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(57) ABSTRACT 
A method of forming a memory device that in one embodi 
ment may include forming a magnetic tunnel junction on a 
first electrode using an electrically conductive mask and Sub 
tractive etch method. Following formation of the magnetic 
tunnel junction, at least one dielectric layer is deposited to 
encapsulate the magnetic tunnel junction. Ion beam etching/ 
Ion beam milling may then remove the portion of the at least 
one dielectric layer that is present on the electrically conduc 
tive mask, wherein a remaining portion of the at least one 
dielectric layer is present over the first electrode. A second 
electrode may then be formed in contact with the electrically 
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METHOD OF FORMING AN ON-PITCH 
SELF-ALIGNED HARD MASKFOR 

CONTACT TO A TUNNEL JUNCTION USING 
ON BEAM ETCHING 

BACKGROUND 

0001 1. Technical Field 
0002 The present disclosure relates to electrical devices, 
Such as electrical devices including magnetic tunnel junc 
tions. 
0003 2. Description of the Related Art 
0004. The dimensions of semiconductor devices and 
memory devices have been steadily shrinking over the last 
thirty years or So, as Scaling to Smaller dimensions leads to 
continuing device performance improvements. Memory 
devices, such as magnetic memory devices, e.g., spin torque 
transfer random access memory, have typically been formed 
using etch patterning methods, Such as reactive ion etching. 
As memory devices continued to Scale to Smaller and Smaller 
dimensions, the precision of etch patterning methods, such as 
reactive ion etching, can limit their suitability for forming 
structural features of the increasingly scaled memory device. 

SUMMARY 

0005. In one aspect, a method of forming a memory device 
is provided that includes forming a magnetic tunnel junction 
stack on a first electrode using an electrically conductive 
mask and subtractive etch method. Following formation of 
the magnetic tunnel junction, at least one dielectric layer is 
deposited to encapsulate the magnetic tunnel junction stack. 
Ion beam etching may then remove the portion of the at least 
one dielectric layer that is present on the electrically conduc 
tive mask, wherein a remaining portion of the at least one 
dielectric layer is present over the first electrode. A second 
electrode may then be formed in contact with the electrically 
conductive mask. 
0006. In another embodiment, a method of forming a 
memory device is provided that includes forming a layered 
stack on a first electrode that is present on a Substrate, the 
layered Stack including a magnetic tunneljunction on the first 
electrode, and an electrically conductive mask on the mag 
netic tunnel junction. Following formation of the layered 
stack, at least one dielectric layer is blanket deposited on the 
layered stack and exposed portions of the first electrode and 
the portion of the substrate that are adjacent to the layered 
stack. Ion beam etching may then remove a portion of the at 
least one dielectric layer to expose the electrically conductive 
mask. A remaining portion of the at least one dielectric layer 
is present on sidewalls of the magnetic tunneljunction of the 
layered stack, the exposed portions of the first electrode and 
the Substrate adjacent to the layered Stack. A second electrode 
may then be formed in contact with the electrically conduc 
tive mask. 
0007. In another aspect, a memory device is provided that 
includes a first electrode present on a Substrate, and a mag 
netic tunnel junction stack that is present on the first elec 
trode. An electrically conductive mask is present on an upper 
Surface of the magnetic tunneljunction. At least one dielectric 
layer is present on exposed portions of the Substrate, and 
exposed portions of the first electrode that are present adja 
cent to the magnetic tunnel junction stack. The at least one 
dielectric layer is also present on a sidewall of the magnetic 
tunnel junction, and at least a portion of a sidewall of the 
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electrically conductive mask. A dimension extending from an 
upper Surface of the magnetic tunnel junction to the first 
electrode is greater than a height of the at least one dielectric 
layer that is present on the sidewall of the electrically con 
ductive mask. A second electrode is present on the electrically 
conductive mask. 

BRIEF DESCRIPTION OF DRAWINGS 

0008. The following detailed description, given by way of 
example and not intended to limit the disclosure solely 
thereto, will best be appreciated in conjunction with the 
accompanying drawings, wherein like reference numerals 
denote like elements and parts, in which: 
0009 FIG. 1 is a side cross-sectional view depicting form 
ing a first electrode on a substrate, in accordance with one 
embodiment of the present disclosure. 
0010 FIG. 2 is a side cross-sectional view depicting form 
ing a layered Stack of a magnetic tunnel junction on the first 
electrode, and an electrically conductive mask on the mag 
netic tunneljunction, in accordance with one embodiment of 
the present disclosure. 
0011 FIG.3 is a side cross-sectional view depicting form 
ing at least one dielectric layer to encapsulate the layered 
stack of a magnetic tunnel junction and the electrically con 
ductive mask, in accordance with one embodiment of the 
present disclosure. 
0012 FIG. 4 is a side cross-sectional view depicting ion 
beam etching to remove the portion of the at least one dielec 
tric layer that is present on the electrically conductive mask, 
wherein a remaining portion of the at least one dielectric layer 
is present over the first electrode, in accordance with one 
embodiment of the present disclosure. 
0013 FIG. 5 is a side cross-sectional view depicting form 
ing a second electrode in contact with the electrically con 
ductive mask, in accordance with one embodiment of the 
present disclosure. 
0014 FIG. 6 is a side cross-sectional view of a memory 
device, in accordance with one embodiment of the present 
disclosure. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0015 Detailed embodiments of the claimed structures and 
methods are disclosed herein; however, it is to be understood 
that the disclosed embodiments are merely illustrative of the 
claimed structures and methods that may be embodied in 
various forms. In addition, each of the examples given in 
connection with the various embodiments are intended to be 
illustrative, and not restrictive. Further, the figures are not 
necessarily to scale. Some features may be exaggerated to 
show details of particular components. Therefore, specific 
structural and functional details disclosed herein are not to be 
interpreted as limiting, but merely as a representative basis for 
teaching one skilled in the art to variously employ the meth 
ods and structures of the present disclosure. For purposes of 
the description hereinafter, the terms “upper”, “lower, 
“right”, “left”, “vertical”, “horizontal”, “top”, “bottom', and 
derivatives thereof shall relate to the embodiments of the 
disclosure, as it is oriented in the drawing figures. The terms 
"positioned on’ means that a first element, Such as a first 
structure, is present on a second element, such as a second 
structure, wherein intervening elements, such as an interface 
structure, e.g. interface layer, may be present between the first 
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element and the second element. The term "direct contact’ 
means that a first element, such as a first structure, and a 
second element, such as a second structure, are connected 
without any intermediary conducting, insulating or semicon 
ductor layers at the interface of the two elements. 
0016. In some embodiments, the present disclosure is 
related to preparing contacts to semiconductor devices, such 
as memory devices. As used herein, the term “memory 
device' means a structure in which the electrical state or 
magnetic state can be altered and then retained in the altered 
state, in this way a bit of information can be stored. In some 
instances, the methods and structures that are disclosed herein 
are applicable for forming contacts, i.e., electrodes, to the 
electrically conductive mask of a magnetic tunnel junction 
(MJT) in a memory device. In the following description, the 
memory device being formed is a spin torque transferrandom 
access memory (STTRAM). The spin torque transfer random 
access memory (STTRAM) device is a magnetic random 
access memory (MRAM) device, in which the data is not 
stored as electric charge or current flows, but by magnetic 
storage elements. 
0017. In an MRAM device, the elements are formed from 
two ferromagnetic plates, each of which can hold a magnetic 
field, separated by a thin insulating layer. In some embodi 
ments, one of the two plates is a permanent magnet set to a 
particular polarity, and the other plate's field can be changed 
to match that of an external field to store memory. This con 
figuration is known as a spin valve and is the simplest struc 
ture for an MRAM bit. A memory device is built from a grid 
of such "cells'. The simplest method of reading is accom 
plished by measuring the electrical resistance of the cell. A 
particular cell is (typically) selected by powering an associ 
ated transistor that Switches current from a Supply line 
through the cell to ground. Due to the magnetic tunnel effect, 
the electrical resistance of the cell changes due to the orien 
tation of the fields in the two plates. By measuring the result 
ing current, the resistance inside any particular cell can be 
determined, and from this the polarity of the writable plate. 
Typically, if the two plates have the same polarity this is 
considered to mean “1”, while if the two plates are of opposite 
polarity the resistance will be higher and this means “0”. Data 
is written to the cells using a variety of means. In one embodi 
ment, each cell may be positioned between a pair of write 
lines arranged at right angles to each other, above and below 
the cell. When current is passed through them, an induced 
magnetic field is created at the junction, which the writable 
plate picks up. 
0018. In a spin transfer torque (STT), or spin transfer 
switching, MRAM device (STTRAM), spin-aligned (“polar 
ized”) electrons are employed to directly torque the domains. 
Specifically, if the electrons flowing into a layer have to 
change their spin, this will develop a torque that will be 
transferred to the nearby layer. In some embodiments, this 
lowers the amount of current needed to write the cells, making 
it about the same as the read process. 
0019 Typically, spin torque transfer random access 
memory (STTRAM) devices are formed using etch pattern 
ing methods, such as reactive ion etching (RIE). As spin 
torque transfer random access memory (STTRAM) devices 
are scaled to Smaller and Smaller dimensions, the precision of 
etch patterning methods. Such as reactive ion etching (RIE). 
can limit their suitability for forming structural features of the 
increasingly scaled device. In some embodiments, the meth 
ods and structures that are disclosed herein employ ion beam 
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milling/ion beam etch to remove dielectric materials to 
expose the electrically conductive materials, e.g., electrically 
conductive mask, that are present on the upper Surface of the 
magnetic tunnel junction stack prior to forming electrical 
contacts to the layered Stack. As used herein, “ion beam 
milling/ion beam etch' denotes a material removal process 
that employs ions within a plasma formed by an electric 
discharge that are accelerated by an electric field towards and 
bombard the material to be removed. In some examples, the 
ions within the plasma may beargonions that are focused into 
a highly collimated beam. In some embodiments, by using 
ion beam milling methods as a material removal process in 
forming the contacts to memory devices a higher degree of 
precision is provided that is not available using etching pro 
cess, such as wet and dry chemical etching processes. 
0020. Although the following description describes the 
formation of an STTRAM device, it is noted that this is only 
one example of a memory device that consistent with the 
methods and structures that are disclosed herein. For 
example, the methods and structures that are disclosed herein 
are equally applicable to any type of memory device where 
one bit is associated to one complementary metal oxide semi 
conductor(CMOS) device, such as, for example: ferroelectric 
random access (FRAM), magnetic random access memory 
(MRAM), phase change random access memory (PCRAM), 
carbon nanotube random access memory (NRAM), resistive 
random access memory (RRAM), copper bridge random 
access memory (CBRAM), polymer RAM, and combina 
tions thereof. The methods and structures of the present dis 
closure are now discussed with more detail referring to FIGS. 
1-6. 

0021 FIG. 1 depicts one embodiment of forming a base 
contact 10 (hereafter referred to as first electrode) that is 
positioned on a substrate 5. In the embodiment that is 
depicted in FIG. 1, the first electrode 10 is present in a trench 
that is formed in the substrate 5. In some embodiments, the 
Substrate 5 may be composed of a dielectric material. Such as 
an oxide, nitride or oxynitride material. For example, when 
the dielectric material that provides the substrate 5 is an 
oxide, the substrate 5 may be composed of silicon oxide 
(SiO4). In another embodiment, when the dielectric material 
that provides the substrate 5 is a nitride, the substrate 5 may be 
composed of silicon nitride. In other examples, the dielectric 
material that provides the substrate 5 is selected from the 
group consisting of SiC. SiCO, SiCOH, and SiCH com 
pounds, the above-mentioned silicon containing materials 
with some or all of the Si replaced by Ge, carbon doped 
oxides, inorganic oxides, inorganic polymers, hybrid poly 
mers, organic polymers such as polyamides or SiLKTM, other 
carbon containing materials, organo-inorganic materials such 
as spin-on glasses and silsesquioxane-based materials, and 
diamond-like carbon (DLC), also known as amorphous 
hydrogenated carbon, C.-C:H). In some embodiments, a semi 
conductor material may be used for the substrate 5 instead of 
a dielectric material, or the substrate 5 may include a combi 
nation of semiconductor and dielectric materials. 

0022. In some embodiments, the trench that is present in 
the substrate 5 that houses the first electrode 10 may be 
formed using pattern and etch processing. For example, the 
trench may be formed in the substrate 5 by forming a photo 
resist mask on the upper surface of the substrate 5. Thereafter, 
an etch process, such as reactive ion etch (RIE), may be 
applied to etch the exposed portions of the substrate 5 that are 
not protected by the photoresist mask. The etch process may 
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be an etch process that removes the material of the substrate 
5 selectively to the photoresist mask. The term “selective’ as 
used to describe a material removal process denotes that the 
rate of material removal for a first material is greater than the 
rate of removal for at least another material of the structure to 
which the material removal process is being applied. For 
example, in one embodiment, a selective etch may include an 
etch chemistry that removes a first material selectively to a 
second material by a ratio of 100:1 or greater. 
0023 Still referring to FIG. 1, the first electrode 10 may be 
formed in the trench that is formed in the substrate 5. The first 
electrode 10 may be composed of any electrically conductive 
material. A “electrode' as used to describe a component of the 
memory devices represents one of the two electrically con 
ductive materials of the memory device that are on opposing 
sides and separated by the magnetic tunnel junction (MJT). 
“Electrically conductive' as used through the present disclo 
Sure means a material typically having a room temperature 
conductivity of greater than 10(S2-m)'. In some embodi 
ments, the first electrode 10 is composed of a metal material, 
Such as copper, aluminum, tantalum, tungsten, titanium, 
platinum, silver, nickel or gold. In the embodiments, in which 
the first electrode 10 is composed of a metal, the first electrode 
10 may be deposited using a physical vapor deposition (PVD) 
process. Examples of physical vapor deposition (PVD) pro 
cesses that are suitable for forming the first electrode 10 
include plating, sputtering, electroplating, electrophoretic 
deposition, and combinations thereof. In other embodiments, 
the metal may be deposited using a chemical vapor deposition 
process, such as plasma enhanced chemical vapor deposition 
(PECVD). In some embodiments, the material of the first 
electrode 10 may be an electrically conductive semiconduc 
tor, Such as n-type doped polysilicon. 
0024. In some embodiments, following deposition of the 
material for the first electrode 10 in the trench of the substrate 
5, a planarization process, such as chemical mechanical pla 
narization (CMP) may be used to planarize the upper surface 
of the electrically conductive material that is present in the 
trench. In some embodiments, the planarization process may 
continue until the upper surface of the electrically conductive 
material that provides the first electrode 10 within the trench 
is coplanar with the upper surface of the portion of the sub 
strate 5 that is not etched. 

0025 FIG.2 depicts forming a layered stack of a magnetic 
tunnel junction 25 on the first electrode 5, and an electrically 
conductive mask 20 on the magnetic tunnel junction 25. The 
magnetic tunnel junction 25 includes a first and second fer 
romagnetic plate 26, 28 Separated by an insulating layer 27. 
The first ferromagnetic plate 26 that is present on the first 
electrode 10 may be referred to as the storage layer of the 
magnetic tunnel junction 25. The first ferromagnetic plate 26 
that is present on the first electrode 10 may be one or more of 
nickel iron (NiFe), cobalt iron (CoFe), iridium-manganese 
(IrMn), platinum manganese (PtMn), ruthenium (Ru), cobalt 
iron boron (CoFeB).chromium molybdenum (CrMo), tanta 
lum (Ta), tantalum nitride (TaN), and combinations thereof. 
The first ferromagnetic plate 26 may be composed of a single 
layer or multiple layers. It is noted that the above noted 
materials for the first ferromagnetic plate 26 are selected for 
illustrative purposes only and are not intended to be limiting. 
Other ferromagnetic materials are also suitable for the first 
ferromagnetic plate 26. The thickness for the first ferromag 
netic plate 26 may range from 1 nm to 20 nm. In another 
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embodiment, the thickness of the first ferromagnetic plate 26 
may range from 1 nm to 10 nm. 
0026. The insulating layer 27 that is present between the 

first ferromagnetic plate 26 and the second ferromagnetic 
plate 28 may be referred to as a barrier layer. The insulating 
layer 27 for the magnetic tunnel junction 25 may be com 
posed of a dielectric material that is selected from the group 
consisting of aluminum oxide (Al2O), magnesium oxide 
(MgO), boron nitride (BN), silicon oxide (SiO) and combi 
nations thereof. The thickness of the insulating layer 27 may 
range from 1 nm to 20 nm. In another embodiment, the 
thickness of the insulating layer 27 may range from 1 nm to 10 

0027. The second ferromagnetic plate 28that is present on 
the surface of the insulating layer 27 that is opposite the 
surface of the insulating layer 27 that is in contact with the 
first ferromagnetic plate 26 may be referred to as the reference 
layer of the magnetic tunnel junction 25. The second ferro 
magnetic plate 28 may be one or more of nickel iron (NiFe), 
cobalt iron (CoFe), iridium-manganese (IrMn), platinum 
manganese (PtMn), ruthenium (Ru), cobalt iron boron 
(CoFeB).chromium molybdenum (CrMo), tantalum (Ta), 
tantalum nitride (TaN), and combinations thereof. The second 
ferromagnetic plate 28 may be composed of a single layer or 
multiple layers. It is noted that the above noted materials for 
the second ferromagnetic plate 28 are selected for illustrative 
purposes only and are not intended to be limiting. Other 
ferromagnetic materials are also suitable for the second fer 
romagnetic plate 28. The thickness for the second ferromag 
netic plate 28 may range from 1 nm to 20 nm. In another 
embodiment, the thickness of the second ferromagnetic plate 
28 may range from 1 nm to 10 nm. 
0028. The electrically conductive mask 20 that is present 
on the second ferromagnetic plate 28 of the magnetic tunnel 
junction 25 may be composed of any electrically conductive 
material. Typically, the composition of the electrically con 
ductive mask 20 is selected so that it may function as an etch 
mask for patterning the material layers that provide the mag 
netic tunnel junction 25, while being electrically conductive 
so that the structure may remain following patterning of the 
magnetic tunnel junction so that the electrically conductive 
mask 20 provides an electrical contact to the magnetic tunnel 
junction 25. The electrically conductive mask 20 may be 
composed of a single layer or may be a multi-layered struc 
ture. In some embodiments, the electrically conductive mask 
30 is composed of a transition metal. In some embodiments, 
the electrically conductive mask 30 may be composed of a 
metal nitride. For example, the electrically conductive mask 
30 may be composed of copper (Cu), titanium (Ti), titanium 
nitride (TiN), tantalum (Ta), tantalum nitride (TaN), alumi 
num (Al), tungsten (W) and combinations thereof. In some 
embodiments, the electrically conductive mask 30 may also 
be composed of a semiconductor material. Such as doped 
polysilicon. In some embodiments, the electrically conduc 
tive mask 20 may have a thickness ranging from 10 nm to 100 
nm. In other embodiments, the electrically conductive mask 
20 can range from 40 nm to 60 nm. 
0029. The layered structure of the electrically conductive 
mask 20 and the magnetic tunnel junction 25 may be formed 
by blanket depositing material layers for the first ferromag 
netic layer 26, the dielectric layer 27, the second ferromag 
netic layer 28 of the magnetic tunnel junction 25, as well as 
the material layer for the electrically conductive mask 20, to 
provide a layered Stack. The metallic containing layers of the 
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magnetic tunnel junction 25. Such as the first and second 
ferromagnetic layers 26, 28, and the electrically conductive 
mask 20 may be formed using a physical vapor deposition 
method, such as plating, sputtering, electroplating, electro 
phoretic deposition, and combinations thereof. The dielectric 
layer 27 of the magnetic tunnel junction 25 may be formed 
using a chemical vapor deposition (CVD) process, such as 
plasmas enhanced chemical vapor deposition (PECVD), 
metal organic chemical vapor deposition (MOCVD), high 
density plasma chemical vapor deposition (HDPCVD). 
atomic layer deposition (ALD) and combinations thereof. 
0030. Following the formation of the layered stack, the 
material layers of the layered Stack may be patterned and 
etched so that the remaining portions of the layered Stack 
provides the electrically conductive mask 20 and the mag 
netic tunneljunction 25. Specifically, a pattern is produced by 
applying a photoresist to the Surface to be etched, exposing 
the photoresist to a pattern of radiation, and then developing 
the pattern into the photoresist utilizing a resist developer. 
Once the patterning of the photoresist is completed, the sec 
tions covered by the photoresist are protected, while the 
exposed regions are removed using a selective etching pro 
cess that removes the unprotected regions. In one embodi 
ment, the electrically conductive mask 20 is first patterned 
and etched using a photoresist mask; the photoresist mask is 
removed; and the material layers for the second ferromag 
netic layer 28, the dielectric layer 27, and the first ferromag 
netic layer 26 are etched using the electrically conductive 
mask 20 to define the magnetic tunnel junction 20. 
0031. The etch process for removing exposed portions of 
the material layers for the electrically conductive mask 20, the 
second ferromagnetic layer 28, the dielectric layer 27 and the 
first ferromagnetic layer 26 may be an anisotropic etch pro 
cess, such as reactive ion etch (RIE). Typically, the etch 
process that is used to define the magnetic tunneljunction 25 
is selective to the first electrode 10 and the substrate 5. 
0032. The layered structure of the electrically conductive 
mask 20 and the magnetic tunnel junction 25 typically has a 
height H1 ranging from 50 nm to 200 nm. In another embodi 
ment, the layered structure of the electrically conductive 
mask 20 may have a height H1 ranging from 50 nm to 100 nm. 
In one embodiment, the width W1 of the layered structure of 
the electrically conductive mask 20 and the magnetic tunnel 
junction 25 my range from 10 nm to 200 nm. In another 
embodiment, the width W1 of the layered structure of the 
electrically conductive mask 20 and the magnetic tunneljunc 
tion 25 my range from 10 nm to 100 nm. In some embodi 
ments, the layered structure is centrally positioned on the first 
electrode 10 so that a portion of the first electrode 10 is 
exposed on opposing sides of the layered structure. 
0033 FIG. 3 depicts forming at least one dielectric layer 
30 to encapsulate the layered structure of a magnetic tunnel 
junction 25 and the electrically conductive mask 20. By 
encapsulate it is meant that the at least one dielectric layer 30 
is formed on the upper surface of the layered structure of the 
electrically conductive mask 20 and the magnetic tunneljunc 
tion 25, as well as the sidewall surfaces of the layered struc 
ture of the magnetic tunnel junction 25 and the electrically 
conductive mask 20. The at least one dielectric 30 is also 
positioned on the exposed upper surface of the first electrode 
10 and the Substrate 5. 

0034. The at least one dielectric layer 30 may be com 
posed of any dielectric material. For example, the at least one 
dielectric layer 30 may be composed of an oxide, nitride or 

Sep. 22, 2016 

oxynitride material. In the embodiment that is depicted in 
FIG. 3, the at least one dielectric layer 30 is composed of a 
first dielectric layer 30a and a second dielectric layer 30b. The 
first dielectric layer 30a is formed directly on the layered 
structure of the electrically conductive mask 20 and the mag 
netic tunnel junction 25, as well as being formed directly on 
exposed portions of the first electrode 10 and the substrate 5. 
The first dielectric layer 30a may be composed of a nitride, 
Such as silicon nitride, but other dielectric compositions are 
suitable for use as the first dielectric layer 30a, such as oxides 
and oxynitride materials. The first dielectric layer 30a may be 
deposited using a conformal deposition process. The term 
“conformal” denotes a layer having a thickness that does not 
deviate from greater than or less than 30% of an average value 
for the thickness of the layer. Examples of conformal depo 
sition processes for forming the first dielectric layer include 
plasma enhanced chemical vapor deposition (PECVD), metal 
organic chemical vapor deposition (MOCVD), atomic layer 
deposition (ALD) or combinations thereof. The thickness of 
the first dielectric layer 30a may range from 50 nm to 200 nm. 
In another embodiment, the thickness of the first dielectric 
layer 30a may range from 50 nm to 100 nm. 
0035. The second dielectric layer 30b may be formed atop 
the first dielectric layer 30a, and may be an interlevel dielec 
tric material. Examples of interlevel dielectric materials that 
are suitable for the second dielectric layer 30b may include 
SiO, SiN. SiC, SiCO, SiCOH, and SiCH compounds, the 
above-mentioned silicon containing materials with some or 
all of the Si replaced by Ge, carbon doped oxides, inorganic 
oxides, inorganic polymers, hybrid polymers, organic poly 
mers such as polyamides or SiLKTM, other carbon containing 
materials, organo-inorganic materials such as spin-on glasses 
and silsesquioxane-based materials, and diamond-like car 
bon (DLC), also known as amorphous hydrogenated carbon, 
C-C:H). In some embodiments, a semiconductor material 
may be used for the substrate 5 instead of a dielectric material, 
or the substrate 5 may include a combination of semiconduc 
tor and dielectric materials. The second dielectric layer 30b 
may be deposited using chemical vapor deposition (CVD) 
methods, such as plasma enhanced chemical vapor deposition 
(PECVD), spin on deposition, chemical solution deposition 
and combinations thereof. The second dielectric layer 30b 
may have a thickness ranging from 50 nm to 200 nm. In 
another embodiment, the second dielectric layer 30b may 
have a thickness ranging from 50 nm to 100 nm. 
0036 FIG. 4 depicts ion beam etching to remove the por 
tion of the at least one dielectric layer 30 that is present on the 
electrically conductive mask 25, wherein a remaining portion 
of the at least one dielectric layer 30 is present over the first 
electrode 10. Ion beam etching/ion beam milling employs 
sub-micronion particles that are accelerated and bombard the 
Surface of the target work. Ion Beam Etching employs only 
noble inert gases, such as Ar, Xe, Ne or Kr, which enables 
physical etching or Sputtering, which is distinguished from 
chemical etching, such as the chemical etching provided by 
reactive ion etch. Typically, during ion beam etching/ion 
beam milling the work piece is mounted on a rotating table 
inside a vacuum chamber. Milling ions, e.g., argon ions, con 
tained within plasma formed by an electrical discharge are 
accelerated by a pair of optically aligned grids. The highly 
collimated beam is focused on a tilted work plate that rotates 
during the milling operation. 
0037. As with other etching process, a selectively applied 
protectant. Such as a photo sensitive resist (photoresist), may 
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be applied to the work element, e.g., at least one dielectric 
layer 30 of the layered structure of the electrically conductive 
mask 20 and the magnetic tunnel junction 25, prior to its 
introduction into the ion miller. The resist protects the under 
lying material, e.g., portion of the at least one dielectric layer 
30 that is present on the first electrode 10, the sidewall of the 
magnetic tunneling junction (MTJ) 25, and the substrate 5. 
during the ion beam etching/ion beam milling process that 
removes the portion of the at least one dielectric layer 30 that 
is present on the upper Surface of the electrically conductive 
mask 25. Everything that is exposed to the collimated ion 
beam etches during the process cycle, even the photoresist. 
0038. In some embodiments, the milling ions, such as 
argon (Ar) ions, strike the target materials while they are 
rotated within the vacuum chamber. This ensures uniform 
removal of waste material. This precision and its attendant 
repeatability is one strength of the collimated ion beam mill 
ing process. Other methods of etching, such as the chemical 
process, e.g., reactive ion etch, or laser etching simply do not 
deliver the same level of precision that an ion beam etch can. 
0039. The precision of the ion beam etching/ion beam 
milling process for removing the portion of the at least one 
dielectric layer 30 is at a level that allows for the portion of the 
at least one dielectric layer 30 to be recessed on the sidewalls 
of the electrically conductive mask 20 so that the upper sur 
face of the electrically conductive mask 20 extends above the 
upper Surface of the recessed upper Surface of the at least one 
dielectric layer 30. In some embodiments, the entire sidewall 
of the magnetic tunneljunction 25 is covered by the etched at 
least on dielectric layer 30. End point detection (EPD) meth 
ods, such as second ion mass spectrometry or SIMS, may be 
employed in combination with ion beam milling/ion beam 
etching in order to determine the duration of the ion beam 
milling/ion beam etching process. 
0040. In some embodiments, following the ion beam etch 
ing/ion beam milling process, the upper Surface of the elec 
trically conductive mask 20 may extend above the upper 
surface of the at least one dielectric layer 30 that is etched by 
a dimension ranging from 1 nm to 50 nm. In another embodi 
ment, the upper surface of the electrically conductive mask 20 
may extend above the upper surface of the at least one dielec 
tric layer 30 that is etched by a dimension ranging from 1 nm 
to 10 nm. In yet another embodiment, the upper surface of the 
electrically conductive mask 20 may extend above the upper 
surface of the at least one dielectric layer 30 that is etched by 
a dimension ranging from 10 nm to 50 nm. 
0041. In some embodiments, the apparatus for depositing 
the at least one dielectric layer 30, e.g., PECVD or ALD 
apparatus, and the ion beam milling/ion beam etching process 
may be clustered into a single tool. 
0042 FIG.5 depicts one embodiment of forming a second 
electrode 40 on the exposed upper surface of the electrically 
conductive mask 20. The second electrode 40 is typically 
composed of an electrically conductive material. Such as a 
metal. For example, the second electrode 40 may be com 
posed of a metal material. Such as copper, aluminum, tanta 
lum, tungsten, titanium, platinum, silver, nickel or gold. In the 
embodiments, in which the second electrode 40 is composed 
of a metal, the second electrode 40 may be deposited using a 
physical vapor deposition (PVD) process. Examples of physi 
cal vapor deposition (PVD) processes that are suitable for 
forming the second electrode 40 include plating, sputtering, 
electroplating, electrophoretic deposition, and combinations 
thereof. In other embodiments, the metal may be deposited 
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using a chemical vapor deposition process, Such as plasma 
enhanced chemical vapor deposition (PECVD). In some 
embodiments, the material of the second electrode 40 may be 
an electrically conductive semiconductor, such as n-type 
doped polysilicon. The second electrode 40 may also be 
referred to as the top electrode to the magnetic tunneljunction 
25. FIG. 5 depicts where the second electrode 40 is blanket 
deposited on an entirety of the upper Surface, e.g., the elec 
trically conductive mask 20 and the remaining portion of the 
at least one dielectric layer 30. Embodiments have been con 
templated in which the material layer deposited for the sec 
ond electrode 40 is patterned and etched after deposition. 
0043 FIGS. 5 and 6 depict one embodiment of a memory 
device 100 is provided that includes a first electrode 10 
present on a substrate 5, and a magnetic tunneljunction stack 
25 present on the first electrode 10. An electrically conductive 
mask 20 is present on an upper Surface of the magnetic tunnel 
junction 25. At least one dielectric layer 30a, 30b is present on 
exposed portions of the substrate 5 and the first electrode 10 
that are present adjacent to the magnetic tunnel junction 25, a 
sidewall of the magnetic tunnel junction 25, and at least a 
portion of a sidewall of the electrically conductive mask 20. In 
Some embodiments, the dimension H3 extending from an 
upper surface of the electrically conductive mask 20 to the 
first electrode 10 is greater thana height H4 of the at least one 
dielectric layer 30a, 30b that is present on said portion of the 
sidewall of the electrically conductive mask 20. A second 
electrode 40 is present on the electrically conductive mask 20. 
0044) Methods as described herein may be used in the 
fabrication of integrated circuit chips. The resulting inte 
grated circuit chips can be distributed by the fabricator in raw 
wafer form (that is, as a single wafer that has multiple unpack 
aged chips), as a bare die, or in a packaged form. In the latter 
case the chip is mounted in a single chip package (such as a 
plastic carrier, with leads that are affixed to a motherboard or 
other higher level carrier) or in a multichip package (such as 
a ceramic carrier that has either or both surface interconnec 
tions or buried interconnections). In any case the chip is then 
integrated with other chips, discrete circuit elements, and/or 
other signal processing devices as part of either (a) an inter 
mediate product, Such as a motherboard, or (b) an end prod 
uct. The end product can be any product that includes inte 
grated circuit chips, ranging from toys and other low-end 
applications to advanced computer products having a display, 
a keyboard or other input device, and a central processor. 
0045 While the methods and structures of the present 
disclosure have been particularly shown and described with 
respect to preferred embodiments thereof, it will be under 
stood by those skilled in the art that the foregoing and other 
changes in forms and details may be made without departing 
from the spirit and scope of the present disclosure. It is there 
fore intended that the present disclosure not be limited to the 
exact forms and details described and illustrated, but fall 
within the scope of the appended claims. 
What is claimed is: 
1. A memory device comprising: 
a first electrode present on a Substrate; 
a magnetic tunnel junction present on the first electrode: 
an electrically conductive mask present on an upper Sur 

face of the magnetic tunnel junction; 
at least one dielectric layer present on exposed portions of 

the substrate and the first electrode that are present adja 
cent to the magnetic tunnel junction, a sidewall of the 
magnetic tunnel junction, and at least a portion of a 
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sidewall of the electrically conductive mask, wherein a 
dimension extending from an upper Surface of the mag 
netic tunneljunction to the first electrode is greater than 
a height of the at least one dielectric layer that is present 
on said portion of the sidewall of the electrically con 
ductive mask; and 

a second electrode is present on the electrically conductive 
mask. 

2. The memory device of claim 1, wherein the magnetic 
tunnel junction comprises a first ferromagnetic plate that is 
present on the first electrode, a dielectric layer that is present 
on the first ferromagnetic plate, and a second ferromagnetic 
plate that is present on the dielectric layer. 

3. The memory device of claim 2, wherein the first ferro 
magnetic plate comprises a composition selected from the 
group consisting of nickel iron (NiFe), cobalt iron (CoFe), 
iridium-manganese (IrMn), platinum manganese (PtMn), 
ruthenium (Ru), cobalt iron boron (CoFeB).chromium 
molybdenum (CrMo), tantalum (Ta), tantalum nitride (TaN), 
and combinations thereof. 

4. The memory device of claim 2, wherein the dielectric 
layer is selected from the group consisting of aluminum oxide 
(AlO4), magnesium oxide (MgO), boron nitride (BN), sili 
con oxide (SiO) and combinations thereof. 

5. The memory device of claim 2, wherein the second 
ferromagnetic plate comprises a composition selected from 
the group consisting of nickel iron (NiFe), cobalt iron (CoFe), 
iridium-manganese (IrMn), platinum manganese (PtMn), 
ruthenium (Ru), cobalt iron boron (CoFeB).chromium 
molybdenum (CrMo), tantalum (Ta), tantalum nitride (TaN), 
and combinations thereof. 

6. The memory device of claim 2, wherein the electrically 
conductive mask has a composition that is selected from the 
group consisting of copper (Cu), titanium (Ti), titanium 
nitride (TiN), tantalum (Ta), tantalum nitride (TaN), alumi 
num (Al), tungsten (W) and combinations thereof. 

7. The memory device of claim 2, wherein the difference in 
height between the upper surface of the at least one dielectric 
layer and an upper Surface of the electrically conductive mask 
ranges from 1 nm to 50 nm. 

8. The memory device of claim 2, wherein the memory 
device is a spin torque transfer random access memory 
(STTRAM), ferroelectric random access memory (FRAM), 
magnetic random access memory (MRAM), phase change 
random access memory (PCRAM), carbon nanotube random 
access memory (NRAM), resistive random access memory 
(RRAM), copper bridge random access memory (CBRAM), 
polymer RAM, or a combinations thereof. 

9. A memory device comprising: 
a first electrode present on a Substrate; 
a magnetic tunnel junction comprising a first ferromag 

netic plate that is present on the first electrode, a dielec 
tric layer that is present on the first ferromagnetic plate, 
and a second ferromagnetic plate that is present on the 
dielectric layer; 

an electrically conductive mask present on an upper Sur 
face of the magnetic tunnel junction; 

at least one dielectric layer present on exposed portions of 
the substrate and the first electrode that are present adja 
cent to the magnetic tunnel junction, a sidewall of the 
magnetic tunnel junction, and at least a portion of a 
sidewall of the electrically conductive mask, wherein a 
dimension extending from an upper Surface of the mag 
netic tunneljunction to the first electrode is greater than 
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a height of the at least one dielectric layer that is present 
on said portion of the sidewall of the electrically con 
ductive mask; and 

a second electrode is present on the electrically conductive 
mask. 

10. The memory device of claim 9, wherein the first ferro 
magnetic plate comprises a composition selected from the 
group consisting of nickel iron (NiFe), cobalt iron (CoFe), 
iridium-manganese (IrMn), platinum manganese (PtMn), 
ruthenium (Ru), cobalt iron boron (CoFeB).chromium 
molybdenum (CrMo), tantalum (Ta), tantalum nitride (TaN), 
and combinations thereof. 

11. The memory device of claim 10, wherein the dielectric 
layer is selected from the group consisting of aluminum oxide 
(Al2O), magnesium oxide (MgO), boron nitride (BN), sili 
con oxide (SiO) and combinations thereof. 

12. The memory device of claim 10, wherein the second 
ferromagnetic plate comprises a composition selected from 
the group consisting of nickel iron (NiFe), cobaltiron (CoFe), 
iridium-manganese (IrMn), platinum manganese (PtMn), 
ruthenium (Ru), cobalt iron boron (CoFeB).chromium 
molybdenum (CrMo), tantalum (Ta), tantalum nitride (TaN), 
and combinations thereof. 

13. The memory device of claim 10, wherein the electri 
cally conductive mask has a composition that is selected from 
the group consisting of copper (Cu), titanium (Ti), titanium 
nitride (TiN), tantalum (Ta), tantalum nitride (TaN), alumi 
num (Al), tungsten (W) and combinations thereof. 

14. The memory device of claim 10, wherein the difference 
in height between the upper surface of the at least one dielec 
tric layer and an upper Surface of the electrically conductive 
mask ranges from 1 nm to 50 nm. 

15. The memory device of claim 10, wherein the memory 
device is a spin torque transfer random access memory 
(STTRAM), ferroelectric random access memory (FRAM), 
magnetic random access memory (MRAM), phase change 
random access memory (PCRAM), carbon nanotube random 
access memory (NRAM), resistive random access memory 
(RRAM), copper bridge random access memory (CBRAM), 
polymer RAM, or a combinations thereof. 

16. A memory device comprising: 
a first electrode present on a Substrate; 
a magnetic tunnel junction present on the first electrode: 
an electrically conductive mask present on an upper Sur 

face of the magnetic tunnel junction; 
at least one dielectric layer present on exposed portions of 

the substrate and the first electrode that are present adja 
cent to the magnetic tunnel junction, a sidewall of the 
magnetic tunnel junction, and at least a portion of a 
sidewall of the electrically conductive mask, wherein a 
dimension extending from an upper Surface of the mag 
netic tunneljunction to the first electrode is greater than 
a height of the at least one dielectric layer that is present 
on said portion of the sidewall of the electrically con 
ductive mask, wherein the difference in height between 
the upper surface of the at least one dielectric layer and 
an upper Surface of the electrically conductive mask 
ranges from 10 nm to 50 nmi; and 

a second electrode is present on the electrically conductive 
mask. 

17. The memory device of claim 16, wherein the magnetic 
tunnel junction comprises a first ferromagnetic plate that is 
present on the first electrode, a dielectric layer that is present 
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on the first ferromagnetic plate, and a second ferromagnetic 
plate that is present on the dielectric layer. 

18. The memory device of claim 17, wherein the first 
ferromagnetic plate comprises a composition selected from 
the group consisting of nickel iron (NiFe), cobalt iron (CoFe), 
iridium-manganese (IrMn), platinum manganese (PtMn), 
ruthenium (Ru), cobalt iron boron (CoFeB).chromium 
molybdenum (CrMo), tantalum (Ta), tantalum nitride (TaN), 
and combinations thereof. 

19. The memory device of claim 17, wherein the dielectric 
layer is selected from the group consisting of aluminum oxide 
(AlO), magnesium oxide (MgO), boron nitride (BN), sili 
con oxide (SiO) and combinations thereof. 

20. The memory device of claim 17, wherein the second 
ferromagnetic plate comprises a composition selected from 
the group consisting of nickel iron (NiFe), cobalt iron (CoFe), 
iridium-manganese (IrMn), platinum manganese (PtMn), 
ruthenium (Ru), cobalt iron boron (CoFeB).chromium 
molybdenum (CrMo), tantalum (Ta), tantalum nitride (TaN), 
and combinations thereof. 
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