122 may be a printed circuit beard (PCB)
composed of an electrically insulative material such as an epoxy laminate. For
example, the circuit board 122 may include electrically insulating layers composed
of materials such as, for example, polytetrafiuorcethyiene, phenclic cotton paper
materials such as Flame Retardant 4 (FR-4), FR-1, cotton paper and epoxy
materials such as CEM-1 or CEM-3, or woven glass materials that are laminated
together using an epoxy resin prepreg material. Interconnect structures {not
shown) such as traces, trenches, or vias may be formed through the electrically
insulating layers to route the electrical signals of the die 102 through the circuit
board 122. The circuit board 122 may be composed of other suitable materials in
other embodiments. In some embodiments, the circuit board 122 is a
motherboard (e.g., motherboard 502 of FIG. 5).

Package-level interconnects such as, for example, solder balls 112
may be coupled to one or more pads (hereinafier “pads 110" on the package
substrate 121 and/or on the circuit board 122 to form corresponding solder joints
that are configured to further route the electrical signals between the package
substrate 121 and the circuit board 122. The pads 110 may be composed of any
suitable electrically conductive material such as metal including, for example,
nickel (Ni), palladium {Pd), gold {(Au)}, silver (Ag), copper (Cu), and combinations
thereof. Other suitable techniques to physically and/or electricaily couple the
package substrate 121 with the dircuit board 122 may be used in other
embodiments.

The IC assembly 200 may include a wide variety of other suitable
configurations in other embodiments including, for example, suitable combinations

of fiip-chip and/or wire-bonding configurations, interposers, multi-chip package
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configurations including system-in-package (SiPF) and/or package-on-package
(FofR) configurations. Other suitable techniques {o route electrical signals
between the die 102 and other components of the 1C assembly 200 may be used
in some embodiments.

FIG. 3 is an illustrative flow diagram of a process 300 for forming a
fuse array of an integrated circuil, in accordance with various embodiments.
FIGS. 4A-4G illustrate cross-sectional side views of an integraied circuit 400 (also
referred to as IC 400) at various stages of the process 300 and FIG. 4H illustrates
a top view of the integrated circuit 400 shown in FIG. 4G, in accordance with
various embodiments. Accordingly, the process 300 will be described below with
reference to FIGS. 4A-4H. For ease of understanding, not ali elemenis may be
labeled in every one of FIGS. 4A-4H.

Al block 302, the process 300 may include forming a first
metallization layer on a substrate. The first metailization layer may include a
plurality of frenches separated by an ILD. Forming the first metallization layer
may inciude forming the ILD on the substrate, elching recesses in the ILD, and
depositing a metal {e.¢., coppern) in the recesses {o form the trenches. In some
embodiments, one or more additional layers, such as one or more device layers
(e.q., including transistors and/or other active devices) and/or ong or more
additional metallization layers, may be disposed between the first metallization
fayer and the substrate.

in some embodiments, after depositing the metal in the recesses,
excess metal above the recesses and/or on the ILD adjacent to the recesses may
be removed, such as by performing CMP or ancther suitable process. in some
embodiments, the CMP process may include one or more of. 1) bulk removai of
the excess metal (e.g., by mechanical grinding); 2) removing the remaining metal
disposed on the ILD between the trenches (e.g., by application of a rotating pad
on the surface of the ILD with a slurry applied over the wafer), and 3) polishing the
surface of the first metallization layer (e.¢., the top surface of the ILD and/or
trenches) (o planarize the surface and remove defects (e.¢., by application of a
polishing pad). In some embodiments, one or more of the CMP operations
described above may be omiited or combined with ancther operation.
Additionally, or alternatively, in some embodiments the CMP process may include

one or more additional operations.
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In various embodiments, the CMP process may cause the iLD to
form a protrusion that extends above a top suiface of the trenches. The height of
the protrusion may depend on the distance between adjacent trenches of the first
metallization layer. Accordingly, the ILD may form a higher protrusion between
adjacent trenches that are further apart than between adjacent frenches that are
closer 1o together.

FIG. 4A fllustrates the integrated circuit 400 subsequent to formation
of a first metallization layer 402 on a substrate 404. The first metallization layer
includes a plurality of trenches 408a-d separated by an LD 408, Excess metal
410 is disposed above the trenches 406a-d and on the LD 408 belween the
trenches 408a-d. In some embodiments, one or more additional layers (not
shown}, such as one or more device layers (e.g., including transistors and/or other
active devices) and/or one or more additional metallization iayers, may be
disposed beilween the first metallization layer 402 and the subsirate 404,

FIG. 4B illustrates the integrated circuit 400 subsequent {0 removing
the excess metal 410 (e.g., using CMF}. The [LD 408 forms a protrusion 412 that
exiends above a top surface 414 of the trenches 408a-d. The profrusion 412 is
disposed between trenches 408b and 406¢ which are separated by a first
separation distance 416. The trenches 408a and 408b may be separaied by a
second separation distance 418, In embodiments, the first separation distance
416 may be greater than the second separation distance 418, such as by a factor
of iwo or more. Additionally, or aiternatively, the first separation distance 416 may
be about 100 nanometers (nm) 1o about 10 micrometers (um). Thus, a height of
the protrusion 412 above the top surface 414 may be greater than a height of the
H.D 408 between the trenches 406a and 406b and/or between the frenches 406¢
and 406d. The iLD 408 may form a smaller protrusion {not shown) between the
trenches 406a and 406b and/or between the trenches 406¢ and 4086d or may
have a top surface that is substantially coplanar with the top surface 414 of the
trenches 406a-d between the trenches 408a and 406b and/or between the
trenches 406¢ and 406d.

Al biock 304, the process 300 may include forming an etch stop
laver on the first metallization layer. The etch stop layer may include, for
example, silicon nitride (SixNy), silicon carbide (SixCy), silicon carbonitride

(SICxNy), and/or a metal oxide based material such AIOx, HIOx TiOx. FIG. 4C
- 0.
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Hlustrates the integrated circuit 400 subsequent to formation of an etch siop layer
420 on the first metallization layer 402. The etch stop layer 420 may be disposed
on and in contact with the trenches 406a-d and the ILD 408,

Al block 308, the process 300 may include forming a dielectric layer
on the etch stop layer. The dielectric layer may be formed by any suitable
deposition process, such as chemical vapor deposition (CVD), atomic layer
deposition (ALD), or physical vapor deposition (PVD). Additionally, the dielectric
layer may include any suitable dielectric material or combination of dielectric
materials, including one or more high-K or low-K materials. A material may be
considered high-K if its dielectric constant is higher than that of silica and may be
considered low-K if its dielectric constant is lower than that of silica.

For example, the dielectric layer may include silicon oxide (5i0y),
silicon oxynitride (SION,), silicon nitride (SiN,) aluminum oxide {AlO;), hafnium
oxide (HfO,), hafnium aluminum oxide (HEALQ,), hafnium silicon oxide (HfSLO,),
zirconium oxide (ZrQy), zirconium silicon oxide (ZrSi0,), lanthanum oxide
(LaxCs), yitrium oxide (Y2CGa), lanthanum aluminum oxide (LaAlO,), tantalum
oxide (TaxQ0s), titanium oxide (TiOy), barium strontium fitanium oxide (BaSrTi.0y),
barium titanium oxide (BaTiOy), strontium titanium oxide (SrTi0,), lead scandium
tantalum oxide (PbSc,Ta,0;), or lead zinc nicbate (PbZn,Nb,O,}, carbon doped
oxide (CDQO), organic polymers such as perfluorocyciobutane or
polytetrafiuoroethylene, fluorosilicate glass (F5G), and organosilicates such as
silsesquioxane, siloxane, or organosilicate glass, or combinations thereof, where
¥, ¥, and z represent suitable quantities of the respective elements. In some
embodiments, an annealing process may be carried out on the dielectric layer to
improve its quality when a high-k material is used. Other materials may be used
in other embodiments for the dielectric layer.

The LD of the first metallization layer may additionally or
alternatively include one of the above-described dielectric materials. For
example, in some embodiments, the ILD may include the same dislectric material
or combination of dislectric materials as the dislectric layer formed at block 306.

FIG. 4D illustrates the integrated circuit 400 subsequent to formation
of a dielectric layer 422 on the eich stop layer 420.

At block 308, the process 300 may include forming a recess in the

dielectric layer above the protrusion of the LD, The recess may expose the eich
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stop layer on the profrusion. Accordingly, the etch stop layer and/or protrusion
may extend above a bottom surface of the recess. In some embodiments, a fop
surface of the dielectric layer may be planarized prior to forming the recess, to
provide control and/or consistency of the depth of the recess. The forming the
recess at block 308 may be performed as part of patierning the dielectric layer for
formation of the fuse (&.4., the fuse channel, the anode, and the cathode) and/for
dummy regions. FIG. 4H, further discussed below, shows a top view of the fuse
after patierning the dielectric laver and subsequent formation of the fuse channel,
anode, cathode, and dummy regions.

FIG. 4E illustrates the integrated circuit 400 subseguent to formation
of a recess 424 in the dielectric layer 422 above the protrusion. The etch stop
laver 420 is exposed by the recess 424, and the etch stop laver 420 and
protrusion 412 extend above a bottom surface 426 of the recess.

At block 310, the process 300 may include forming a meial (e.q.,
copper) in the recess. The metal may form the fuse channel, anode, and cathode
of the fuse. For example, the fuse channel may be formed on the eich stop layer
above the protrusion and extend across the protrusion, the anode may be coupled
io the fuse channel on a first side of the protrusion, and the cathode may be
coupled to the fuse channel on a second side of the protrusion, opposite the first
side.

FIG. 4F illustrates the integrated circuit 400 subseqguent to formation
of a metal 428 in the recess 424

At block 312, the process 300 may include removing excess metal
that was deposited at block 310. The excess metal may be removed, for
example, by CMP. The removal process may also remove some of the dielectric
laver.

FIG. 45 illustrates the integrated circuit 400 subsequent to removal
of excess metal 428. The metal 428 forms a fuse 430, including a fuse channel
432, an anode 434, and a cathode 438. The fuse channel 432 is disposed directly
above the protrusion 412 and in contact with the etch stop layer 420. The ancde
434 is coupled to the fuse channel 432 on a first side of the protrusion 412, and
the cathode 436 is coupled to the fuse channel 432 on a second side of the
protrusion, opposite the first side. Since the fuse channel 432 is disposed directly

above the protrusion 412 and in contact with the eich stop layer 420, a height of
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the fuse channel 432 is less than it would be if the fuse channel 432 were not
disposed directly above a protrusion. For example, the height of the fuse channsl
432 may be leas than the height of the anode 434 and/or cathode 428, The
reduced height of the fuse channel 432 may make the fuse 430 easier to break
(e.q., the fuse channel 432 may break at a lower current/voltage andforin a
shorter time period when the breakage current/voltage is applied).

FIG. 4H illusirates a top view of the integrated circuit 400 shown in
FIG. 4G. FIG. 4G illustrates a cross-sectional view of the integrated circuit 400
along the ling A-A shown in FIG. 4H. As shown in FIG. 4H, the integrated circuit
400 includes dummy regions 438a-b disposad on opposite sides of the fuse
channel 432. The dummy regions 438a-b are separated from the fuse channel
432, the anode 434, and the cathode 436 by the dielectric layer 422, The dummy
regions 438a-b may be formed of metal (e.9., the same metal as the fuse 430,
such as coppen), but may not be electrically coupled {0 the fuse 430, Additionally,
in some embodiments, the dummy regions 438a-b may not be electrically coupled
to any other component of the integrated circuit 400. As shown, the anode 434
and cathode 436 may extend laterally, and the dummy regions 438a-b may be
disposed between the anode 434 and the cathode 436.

When CMP is performed at block 312 to remove the excess metal
from the fuse 430, the rate of material removal may vary between regions of the
integrated circuit 400 based on the ratio of metal {0 dielectric material in the
region. The rate of material removal may generally increase with an increasing
ratio of metal to dielectric material (e.g., when there is more metal in the region).

As shown in FIG. 4H, the dummy regions 438a-b may increase the
raiio of metal to dielectric in the region around and including the fuse channel 432.
Accordingly, the CMP process may remove more material from the fuse channel
432 than would be removed if the dummy regions 438a-b were not present (8.q., if
there was more diglectric material in place of the dummy regions 438a-b). Thus,
the dummy regions 438a-b may cause the fuse channel 432 to have a lower
height and therefore be saslier to break.

In some embodiments, a width 440 of the dielectric layer 422
between the fuse channel 432 and the dummy regions 438a-b may be aboui 10

nm {o about 100 nm.
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Accordingly, the alignment of the fuse channel 432 with the
protrusion 412 and/or the presence of the dummy regions 438a-b may provide the
fuse channel 432 with a low height, thereby making the fuse 430 easier {0 break.
The process 300 may be compatible with existing processes for back-end
metiallization, so it may be performed concurrently with forming a second
metallization layer on the first metallization layer (&.9., adjacent 1o the fuse 430 in
the same plane of the integrated circuit 400 as the fuse 430} and/or using the
same processes used for forming the back-end metallization layers.

in various embodiments, the integrated circuit 400 may include a
fuse array having a plurality of fuses 430. The fuse array may be programmed
with information by breaking some of the fuses 430. The fuses 430 may be
broken by applving a current and/or voltage between the anode 434 and cathode
436 across the fuse channel 432, The current and/or voltage may damage the
fuse channel 432 to create an open circuit between the anode 434 and the
cathode 436, The information stored by the fuse array may include a security key
associated with the integrated circuit 400, identifying information associated with
the integrated circuit 400 {e.¢., lot number, wafer number, die location, and/or
manufacturing facility), and/or other suitable information. In some embodiments,
the fuse array may be programmed prior {o the integrated circuit 400 being
shipped to a customer.

Figure 5 schematically illusirates an example system {e.4.,
computing device 500) that may include fuse array (e.g., IC 400 and/or a fuse
array fabricated using the process 300) as described herein, in accordance with
some embodiments. Components of the computing device 500 may be housed in
an enclosure (e.g., housing 508). The motherboard 502 may include a number of
components, including but not limited to a processor 504 and at least one
communication chip 506. The processor 504 may be physically and electrically
coupled to the motherboard 502. In some implementations, the at least one
communication chip 508 may also be physically and electrically coupled to the
motherboard 502, In further implementations, the communication chip 506 may
be part of the processor 504,

Depending on its applications, computing device 500 may include
other components that may or may not be physically and slectrically coupled to

the motherboard 502. These other components may include, but are not limited
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to, volatile memory {e.g., DRAM), non-volatile memory (e.g., ROM), flash
memory, a graphics processor, a digital signal processor, a cryplo processor, a
chipset, an antenna, a display, a touchscreen display, a touchscreen coniroller, a
batiery, an audio codec, a video codec, a power amplifier, a giobal positioning
system (GPS) device, a compass, a Geiger counter, an accelerometer, a
gyroscope, a speaker, a camera, and a mass storage device (such as hard disk
drive, compact disk (CD), digital versatile disk {DVD), and so forth).

The communication chip 506 may enable wireless communications
for the transfer of data to and from the computing device 500. The term “wirsless”
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 508 may
implement any of a number of wireless standards or protocols, including but not
limited o institute for Electrical and Electronic Engineers (IEEE) standards
including Wi-Fi ({EEE 802.11 family), IEEE 802.16 standards (e.g., I[EEE 802.18-
2005 Amendment), Long-Term Evolution (LTE) project along with any
amendments, updates, and/or revisions (e.g., advanced LTE project, uitra mobile
broadband (LUUMB) project (also referred to as “3GPP27), efc.). IEEE 802.18
compatible broadband wireless access (BWA) networks are generally referred to
as WiMAX networks, an acronym that stands for Worldwide Interoperability for
Microwave Access, which is a certification mark for products that pass conformity
and interoperability tests for the IEEE 802.16 standards. The communication chip
506 may operate in accordance with a Global Systemn for Mobile Communication
(GSM), General Packet Radio Service (GPRS), Universal Mobile
Telecommunications System (UMTS), High Speed Packet Access (HSPA),
Evolved HSPA {(E-HSPA), or LTE network. The communication chip 506 may
operate in accordance with Enhanced Data for GSM Evolution (EDGE), GEM
EDGE Radio Access Network (GERAN), Universal Terrestrial Radio Access
Network (UTRAN), or Evolved UTRAN {(E-UTRAN). The communication chip 506
may operate in accordance with Code Division Multiple Access (CDMA), Time
Division Multiple Access (TDMA), Digital Enhanced Cordiess Telecommunications
(BECT), Evolution-Data Optimized (EV-DO), derivatives thereof, as well as any
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other wireless protocols that are designated as 3G, 4G, 5G, and beyond. The
communication chip 506 may operate in accordance with other wireless protocols
in other embodiments.

The computing device 500 may include a plurality of communication
chips 508. For instance, a first communication chip 506 may be dedicated o
shorter range wireless communications such as Wi-Fi and Bluetooth and a
second communication chip 506 may be dedicated io longer range wireless
communications such as GPS, EDGE, GPRS, CDMA, WIMAX, LTE, EV-DO, and
others.

In various embodiments, the processor 504 of the computing device
500 may include an IC siructure including a fuse array as described herein (e.q.,
the IC 400 and/or a fuse array fabricated using the process 300). The term
‘processor” may refer {o any device or portion of a device that processes
electronic data from registers and/or memory 0 transform that electronic data info
other electronic data that may be stored in registers and/or memory.

The communicaiion chip 506 may additionally or allernatively
include a fuse array as described herein (e.g., the IC 400 and/or a fuse array
fabricated using the process 300). In further implementations, another component
(e.q., memory device or other integrated circuif device) housed within the
computing device 500 may include a fuse array as described herein {e.g., the IC
400 and/or a fuse array fabricated using the process 300).

In various implementations, the computing device 500 may be a
mobile computing device, a iapiop, a netbook, a notebook, an ultrabook, a
smartphone, a tablet, a personal digital assistant (PDA), an ultra mobile PC, a
mobile phone, a deskiop 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 500 may be any other electronic device that processes data.

Some non-limiting Examples are provided below.

Example 1 is an integrated circuit comprising: a first metallization
laver including a plurality of trenches separated by an interlayer dielectric (LD),
wherein the (LD forms a protrusion that extends above a top surface of the
trenches; an etch stop layer disposed on the first metallization layer; and a fuse

disposed on the etch stop layer, wherein the fuse includes a fuse channel coupled
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hetween an anode and a cathode, wherein the fuse channel is disposed directly
above the protrusion and is in contact with the eich stop layer.

Example 2 is the integrated circuit of Example 1, further comprising
a dummy region formed of a metal and disposed adjacent to the fuse channel,
wherein the dummy region is separated from the fuse channel the anode, and the
cathode by a dielectric material.

Example 3 is the integrated circuit of Example 2, wherein g width of
the dielectric material between the fuse channel and the dummy region is iess
than 100 nanometers.

Example 4 is the integrated circuit of Example 2, wherein the
dummy region is disposed between the anode and the cathode.

Example 5 is the integrated circuif of Example 2, wherein the
durmmy region is a first dummy region, and wherein the integrated circuit further
includes a second dummy region disposed adjacent {0 the fuse channel on an
opposite side of the fuse channel from the first dummy region, wherein the second
dummy region is separated from the fuse channel, the anode, and the cathode by
the dielectric material.

Example 6 is the integrated circuit of Example 2, wherein the fuse
channel and the dummy region are formed of copper.

Example 7 is the integrated circuit of any one of Examples 110 G,
wherein the anode is disposed on a first side of the protrusion, the cathode is
disposed on a second side of the protrusion, and the fuse channel extends across
the protrusion.

Example 8 is the integrated circuit of any one of Examples 110 6,
wherein the plurality of trenches include a first pair of adjacent trenches and a
second pair of adjacent trenches, wherein the protrusion is disposed between the
first pair of trenches, and wherein a first separation distance between the first pair
of renches is greater than a second separation distance betwesn the second pair
of frenches by a factor of two or more.

Example 9 is a method for forming a fuse array of an integrated
circuit, the method comprising: forming a dielectric layer on a subsirate; forming a
fuse channel in the dielectric layer; forming an anode in the dielectric layer, the
anode coupled 1o a first end of the fuse channel; forming a cathode in the

dielectric layer, the cathode coupled 10 a second end of the fuse channel,
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opposite the first end; and forming a dummy region in the dielectric layer, wherein
the dummy region is separated from the fuse channel, the anode, and the cathode
by a diglectric material of the dislectric layer, and wherein the dummy region is
formed of a metal.

Example 10 is the method of Example 9, wherein the metal of the
durmmy region is the same as a metal of the fuse channel.

Example 11 is the method of Example 8, further comprising:

forming a first metallization layer on the subsirate, the first
metallization layer including a first pair of trenches and a second pair of trenches,
wherein a first separation distance between the first pair of trenches is greater
than a second separation distance between the second pair of trenches by a
factor of two or more, and wherein the fuse channel is formed on a region of the
first metallization layer between the first pair of trenches.

Example 12 is the method of Example 11, wherein trenches of the
first pair of trenches and the second pair of trenches are separated from one
another by an interlayer dielectric (LD}, wherein the LD forms a protrusion
between the first pair of trenches, and wherein the fuse channel is formed on the
protrusion.

Example 13 is the method of Example 12, wherein the anode is
formed on a first side of the protrusion, the cathode is formed on a second side of
the protrusion, and the fuse channel is formed across the protrusion.

Example 14 is the method of Example 12, further comprising
forming an efch stop layer on the first metallization layer, wherein the fuse
channel is formed in contact with the etch stop laver.

Example 15 is the method of Example 9, wherein a width of the
dielectric material between the fuse channel and the dummy region is less than
100 nanometers.

Example 18 is the method of Example 9, wherein the dummy region
is formed between the anode and the cathode.

Example 17 is the method of Example 9, wherein the dummy region
is a first dummy region, and wherein the method further comprises forming a
second dummy region adjacent {o the fuse channel on an opposite side of the

fuse channel from the first dummy region, wherein the second dummy region is
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separated from the fuse channel, the anode, and the cathode by the dielectric
material.

Example 18 is the method of Example 9, further comprising
planarizing a fop surface of the dielectric layer prior to forming the fuse channel,
the ancde, the cathode, and the dummy region.

Example 19 is the method of any one of Examples 9 {0 18, further
comprising performing chemical mechanical planarization (CMP) on the dielectric
layer after forming the fuse channel, the anode, the cathode, and the dummy
region to reduce a thickness of the fuse channel.

Example 20 is a computing system comprising: a memory; a
network interface; and a processor coupled (o the memory and the nefwork
interface. The processor includes: a fuse array, wherein a first fuse of the fuse
array includes a fuse channel, an anode coupled 10 a first end of the fuse channel,
and a cathode coupled to a second end of the fuse channel, a dummy region
disposed adjacent the fuse channel between the anode and the cathode, wherein
the dummy region includes a metal; and a dielectric material separating the
dummy region from the fuse channel, the anode, and the cathods.

Example 21 is the system of Exampile 20, wherein the processor
further includes: a first metallization layer including a plurality of trenches
separated by an interlayer dielectric (ILD), wherein the LD forms a protrusion that
extends above a top surface of the trenches; and an eich stop layer disposed on
the firsi metallization layer, wherein the fuse channel is disposed on and in
contact with the etch stop layer directly above the protrusion.

Example 22 is the system of Example 21, wherein the plurality of
frenches include a first pair of adjacent trenches and a second pair of adjacent
trenches, wherein the protrusion is disposed between the first pair of trenches,
and wherein a first separation distance between the first pair of trenches is greater
than a second separation distance between the second pair of trenches by a
factor of two or more.

Example 23 is the system of Example 20, wherein the dummy
region is a first dummy region, and wherein the integrated circuit further includes a
second dummy region disposed adjacent to the fuse channel on an opposite side

of the fuse channel from the first dummy region, wherein the second dummy
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dielectric material.

Example 24 is the system of Example 20, wherein the fuse channel
is formed of the same metal as the dummy region.

Example 25 is the system of any one of Examples 20 o 24, further
comprising a display coupled to the processor.

Varicus embodiments may include any suitable combination of the
above-described embodiments including alfernative (or) embodiments of
embodiments that are described in conjunclive form (and) above (e.¢., the “and”
may be “and/or”). Furthermore, some embodiments may include one or more
articles of manufaciure (e.q., non-transiiory compuier-readable media) having
instructions, stored thereon, that when executed result in aclions of any of the
above-described embodiments. Moreover, some embodiments may include
apparatuses or sysiems having any suitabie means for carrying out the various
operations of the above-described embodiments.

The above description of illustrated implementations, including what
is described in the Abstract, is not intended to be exhaustive or to limit the
embodiments of the present disclosure to the precise forms disclosed. While
specific implementations and examples are described herein for iHustrative
purposes, various equivalent modifications are possible within the scope of the
present disclosure, as those skilled in the relevant art will recognize.

These modifications may be made to embodimenis of the present
disclosure in light of the above detailed description. The terms used in the
following claims should not be construed o Emit variocus embodiments of the
present disclosure {0 the specific implementations disclosed in the specification
and the claims. Rather, the scope is t0 be determined entirely by the following
claims, which are {o be consirued in accordance with established doctrines of

claim interpretation.
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Claims

What is claimed is:

1. An integrated circuit comprising:

a first metallization laver including a pluralily of trenches separated by an
interlayver dielectric (ILD), wherein the 1LD forms a protrusion that extends above a
top surface of the trenches;

an etch stop layer disposed on the first metallization layer, and

a fuse disposead on the eich stop layer, wherein the fuse includes a fuse
channel coupled between an anode and a cathode, wherein the fuse channel is

disposed directly above the protrusion and is in contact with the efch stop layer.

2. The integrated circuit of claim 1, further comprising a dummy region
formed of a metal and disposed adjacent to the fuse channel, wherein the dummy
region is separated from the fuse channel, the anode, and the cathode by a

gieleciric maternial.

3. The integrated circuit of claim 2, wherein a width of the dielectric
material between the fuse channsl and the dummy region is less than 100

nanomsters.

4. The integrated circuit of claim 2, wherein the dummy region is

disposed between the anocde and the cathode.

5. The integrated circuit of claim 2, wherein the dummy region is a first
durmmy region, and wherein the integrated circuit further includes a second
dummy region disposed adjacent {0 the fuse channel on an opposite side of the
fuse channel from the first dummy region, wherein the second dummy region is
separated from the fuse channel, the anode, and the cathode by the dieleclric

material.

&. The integrated circuit of claim 2, wherein the fuse channel and the

dummy region are formed of copper.
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7. The integrated circuit of any one of claims 1 10 6, wherein the anode
is disposed on a first side of the protrusion, the cathode is disposed on a second

side of the protrusion, and the fuse channel extends across the protrusion.

8. The integrated circuit of any one of claims 1 {0 6, wherein the
piurality of trenches include a first pair of adjacent trenches and a second pair of
adjacent trenches, wherein the protrusion is disposed between the first pair of
trenches, and wherein a first separation distance between the first pair of trenches
is greater than a second separation distance between the second pair of trenches

by a factor of two or more.

9. A method for forming a fuse array of an integrated circuit, the
method comprising:

forming a dielectric layer on a substrate;

forming a fuse channal in the dielectric layer;

forming an anode in the dielectric layer, the anode coupled o a first end of
the fuse channel;

forming a cathode in the dielectric layer, the cathode coupled to a second
end of the fuse channel, opposite the first end; and

forming a dummy region in the dielectric laver, wherein the dummy region
is separated from the fuse channel, the anode, and the cathode by a dieleciric
material of the diglectric layer, and wherein the dummy region is formed of a

meial.

10.  The method of claim 9, wherein the metal of the dummy region is

the same as a metal of the fuse channel,

11.  The method of claim 9, further comprising:

forming a first metallization layer on the substrate, the first metallization
laver including a first pair of frenches and a second pair of trenches, wherein a
first separation distance beiween the first pair of trenches is greater than a second

separation distance between the second pair of trenches by a factor of two or
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more, and wherein the fuse channel is formed on a region of the first metallization

layer between the first pair of trenches.

12.  The method of claim 11, wherein trenches of the first pair of
trenches and the second pair of trenches are separated from one another by an
interlayer dielectric (ILD), wherein the ILD forms a protrusion between the first pair

of frenches, and wherein the fuse channel is formed on the protrusion.

13. The method of claim 12, wherein the anode is formed on a first side
of the protrusion, the cathode is formed on a second side of the protrusion, and

the fuse channel is formed across the protrusion.

14.  The method of claim 12, further comprising forming an etch stop
fayer on the first metallization layer, wherein the fuse channel is formed in contact

with the etch stop layer.

15. The method of claim 9, wherein a width of the dielectric material

between the fuse channel and the dummy region is less than 100 nanometers.

186. The method of claim 9, wherein the dummy region is formed

between the ancde and the cathode.

17.  The method of claim 9, wherein the dummy region is a first dummy
region, and wherein the method further comprises forming a second dummy
region adjacent to the fuse channel on an opposite side of the fuse channel from
the first dummy region, wherein the second dummy region is separated from the

fuse channel, the anode, and the cathode by the dislectric material.

18. The method of claim 9, further comprising planarizing a top surface
of the dielectric layer prior to forming the fuse channel, the anode, the cathode,

and the dummy region.

19.  The method of any one of claims 9 to 18, further comprising

performing chemical mechanical planarization (CMP) on the dielectric layer after

- P22 -



WO 2018/004633 PCT/US2016/040585

W

10

20

30

35

forming the fuse channel, the anode, the cathode, and the dummy region to

reduce a thickness of the fuse channsal.

20, Acomputing system comprising:

a memory;

a network interface; and

a processor coupled to the memory and the network interface, the
processor including:

a fuse array, whersin a first fuse of the fuse array includes a fuse
channel, an anode coupled 1o a first end of the fuse channel, and a
cathode coupled to a second end of the fuse channel;

a dummy region disposed adjacent the fuse channel between the
ancde and the cathode, wherein the dummy region includes a metal; and

a dieleciric material separating the dummy region from the fuse

channel, the anode, and the cathode.

21.  The system of claim 20, wherein the processor further includes:

a first metallization laver including a plurality of trenches separated by an
interlayer dieleciric (ILD), wherein the 1D forms a protrusion that extends above a
top surface of the frenches; and

an sich stop laver disposed on the first metaliization layer, wherein the fuse
channel is disposed on and in confact with the etch stop layer directly above the

protrusion.

22. The system of claim 21, wherein the plurality of trenches inciude a
first pair of adjacent trenches and a second pair of adjacent renches, wherein the
protrusion is disposed between the first pair of trenches, and wherein a first
separation distance between the first pair of trenches is greater than a second
separation distance between the second pair of trenches by a factor of two or

maore.

23, The system of claim 20, wherein the dummy region is a first dummy
region, and wherein the integrated circuit further includes a second dummy region

disposed adjacent to the fuse channel on an opposite side of the fuse channesl
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3 from the first dummy region, wherein the second dummy region is separated from

the fuse channel, the anode, and the cathode by the dielectric material.

24, The system of claim 20, wherein the fuse channel is formed of the
same metal as the dummy region.
10
25,  The system of any one of claims 20 to 24, further comprising a

dispiay coupled to the processor.
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