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DEPOSITING A CONDUCTIVE MATERIAL ONTO A BASE

‘ r204

DEPOSITING A DIELECTRIC MATERIAL ONTO THE CONDUCTIVE MATERIAL

‘ S_ZOB

DEPOSITING AN INTERMEDIATE MATERIAL
ONTO THE DIELECTRIC MATERIAL

‘ (208

DEPOSITING POLARIZER MATERIAL ONTO THE
INTERMEDIATE MATERIAL, WHEREIN THE INTERMEDIATE
MATERIAL IS DISPOSED BETWEEN THE DIELECTRIC
MATERIAL AND THE POLARIZER MATERIAL.

FIG.6
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VOLTAGE CONTROLLED SPIN TRANSPORT
CHANNEL

BACKGROUND

[0001] This disclosure relates to computational devices for
accessing, storing and moving information, specifically an
electron spin-based transport channel, component and
method of using electron spin in a computational device.
[0002] Spintronics involves the use of electron spin in com-
puting or other electronic applications and has application for
use in computational devices, such as logic devices and
memory devices. Electron spin is the intrinsic angular
momentum associated with the electrons in one of two direc-
tions, or states. Electron spin could be used to move and store
data in computing and electronic application. However, exist-
ing components do not use electron spin or do not maintain
electron spin during use and transport.

SUMMARY

[0003] In one non-limiting embodiment, a spin transport
channel includes a conductive layer. A dielectric layer con-
tacts the conductive layer. The dielectric layer includes at
least one of a tantalum oxide, hafnium oxide, titanium oxide,
and nickel oxide. An intermediate spin layer contacts the
dielectric layer. The intermediate spin layer includes at least
one of copper and silver. The conductive layer is more elec-
trochemically inert than the intermediate spin layer A polar-
izer layer contacts the intermediate spin layer. The polarizer
layer includes one of a nickel-iron based material, iron, and
cobalt based material. The conductive layer and intermediate
layer are disposed on opposite sides of the dielectric layer.
The dielectric layer and the polarizer layer are disposed on
opposite sides of the intermediate spin layer. The intermedi-
ate spin layer is arranged to form a conducting path through
the dielectric layer configured to transport a plurality of elec-
trons. Each of the plurality of electrons maintains a polarized
electron spin.

[0004] In one non-limiting embodiment, a spin transport
component includes a conductive layer, a dielectric layer
contacting the conductive layer, an intermediate spin layer
contacting the dielectric layer, and a polarizer layer contact-
ing the intermediate spin layer. The conductive layer and
intermediate layer are disposed on opposite sides of the
dielectric layer. The dielectric layer and the polarizer layer are
disposed on opposite sides of the intermediate spin layer. A
voltage source is electrically coupled to the spin transport
channel. The intermediate spin layer forms a conducting path
through the dielectric layer to transport a plurality of elec-
trons having a respective polarized electron spin in response
to a voltage from the voltage source. Each of the plurality of
electrons maintains its respective polarized electron spin.
[0005] Inone non-limiting embodiment, a method of using
electron spin in a computational component includes provid-
ing a spin transport channel. The spin transport channel
includes a conductive layer including at least one of a nickel-
iron based material and a cobalt based material. The spin
transport channel also includes a dielectric layer contacting
the conductive layer. The dielectric layer includes a tantalum
oxide. The spin transport channel also includes an interme-
diate spin layer contacting the dielectric layer. The interme-
diate spin layer includes copper. The spin transport channel
also includes a polarizer layer contacting the intermediate
spin layer. The polarizer layer includes at least one of a
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nickel-iron based material and a cobalt material. The conduc-
tive layer and intermediate layer are disposed on opposite
sides of the dielectric layer. The dielectric layer and the polar-
izer layer are disposed on opposite sides of the intermediate
spin layer. A voltage is applied to the spin transport channel.
A conducting path of the intermediate spin layer is formed
through the dielectric layer in response to the applied voltage.
A plurality of electrons are transported through the spin trans-
port channel via the conducting path. Each of the plurality of
electrons maintains a respective polarized electron spin.
[0006] These and other features of the present disclosure
can be best understood from the following specification and
drawings, the following of which is a brief description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a perspective view of an example spin
transport channel.

[0008] FIG. 2 is a cross-sectional view of an example spin
transport channel.

[0009] FIG. 3 is another cross-sectional view of the spin
transport channel of FIG. 2 with a voltage source.

[0010] FIG. 4a is a perspective view of the spin transport
channel in an “ON” state.

[0011] FIG. 44 is a perspective view of a spin transport
channel in an “OFF” state.

[0012] FIG. 5 is an example spin based circuit.

[0013] FIG. 6 is an example method of forming a spin
transport channel.

DETAILED DESCRIPTION

[0014] Referring to FIGS. 1 and 2, a spin transport compo-
nent 10, shown schematically, includes a base 12 and a spin
transport channel 11 having a conductive layer 14, a dielectric
layer 16, an intermediate spin layer 18, and polarizer layer 20.
The dielectric layer 16 is adjacent the conductive layer 14 and
arranged such that at least a portion of the dielectric layer 16
contacts the conductive layer 14 in a stacked arrangement.
The intermediate spin layer 18 is arranged adjacent the
dielectric layer 16 on the side opposite of the conductive layer
14. The intermediate spin layer 18 also contacts the dielectric
layer 16 in a stacked arrangement. The polarizer layer 20 is
adjacent the intermediate spin layer 18 on the side opposite of
the dielectric layer 16. The polarizer layer 20 contacts the
intermediate spin layer 18 in a stacked arrangement. In this
example, each of the conductive layer 14, dielectric layer 16,
intermediate spin layer 18, and polarizer layer 20 of the spin
transport channel 11 have a different geometric configura-
tion. However, one or more of the layers 14, 16, 18, 20 of the
spin transport channel 11 may have uniform geometric con-
figurations. The stacked arrangement of the example spin
transport channel 11 provides a crossbar architecture.
[0015] In this example, the spin transport channel 11 is
disposed on the base 12 such that the conductive layer 14 is
disposed adjacent at least a portion of the base 12. However,
the spin transport channel 11 may be used without the base
12. In one example, the base 12 is a silicon (Si) or silicon
dioxide (SiO,) material. However, other materials are con-
templated. In this example, the base 12 includes a first layer
22 of Si and a second layer 24 of SiO,. However, bases 12 of
a single layer, or more than two layers, of the example mate-
rials is contemplated.

[0016] In one non-limiting example, the conductive layer
14, dielectric layer 16, intermediate spin layer 18, and polar-
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izer layer 20 have a junction area 19, or area of overlap for
potential electron spin transport, is one of 10 nmx10 nm and
100 umx100 pm. Although only one junction area 19 is
shown, a plurality of junction areas 19 may be formed through
the use of additional portions of the conductive layer 14,
dielectric layer 16, intermediate spin layer 18, and polarizer
layer 20, or through the use of different geometries of the
layers 14, 16, 18, 20.

[0017] Inoneexample, theconductivelayer 14 is a material
that is more electrochemically inert than the intermediate spin
layer 18 such that the atoms in the conductive layer 14 are less
likely to re-arrange than the atoms in the intermediate layer
18. In this example, the conductive layer 14 is a nickel-iron
based material (permalloy, Nig,Fe, sMos), cobalt (Co) based
material, or other ferromagnetic material. In another
example, the conductive layer 14 is another material that is
more electrochemically inert than the intermediate spin layer
18, such as a platinum based material, grapheme based mate-
rial, or silicon based material. The exemplary materials may
be used alone, or in combination, to form the conductive layer
14.

[0018] The dielectric layer 16 is one or more of a tantalum
oxide (Ta0O,), hathium oxide (HfO,), titanium oxide (TiO,),
or nickel oxide (NiO,). The intermediate spin layer 18 is one
or more of the Copper (Cu) or Silver (Ag). The polarizer layer
20 is one or more of a nickel-iron based material (permalloy,
NigoFe, sMos), cobalt (Co) based material, iron (Fe), nickel
(Ni), an alloy including one or more of the aforementioned
materials, or other ferromagnetic material. In one example,
the polarizer layer 20 includes a stack of ferromagnetic mate-
rials and non-ferromagnetic materials exhibiting remanent
magnetization such that electrons become polarized.
Although described as having at least one of the example
materials, each of the conductive layer 14, dielectric layer 16,
intermediate spin layer 18, and polarizer layer 20 can have
only these materials, individually or in combination.

[0019] In one non-limiting example, the spin transport
channel 11 includes a conductive layer 14 of Niy Fe, Mo, a
dielectric layer 16 of TaO,, an intermediate spin layer 18 of
Cu, and a polarizer layer 20 of Co. In another non-limiting
example, the spin transport channel 11 includes a conductive
layer 14 of Co, a dielectric layer 16 of TaO,, an intermediate
spin layer of Cu, and a polarizer layer 20 of Nig Fe ;Mo,. It
is contemplated that different combinations of the materials
comprising each layer 14, 16, 18, 20 provided in this disclo-
sure may be used to form the layers 14, 16, 18, 20 of the spin
transport channel 11, in response to application and compo-
nent requirements.

[0020] The conductive layer 14 has a thickness 30, the
dielectric layer 16 has a thickness 32, the intermediate spin
layer 18 has a thickness 34, and the polarizer layer 20 has a
thickness 36. In one non-limiting example, the thickness 30 is
greater than 5 nm, the thickness 32 is between 10 nm and 500
nm, the thickness 34 is between 1 nm and 500 nm, and the
thickness 36 is greater than 5 nm. In one non-limiting
example, a ratio of the thickness 34 of the intermediate spin
layer 18 to the thickness 32 of'the dielectric layer 16 is about
3:1.In one non-limiting example, a ratio of the thickness 32 of
the dielectric layer 16 to the thickness 34 of the intermediate
spin layer 18 is about 3:1. In another non-limiting example,
the thickness 32 and the thickness 34 are equal.

[0021] In one example, the thickness 32 of the dielectric
layer 16 is more than 3 times the thickness 34 of the interme-
diate spin layer 18. In another example, the ratio of the thick-
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ness 32 of the dielectric layer 16 to the thickness 34 of the
intermediate spin layer 18 is greater than 3:1. In another
non-limiting example, the thickness 30 is about 60 nm, the
thickness 32 is about 16 nm, the thickness 34 is about 5 nm,
and the thickness 36 is about 60 nm.

[0022] Referring to FIG. 3, with continued reference to
FIGS. 1 and 2, a voltage source 40 is in communication with
the polarizer layer 20 and conductive layer 14 of the spin
transport channel 11 to provide a voltage to the spin transport
channel 11. The application of voltage to the spin transport
channel 11 results in electrons 50 (shown in FIGS. 4a, 4b),
with polarized electron spin, to be transported from an end 42
associated with the polarizing layer to an end 44 associated
with the conductive layer 14 without a randomization of the
electron spin. That is, the electrons 50 are transferred through
the spin transport channel 11 without changing the polariza-
tion of the electron spin or the arrangement of electron spin
being transported.

[0023] In one example, the voltage applied is less than or
equal to 1.5 volts.

[0024] The application of voltage to the spin transport
channel 11 creates an “ON” state and an “OFF” state of the
spin transport channel 11, as described in further detail below.
The spin transport channel 11 can be enabled by being set in
the “ON” state by applying voltage from the voltage source
40 to allow electron spin transport. The spin transport channel
11 can be disabled by applying a voltage of opposite polarity
from the voltage source 40 to prevent electron spin transport.
The spin transport channel 11 provides an ON/OFF resistance
ratio of about 10° in the spin transport component 10.

[0025] Referring to FIGS. 4a and 4b, with continued refer-
ence to FIGS. 1-3, the spin transport channel 11 is shown
allowing or preventing transport of electrons 50, shown sche-
matically, with electron spin. FIG. 4a shows the spin transport
channel 11 when the voltage source 40 is set to provide an
“ON” state. The “ON” state has a low resistance which allows
low power consumption by the spin transport channel 11. The
application of the voltage to the spin transport channel 11
causes filament growth of the intermediate spin layer 18 into
the dielectric layer 16 to create a continuous conducting path
46. The conducting path 46 spans the entire thickness 32 of
the dielectric layer 16. The filament growth of the intermedi-
ate spin layer 18, forming the conducting path 46, connects a
first end 42 to a second end 44 such that electrons 50 with
polarized electron spin are transported from the first end 42 to
the second end 44 without randomization of electron spin.

[0026] As shown in FIG. 45, when the voltage source 40
applies a voltage to set an “OFF” state, a voltage of opposite
polarity is applied to the spin transport channel 11 and the
conducting path 46 is annihilated such that the conducting
path 46 does not span the dielectric layer 16. The annihilation
of the conducting path 46 prevents the transport of electrons
50 with polarized electron spin between the first end 42 and
the second end 44. The use of the voltage source 40 with the
spin transport channel 11 provides an electrically controlled
magnetoresistance effect to control spin information.

[0027] In this example, when the voltage source 40 is
applies voltage to set an “ON” state forming the conducting
path 46, the conducting path 46 has a diameter 48 equal to or
less than 10 nm. Although only one conducting path 46 is
shown, a plurality of conducting paths may be formed in
response to the voltage based on the arrangement or geometry
of'the layers 14, 16, 18, 20 of the spin transport channel 11.
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[0028] Existing computational devices are not voltage con-
trolled, require higher power inputs, and are not able to use
electron spin. Many of these other devices are also difficult to
manufacture due to various structural arrangements required
by the computational devices and other material requirements
and characteristics.
[0029] Referringto FIG. 5, the spin transport component 10
includes a spin based circuit 51 having at least one spin source
52, at least one spin transport channel 11, and at least one spin
logic circuit 54. The spin source 52 may be a magnet or other
source for effecting polarized electron spin. The electron spin
generated by the spin source 52 is transferred through the spin
transport channel 11, as described above, to the spin logic
circuit 54 for further application. The spin transport channel
11 is used to move information via electron spin between spin
logic circuits 54. The use of the spin transport channel 11
allows for a controlled transfer of information via electrons
50 with polarized electron spin, without any randomization of
the electron spin which could change or interfere with the
information being transported. By using the spin transport
channel 11, voltage can be applied from a voltage source 40 to
set the spin transport channel 11 to an “ON” state and allow
the transport of electron spin corresponding to data. When
information transmission needs to be stopped, the voltage
source 40 provides a voltage of opposite polarity to set the
spin transport channel 11 to an “OFF” state. As a result the
spin transport channel 11 stops the transport of electron spin.
[0030] Referring to FIG. 6, a method of forming an
example spin transport channel 200 includes depositing a
conductive material onto a base 202. A dielectric material is
deposited onto the conductive material 204. A intermediate
material is deposited onto the dielectric material 206 and a
polarizer material is deposited on the intermediate material
208 such that the intermediate material is disposed between
the dielectric material and a polarizing material. In one
example, the dielectric material is TaO,, the spin material is
Cu, and the conducting material and polarizing material are
one of a nickel-iron based material (permalloy, Nig Fe, sMos)
and cobalt. In one example, the conducting material and the
dielectric material may each be exposed to ambient air after
the step of depositing. The spin transport channel is in com-
munication with a voltage source such that the spin transport
channel is voltage controlled.
[0031] Inoneexample, the steps of depositing a conducting
material, depositing a dielectric material, and depositing a
spin material and a polarizing material are done via E-beam
evaporation through a shadow mask. In another example, the
step of depositing the conducting material is done at a pres-
sure of approximately 2.67x10* PA (2x107% Torr). In yet
another example, the step of depositing the dielectric material
is done such that the dielectric material is RF spudder-depos-
ited under 0.4 Pa(3 MTorr) Argon (Ar) gas pressure.
[0032] Although a preferred embodiment of this disclosure
has been disclosed, a worker of ordinary skill in this art would
recognize that certain modifications would come within the
scope of this disclosure. For that reason, the following claims
should be studied to determine the true scope and content of
this disclosure.

What is claimed is:

1. A spin transport channel comprising

a conductive layer;

a dielectric layer contacting the conductive layer, the

dielectric layer including at least one of a tantalum
oxide, hafnium oxide, titanium oxide, and nickel oxide;
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an intermediate spin layer contacting the dielectric layer,
the intermediate spin layer including at least one of
copper and silver, wherein the conductive layer is more
electrochemically inert than the intermediate spin layer;
and

apolarizer layer contacting the intermediate spin layer, the

polarizer layer including at least one of a nickel-iron
based material, iron, and cobalt based material, wherein
the conductive layer and intermediate layer are disposed
on opposite sides of the dielectric layer, wherein the
dielectric layer and the polarizer layer are disposed on
opposite sides of the intermediate spin layer, wherein the
intermediate spin layer is arranged to form a conducting
path through the dielectric layer configured to transport
a plurality of electrons, wherein each of the plurality of
electrons maintains a polarized electron spin.

2. The spin transport channel of claim 1, wherein the con-
ducting path forms in response to a voltage.

3. The spin transport channel of claim 1, wherein the con-
ductive layer is Ni-g Fe, sMog, the dielectric layer is tantalum
oxide, the intermediate spin layer is copper, and the polarizer
layer is cobalt.

4. The spin transport channel of claim 1, wherein the
dielectric layer is thicker than the intermediate spin layer.

5. The spin transport channel of claim 1, wherein the con-
ductive layer and the polarizer layer have an equal thickness.

6. The spin transport channel of claim 1, wherein the inter-
mediate spin layer is arranged to annihilate the conducting
path through the dielectric layer in response to a voltage.

7. The spin transport channel of claim 1, wherein a ratio of
the thickness of the intermediate spin layer to the thickness of
the dielectric layer is about 1:3.

8. A spin transport component comprising

a conductive layer;

a dielectric layer contacting the conductive layer;

an intermediate spin layer contacting the dielectric layer a

polarizer layer contacting the intermediate spin layer,
wherein the conductive layer and intermediate layer are
disposed on opposite sides of the dielectric layer,
wherein the dielectric layer and the polarizer layer are
disposed on opposite sides of the intermediate spin
layer; and

a voltage source electrically coupled to the spin transport

channel, wherein the intermediate spin layer forms a
conducting path through the dielectric layer to transport
a plurality of electrons having a respective polarized
electron spin in response to a voltage from the voltage
source, wherein each of the plurality of electrons main-
tains the respective polarized electron spin.

9. The spin transport component of claim 8, wherein the
conductive layer is a Ni-goFe, Moy material, wherein the
dielectric layer is tantalum oxide, wherein the intermediate
spin layer is copper, and wherein the polarizer layer is cobalt.

10. The spin transport component of claim 8, wherein the
voltage source is electrically coupled to both the polarizer
layer and the conductive layer.

11. The spin transport component of claim 8, wherein the
spin transport channel is disposed on a base including a first
layer of silicon and a second layer of silicon dioxide.

12. The spin transport component of claim 8, wherein the
conducting path is annihilated in response to applying a volt-
age of opposite polarity from the voltage source to set the spin
transport channel to an “OFF” state.
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13. The spin transport component of claim 8, wherein a
spin source and a spin logic circuit are connected to the spin
transport channel.

14. The spin transport component of claim 8, wherein the
conducting path formed in response to the voltage from the
voltage source has a diameter of about 10 nm.

15. The spin transport component of claim 8, wherein a
thickness of the conductive layer is about 60 nm, a thickness
of the dielectric layer is about 16 nm, a thickness of the
intermediate spin layer is about 5 nm, and a thickness of the
polarizer layer is about 60 nm.

16. The spin transport component of claim 8, wherein the
polarizer layer includes a stack having at least one ferromag-
netic material and at least one non-ferromagnetic material.

17. A method of using electron spin in a computational
component, the method comprising:

providing a spin transport channel including a conductive

layer including at least one of a nickel-iron based mate-
rial and a cobalt based material, a dielectric layer con-
tacting the conductive layer, the dielectric layer includ-
ing a tantalum oxide, an intermediate spin layer
contacting the dielectric layer, the intermediate spin
layer including copper, a polarizer layer contacting the
intermediate spin layer, the polarizer layer including at
least one of a nickel-iron based material and a cobalt
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material, wherein the conductive layer and intermediate
layer are disposed on opposite sides of the dielectric
layer, wherein the dielectric layer and the polarizer layer
are disposed on opposite sides of the intermediate spin
layer;

applying a voltage to the spin transport channel;

forming a conducting path of the intermediate spin layer

through the dielectric layer in response to the applied
voltage; and

transporting a plurality of electrons through the spin trans-

port channel via the conducting path, wherein each of
the plurality of electrons maintains a respective polar-
ized electron spin.

18. The method of claim 17, wherein the conductive layer
is comprised of Ni-g Fe, Moy, wherein the dielectric layer is
comprised of the tantalum oxide, wherein the intermediate
spin layer is comprised of the copper, and wherein the polar-
izer layer is comprised of cobalt.

19. The method of claim 17, wherein the applied voltage is
equal to or less than 1.5 volts.

20. The method of claim 17, including the step of annihi-
lating the conducting path in response to providing a voltage
of an opposite polarity.
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