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NON-CONTACTING INDUCTIVE INTERCONNECTS

BACKGROUND

[0001] A three-dimensional integrated circuit is a multilayer chip formed from
semiconductor material in which two or more layers of electronic components are
integrated. Such components may be vertically and horizontally integrated into the layers
to form a circuit. Typically, the layers of a three-dimensional circuit are interconnected by

contacts that create physical circuit connections between the layers.
SUMMARY

[0002] One embodiment relates to a system for a non-contacting inductive interconnect
of a three-dimensional integrated circuit, including: a first silicon substrate having a first
inductive loop deposited thereon, where the first inductive loop provides a first path for
current of a circuit of the first silicon substrate; a first layer of high permeability material
deposited on the first silicon substrate that has the first inductive loop, forming a first high
permeability structure. A second silicon substrate having a second inductive loop
deposited thereon, where the second inductive loop provides a second path for current of a
circuit of the second silicon substrate. A magnetic coupling is formed between the first
inductive loop and the second inductive loop. The first high permeability structure can
enhance the magnetic coupling between the first inductive loop and the second inductive
loop. In some embodiments, a second layer of the high permeability material deposited on
the second silicon substrate that has the second inductive loop, forming a second high
permeability structure; and where the first high permeability structure and the second high
permeability structure can form a magnetic circuit coupling the first inductive loop and the

second inductive loop.

[0003] Another embodiment relates to a system for a non-contacting inductive
interconnect of a three-dimensional integrated circuit. The three-dimensional integrated
circuit includes a first magnetic coupler having a first inductive loop and a first receiving
element. The system further includes a second magnetic coupler having a second
inductive loop and a second receiving element. A shielding layer is disposed between the
first magnetic coupler and the second magnetic coupler that includes high permeability

material.
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[0004] Another embodiment relates to a system for a non-contacting inductive
interconnect of a three-dimensional integrated circuit. The system includes a first silicon
substrate having a first inductive loop deposited thereon. The first inductive loop provides
a first path for current of a circuit of the first silicon substrate. The system further includes
a magnetoresistive receiver formed on a second silicon substrate. The magnetoresistive
receiver can be configured to sense a magnetic field generated by the first inductive loop

and produce an output that is dependent on the magnetic field.

[0005] Another embodiment relates to a method of forming a non-contacting inductive
interconnect of a three-dimensional integrated circuit. The method includes providing a
first silicon substrate having a first inductive loop deposited thereon. The first inductive
loop provides a first path for current of a circuit of the first layer of silicon substrate. The
method further includes depositing a first layer of high permeability material on the first
layer of silicon substrate having the first inductive loop to form a first high permeability
structure. A providing a second silicon substrate having a second inductive loop deposited
thereon is provided. The second inductive loop provides a second path for current of a
circuit of the second layer of silicon substrate. A magnetic coupling between the first
inductive loop and the second inductive loop is formed. The first high permeability
structure can enhance the magnetic coupling between the first inductive loop and the

second inductive loop.

[0006] Another embodiment relates to a method of forming a non-contacting inductive
interconnect of a three-dimensional integrated circuit. The method includes The method
includes providing a first magnetic coupler having a first inductive loop and a first
receiving element. A second magnetic coupler having a second inductive loop and a
second receiving element is provided. The method further includes forming a shielding
layer between the first magnetic coupler and the second magnetic coupler, wherein the

shielding layer comprises high permeability material.

[0007] Another embodiment relates to a method of forming a non-contacting inductive
interconnect of a three-dimensional integrated circuit. The method includes providing a
first silicon substrate having a first inductive loop deposited thereon. The first inductive
loop provides a first path for current of a circuit of the first silicon substrate. The method

further includes depositing alternating layers of a magnetoresistive element on a second
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silicon substrate. A magnetoresistive receiver is formed on the second silicon substrate.
The magnetoresistive receiver can be configured to sense a magnetic field generated by

the first inductive loop and produce an output that is dependent on the magnetic field.

[0008] Another embodiment relates to a method for maintaining a temperature of a
three-dimensional integrated circuit. The method includes sensing a temperature of a
section of the three-dimensional integrated circuit containing magnetic material. The
sensed temperature of the three-dimensional integrated circuit is compared to a critical
temperature of a magnetic material. The critical temperature can be based on a Curie or
Neel temperature of the magnetic material within the three-dimensional integrated circuit.
A heat source can be controlled to maintain the sensed temperature within a specified

range of the critical temperature.

[0009] The foregoing summary is illustrative only and is not intended to be in any way
limiting. In addition to the illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will become apparent by reference to

the drawings and the following detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1A is a block diagram of a system for non-contacting inductive

interconnects in a three-dimensional integrated circuit, according to one embodiment.

[0011] FIG. 1B is a block diagram of an exploded view of a systems for non-contacting
inductive interconnects in a three-dimensional integrated circuit, according to one

embodiment.

[0012] FIG. 1C is a block diagram illustrating inductive coupling in a three-dimensional

integrated circuit, according to one embodiment.

[0013] FIG. 2A is block diagram of a three-dimensional integrated circuit with a

magnetoresistive receiver, according to one embodiment.

[0014] FIG. 2B is a block diagram of a magnetoresistive element, according to one

embodiment.
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[0015] FIG. 3 is a flow diagram of a process of forming a non-contacting inductive

interconnect for a three-dimensional integrated circuit, according to one embodiment.

[0016] FIG. 4 is a flow diagram of a process of regulating a temperature of a three-

dimensional integrated circuit, according to one embodiment.

[0017] FIG. 5 is a flow diagram of a process of forming a shielding layer between a pair

of magnetic couplers, according to one embodiment.

[0018] FIG. 6 is a flow diagram of a process of forming a three-dimensional integrated

circuit with a magnetoresistive receiver, according to one embodiment.
DETAILED DESCRIPTION

[0019] In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof. In the drawings, similar symbols typically identify
similar components, unless context dictates otherwise. The illustrative embodiments
described in the detailed description, drawings, and claims are not meant to be limiting.
Other embodiments may be utilized, and other changes may be made, without departing

from the scope of the subject matter presented here.

[0020] Referring generally to the figures, various embodiments of systems and methods
for non-contacting inductive interconnects are shown and described. In general, a three-
dimensional (3D) integrated circuit includes two or more layers of semiconductor material
(e.g., silicon). The layers of the three-dimensional integrated circuit typically each contain
circuitry and various components formed thereon. Each layer may communicate with
another layer through the use of interconnects that form connections from one layer to
another throughout the three-dimensional integrated circuit. According to the systems and
methods disclosed herein, such interconnects may be formed so that a physical connection
is not required between electrical contacts of layers. As contrasted to physical
interconnects (e.g., solder balls or conducting leads in a package-on-package chip
configuration, through-silicon vias which establish an electrical connection between layers
of a 3D-chip, etc.), the interconnects disclosed herein are based on inductive connections.
In this manner, physical contact between transmitting and receiving elements of the
inductive-based connections is not required, as the transmitting and receiving elements

generate and receive magnetic fields which magnetically couple the transmitting and
4
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receiving sides of the connection. Among other applications, the inductive-based
interconnects disclosed herein may be advantageously utilized in high-speed chips (e.g.,
emitter-coupled logic (ECL) chips, current mode logic (CML) chips, etc.) where voltage

swings are desired to be minimized.

[0021] Referring to FIG. 1A, a block diagram of a system for non-contacting inductive
interconnects in a three-dimensional integrated circuit 100 is shown, according to one
embodiment. Three-dimensional integrated circuit 100 includes a plurality of layers of
semiconductor material. In one embodiment, circuit 100 includes a first silicon substrate
102 and a second silicon substrate 108. The first silicon substrate 102 may be a first chip
in the three-dimensional integrated circuit 100 and the second silicon substrate 108 may be
a second chip in the three-dimensional integrated circuit 100. The first and second silicon
substrates may be stacked (or otherwise layered) to form a three-dimensional integrated
circuit 100 with chip to chip coupling where a layer may be vertically connected to
another layer. The first silicon substrate 102 may have an inductive element 104 formed
thereon (e.g., a loop, a portion of a loop, a u-shaped path, a spiral coil, first inductive loop,
etc.) that creates a path for an electric current. The inductive element 104 can be used to
generate and transmit a magnetic field in order to couple with a receiving element (e.g.,
inductive element 110). The current path may be a wire trace or other path formed from
conductive material. In some embodiments, the conductive material is surrounded by a
first insulation layer 114 (e.g., oxide or nitride). The first silicon substrate 102 may
include a first high permeability material 106. In one embodiment, the high permeability
material 106 may be deposited proximate to the inductive element 104 forming a first
permeability structure. The second silicon substrate 108 includes a second inductive
element 110 (e.g., second inductive loop) deposited thereon. In some embodiments, the
conductive material is surrounded by a second insulation layer 116 (e.g., oxide or nitride).
The second silicon substrate 108 may include a second high permeability material 112. In
one embodiment, the high permeability material 112 may be deposited proximate to the
second inductive element 110 forming a second permeability structure. In general, first
silicon substrate 102 and second silicon substrate 108 are arranged such that when current
flows through inductive element 104 and/or inductive element 110, the inductive elements
104 and 110 magnetically couple (i.e. form an inductive coupler/interconnect) between

their respective layers. In an embodiment, the first permeability structure and the second
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permeability structure form a magnetic circuit coupling the first inductive element 104 and

the second inductive element 110 as shown by the magnetic field lines 180 in FIG. 1C.

[0022] In more detail, FIG. 1C illustrates magnetic field lines 180 generated between the
first inductive element 104 (e.g., transmitting element) and the second inductive element
110 (e.g., receiving element). In some embodiments, when the first silicon substrate 102
is aligned with the second silicon substrate 108 magnetic fields 180 generated by the

transmitting elements 104 may couple with the corresponding receiving elements 110.

[0023] Referring back to FIG. 1A, in an embodiment, either of inductive elements 104
and 110 may be a transmitting or receiving element, which may be based on the
configuration of three-dimensional integrated circuit 100 and controlled by the current
supplied to inductive elements 104 and/or 110. In addition to having the described
interconnects, layers of silicon substrate 102 and 108 may each have other active and
passive circuitry formed thereon (transistors, diodes, traces, vias, resistors, capacitors,
inductors, etc.) that is typical of integrated circuits. In an embodiment, the inductive
element 104 may be laid on the first insulation layer 114 to insulate the inductive element
104 from the first silicon substrate 102. Similarly, the second inductive element 110 may
be laid on the second insulation layer 116 to insulate the inductive element 110 from the
second silicon substrate 108. In some embodiments, the inductive elements 104, 110 are

surrounded by insulating material 114, 116.

[0024] In an embodiment, the first silicon substrate may include high permeability
material 106. The high permeability material 106 may be deposited on or in contact with
various surfaces of the inductive element 104 depending on the geometry of the inductive
element 104. In an embodiment, the high permeability material 106 is deposited on a top
surface of the inductive element 104. In some embodiments, the high permeability
material 104 may be deposited such that it is adjacent to or proximate to the inductive
element 104. For example, a portion of the high permeability material 104 may be
deposited in a trench 118 or via adjacent to the inductive element 104. The first silicon
substrate 102 may include a series of trenches 118 formed between portions of the
inductive element 104 to form the first chip. At least one surface of the inductive element

104 may be exposed and not in contact with the high permeability material 106
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[0025] The trenches may be sized to minimize the magnetic gap between the first high
permeability structure and the second high permeability structure consistent with the
fabrication requirements of the multilayer structure. In one embodiment, the trenches may
be formed to space the high permeability structures such that they do not saturate. In some
embodiments, the first high permeability structure and the second high permeability
structure are in contact with each other. In some embodiments, first high permeability
structure (e.g., upper high permeability structure) may be formed subsequent to the
formation of the second high permeability structure (e.g., lower high permeability
structure) and the upper inductive element, such that the high permeability material forms
a continuous magnetic path between the first silicon substrate 102 and the second silicon

substrate 108.

[0026] In one embodiment, high permeability material 106 is deposited over a portion of
the first silicon substrate 102 (e.g., the portion having inductive element 104) or an
insulation layer 114. For example, the high permeability material 106 may be formed into
an E shape as part of an E-I core and deposited over the first silicon substrate 102 or the
insulation layer 114. In another embodiment, high permeability material 106 is deposited
of over the entire first silicon substrate 102. In some configurations, high permeability

material 106 may also be deposited below inductive element 104.

[0027] Similarly, the high permeability material 112 may be deposited on or in contact
with various surfaces of the inductive element 110 or surrounding insulation layer 116,
depending on the geometry of the inductive element 110. In one embodiment, the high
permeability material 112 may be deposited over a portion of the second layer of silicon
substrate 108 (e.g., the portion having inductive element 110) or the insulation layer 116.
For example, the high permeability material 112 may be formed into an I shape as part of
an E-I core and deposited over the first silicon substrate 102 or the insulation layer 116. In
other embodiments, the permeability material 112 may be formed into an I shape as part of
an E-I core and deposited over the first silicon substrate 102 and under the insulation layer
116. In an embodiment, the high permeability material 112 is deposited on a bottom

surface or underneath of the inductive element 110.

[0028] In some embodiments, the high permeability material 112 may be deposited such

that it is adjacent to or proximate to the inductive element 110. For example, a portion of
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the high permeability material 112 may be deposited in a trench or via adjacent to the
inductive element 110. The first high permeability materials 106 and the second high
permeability material 112 may be the same or different types of material. In one

embodiment, at least a portion of the high permeability materials 106, 112 includes a

ferrite-type material.

[0029] The arrangement of first silicon substrate 102 and the second silicon substrate
108 may be such that the first permeability structure and the second permeability structure
face each other and form a closed loop (or nearly closed loop) that is penetrated by the
inductive elements 104 and 110. In this manner, the high permeability material of the first
and second silicon substrates 102, 108 may form a transformer core that is controllable in
response to current supplied to either inductive elements 104, 110. By controlling the
current supplied to a transmitting side of the core (e.g., to inductive elements 104 and/or
110 based on their configuration) and thereby controlling a generated magnetic flux, a
current may be induced in a receiving side of the core in order to interconnect layers of a
three dimensional circuit. By controllably inducing the current in the receiving side, data

may be transmitted via the inductive coupler across layers of the three dimensional circuit.

[0030] In one embodiment, the high permeability material 106, 112 includes a
ferromagnetic material. Such a ferromagnetic material can be operated near a Curie
temperature of the material in order to increase the material’s permeability. The Curie
temperature or Curie point is a temperature at which certain magnetic materials undergo a
sharp change in their magnetic properties, such as where a material's intrinsic magnetic
moments change direction. Magnetic moments are permanent dipole moments within the
atom which originate from electrons’ angular momentum and spin. Materials have
different structures of intrinsic magnetic moments that depend on temperature. At a
material’s Curie temperature those intrinsic magnetic moments change direction and thus
alter their magnetic properties. In some embodiments, the first silicon substrate 102 and
the second silicon substrate 108 may each include one or more resistors 120 to keep the
respective high permeability structure near the Curie temperature. The resistor 120 may
be a heater resistor used to generate heat to maintain or modify a temperature of the tree-
dimensional circuit. In another embodiment, the high permeability material 106, 112
includes a material (e.g., an antiferromagnetic material) that may be operated near its Néel
temperature in order to increase the material’s permeability. The Neel temperature or

8
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magnetic ordering temperature, TN, is the temperature above which an antiferromagnetic
or ferromagnetic material becomes paramagnetic, for example, the thermal energy

becomes large enough to destroy the macroscopic magnetic ordering within the material.

[0031] In some embodiments, the three-dimensional circuit 100 includes a temperature
sensor. The temperature sensor can detect a current temperature inside or around the
three-dimensional circuit 100. In some embodiments, the three-dimensional circuit 100
includes a feed-back mechanism using elements of the three-dimensional circuit 100 to
regulate a temperature inside or around the three-dimensional circuit 100. The first
inductive element 104, the second inductive element 110, or an additional inductive
element may be used to regulate and control the temperature of the three-dimensional
integrated circuit 100. For example, a current (e.g., direct current (DC)) of a known or
pre-determined value may be transmitted to either the first inductive element 104, the
second inductive element 110, or an additional inductive element to adjust the temperature
(e.g., output more heat) inside the three-dimensional circuit 100. The inductive elements
may be used to produce more heat in the three-dimensional circuit 100 to maintain a
temperature near the Curie temperature or the Neel temperature. In some embodiments, a
neighboring circuitry may be used to regulate and control the temperature of the three-
dimensional integrated circuit 100. The three-dimensional circuit 100 may be a
component of a device including other circuit elements. The duty cycle or operating point
of the neighboring circuitry may be altered such that the neighboring circuitry produces
more heat. The extra heat dissipates and increases the temperature of the three-

dimensional circuit 100.

[0032] In one embodiment, the high permeability material 106, 112 includes a mix of
different particles configured to have certain permeability properties. For example, high
permeability nanoparticles may be embedded within a liquid, solid, or solid matrix. In one
embodiment, the liquid, solid, or solid matrix also has a high permeability. In another
embodiment, the liquid, solid, or solid matrix also may not have a high permeability. The
components of such a mixture of particles may have various permeability-to-temperature
w(T) dependencies. In one embodiment, the mixture is configured such that the
component particles have opposing permeability-to-temperature dependencies so that a net
permeability of the mixture is constant over a certain or pre-defined temperature range.

Although discussed as having a first silicon substrate 102 and second silicon substrate 108,

9
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three-dimensional integrated circuit 100 may include any number of layers and/or
structures, and the scope of the present disclosure is not limited to embodiments having

only two substrates.

[0033] FIG. 1B depicts an exploded view of the three-dimensional circuit 100 from FIG.
1A. In more detail, FIG. 1B includes a first chip 152 and a second chip 154. The first
chip includes a first high permeability material 106, a first inductive coil 104, a first
insulation layer 114, and a first silicon substrate 102. In an embodiment, the first
inductive element 104 may be laid on the first insulation layer 114, which is formed on a
top surface of the first silicon substrate 102. The first high permeability material 106 may
be formed into an “E” shape, for example to form an E-I core with a second inductive
element formed into an “I” shape. The first insulation layer 114 and the first silicon
substrate 102 may include one or more etched pits 160 to receive portions of the first high
permeability material 106 (e.g., a trench portion of the high permeability material). For
example, in one embodiment, the first insulation layer 114 and the first silicon substrate
102 each include three etched pits 160 to receive portions of the E shaped first high
permeability material 106. The etched pits 160 may be of various depths depending on the
characteristics of the elements in the three-dimensional circuit 100. In some
embodiments, the etched pits 160 are formed into the first insulation layer 114 and the first
silicon substrate 102 such that a minimum thickness of non-magnetic material remains in

the first silicon substrate 102.

[0034] The second chip includes a second inductive element 110, a second insulation
layer 116, a second high permeability material 112, and a second silicon substrate 108. In
an embodiment, the second inductive element 110 may be laid on the second insulation
layer 116. The second high permeability material 112 may be deposited on a top surface
of the second silicon substrate 108. The second high permeability material 112 may be
formed into an “I” shape, for example to form an E-I core with another inductive element
formed into an “E” shape. In some embodiments, the second insulation layer 116 is
formed on the second high permeability material 112 and the second silicon substrate 108.
The second insulation layer 116 may include one or more etched holes 162 to allow the
portions of the second high permeability material 112 to protrude through. In some
embodiments, an additional insulation layer (e.g., in addition to the second insulation layer
114) may be formed over the combination of the second inductive element 110, the second

10
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insulation layer 114, the second high permeability material 112. In some embodiments, a
gap may be formed between the first chip 152 and the second chip 154. The gap may be
formed using an adhesive or an insulation layer 116 or both. In other embodiments, the

first chip 152 may be in contact with the second chip 154.

[0035] Referring to FIG. 2A, a block diagram a three-dimensional integrated circuit 200
is shown, according to one embodiment. The three-dimensional circuit 200 includes an
inductive loop transmitter 202 and a magnetoresistive receiver 208. In some
embodiments, the inductive loop transmitter 202 includes an inductive element 204
formed on an insulation layer 206. The magnetoresistive receiver 208 can be a multi-
layered structure of thin-film materials made up of a magnetoresistive element 210 formed
on a silicon substrate 212. The inductive element 204 can be used to generate and transmit
a magnetic field in order to couple with a receiving element such as the magnetoresistive
receiver 208. The insulation layer 206 can be disposed such that it is positioned between
the inductive element 204 and the magnetoresistive receiver 208. In some embodiments,
the magnetoresistive receiver 208 is configured to sense a magnetic field generated by the
inductive loop transmitter 202. In response, the magnetoresistive receiver 208 produces
an output based on or proportional to the sensed magnetic field. In one embodiment, the
output can be a voltage output that is dependent on the sensed magnetic field. In general,
magnetoresistive structures are highly sensitive to magnetic fields. The magnetoresistive
receiver 208 can measure or sense magnetic field strength over a wide range of fields. In
one embodiment, the magnetoresistive receiver 208 can directly detect magnetic field
rather than the rate of change in a magnetic field, and therefore can be used as DC field

SEensors.

[0036] In some embodiments, the magnetoresistive receiver 208 may be physically
isolated from the inductive loop transmitter 202. For example, the magnetoresistive
receiver 208 may be physically isolated by forming an isolation barrier or layer between
the magnetoresistive receiver 208 and the inductive loop transmitter 202.
Magnetoresistive receiver 208 may be a device that is configured to utilize various
magnetoresistance effects. In one embodiment, magnetoresistive receiver 208 uses giant
magnetoresistance (GMR). In another embodiment, magnetoresistive receiver 208 uses
tunnel magnetoresistance (TMR). In another embodiment, magnetoresistive receiver 208

uses colossal magnetoresistance (CMR). In yet another embodiment,
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magnetoresistive receiver 208 may be based on other spin-coupled effects, and the scope

of the present disclosure is not limited to using a certain type of magnetoresistance.

[0037] Now referring to FIG. 2B, a detailed view of the magnetoresistive receiver is
shown. The magnetoresistive receiver 208 can be a multi-layered structure of thin-film
materials made up of a magnetoresistive element 210 formed on a silicon substrate 212.
For example, in an embodiment, the magnetoresistive element 210 includes alternating
ferromagnetic layers 220a, 220b and non-magnetic layers 222 formed on the silicon
substrate 212. The ferromagnetic layers 220a, 220b may be magnetic elements a few
nanometers thick separated by equally thin non-magnetic elements 222. For example, and
as illustrated in FIG. 2B, the non-magnetic layer 222 can be positioned between (e.g.,
sandwiched) by the two magnetic layers 220a, 220b. In some embodiments, the
magnetoresistive element 210 may be formed in or on the silicon substrate 212. To form
the, magnetoresistive element 210 a location for placement of the magnetoresistive
element 210 may be etched into a surface of the silicon substrate 212. Next, alternating
layers of the magnetoresistive element 210 may be deposited onto the etched surface of
the silicon substrate 212. For example, alternating layers of the magnetic 220a, 220b and

non-magnetic materials 222 may be deposited onto the silicon substrate 212.

[0038] In one embodiment, the magnetic layers 220a, 220b are designed to have anti-
ferromagnetic coupling. This means that the magnetization of these layers is opposite to
each other when there is no external magnetic field applied to the material.
Antiferromagnetic coupling can be visualized by imagining two bar magnets on either side
of a thin sheet of plastic. The magnets couple head to tail (north pole to south pole) across
the boundary formed by the plastic. In a similar fashion, the magnetization direction of
the magnetic layers in the magnetoresistive element 210 film couple head to tail across the
non-magnetic interlayer of the film. The conduction electrons in magnetic materials have
a spin characteristic. The electrons are normally referred to as spin up electrons when the
material is magnetized in one direction, and spin down electrons when the material is
magnetized in the opposite direction. If an external magnetic field of sufficient magnitude
is applied to the magnetoresistive element 210, it will overcome the antiferromagnet
coupling of the magnetizations between the two magnetic layers. At this point all the
electrons in both films will have the same spin. It will then become easier for the

electrons two move between the layers. In one embodiment, the magnetoresistive element
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210 can be a large change in electrical resistance observed in the artificial thin-film

materials as a function of applied magnetic field.

[0039] As stated above, the magnetoresistive element 210 can be made up of very thin
layers of alternating magnetic 220a, 220b and non-magnetic materials 222 to allow
magnetic modulation of the electron spin in the materials. The spin dependence of
conduction electrons in magnetic materials 220a, 220b, along with the increasing
resistivity at very small material thicknesses, combine to make the magnetoresistive

receiver effect possible.

[0040] Thus, by using the magnetoresistive element 210, a gain may be realized in
detecting the magnetic field generated by the inductive loop transmitter 202. In some
embodiments, the magnetoresistive element 210 may be directly coupled (DC) to an
additional device (e.g., a voltage mode amplifier) without the need of a current mode
amplifier, which may otherwise be required if a current pickup based device is used

instead of the magnetoresistive element 210.

[0041] Referring to FIG. 3, a flow diagram of a process 300 for forming a non-
contacting inductive interconnect for a three-dimensional integrated circuit is shown,
according to one embodiment. In alternative embodiments, fewer, additional, and/or
different actions may be performed. Also, the use of a flow diagram is not meant to be
limiting with respect to the order of actions performed. In brief overview, a first silicon
substrate having a first inductive loop element deposited thereon is provided (302). A first
layer of high permeability material is deposited on the first silicon substrate that has the
first inductive loop forming a first high permeability structure (304). A second silicon
substrate having a second inductive loop element deposited thereon is provided (306). A
magnetic coupling between the first inductive loop and the second inductive loop is
formed (308). The first high permeability structure enhances the magnetic coupling

between the first inductive loop and the second inductive loop.

[0042] In some embodiments, a second layer of high permeability material is deposited
on the second silicon substrate that has the second inductive loop forming a second high
permeability structure. The first high permeability structure and the second high
permeability structure can form a magnetic circuit coupling the first inductive loop and the

second inductive loop. In an embodiment, a three-dimensional integrated circuit includes
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a stack of chips including a first silicon substrate (e.g., first chip). In some embodiments,
the three-dimensional integrated circuit includes a stack of chips including the first silicon
substrate and a second silicon substrate (e.g., second chip). The three-dimensional

integrated circuit may include multiple stacks or an array of chips.

[0043] The first silicon substrate having a first inductive loop element deposited thereon
is provided (302). The three-dimensional integrated circuit may include a stack made up
of the first silicon substrate (e.g., first chip) and/or a second silicon substrate (e.g., second
chip). Such components may be vertically and horizontally integrated into the layers to
form a circuit. In some embodiments, the three-dimensional integrated circuit may

include multiple stacks or layers.

[0044] In an embodiment, a first high permeability material is deposited on the first
silicon substrate that has the first inductive loop forming a first high permeability structure
(304). The high permeability material may be in a liquid or solid form. In some
embodiments, high permeability nanoparticles are embedded into a liquid or solid to form
the high permeability material. The high permeability material may be deposited
proximate to or on any surface or portion of the first inductive element. In one
embodiment, the first high permeability material is deposited proximate to a top surface of
the first inductive element. The high permeability material may form a barrier to direct
magnetic fields generated by the inductive element. In some embodiments, the high
permeability material may be used as a shield to block magnetic fields generated by

neighboring stacks or other components in the three-dimensional integrated circuit.

[0045] A second silicon substrate having a second inductive loop element deposited
thereon is provided (306). The second silicon substrate may be deposited opposite the first
silicon substrate to form a stack in the three-dimensional integrated circuit. The different
silicon substrates may be positioned such that their respective inductive elements are

aligned or directly opposite each other.

[0046] In some embodiments, a second high permeability material is deposited on the
second silicon substrate that has the second inductive loop forming a second high
permeability structure. The high permeability material may be deposited proximate to or
on any surface or portion of the second inductive element. In one embodiment, the second

high permeability material is deposited proximate to a top surface of the second inductive
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element. The high permeability material may form a barrier to direct magnetic fields
generated by the inductive element. In some embodiments, the high permeability material
may be used as a shield to block magnetic fields generated by neighboring stacks or other

components in the three-dimensional integrated circuit.

[0047] A magnetic coupling between the first inductive loop and the second inductive
loop 1s formed using the first high permeability structure (308). The first high
permeability structure can enhance the magnetic coupling between the first inductive loop
and the second inductive loop. In some embodiments, the first high permeability structure
and the second high permeability structure form a magnetic circuit coupling between the
first inductive loop and the second inductive loop. In an embodiment, the high
permeability structures control the magnetic fields generated by the inductive elements of
each silicon substrate layer by guiding the magnetic fluxes between the layers. In one
embodiment, the high permeability materials form a voltage reference plane for an
inductive element to help contain electric and magnetic fields transmitted between the

silicon substrate layers.

[0048] In an embodiment, the first silicon substrate includes trenches formed using the
high permeability material. The first silicon substrate may include a series of trenches
formed between different portions of the first inductive element. For example, the
trenches may be formed adjacent to a portion of the inductive element such that the
portion of the inductive element has a trench formed on each side of it. The trenches may
contact a surface of the second silicon substrate layer or provide a gap (e.g., air gap,
magnetic gap) between the high permeability material in the first silicon substrate and the
high permeability material in the second silicon substrate to control the magnetic field
strength in the high permeability materials and prevent saturation in the high permeability
materials. In some embodiments, the second silicon substrate includes trenches formed
using the high permeability material. In one embodiment, both the first and the second

silicon substrate have trenches formed using the high permeability material.

[0049] In an embodiment, the method further includes coupling or depositing a heater
resistor connected to either the first silicon substrate, the second silicon substrate, or both.
The heater resistors can monitor and control a temperature in the three-dimensional

integrated circuit, for example, to maintain the three-dimensional integrated circuit at or
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near a Curie temperature of the material forming the integrated circuit. In some
embodiments, Neel temperature material is used in the first silicon substrate, the second
silicon substrate, or both to maintain the three-dimensional integrated circuit at or near
their respective Neel temperature. The antiferromagnetic material may have a higher Neel
temperature to be able to handle various levels of heat generated by the different layers or

structures of the three-dimensional integrated circuit.

[0050] In one example, a current supplied to the first inductive loop element may
generate a magnetic field that is enhanced by the first layer of high permeability material.
The magnetic field may inductively couple the second inductive loop element, where
reception of the magnetic field is enhanced by the second layer of high permeability
material. In one embodiment, one or more additional layers of high permeability material
are deposited on the first and/or second silicon layers in order to shield the generated
magnetic field and reduce crosstalk with other circuit components and inductive
interconnects. The first and second layers may be two layers of a multilayer three-
dimensional integrated circuit. In one embodiment, the three-dimensional circuit is an
emitter-coupled logic (ECL) chip. In another embodiment, the three-dimensional circuit is

a current mode logic (CML) chip.

[0051] Now referring to FIG. 4, a flow diagram of a process of regulating a temperature
of a three-dimensional integrated circuit, according to one embodiment is shown. In brief
overview, a temperature of a section of the three-dimensional integrated circuit containing
magnetic material is sensed (402). The sensed temperature is compared to a critical
temperature of the magnetic material (404). A heat source within the three-dimensional
circuit can then be used to maintain the sensed temperature with a specified range of the

critical temperature (406).

[0052] In some embodiments, the three-dimensional integrated circuit includes a
temperature sensor to monitor the temperature of the three-dimensional integrated circuit.
The temperature sensor can be a component of the three-dimensional integrated circuit or
can be a separate device. The temperature sensor can measure a current temperature of a
section of the three-dimensional integrated circuit. In some embodiments, the temperature

sensor can measure a current temperature inside or around the three-dimensional
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integrated circuit. The temperature can be compared to a critical temperature of the

magnetic material (e.g., threshold temperature).

[0053] In some embodiments, it is beneficial to maintain the temperature of the section
of the three-dimensional integrated circuit within a specified range of the critical
temperature of magnetic material within the three-dimensional integrated circuit. The
critical temperature may refer to a temperature at which properties of the magnetic
material are altered (e.g., Curie or Neel temperature). For example, the specified range
may vary from about+/- 1° of the critical temperature of the magnetic material. In one
embodiment, the specified range is +/- 0.1° of the critical temperature of the magnetic

material.

[0054] In some embodiments, the heat source is controlled to maintain the temperature
of the three-dimensional integrated circuit at or near a Curie or Neel temperature of
materials making up the three-dimensional integrated circuit. The critical temperature
may be based on the Curie or Neel temperature. For example, the critical temperature may
be the Curie or Neel temperature of the materials making up the three-dimensional
integrated circuit. In other embodiments, the critical temperature may be range of values
near the Curie or Neel temperature. If the current temperature is greater than or less than
the critical temperature or not within the specified range, the temperature of the three-

dimensional integrated circuit can be modified.

[0055] In some embodiments, the temperature is modified to a temperature value within
the specified range of the critical temperature. To modify the temperature, the three-
dimensional integrated circuit may include a heat source, such as a heater resistor, to
maintain and regulate the temperature of the three-dimensional integrated circuit. In other
embodiments, the three-dimensional integrated circuit may include a heating element to
modify the temperature of the three-dimensional integrated circuit. The heating element
may include at least one of: an inductive element or circuitry of a neighboring element in
the three-dimensional integrated circuit. For example, in one embodiment, a direct
current (DC) can be supplied to an inductive element in the three-dimensional integrated
circuit to cause the inductive element to produce more heat and increase the temperature.

In some embodiments, the duty cycle or an operating point of neighboring circuitry can be
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altered to produce more heat and modify the temperature of the three-dimensional

integrated circuit.

[0056] Now referring to FIG. 5, a flow diagram of a process of forming a shielding layer
between a pair of magnetic couplers, according to one embodiment is shown. In brief
overview, a first magnetic coupler having a first inductive loop and a first receiving
element is provided (502). A second magnetic coupler having a second inductive loop and
a second receiving element is provided (504). A shielding layer is formed between the
first magnetic coupler and the second magnetic coupler. The shielding layer may include

high permeability material (506).

[0057] The first inductive loop can be deposited on a first silicon substrate and the first
inductive loop may provide a path for current of a circuit of the first silicon substrate. The
first receiving can be deposited on a second silicon substrate. In some embodiments, the
arrangement of the first inductive loop and the first receiving element is operable to form a
closed loop magnetic field therebetween. In an embodiment, the second inductive loop
can be deposited on a third silicon substrate and provide a path for current of a circuit of
the second silicon substrate. The second receiving element can be deposited on a fourth
silicon substrate. In some embodiments, the arrangement of the second inductive loop and
the second receiving element is operable to form a closed loop magnetic field

therebetween.

[0058] In an embodiment, the shielding layer is configured to block magnetic fields
generated by the first magnetic coupler from radiating to the second magnetic coupler and
is configured to block magnetic fields generated by the second magnetic coupler from
radiating to the first magnetic coupler. In one embodiment, the shielding layer may form a
complete shield around the first magnetic coupler and isolate the first magnetic coupler
from the second magnetic coupler. The shielding layer may form a complete shield
around the second magnetic coupler and isolate the second magnetic coupler from the first

magnetic coupler.

[0059] The shielding layer of high permeability material may form a shield around a
respective stack to contain electrical energy (e.g., magnetic field) in that stack so the
energy does not radiate and/or interfere with a nearby stack. Similarly, the shielding layer

may shield or protect a stack from external interference generated by a nearby stack. The
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shielding layer may be positioned between two adjacent stacks. However, the shielding
layer may be formed on any surface of a stack. In this manner, inductive crosstalk

between adjacent (or nearby) stacks and other circuit components may be reduced.

[0060] In some embodiments, a temperature of the first magnetic coupler, the second
magnetic coupler, or both can be maintained near a Curie temperature or Neel
temperature. The shielding layer can be used to maintain and regulate the temperature of
the first magnetic coupler, the second magnetic coupler, or both. In some embodiments,
the shielding layer includes high permeability material and the high permeability material
includes a ferromagnetic material. The ferromagnetic material can be configured to
operate near a Curie temperature or a Neel temperature of the ferromagnetic material to

increase a permeability of the ferromagnetic material.

[0061] Now referring to FIG. 6, a flow diagram of a process of forming a three-
dimensional integrated circuit with a magnetoresistive receiver, according to one
embodiment is shown. In brief overview, a first insulation layer having a first inductive
loop deposited thereon is provided (602). Next, alternating layers of a magnetoresistive
element are deposited on a first silicon substrate (604). A magnetoresistive receiver is
formed on the first silicon substrate to sense a magnetic field generated by the first

inductive loop and produce an output dependent on the magnetic field (606).

[0062] In some embodiments, the first inductive loop is formed on the insulation layer
and the insulation layer is deposited onto the magnetoresistive receiver which includes the
magnetoresistive element and the first silicon substrate. In other embodiments, the first
inductive loop is formed on an insulation layer that is deposited on a second silicon
substrate. The second silicon substrate is a different silicon substrate from the first silicon
substrate. The second silicon substrate is then deposited on the magnetoresistive receiver
which includes the magnetoresistive element and the first silicon substrate. The first
inductive loop may generate a magnetic field that is sensed and received by the

magnetoresistive receiver.

[0063] In some embodiments, the magneto resistive receiver includes the
magnetoresistive element and the first silicon substrate. The magnetoresistive element can
be a multi-layered structure that is formed by depositing alternating layers of

ferromagnetic material and non-magnetic material on the silicon substrate. The
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ferromagnetic layers may be magnetic elements layers a few nanometers thick separated
by equally thin non-magnetic elements layers. The magnetoresistive element can include
at least two metallic films separated by a nonmagnetic layer. The magnetoresistive

element can be configured to have anti-ferromagnetic coupling.

[0064] In an embodiment, the magnetoresistive receiver can be based on at least one of a
giant magnetoresistance (GMR), a tunnel magnetoresistance (TMR), a colossal

magnetoresistance (CMR), or a spin-coupled effect.

[0065] The construction and arrangement of the systems and methods as shown in the
various embodiments are illustrative only. Although only a few embodiments have been
described in detail in this disclosure, many modifications are possible (e.g., variations in
sizes, dimensions, structures, shapes and proportions of the various elements, values of
parameters, mounting arrangements, use of materials, colors, orientations, etc.). For
example, the position of elements may be reversed or otherwise varied and the nature or
number of discrete elements or positions may be altered or varied. Accordingly, all such
modifications are intended to be included within the scope of the present disclosure. The
order or sequence of any process or method steps may be varied or re-sequenced
according to alternative embodiments. Other substitutions, modifications, changes, and
omissions may be made in the design, operating conditions and arrangement of the

embodiments without departing from the scope of the present disclosure.

[0066] The present disclosure contemplates methods, systems and program products on
any machine-readable media for accomplishing various operations. The embodiments of
the present disclosure may be implemented or modeled using existing computer
processors, or by a special purpose computer processor for an appropriate system,
incorporated for this or another purpose, or by a hardwired system. Embodiments within
the scope of the present disclosure include program products comprising machine-readable
media for carrying or having machine-executable instructions or data structures stored
thereon. Such machine-readable media can be any available media that can be accessed by
a general purpose or special purpose computer or other machine with a processor. By way
of example, such machine-readable media can comprise RAM, ROM, EPROM,
EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or other

magnetic storage devices, or any other medium which can be used to carry or store desired
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program code in the form of machine-executable instructions or data structures and which
can be accessed by a general purpose or special purpose computer or other machine with a
processor. When information is transferred or provided over a network or another
communications connection (either hardwired, wireless, or a combination of hardwired or
wireless) to a machine, the machine properly views the connection as a machine-readable
medium. Thus, any such connection is properly termed a machine-readable medium.
Combinations of the above are also included within the scope of machine-readable media.
Machine-executable instructions include, for example, instructions and data which cause a
general purpose computer, special purpose computer, or special purpose processing

machines to perform a certain function or group of functions.

[0067] Although the figures may show a specific order of method steps, the order of the
steps may differ from what is depicted. Also two or more steps may be performed
concurrently or with partial concurrence. All such variations are within the scope of the
disclosure. Likewise, software implementations could be accomplished with standard
programming techniques with rule-based logic and other logic to accomplish the various

connection steps, processing steps, comparison steps and decision steps.

[0068] Aspects of the subject matter described herein are set out in the following

numbered clauses:

1. A system for a non-contacting inductive interconnect of a three-
dimensional integrated circuit, comprising:

a first silicon substrate having a first inductive loop deposited thereon,
wherein the first inductive loop provides a first path for current of a circuit of the first
silicon substrate;

a first layer of high permeability material deposited on the first silicon
substrate forming a first high permeability structure; and

a second silicon substrate having a second inductive loop deposited
thereon, wherein the second inductive loop provides a second path for current of a circuit
of the second layer of silicon substrate, and wherein the first high permeability structure
enhances a magnetic coupling between the first inductive loop and the second inductive

loop.
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2. The system of clause 1, further comprising a second layer of high
permeability material deposited on the second silicon substrate forming a second high

permeability structure.

3. The system of clause 2, wherein the first high permeability structure and
the second high permeability structure enhance the magnetic coupling between the first

inductive loop and the second inductive loop.

4. The system of clause 2, wherein the first high permeability structure and
the second high permeability structure form a magnetic circuit coupling the first inductive

loop and the second inductive loop.

5. The system of clause 2, wherein the arrangement of the first layer of high
permeability material and the second layer of high permeability material is operable to

form a closed loop magnetic field therebetween.

6. The system of clause 5, wherein the arrangement is such that the first layer
of high permeability material is deposited on a top surface of the first silicon substrate and
the second layer of high permeability material is deposited on a bottom surface of the

second silicon substrate.

7. The system of clause 6, wherein the first layer of high permeability material
and the second layer of high permeability material form a shield around the first inductive

loop and the second inductive loop.

8. The system of clause 2, wherein the arrangement of the first layer of high
permeability material and the second layer of high permeability material is operable to

form a nearly closed loop magnetic field therebetween.

0. The system of clause 1, wherein the first silicon substrate further includes a
via, wherein a portion of the first layer of high permeability material is deposited within

the via.

10.  The system of clause 2, wherein the second silicon substrate further
includes a via, wherein a portion of the second layer of high permeability material is

deposited within the via.
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11.  The system of clause 1, wherein the first silicon substrate further includes a
trench, wherein a portion of the first layer of high permeability material is deposited

within the trench.

12. The system of clause 2, wherein the second silicon substrate further
includes a trench, wherein a portion of the second high permeability material is deposited

within the trench.

13.  The system of clause 2, wherein at least one of the first layer of high

permeability material and the second layer of high permeability material includes ferrite.

14.  The system of clause 2, wherein at least one of the first layer of high
permeability material and the second layer of high permeability material is configured to

operate near a Néel temperature of the high permeability material.

15.  The system of clause 2, wherein at least one of the first layer of high
permeability material and the second layer of high permeability material includes a

ferromagnetic material.

16. The system of clause 15, wherein the ferromagnetic material is configured
to operate near a Curie temperature of the ferromagnetic material to increase a

permeability of the ferromagnetic material.

17. The system of clause 1, further comprising a temperature sensor to monitor

a temperature of the three-dimensional integrated circuit.

18.  The system of clause 1, wherein the first silicon substrate includes a heater

resistor to maintain a temperature of the three-dimensional integrated circuit.

19.  The system of clause 2, wherein the second silicon substrate includes a
heater resistor configured to maintain a temperature of the three-dimensional integrated

circuit.

20. The system of clause 1, further comprising a heating element to modify a

temperature of the three-dimensional integrated circuit.
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21.  The system of clause 20, wherein the heating element includes at least one
of: the first inductive element, the second inductive element, or circuitry of a neighboring

element in the three-dimensional integrated circuit.

22.  The system of clause 15, wherein the ferromagnetic material includes high

5  permeability nanoparticles embedded in at least one of a solid matrix or a liquid material.

23.  The system of clause 1, wherein the three-dimensional integrated circuit
includes at least one of a current mode logic (CML) type chip and an emitter-coupled logic

(ECL) type chip.

24, The system of clause 1, further comprising at least one additional layer of
10 high permeability material deposited over a portion of at least one of the first silicon
substrate and the second silicon substrate, wherein the additional layer is configured to
magnetically shield the first silicon substrate and the second silicon substrate from at least

one adjacent component.

25. A system for a non-contacting inductive interconnect of a three-
15 dimensional integrated circuit, comprising:
a first magnetic coupler having a first inductive loop and a first receiving
element;
a second magnetic coupler having a second inductive loop and a second
receiving element; and
20 a shielding layer disposed between the first magnetic coupler and the
second magnetic coupler, wherein the shielding layer comprises high permeability

material.

26. The system of clause 25, wherein the first inductive loop is deposited on a
first silicon substrate, wherein the first inductive loop provides a path for current of a

25  circuit of the first silicon substrate.

27. The system of clause 25, wherein the first receiving element is deposited on

a second silicon substrate.
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28. The system of clause 24, wherein the second inductive loop is deposited on
a third silicon substrate, wherein the second inductive loop provides a path for current of a

circuit of the second silicon substrate.

29. The system of clause 25, wherein the second receiving element is deposited

5  on a fourth silicon substrate.

30.  The system of clause 25, wherein the arrangement of the first inductive
loop and the first receiving element is operable to form a closed loop magnetic field

therebetween.

31.  The system of clause 25, wherein the arrangement of the second inductive
10 loop and the second receiving element is operable to form a closed loop magnetic field

therebetween.

32.  The system of clause 25, wherein the three-dimensional integrated circuit
includes at least one of a current mode logic (CML) type chip and an emitter-coupled logic

(ECL) type chip.

15 33. The system of clause 25, wherein the shielding layer is configured to block
magnetic fields generated by the first magnetic coupler from radiating to the second

magnetic coupler.

34.  The system of clause 25, wherein the shielding layer is configured to block
magnetic fields generated by the second magnetic coupler from radiating to the first

20  magnetic coupler.

35. The system of clause 25, wherein the shielding layer forms a complete
shield around the first magnetic coupler, wherein the first magnetic coupler is isolated

from the second magnetic coupler.

36. The system of clause 25, wherein the shielding layer forms a complete
25  shield around the second magnetic coupler, wherein the second magnetic coupler is

isolated from the first magnetic coupler.
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37. The system of clause 25, wherein the shielding layer is configured to
maintain a temperature near a Curie temperature or Neel temperature of the first magnetic

coupler.

38. The system of clause 25, wherein the shielding layer is configured to
5  maintain a temperature near a Curie temperature or Neel temperature of the second

magnetic coupler.

39. The system of clause 25, wherein the high permeability material includes a

ferromagnetic material.

40.  The system of clause 39, wherein the ferromagnetic material is configured
10 to operate near a Curie temperature of the ferromagnetic material to increase a

permeability of the ferromagnetic material.

41.  The system of clause 39, wherein the ferromagnetic material includes high

permeability nanoparticles.

42. The system of clause 41, wherein the high permeability nanoparticles are

15 embedded within a solid matrix.

43, The system of clause 41, wherein the high permeability nanoparticles are

embedded within a liquid material.

44.  The system of clause 41, wherein the high permeability nanoparticles
includes a plurality of particle types, wherein at least two particle types have opposing

20  permeability-to-temperature dependencies over a temperature range of interest.

45. A method of forming a non-contacting inductive interconnect of a three-
dimensional integrated circuit, comprising:
providing a first silicon substrate having a first inductive loop deposited
thereon, wherein the first inductive loop provides a first path for current of a circuit of the
25  first layer of silicon substrate;
depositing a first layer of high permeability material on the first layer of

silicon substrate having the first inductive loop to form a first high permeability structure;
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providing a second silicon substrate having a second inductive loop
deposited thereon, wherein the second inductive loop provides a second path for current of
a circuit of the second layer of silicon substrate; and

coupling the first inductive loop and the second inductive loop using the

5  first high permeability structure.

46. The method of clause 45, further comprising depositing a second layer of
the high permeability material over a portion of the second silicon substrate having the

second inductive loop to form a second high permeability structure.

47.  The method of clause 46, further comprising forming a magnetic circuit
10 coupling the first inductive loop and the second inductive loop using the first high

permeability structure and the second high permeability structure.

48. The method of clause 46, wherein the first high permeability structure and
the second high permeability structure are configured to enhance coupling between the

first inductive loop and the second inductive loop.

15 49. The method of clause 46, wherein the arrangement of the first layer of high
permeability material and the second layer of high permeability material is operable to

form a closed loop magnetic field therebetween.

50. The method of clause 46, further comprising depositing the first layer of
high permeability material on a top surface of the first silicon substrate and depositing the

20  second high permeability material on a bottom surface of the second silicon substrate.

51. The method of clause 46, further comprising forming a shield around the
first silicon substrate and the second silicon substrate using the first layer of high

permeability material and the second layer of high permeability material.

52.  The method of clause 46, wherein the arrangement of the first layer of high
25  permeability material and the second layer of high permeability material is operable to

form a nearly closed loop magnetic field therebetween.

53. The method of clause 45, further comprising depositing a portion of the

first layer of high permeability material in a via of the first silicon substrate.
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54. The method of clause 46, further comprising depositing a portion of the

second layer of high permeability material in a via of the second silicon substrate.

55.  The method of clause 45, further comprising forming a trench in the first
silicon substrate, wherein a portion of the first layer of high permeability material is

5  deposited within the trench.

56. The method of clause 55, further comprising forming a series of trenches

that establish a gap between the first silicon substrate and the second silicon substrate.

57. The method of clause 46, further comprising forming a trench in the second
silicon substrate, wherein a portion of the second layer of high permeability material is

10 deposited within the trench.

58.  The method of clause 46, wherein at least one of the first layer of high

permeability material and the second layer of high permeability material includes ferrite.

59.  The method of clause 46, wherein at least one of the first layer of high
permeability material and the second layer of high permeability material is configured to

15 operate near a Néel temperature.

60.  The method of clause 46, wherein at least one of the first layer of high
permeability material and the second layer of high permeability material includes a

ferromagnetic material.

61. The method of clause 60, wherein the ferromagnetic material is configured
20  to operate near a Curie temperature corresponding to the ferromagnetic material to

increase a permeability of the ferromagnetic material.

62.  The method of clause 60, wherein the ferromagnetic material includes high

permeability nanoparticles.

63. The method of clause 62, wherein the high permeability nanoparticles are

25  embedded within a solid matrix.

64. The method of clause 62, wherein the high permeability nanoparticles are

embedded within a liquid material.
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65. The method of clause 62, wherein the high permeability nanoparticles
includes a plurality of particle types, wherein at least two particle types have opposing

permeability-to-temperature dependencies over a temperature range of interest.

66. The method of clause 45, wherein the first silicon substrate includes a
heater resistor configured to maintain a temperature near a Curie temperature of first layer

of high permeability material.

67. The method of clause 46, wherein the second silicon substrate includes a
heater resistor configured to maintain a temperature near a Curie temperature of second

high layer of high permeability material.

68. The method of clause 45, further comprising monitoring a temperature of

the three-dimensional integrated circuit using a temperature sensor.

69. The method of clause 45, further comprising modifying a temperature of

the three-dimensional integrated circuit using a heating element.

70. The method of clause 69, wherein the heating element includes at least one
of: the first inductive element, the second inductive element, or circuitry of a neighboring

element in the three-dimensional integrated circuit.

71. The method of clause 70, further comprising supplying a direct current to
the first inductive element or the second inductive element to modify the temperature of

the three-dimensional integrated circuit.

72. The method of clause 70, further comprising altering a duty cycle or an
operating point of the circuitry to modify the temperature of the three-dimensional

integrated circuit.

73. The method of clause 45, wherein the three-dimensional integrated circuit
includes at least one of a current mode logic (CML) type chip and an emitter-coupled logic

(ECL) type chip.

74. The method of clause 46, further comprising depositing at least one
additional layer of high permeability material over a portion of at least one of the first
silicon substrate and the second silicon substrate, wherein the additional layer is
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configured to magnetically shield the at least one of the first silicon substrate and the

second silicon substrate from at least one adjacent component.

75. A method of forming a non-contacting inductive interconnect of a three-
dimensional integrated circuit, comprising:
5 providing a first magnetic coupler having a first inductive loop and a first
receiving element;
providing a second magnetic coupler having a second inductive loop and a
second receiving element; and
forming a shielding layer between the first magnetic coupler and the second

10 magnetic coupler, wherein the shielding layer comprises high permeability material.

76. The method of clause 75, further comprising depositing the first inductive
loop on a first silicon substrate, wherein the first inductive loop provides a path for current

of a circuit of the first silicon substrate.

77.  The method of clause 75, further comprising depositing the first receiving

15 element on a second silicon substrate.

78. The method of clause 75, further comprising depositing the second
inductive loop on a third silicon substrate, wherein the second inductive loop provides a

path for current of a circuit of the second silicon substrate.

79. The method of clause 75, further comprising depositing the second

20  receiving element on a fourth silicon substrate.

80. The method of clause 75, wherein the arrangement of the first inductive
loop and the first receiving element is operable to form a closed loop magnetic field

therebetween.

81. The method of clause 75, wherein the arrangement of the second inductive
25  loop and the second receiving element is operable to form a closed loop magnetic field

therebetween.
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82. The method of clause 75, wherein the shielding layer is configured to block
magnetic fields generated by the first magnetic coupler from radiating to the second

magnetic coupler.

83. The method of clause 75, wherein the shielding layer is configured to block
5  magnetic fields generated by the second magnetic coupler from radiating to the first

magnetic coupler.

84. The method of clause 75, wherein the shielding layer forms a complete
shield around the first magnetic coupler, wherein the first magnetic coupler is isolated

from the second magnetic coupler.

10 85. The method of clause 75, wherein the shielding layer forms a complete
shield around the second magnetic coupler, wherein the second magnetic coupler is

isolated from the first magnetic coupler.

86. The method of clause 75, further comprising maintaining a temperature

near a Curie temperature or Neel temperature of the first magnetic coupler.

15 87. The method of clause 75, further comprising maintaining a temperature

near a Curie temperature or Neel temperature of the second magnetic coupler.

88. The method of clause 75, wherein the high permeability material includes a

ferromagnetic material.

89. The method of clause 88, wherein the ferromagnetic material is configured
20  to operate near a Curie temperature of the ferromagnetic material to increase a

permeability of the ferromagnetic material.

90.  The method of clause 88, wherein the ferromagnetic material includes high

permeability nanoparticles.

91. The method of clause 90, wherein the high permeability nanoparticles are

25  embedded within a solid matrix.

92. The method of clause 90, wherein the high permeability nanoparticles are

embedded within a liquid material.
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93. The method of clause 90, wherein the high permeability nanoparticles
includes a plurality of particle types, wherein at least two particle types have opposing

permeability-to-temperature dependencies over a temperature range of interest.

94, The method of clause 75, wherein the three-dimensional integrated circuit
5 includes at least one of a current mode logic (CML) type chip and an emitter-coupled logic

(ECL) type chip.

95. A system for a magnetic coupled interconnect of a three-dimensional
integrated circuit, comprising:
a first silicon substrate having a first inductive loop deposited thereon,
10 wherein the first inductive loop provides a first path for current of a circuit of the first
silicon substrate; and
a magnetoresistive receiver formed on a second silicon substrate, wherein
the magnetoresistive receiver is configured to sense a magnetic field generated by the first

inductive loop and produce an output that is dependent on the magnetic field.

15 96.  The system of clause 95, wherein the magnetoresistive receiver is

configured to produce a voltage output dependent on the magnetic field.

97. The system of clause 95, wherein the magnetoresistive receiver is a multi-

layered structure including a magnetoresistive element and the second silicon substrate.

98. The system of clause 97, wherein the magnetoresistive element is a multi-
20 layered structure including alternating layers of ferromagnetic material and non-magnetic

material.

99.  The system of clause 98, wherein the magnetoresistive element includes at

least two metallic films separated by a nonmagnetic layer.

100.  The system of clause 98, wherein the magnetoresistive element is

25  configured to have anti-ferromagnetic coupling.

101.  The system of clause 95, wherein a magnetoresistive element of the

magnetoresistive receiver employs a giant magnetoresistance (GMR).
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102.  The system of clause 95, wherein a magnetoresistive element of the

magnetoresistive receiver employs a tunnel magnetoresistance (TMR).

103.  The system of clause 95, wherein a magnetoresistive element of the

magnetoresistive receiver employs a colossal magnetoresistance (CMR).

104.  The system of clause 95, wherein a magnetoresistive element of the

magnetoresistive receiver employs a spin-coupled effect.

105.  The system of clause 95, further comprising a plurality of layers of high
permeability material configured to enhance coupling between the first silicon substrate

and the second silicon substrate.

106. A method for forming a magnetic coupled interconnect of a three-

dimensional integrated circuit, comprising:

providing a first silicon substrate having a first inductive loop deposited
thereon, wherein the first inductive loop provides a first path for current of a circuit of the
first silicon substrate;

depositing alternating layers of a magnetoresistive element on a second
silicon substrate; and

forming a magnetoresistive receiver on the second silicon substrate,
wherein the magnetoresistive receiver is configured to sense a magnetic field generated by

the first inductive loop and produce an output that is dependent on the magnetic field.

107.  The method of clause 106, wherein the magnetoresistive receiver is

configured to produce a voltage output dependent on the magnetic field.

108.  The method of clause 106, wherein the magnetoresistive receiver is a multi-

layered structure including the magnetoresistive element and the second silicon substrate.

109.  The method of clause 106, wherein the magnetoresistive element is a multi-

layered structure including alternating ferromagnetic material and non-magnetic material.

110. The method of clause 106, wherein the magnetoresistive element includes

at least two metallic films separated by a nonmagnetic layer.
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111.  The method of clause 106, wherein the magnetoresistive element is

configured to have anti-ferromagnetic coupling.

112.  The method of clause 106, wherein a magnetoresistive element of the

magnetoresistive receiver employs a giant magnetoresistance (GMR).

113.  The method of clause 106, wherein a magnetoresistive element of the

magnetoresistive receiver employs a tunnel magnetoresistance (TMR).

114.  The method of clause 106, wherein a magnetoresistive element of the

magnetoresistive receiver employs a colossal magnetoresistance (CMR).

115. The method of clause 106, wherein a magnetoresistive element of the

magnetoresistive receiver employs a spin-coupled effect.

116.  The method of clause 106, further comprising a plurality of layers of high
permeability material configured to enhance coupling between the first silicon substrate

and the second silicon substrate.

117. A method for maintaining a temperature of a three-dimensional integrated

circuit, comprising:

sensing a temperature of a section of the three-dimensional integrated
circuit containing magnetic material;

comparing the sensed temperature of the three-dimensional integrated
circuit to a critical temperature of the magnetic material, wherein the critical temperature
is based on a Curie or Neel temperature of the three-dimensional integrated circuit; and

controlling a heat source within the three-dimensional integrated circuit to

maintain the sensed temperature within a specified range of the critical temperature.

118. The method of clause 117, wherein the three-dimensional integrated circuit
includes a temperature sensor to monitor the temperature of the three-dimensional

integrated circuit.

119. The method of clause 117, wherein the heat source includes a heater

resistor to maintain a temperature of the three-dimensional integrated circuit.
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120. The method of clause 117, wherein the three-dimensional integrated circuit
includes a heating element to modify the temperature of the three-dimensional integrated

circuit.

121. The method of clause 120, wherein the heat source includes at least one of’
an inductive element or circuitry of a neighboring element in the three-dimensional

integrated circuit.

122, The method of clause 120, further comprising supplying a direct current to
the inductive element to modify the temperature of the three-dimensional integrated

circuit.

123.  The method of clause 120, further comprising altering a duty cycle or an
operating point of the circuitry to modify the temperature of the three-dimensional

integrated circuit.

124.  The method of clause 117, wherein the Curie temperature is a point where
the intrinsic magnetic moments of the magnetic material in the three-dimensional

integrated circuit changes direction and alters their respective magnetic properties.

125.  The method of clause 117, wherein the Neel temperature is a point where
an antiferromagnetic or a ferromagnetic material in the three-dimensional integrated

circuit becomes paramagnetic.

While various aspects and embodiments have been disclosed herein, other aspects
and embodiments will be apparent to those skilled in the art. The various aspects and
embodiments disclosed herein are for purposes of illustration and are not intended to be

limiting, with the true scope being indicated by the following claims.
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WHAT IS CLAIMED IS:

1. A system for a non-contacting inductive interconnect of a three-
dimensional integrated circuit, comprising:

a first silicon substrate having a first inductive loop deposited thereon,
wherein the first inductive loop provides a first path for current of a circuit of the first
silicon substrate;

a first layer of high permeability material deposited on the first silicon
substrate forming a first high permeability structure; and

a second silicon substrate having a second inductive loop deposited
thereon, wherein the second inductive loop provides a second path for current of a circuit
of the second layer of silicon substrate, and wherein the first high permeability structure
enhances a magnetic coupling between the first inductive loop and the second inductive

loop.

2. The system of claim 1, further comprising a second layer of high
permeability material deposited on the second silicon substrate forming a second high

permeability structure.

3. The system of claim 2, wherein the first high permeability structure and the
second high permeability structure form a magnetic circuit coupling the first inductive

loop and the second inductive loop.

4. The system of claim 2, wherein the arrangement of the first layer of high
permeability material and the second layer of high permeability material is operable to

form a closed loop magnetic field therebetween.

5. The system of claim 4, wherein the arrangement is such that the first layer
of high permeability material is deposited on a top surface of the first silicon substrate and
the second layer of high permeability material is deposited on a bottom surface of the

second silicon substrate.

6. The system of claim 1, wherein the first silicon substrate further includes a
via, wherein a portion of the first layer of high permeability material is deposited within
the via.
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7. The system of claim 1, wherein the first silicon substrate further includes a
trench, wherein a portion of the first layer of high permeability material is deposited

within the trench.

8. The system of claim 2, wherein at least one of the first layer of high
5  permeability material and the second layer of high permeability material is configured to

operate near a Néel temperature of the high permeability material.

9. The system of claim 1, further comprising a temperature sensor to monitor

a temperature of the three-dimensional integrated circuit.

10.  The system of claim 1, wherein the first silicon substrate includes a heater

10 resistor to maintain a temperature of the three-dimensional integrated circuit.

11. The system of claim 1, further comprising a heating element to modify a

temperature of the three-dimensional integrated circuit.

12.  The system of claim 1, wherein the three-dimensional integrated circuit
includes at least one of a current mode logic (CML) type chip and an emitter-coupled logic

15 (ECL) type chip.

13. The system of claim 1, further comprising at least one additional layer of
high permeability material deposited over a portion of at least one of the first silicon
substrate and the second silicon substrate, wherein the additional layer is configured to
magnetically shield the first silicon substrate and the second silicon substrate from at least

20  one adjacent component.

14. A system for a non-contacting inductive interconnect of a three-

dimensional integrated circuit, comprising:
a first magnetic coupler having a first inductive loop and a first receiving element;

a second magnetic coupler having a second inductive loop and a second receiving

25  element; and

a shielding layer disposed between the first magnetic coupler and the second

magnetic coupler, wherein the shielding layer comprises high permeability material.
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15. The system of claim 14, wherein the first inductive loop is deposited on a
first silicon substrate, wherein the first inductive loop provides a path for current of a

circuit of the first silicon substrate.

16. The system of claim 14, wherein the first receiving element is deposited on

5 a second silicon substrate.

17. The system of claim 14, wherein the arrangement of the first inductive loop
and the first receiving element is operable to form a closed loop magnetic field

therebetween.

18.  The system of claim 14, wherein the three-dimensional integrated circuit
10 includes at least one of a current mode logic (CML) type chip and an emitter-coupled logic

(ECL) type chip.

19. The system of claim 14, wherein the shielding layer is configured to block
magnetic fields generated by the first magnetic coupler from radiating to the second

magnetic coupler.

15 20. The system of claim 14, wherein the shielding layer is configured to block
magnetic fields generated by the second magnetic coupler from radiating to the first

magnetic coupler.

21. The system of claim 14, wherein the shielding layer is configured to
maintain a temperature near a Curie temperature or Neel temperature of the first magnetic

20  coupler.

22. The system of claim 14, wherein the high permeability material includes a

ferromagnetic material.

23.  The system of claim 22, wherein the ferromagnetic material is configured
to operate near a Curie temperature of the ferromagnetic material to increase a

25  permeability of the ferromagnetic material.

24. The system of claim 22, wherein the ferromagnetic material includes high

permeability nanoparticles.
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25. The system of claim 24, wherein the high permeability nanoparticles
includes a plurality of particle types, wherein at least two particle types have opposing

permeability-to-temperature dependencies over a temperature range of interest.

26. A system for a magnetic coupled interconnect of a three-dimensional

5  integrated circuit, comprising:

a first silicon substrate having a first inductive loop deposited thereon, wherein the
first inductive loop provides a first path for current of a circuit of the first silicon substrate;

and

a magnetoresistive receiver formed on a second silicon substrate, wherein the
10 magnetoresistive receiver is configured to sense a magnetic field generated by the first

inductive loop and produce an output that is dependent on the magnetic field.

27.  The system of claim 26, wherein the magnetoresistive receiver is

configured to produce a voltage output dependent on the magnetic field.

28. The system of claim 26, wherein the magnetoresistive receiver is a multi-

15 layered structure including a magnetoresistive element and the second silicon substrate.

29. The system of claim 28, wherein the magnetoresistive element is a multi-
layered structure including alternating layers of ferromagnetic material and non-magnetic

material.

30.  The system of claim 29, wherein the magnetoresistive element includes at

20  least two metallic films separated by a nonmagnetic layer.

31.  The system of claim 29, wherein the magnetoresistive element is

configured to have anti-ferromagnetic coupling.

32.  The system of claim 26, wherein a magnetoresistive element of the

magnetoresistive receiver employs a giant magnetoresistance (GMR).

25 33.  The system of claim 26, wherein a magnetoresistive element of the

magnetoresistive receiver employs a tunnel magnetoresistance (TMR).
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34.  The system of claim 26, wherein a magnetoresistive element of the

magnetoresistive receiver employs a colossal magnetoresistance (CMR).

35.  The system of claim 26, wherein a magnetoresistive element of the

magnetoresistive receiver employs a spin-coupled effect.
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