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(57) Magnetoresistive structures, magnetic random-
access memory devices including the same, and meth-
ods of manufacturing the magnetoresistive structure, in-
clude a first magnetic layer (13) having a magnetization
direction that is fixed, a second magnetic layer (17) or-
responding to the first magnetic layer (13), wherein a

magnetization direction of the second magnetic layer (17)
is changeable, and a magnetoresistance (MR) enhanc-
ing layer (15) and an intermediate layer (16) both be-
tween the first magnetic layer (13) and the second mag-
netic layer(17).
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Description

FIELD OF THE INVENTION

[0001] Example embodiments relate to magnetoresis-
tive structures, magnetic random-access memory devic-
es including the same, and/or methods of manufacturing
the magnetoresistive structure.

BACKGROUND OF THE INVENTION

[0002] As thin-film deposition technology and surface
processing technology in a high-vacuum state have rap-
idly developed, it has become possible to precisely grow
a magnetic thin film within a thickness of several nanom-
eters (nm) to be used in the manufacture a magnetic
random-access memory device. The thickness of the
magnetic thin film is grown so as to match an exchange
interaction distance between spins of a magnetic ran-
dom-access memory device. Accordingly, various phe-
nomena have been discovered which were not observed
from a magnetic material in a bulk form, and thus these
various phenomena are being applied to home applianc-
es and industrial components, for example, a magnetic
recording head or a magnetic random-access memory
(MRAM) for recording information in an ultra high-density
information storage apparatus.
[0003] A magnetic random-access memory device is
a memory device which stores data by using a resistance
change in a magnetic tunneling junction (MTJ), which is
a magnetoresistive structure. The magnetoresistive
structure is formed to have a pinned layer and a free
layer. A resistance of the magnetoresistive structure var-
ies with a magnetization direction of the free layer. For
example, if a magnetization direction of the free layer is
the same as that of the pinning layer, the magnetoresis-
tive structure may have a low resistance value. If a mag-
netization direction of the free layer is opposite to that of
the pinning layer, the magnetoresistive structure may
have a high resistance value. As such, if the magnetore-
sistive structure of the magnetic random-access memory
device has a low resistance value, the low resistance
value may correspond to, for example, data ’0’. If the
magnetoresistive structure of the magnetic random-ac-
cess memory device has a high resistance value, the low
resistance value may correspond to data ’1’.
[0004] It is necessary to implement a high magnetore-
sistance (MR) ratio, so as to achieve a magnetic random-
access memory device which has excellent characteris-
tics. To achieve this, a lot of research is being conducted.

SUMMARY OF THE INVENTION

[0005] Provided are magnetoresistive structures
which have excellent magnetoresistive characteristics
and may allow high degree of integration.
[0006] Provided are magnetic random-access memo-
ry devices that include a magnetoresistive structure

which has excellent magnetoresistive characteristics and
may allow high degree of integration.
[0007] Provided are methods of manufacturing a mag-
netoresistive structure.
[0008] According to example embodiments, a magne-
toresistive structure includes a first magnetic layer having
a magnetization direction that is fixed, a second magnetic
layer corresponding to the first magnetic layer, wherein
a magnetization direction of the second magnetic layer
being changeable , and a magnetoresistance (MR) en-
hancing layer and an intermediate layer both between
the first magnetic layer and the second magnetic layer.
[0009] An area of the second magnetic layer may be
larger than an area of the first magnetic layer.
[0010] An area of the MR enhancing layer and an area
of the intermediate layer may be each larger than the
area of the first magnetic layer.
[0011] The MR enhancing layer may cover an upper
surface and side surfaces of the first magnetic layer.
[0012] The second magnetic layer may cover an upper
surface of the intermediate layer.
[0013] The MR enhancing layer may have a thickness
of about 0.1 nm to 10nm.
[0014] The first magnetic layer and the second mag-
netic layer may each include a material having a magnetic
anisotropy that is horizontal.
[0015] The first magnetic layer and the second mag-
netic layer may each include a material having a magnetic
anisotropy that is perpendicular.
[0016] According to example embodiments, a magnet-
ic random-access memory device includes a switching
structure; and a magnetoresistive structure connected to
the switching structure, wherein the magnetoresistive
structure includes a first magnetic layer having a mag-
netization direction that is fixed; a second magnetic layer
corresponding to the first magnetic layer, wherein a mag-
netization direction of the second magnetic layer is
changeable, and an magnetoresistance (MR) enhancing
layer and an intermediate layer both between the first
magnetic layer and the second magnetic layer.
[0017] According to example embodiments, a magnet-
ic random-access memory device includes a first mag-
netic layer having a fixed magnetization direction, a sec-
ond magnetic layer operatively connected to the first
magnetic layer, and a resistive structure separating the
first magnetic layer from the second magnetic layer. The
second magnetic layer extends over the first magnetic
layer, and the second magnetic layer has a variable mag-
netization direction. The resistive structure includes at
least one magnetoresistive layer and at least one inter-
mediate layer.
[0018] A surface area of the second magnetic layer
may be larger than a surface area of the first magnetic
layer.
[0019] The first and second magnetic layers may have
the same magnetic anisotropy.
[0020] The at least one magnetoresistive layer may
cover at least one of an upper surface of the first magnetic
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layer and sidewalls of the first magnetic layer, and the at
least one intermediate layer has a profile conformal with
a profile of the at least one magnetoresistive layer.
[0021] The magnetic random-access memory device
may further include at least one passivation layer cover-
ing the sidewalls of the first magnetic layer. The at least
one passivation layer and the at least one magnetore-
sistive layer may collectively form a protective cap over
the first magnetic layer.
[0022] The at least one intermediate layer may be
stacked over the at least one magnetoresistive layer, and
the at least one magnetoresistive layer may contact the
first magnetic layer.
[0023] A width of the second magnetic layer may be
larger than a width of the first magnetic layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Example embodiments will be more clearly un-
derstood from the following detailed description taken in
conjunction with the accompanying drawings. FIGS. 1-5
represent non-limiting, example embodiments as de-
scribed herein.

FIG. 1 is a schematic diagram illustrating a cross-
section of a magnetoresistive structure according to
example embodiments;
FIG. 2 is a schematic diagram illustrating a cross-
section of a magnetoresistive structure according to
another embodiment;
FIGS. 3A through 3K are diagrams illustrating a
method of manufacturing of a magnetoresistive
structure according to example embodiments;
FIG. 4 is a graph showing a magnetoresistance (MR)
ratio of magnetoresistive structures formed accord-
ing to example embodiments and a comparative ex-
ample; and
FIG. 5 is a schematic diagram illustrating a cross-
section of a structure of a magnetic random-access
memory device which includes a magnetoresistive
structure, according to example embodiments.

DETAILED DESCRIPTION

[0025] Various example embodiments will now be de-
scribed more fully with reference to the accompanying
drawings in which some example embodiments are
shown. However, specific structural and functional de-
tails disclosed herein are merely representative for pur-
poses of describing example embodiments. Thus, the
invention may be embodied in many alternate forms and
should not be construed as limited to only example em-
bodiments set forth herein. Therefore, it should be un-
derstood that there is no intent to limit example embod-
iments to the particular forms disclosed, but on the con-
trary, example embodiments are to cover all modifica-
tions, equivalents, and alternatives falling within the
scope.

[0026] In the drawings, the thicknesses of layers and
regions may be exaggerated for clarity, and like numbers
refer to like elements throughout the description of the
figures.
[0027] Although the terms first, second, etc. may be
used herein to describe various elements, these ele-
ments should not be limited by these terms. These terms
are only used to distinguish one element from another.
For example, a first element could be termed a second
element, and, similarly, a second element could be
termed a first element, without departing from the scope
of example embodiments. As used herein, the term
"and/or" includes any and all combinations of one or more
of the associated listed items.
[0028] It will be understood that, if an element is re-
ferred to as being "connected" or "coupled" to another
element, it can be directly connected, or coupled, to the
other element or intervening elements may be present.
In contrast, if an element is referred to as being "directly
connected" or "directly coupled" to another element,
there are no intervening elements present. Other words
used to describe the relationship between elements
should be interpreted in a like fashion (e.g., "between"
versus "directly between," "adjacent" versus "directly ad-
jacent," etc.).
[0029] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of example embodiments. As used
herein, the singular forms "a," "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood
that the terms "comprises," "comprising," "includes"
and/or "including," if used herein, specify the presence
of stated features, integers, steps, operations, elements
and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps,
operations, elements, components and/or groups there-
of.
[0030] Spatially relative terms (e.g., "beneath," "be-
low," "lower," "above," "upper" and the like) may be used
herein for ease of description to describe one element or
a relationship between a feature and another element or
feature as illustrated in the figures. It will be understood
that the spatially relative terms are intended to encom-
pass different orientations of the device in use or opera-
tion in addition to the orientation depicted in the figures.
For example, if the device in the figures is turned over,
elements described as "below" or "beneath" other ele-
ments or features would then be oriented "above" the
other elements or features. Thus, for example, the term
"below" can encompass both an orientation that is above,
as well as, below. The device may be otherwise oriented
(rotated 90 degrees or viewed or referenced at other ori-
entations) and the spatially relative descriptors used
herein should be interpreted accordingly.
[0031] Example embodiments are described herein
with reference to cross-sectional illustrations that are
schematic illustrations of idealized embodiments (and in-
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termediate structures). As such, variations from the
shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, may be ex-
pected. Thus, example embodiments should not be con-
strued as limited to the particular shapes of regions illus-
trated herein but may include deviations in shapes that
result, for example, from manufacturing. For example,
an implanted region illustrated as a rectangle may have
rounded or curved features and/or a gradient (e.g., of
implant concentration) at its edges rather than an abrupt
change from an implanted region to a non-implanted re-
gion. Likewise, a buried region formed by implantation
may result in some implantation in the region between
the buried region and the surface through which the im-
plantation may take place. Thus, the regions illustrated
in the figures are schematic in nature and their shapes
do not necessarily illustrate the actual shape of a region
of a device and do not limit the scope.
[0032] It should also be noted that in some alternative
implementations, the functions/acts noted may occur out
of the order noted in the figures. For example, two figures
shown in succession may in fact be executed substan-
tially concurrently or may sometimes be executed in the
reverse order, depending upon the functionality/acts in-
volved.
[0033] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which example embodiments belong. It
will be further understood that terms, such as those de-
fined in commonly used dictionaries, should be interpret-
ed as having a meaning that is consistent with their mean-
ing in the context of the relevant art and will not be inter-
preted in an idealized or overly formal sense unless ex-
pressly so defined herein.
[0034] As appreciated by the present inventive entity,
devices and methods of forming devices according to
various embodiments described herein may be embod-
ied in microelectronic devices such as integrated circuits,
wherein a plurality of devices according to various em-
bodiments described herein are integrated in the same
microelectronic device. Accordingly, the cross-sectional
view(s) illustrated herein may be replicated in two differ-
ent directions, which need not be orthogonal, in the mi-
croelectronic device. Thus, a plan view of the microelec-
tronic device that embodies devices according to various
embodiments described herein may include a plurality of
the devices in an array and/or in a two-dimensional pat-
tern that is based on the functionality of the microelec-
tronic device.
[0035] The devices according to various embodiments
described herein may be interspersed among other de-
vices depending on the functionality of the microelectron-
ic device. Moreover, microelectronic devices according
to various embodiments described herein may be repli-
cated in a third direction that may be orthogonal to the
two different directions, to provide three-dimensional in-
tegrated circuits.

[0036] Accordingly, the cross-sectional view(s) illus-
trated herein provide support for a plurality of devices
according to various embodiments described herein that
extend along two different directions in a plan view and/or
in three different directions in a perspective view. For
example, when a single active region is illustrated in a
cross-sectional view of a device/structure, the de-
vice/structure may include a plurality of active regions
and transistor structures (or memory cell structures, gate
structures, etc., as appropriate to the case) thereon, as
would be illustrated by a plan view of the device/structure.
[0037] With regard to a magnetoresistive structure and
a magnetic random-access memory device including the
same according to example embodiments, reference will
now be made in detail to embodiments, examples of
which are illustrated in the accompanying drawings.
[0038] FIG. 1 is a schematic diagram illustrating a
cross-section of a magnetoresistive structure according
to example embodiments.
[0039] Referring to FIG. 1, according to example em-
bodiments, a magnetoresistive structure may include a
first magnetic layer 13, a second magnetic layer 17 which
is formed to correspond to the first magnetic layer 13,
and a magnetoresistance (MR) enhancing layer 15 and
an intermediate layer 16 which are formed between the
first magnetic layer 13 and the second magnetic layer 17.
[0040] According to example embodiments, the sec-
ond magnetic layer 17 may be formed to have a larger
area than the first magnetic layer 13. Additionally, the
MR enhancing layer 15 and the intermediate layer 16
may each be formed to have a larger area than the first
magnetic layer 13. The MR enhancing layer 15 and the
intermediate layer 16 may be formed to have a three-
dimensional (3D) structure that surrounds an upper sur-
face and a side of the first magnetic layer 13. FIG. 1
shows a structure in which the second magnetic layer 17
is formed only on an upper surface of the intermediate
layer 16. However, this is only an example, and the sec-
ond magnetic layer 17 may be formed on a side of the
intermediate layer 16, as well as on the upper surface of
the intermediate layer 16. Additionally, a passivation lay-
er 14 may be formed between the side of the first mag-
netic layer 13, and the MR enhancing layer 15.
[0041] The first magnetic layer 13 may be a pinned
layer of which magnetization direction is fixed. The first
magnetic layer 13 may be formed of a ferromagnetic ma-
terial which is formed of a metal or an alloy that includes
at least one material from among nickel (Ni), cobalt (Co)
or iron (Fe). Also, the first magnetic layer 13 may further
include boron (B), chrome (Cr), platinum (Pt), or palladi-
um (Pd). For example, the first magnetic layer 13 may
be formed of nickel iron (NiFe), cobalt iron (CoFe), nickel
iron boron (NiFeB), cobalt iron boron (CoFeB), nickel iron
silicon boron (NiFeSiB), or cobalt iron silicon boron
(CoFeSiB). Additionally, in order to fix a magnetization
direction of the first magnetic layer 13, a pinning layer 12
may be selectively further included below the first mag-
netic layer 13. The pinning layer 12 may be formed by
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using an antiferromagnetic layer or a synthetic antiferro-
magnetic (SAF) structure. If an antiferromagnetic layer
is used as the pinning layer 12, the antiferromagnetic
layer may be formed by using an alloy that includes man-
ganese (Mn). For example, the antiferromagnetic layer
may be formed by using an iridium manganese (IrMn),
iron manganese (FeMn), or nickel manganese (NiMn)
alloy. Instead of using the pinning layer 12, shape ani-
sotropy of the first magnetic layer 13 may also be used
to fix a magnetization direction of the first magnetic layer
13. The first magnetic layer 13 may be formed on a first
electrode 11 so that a power source may be applied to
the magnetic layer 13. The first electrode 11 may be
formed on a lower structure 10 such as a substrate. The
first electrode 11 may be formed to include a conductive
material such as metal, conductive metal oxide, or con-
ductive metal nitride.
[0042] Unlike the first magnetic layer 13, the second
magnetic layer 17 may be formed so that a magnetization
direction of the second magnetic layer 17 may be
changed. The first magnetic layer 17 may be formed of
a ferromagnetic material which is formed of a metal or
an alloy that includes at least one material from among
Ni, Co or Fe. Also, the second magnetic layer 17 may
further include B, Cr, Pt, or Pd. For example, the second
magnetic layer 17 may be formed of NiFe, CoFe, NiFeB,
CoFeB, NiFeSiB, or CoFeSiB.
[0043] The MR enhancing layer 15 is applied to en-
hance an MR ratio of a magnetoresistive structure. The
MR enhancing layer 15 is formed of at least one material
from among Co, Fe, or Ni. Additionally, the MR enhancing
layer 15 may be formed of an amorphous magnetic ma-
terial that further includes B, Si, zirconium (Zr), or titanium
(Ti). The MR enhancing layer 15 may be formed to have
a thickness of about 0.1 nm to 10 nm.
[0044] The intermediate layer 16 may be formed to in-
clude an insulating material such as magnesium (Mg)
oxide or aluminum (Al) oxide. However, the intermediate
layer 16 is not limited to an insulating material. The in-
termediate layer 16 may be formed of a conductive ma-
terial that includes at least one material from among ru-
thenium (Ru), copper (Cu), Al, gold (Au) and silver (Ag).
The intermediate layer 16 may be formed to have a thick-
ness of several nanometers, for example, 1 to 10 nm.
[0045] The passivation layer 14 may be formed of an
insulating material, generally, a material of an interlayer
insulating layer which is used for an electronic device.
The passivation layer 14 may be formed of silicon oxide
or silicon nitride.
[0046] FIG. 2 is a schematic diagram illustrating a
cross-section of a magnetoresistive structure according
to example embodiments.
[0047] Referring to FIG. 2, according to example em-
bodiments, the magnetoresistive structure may include
a first magnetic layer 23, a second magnetic layer 27
which is formed to correspond to the first magnetic layer
23, and an MR enhancing layer 25 and an intermediate
layer 26 which are formed between the first magnetic

layer 23 and the second magnetic layer 27. Additionally,
a first passivation layer 24a and a second passivation
layer 24b may be formed at a side of the first magnetic
layer 23.
[0048] The first magnetic layer 23 may be a pinned
layer of which magnetization direction is fixed. In order
to fix a magnetization direction of the first magnetic layer
23, a pinning layer 22 may be selectively further included
below the first magnetic layer 23. The pinning layer 22
may be formed by using an antiferromagnetic layer or an
SAF structure. Instead of using the pinning layer 22,
shape anisotropy of the first magnetic layer 23 may also
be used to fix a magnetization direction of the first mag-
netic layer 23. The first magnetic layer 23 may be formed
on a first electrode 21 so that a power source may be
applied to the first magnetic layer 23. The first electrode
21 may be formed on a lower structure 20 such as a
substrate. The second magnetic layer 27 may be formed
to have a larger area than the first magnetic layer 23.
Additionally, the MR enhancing layer 25 and the inter-
mediate layer 26 may each be formed to have a larger
area than the first magnetic layer 23.
[0049] The descriptions about materials of each mem-
ber shown in FIG. 1 may be also applied to the descrip-
tions about materials of each member shown in FIG. 2
with the same name, such as a description about a thick-
ness,
[0050] According to the example embodiments shown
in FIGS. 1 and 2, as examples, the first magnetic layers
13 and 23 and the second magnetic layers 17 and 27
have horizontal magnetic anisotropy. However, the first
magnetic layers 13 and 23 and the second magnetic lay-
ers 17 and 27 are not limited thereto. The first magnetic
layers 13 and 23 and the second magnetic layers 17 and
27 may also have perpendicular magnetic anisotropy. If
the first magnetic layers 13 and 23 and the second mag-
netic layers 17 and 27 have perpendicular magnetic an-
isotropy, magnetic anisotropy energy may be about 106
to 107 erg/cc. In this case, the first magnetic layers 13
and 23 and the second magnetic layers 17 and 27 may
respectively have a multi-layered structure in which a first
layer, formed of at least one of Co and a Co alloy, and a
second layer, formed of at least one from among Pt, Ni,
and Pd, are alternately stacked. Otherwise, each of the
first magnetic layers 13 and 23 and the second magnetic
layers 17 and 27 may be an iron platinum (FePt) or cobalt
platinum (CoPt) layer that has a L10 structure , or an
alloy layer formed of a rare-earth element or a transition
metal. A rare-earth element may be at least one of ter-
bium (Tb) and gadolinium (Gd). A transition metal may
be at least one of Ni, Fe, and Co.
[0051] Hereinafter, by referring to FIGS. 3A through
3K, a method of manufacturing a magnetoresistive struc-
ture according to example embodiments is described.
[0052] FIGS. 3A through 3K are diagrams illustrating
a method of manufacturing of a magnetoresistive struc-
ture according to example embodiments. Hereinafter, a
method of manufacturing the magnetoresistive structure,
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shown in FIG. 1, will be described. According to example
embodiments, each layer of the magnetoresistive struc-
ture may be formed by using a physical vapor deposition
(PVD) or chemical vapor deposition (CVD) method.
[0053] Referring to FIG. 3A, a material of the first mag-
netic layer 13 is applied to a layer of a material of the first
electrode 11 which is formed of a conductive material
such as metal. The first magnetic layer 13 may be formed
of a ferromagnetic material which is formed of a metal or
an alloy that includes at least one material from among
Ni, Co or Fe. Additionally, the first magnetic layer 13 may
further include B, Cr, Pt, or Pd. For example, the first
magnetic layer 13 may be formed of NiFe, CoFe, NiFeB,
CoFeB, NiFeSiB, or CoFeSiB. In order to selectively fix
a magnetization direction of the first magnetic layer 13,
the pinning layer 12 may be first formed to be located
below the first magnetic layer 13, before the first magnetic
layer 13 is formed. If an antiferromagnetic layer is used
as the pinning layer 12, the antiferromagnetic layer may
be formed by using an alloy that includes Mn. For exam-
ple, the antiferromagnetic layer may be formed by using
an IrMn, FeMn, or NiMn alloy. A capping layer 31 is
formed on a set (or, alternatively, predetermined) area
of the first magnetic layer 13, and a sacrificial layer 32
and a mask layer 33 are formed on the capping layer 31.
[0054] Referring to FIG. 3B, an etching process is per-
formed on an area other than an area which is defined
as the first magnetic layer 13 of the magnetoresistive
structure, so that the first magnetic layer 13 may have
the same width as the mask layer 33 and the sacrificial
layer 32. An ion beam etching (IBE) method may be used
for the etching process.
[0055] Referring to FIG. 3C, the passivation layers 14
and 34 may be formed on the first electrode 11 and the
first magnetic layer 13. The passivation layers 14 and 34
may be formed to include the first passivation layer 14
and the second passivation layer 34. The passivation
layers 14 and 34 may be formed of different materials
from each other but are not limited thereto. The passiva-
tion layers 14 and 34 may be formed of an insulating
material, such as a metal oxide or a metal nitride. For
example, the first passivation layer 14 may be formed of
Mg oxide, and the second passivation layer 34 may be
formed of silicon oxide.
[0056] Referring to FIG. 3D, the sacrificial layer 32 and
a partial area of the passivation layers 14 and 34 are
removed by using, for example, a chemical-mechanical
polishing (CMP) process, so as to expose an area on
which the capping layer 31 is formed.
[0057] Additionally, referring to FIG. 3E, the second
passivation layer 34 may be removed by using an etching
process. For example, by using a reactive ion etching
(RIE) process, the second passivation layer 34 may be
removed, and thus the first passivation layer 14 may be
exposed. If a CMP process or an etching process is per-
formed, the capping layer 31 needs to be formed in order
to protect the first magnetic layer 13.
[0058] Referring to FIG. 3F, the capping layer 31 is

removed, and then materials of the MR enhancing layer
15, the intermediate layer 16, and the second magnetic
layer 17 may be sequentially deposited. The magnetore-
sistive structure, described herein, is manufactured ac-
cording to the example embodiments described with re-
gard to FIG. 1. Thus, materials of the MR enhancing layer
15, the intermediate layer 16, and the second magnetic
layer 17 may be deposited to surround an upper surface
and a side of the first magnetic layer 13.
[0059] If the magnetoresistive structure, according to
example embodiments shown in FIG. 2, is to be formed,
the second passivation layer 34 is not removed, and only
the capping layer 31 is removed from the structure shown
in FIG. 3D. Then, materials of the MR enhancing layer
15, the intermediate layer 16, and the second magnetic
layer 17 may be sequentially deposited directly on the
first magnetic layer 13 and the second passivation layer
34.
[0060] Referring to FIG. 3G, a second mask layer 35
is formed on the second magnetic layer 17 to have a
desired width. Then, an etching process may be per-
formed again by using an IBE method.
[0061] Referring to FIG. 3H, the intermediate layer 16
and the second magnetic layer 17 may be formed to have
a desired shape by using the IBE method. Accordingly,
a magnetoresistive structure that has the structure as
shown in FIG. 1 may be formed. If the second mask layer
35 is formed to have a wider width, the second magnetic
layer 17 may be formed to surround an upper surface
and a side of the intermediate layer 16.
[0062] Additionally, an example of forming an elec-
trode connection structure, which may apply a power
source to the first magnetic layer 13 and the second mag-
netic layer 17, is described by referring to FIGS. 3I and
3K.
[0063] Referring to FIG. 3I, the insulating layer 36 is
formed by applying a material such as silicon oxide or
silicon nitride. Then, the second mask layer 35 is exposed
by using a CMP process or so on, and then the second
magnetic layer 17 is exposed by removing the second
mask layer 35.
[0064] Then, referring to FIG. 3K, a hole 38 is formed
on the insulating layer 36, and thus the first electrode 11
is exposed. Then, by depositing a conductive material,
connection electrodes 37 and 39 may be respectively
formed. An insulating layer may be further formed at a
side of the hole 38, so that insulation between the MR
enhancing layer 15 and the connection electrode 39 may
be maintained.
[0065] FIG. 4 is a graph showing a magnetoresistance
(MR) ratio of magnetoresistive structures formed accord-
ing to example embodiments and a comparative exam-
ple. The graph, shown in FIG. 4, shows an MR ratio ac-
cording to whether the MR enhancing layer is formed.
[0066] An object specimen, shown in FIG. 4, includes
a magnetoresistive structure in which a PtMn layer was
formed as an antiferromagnetic layer, a CoFe layer was
formed on the PtMn layer as a first magnetic layer, an
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Ru layer was formed as an intermediate layer, and then
a CoFeB layer was formed on the Ru layer as a second
magnetic layer. An Ru layer was further formed on a sur-
face of the second magnetic layer. In FIG. 4, ’A’ and ’B’
are specimens that do not include an additional MR en-
hancing layer, and ’C’ and ’D’ are specimens that further
include an MR enhancing layer which was formed as a
CoFeB layer between the first magnetic layer and the
intermediate layer. A horizontal axis in the graph shown
in FIG. 4 represents a thickness of the Ru layer formed
on a surface of each specimen. A radio frequency (RF)
etching was performed on the specimens ’A’ and ’C’ for
about 120 seconds. An RF etching was performed on
the specimens ’B’ and ’D’ for about 180 seconds. Then,
an MR ratio was measured.
[0067] FIG. 4 shows that a transmission medium re-
quirement (TMR) value, obtained from ’C’ and ’D’ which
include the MR enhancing layer, differs greatly from a
TMR value, and obtained from ’A’ and ’D’ which do not
additionally include the MR enhancing layer.
[0068] According to example embodiments, the mag-
netoresistive structure may be applied to various types
of electronic devices or magnetic devices. For example,
the magnetoresistive structure may be applied to a mag-
netic random-access memory device.
[0069] FIG. 5 is a schematic diagram illustrating a
cross-section of a structure of a magnetic random-access
memory device which includes a magnetoresistive struc-
ture, according to example embodiments.
[0070] The magnetoresistive structure in the current
example embodiment may be connected to a switching
structure. FIG. 5 shows the magnetic random-access
memory device in which the magnetoresistive structure
is connected to a transistor structure.
[0071] Referring to FIG. 5, the switching structure is
described. A gate structure, which includes a gate insu-
lating layer 51 and a gate electrode 52, is formed on a
substrate 50. A channel may be formed in a region of the
substrate 50 below the gate structure, and areas of a
source 53a and a drain 53b may be formed at both sides
of the channel. Locations of the source 53a and the drain
53b may be interchanged. The drain 53b in the switching
structure may also be connected to the first electrode 11
shown in FIG. 1, via an interlayer insulating layer 54.
[0072] As described above, according to the one or
more of the above example embodiments, provided is
the magnetoresistive structure, in which the second mag-
netic layer is formed to have a wider area compared to
the first magnetic layer, and in which the MR enhancing
layer is included; thus, the magnetoresistive structure
has a high MR ratio. Additionally, provided is a magnetic
device which has a high degree of integration, which is
achieved by forming the magnetoresistive structure to
have a 3D structure.
[0073] It should be understood that the example em-
bodiments described therein should be considered in a
descriptive sense only and not for purposes of limitation.
For example, numerous modifications of the magnetore-

sistive structure shown in FIGS. 1 and 2 will be readily
apparent to those skilled in this art without departing from
the spirit and scope. Additionally, according to the exam-
ple embodiments, the magnetoresistive structure may be
applied to not only the magnetic random-access memory
device shown in FIG. 5, but also to a memory device
which has a different structure or a magnetic device other
than the memory device. Therefore, the scope of the in-
vention is defined not by the detailed description of the
invention but by the appended claims, and all differences
within the scope will be construed as being included in
the present invention.

Claims

1. A magnetoresistive structure, comprising:

a first magnetic layer having a magnetization di-
rection that is fixed;
a second magnetic layer corresponding to the
first magnetic layer, wherein a magnetization di-
rection of the second magnetic layer is a
changeable magnetization direction; and
a magnetoresistance (MR) enhancing layer and
an intermediate layer both between the first
magnetic layer and the second magnetic layer.

2. The magnetoresistive structure of claim 1, wherein
an area of the second magnetic layer is larger than
an area of the first magnetic layer.

3. The magnetoresistive structure of claim 2, wherein
an area of the MR enhancing layer and an area of
the intermediate layer are each larger than the area
of the first magnetic layer.

4. The magnetoresistive structure of any preceding
claim, wherein the MR enhancing layer covers an
upper surface and side surfaces of the first magnetic
layer.

5. The magnetoresistive structure of claim 4, wherein
the second magnetic layer covers an upper surface
of the intermediate layer.

6. The magnetoresistive structure of any preceding
claim, wherein the MR enhancing layer has a thick-
ness of 0.1 nm to 10 nm.

7. The magnetoresistive structure of any preceding
claim, wherein the first magnetic layer and the sec-
ond magnetic layer each include a material having
a horizontal magnetic anisotropy.

8. The magnetoresistive structure of any preceding
claim, wherein the first magnetic layer and the sec-
ond magnetic layer each include a material having
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a perpendicular magnetic anisotropy.

9. A magnetic random-access memory device, com-
prising:

a switching structure; and
a magnetoresistive structure connected to the
switching structure, wherein the magnetoresis-
tive structure is a magnetostrictive structure ac-
cording to any preceding claim.

10. A magnetic random-access memory device, com-
prising:

a magnetoresistive structure according to any
of claims 1 to 8 including a resistive structure
separating the first magnetic layer from the sec-
ond magnetic layer, wherein the resistive struc-
ture includes the at least one magnetoresistive
layer and at least one intermediate layer.

11. The magnetic random-access memory device of
claim 10, wherein a surface area of the second mag-
netic layer is larger than a surface area of the first
magnetic layer.

12. The magnetic random-access memory device of
claim 10 or 11, wherein the first and second magnetic
layers have the same magnetic anisotropy.

13. The magnetic random-access memory device of
claim 10,11 or 12, wherein
the at least one magnetoresistive layer covers at
least one of an upper surface of the first magnetic
layer and sidewalls of the first magnetic layer, and
the at least one intermediate layer has a profile con-
formal with a profile of the at least one magnetore-
sistive layer.

14. The magnetic random-access memory device of
claim 13, further comprising:

at least one passivation layer covering the side-
walls of the first magnetic layer,
wherein the at least one passivation layer and
the at least one magnetoresistive layer collec-
tively form a protective cap over the first mag-
netic layer.

15. The magnetic random-access memory device of any
of claims 10 to 14, wherein
the at least one intermediate layer is stacked over
the at least one magnetoresistive layer, and
the at least one magnetoresistive layer contacts the
first magnetic layer.
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