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INVENTION TITLE :DRY ETCH STOP PROCESS FOR ELIMINATING
- ELECTRICAL SHORTING IN MRAM DEVICE STRUCTURES

This e;application claims priority from U.S. provisional applications Ser. No.
60/7 83,157. filed 3/16/2005, entitled “Dry etch stop process for eliminating
electrical fshorting in MRAM device structures”, which is incorporated herein by
reference'.

DESCRIPTION

FIELD OF THE INVENTION

[001] The present invention relates generally to semiconductor

1
fabrication and particularly to fabricating device structures containing
metal-insulator-metal layered thin film stacks such as those used in

magnetic tunnel junction devices and memory devices.

BACKGROUND OF THE INVENTION

[002] Layered films of metal-insulator-metal are employed as storage
elements in memory devices such as magnetic random access memories
(MRAM) iand the like. The memory element for the MRAM technology is a

patterned structure of multilayer material and is usually composed of a
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stack of different materials such as NiFe, CoFe, PtMn, Ru, etc., and may

- include in"sulator—like materials such as Ai203 or MgQ. A typical stack
may contain as many as ten or more layers of these materials some of
which are!non-magnetic, some of which are magnetic, and one or two of
which are insulating. The insulating films in this description are defined
as oxidizéd or nitridized metal layers that exhibit high electrical
resistancé in their bulk form. To fabricate a storage element, it is
necessary to deposit the materials in overlying blanket films, layer by

layer, to form a patterned layer of photoresist, and to etch the films into

appropriate structures.

[003] lonbeam milling or ion beam etching processes have been
employed to remove magnetoresistive materials. ion beam milling,
however, is a physical milling process. Areas that are not protected by

t

the mask'are removed by bombardment with ions. The bombardment of
jons sputi;ers or peels away the unprotected material. lon beam milling
operates with low selectivity, and-the portions of the stack that are near
to the edges of the mask or the boundaries of an MRAM cell body can be

easily damaged.

[004] Chémical etching techniques have also been employed to
selectiveli_/ remove portions of deposited layers. Examples of etching

" techniques include dry etching techniques and wet etching techniques.
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[005] One of the drawbacks of current etching techniques is that the
profiles i;)f MRAM structures are susceptible to electrical shorting across
the thin tunnel junction. The vertical separation between the upper
magnet layer above the insulating dielectric tunneling layer and the lower

magnet layer below this tunneling layer is inadequate to prevent electrical

shorting.

SUMMARY

[006] Eﬁwbodiments of the present invention are directed to, améng other
things, f‘.abrication of magnetic tunnel junction (MT)) devices whereby the
tunnel barrier layer serves as the stop layer during plasma overetching of
_the upper magnetic layer. The resulting MTJ devices exhibit superior

electrical isolation across the tunnel barrier layer.

[007] In: another embodiment, the gases employed during plasma
overetching preferably excludes halogen containing species which result
in highl:y selective etching of the upper magnetic layer vis-a-vis the
tunnel barrier layer. The intro.ductiqn of oxygen in the gas enhances the

reprodﬁcibility of the process.

'

" 10081 In yet another embodiment, a fluorine—chlorine gas mixture is

employed to partially etch the magnet layer over the tunnel barrier layer.
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[0os] Finally, another embodiment is directed to corrosion plasma
treatment with He and Hz gas prior to or during the stripping of the
photoresist mask. Optionally, rinsing with water and He and H:

dehydraf;ion baking can be employed following the stripping step.

DESCRIPTION OF THE DRAWINGS
Figure 1. Typical MRAM structure with magnetic tunneling junction.
Figure 2 Simplified MRAM structure with magnetic tunneling junction
Figure 3 Inventive MRAM process sequence
Figure 4 Inventive MRAM process sequence
Figure §a. Inventive MRAM process sequence
Figure 5b. inventive MRAM process sequence
Figure 6 MRAM stack structure after top contact patterning
Figure 7 MRAM stack structure after reactive magnet—layer etch step
Figure 8 MRAM stack structure after reactive magnet-layer etch
Figure 9. Embodiment of the inventive MRAM patterning sequence in

which the tunneling dielectric layer is not breached in the vicinity of the
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feature but is breached in areas not in close proximity to the mask
feature

Figure 10. Embodiment of the inventive MRAM patterning sequence in
which the magnetic stack layers are intentionally etched with a sioped
profile during a reactive etch step prior to the etch stop process

' Figure 11. Plot of optical emission signal intensity obtained during the
etch of a 50A - '
NiFe/15A alumina/50A NiFe stack structure. The two peaks in the plot

indicate the removal of the two NiFe layers. The time between the two
peaks incjlicate the time required to remove the 15A alumina layer. The
NiFe—to—éIumina etch selectivity obtained from the process used to
produce :the graph is greater than 90:1.

Figure 1?T Graph of etch sputter rates for CoFe, NiFe, and alumina.

. Figure 13. MRAM stack structure after reactive magnet layer etch (see
Figure '6); and etch stop process

Figure 14 MRAM stack structure after reactive magnet layer etch (see
Figure 7) and etch stop process

_Figure 15. MRAM stack structure after reactive magnet layer etch (see

Figure 8) and etch stop process
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" DESCRIPTION OF THE INVENTION

[0010] The present invention is based, in part, on the development of a
patterning method for fabricating magnetic tunnel junction (MT)) devices
. that are :empioyed in magnetic random access memory (MRAM) devices.
As further described herein, a critical aspect of the invention is that MT)
devices prepared by the inventive process afford superior electrical
isolation; between the magnet layers in contact with the dielectric tunnel

_layer in comparison to the current art.

[0011] A typical MRAM structure, within which an MT]} is contained, is
shown in Figure 1. The MRAM structure is a complex stack of magnetic,
conductive, and insulating films on-a substrate. In Figure 1, the specific

' componéents of a typical MRAM structure are shown and consist of a
substratje 10, a barrier layer 12, a bottom contact layer 14, a mulitlayer
fixed m;;':lgnet structure 16 consisting of iayers. of CoFe, Ru, NiFe, IrMn,
PtMn, and the like, a dielectric tunnel layer such as alumina or MgO 18, a
switchable magnet layer 20 (NiFe, CoFe, CoNiFe, CoFeB, and the like), and

a top contact layer 22 (Ta, TaN, Ti, TiN, W, and the like).

[0012le Also shown in Figure 1 is a hard mask Iaye;r 24, an antireflective
coating 26, and a patterned layer of photoresist 28. Photoresist layer 28
is a light sensitive material that is commonly used by those skilled in the

art of electrical device fabrication as a mask to etch one or more of the
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underlyihg layers below the photoresist so that portions of the underlying
layer not protected by the resist layer can be etched away. Antireflection

: coating 26, which is typically 300A to 800A thick, is commonly used to
absorb rfadiation to form an optically opaque film to enhance the contrast
of the irﬁaging resist. ARC coatings effectively reduce reflection of the
incident%radiation back into the overlying PR mask layer. This prevents
overexpé)sure of the photoresist material. Hard mask layer 24 is
commodly used in device fabrication as an intermediate mask transfer
layer. When utilized, the photaoresist is used as a dry etch mask to
transfer the pattern into the hard mask, and possibly one or more of the
underlayers, after which the hard mask layer is used as a mask to transfer
the pattern into the remaining underlayers that are not defined using the
photoreéist. Hard masks such as silicon dioxide and silicon nitride are
commoﬁly used as a means to improve the durability of the mask relative
to that 6f photoresist or to allow processing at temperatures above the

i

softening point of polymeric photoresist layers.

[0013] Magnetic stack structure are typically formed on a substrate 10.
The substrate 10 may include any structure that has an exposed surface.
Structures are preferably those used in the manufacture of semiconductor
devices such as silicon wafer, silicon-on insulator (SO), silicon-on
sapphire (50S), aluminum titanium carbide (AITIC) doped and undoped

semiconductors, HI-V or H-VI semiconductors, epitaxial layers of silicon
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supportéd by a base semiconductor foundation, and other semiconductor
* structures. The semiconductor need not be silicon-based. The
semiconductor could be silicon-germanium, germanium, or gallium
arsenide;. The structure could also be a non-semiconductor such as glass
or polymer. The substrate 10 may include buried electronic devices such
" as transistors, diodes, capacitors, and resistors, or any other device or
circuit e!ement that would be used in conjunction with the magnetic

multilayer stack.

[0014] Foljr the typical rﬁultilayer MRAM structure shown in.Figure 1, within
which is: contained an MT], it is understood that the specific layers. e.g.,
materialzs and their arrangements, that form the multilayer structure can
vary. M'Ié'J and MRAM structures are known in the art and are described,
for example, in U.S. Patents 6,673,675 to Yates, et al., entitled "Methods
of Fabricating an MRAM Device Using Chemical Mechanical Polishing”;
6,677,165 to Lu, et al., entitled “Magnetoresistive Random Access
Memorf (MRAM) Cell Patterning”; 6,653,704 to Gurney, et al., entitled
“Magnet:ic Memory with Tunnel Junction Memory Celis and Phase
Transitié)n Material for Controlling Current to the Cells”; 6,024,885 to
Pendhar:;kar, et al., entitled “Procesé for Patterning Magnetic Films”; and
5,650,9::58 to Gallagher, et al., entitled “Magnetic Tunnel Junctions with

- Controlied Magnetic Response”; all of which are incorporated herein by

reference.
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[0015] It éhould be understood that the orientation of the magnetic film

. stack can be reversed relative to the order shown in Figure 1. That is, the
orientation of the film structure can be such that the film stack can be
deposited in reverse order with the top contact layer and free magnet
layer are below the dielectric tunnel layer and the multi-layer fixed and

: antiferro;magnetic layers are placed above the dielectric tunnel layer. It
should also be understood that the magnetic film stack can comprise
multiple’ magnetic tunnel junctions in orientations in which the free layer
is depos:'ited above the dieléctfic tunnel layer or below the dielectric

tunne! layer and remain within the scope of the inventive method.

[0016] In: one simplified embodiment shown in Figure 2, the MT) stack
compris;es a substrate 10, a bottom contact layer 14, a fixed bottom
magnet layer 16, a dielectric tunnel layer 18, a switchable upper magnet
layer 20;, and a top contact layer 22. The stack structure is patterned
with phétoresist layer 28. This simplified structure is used in the
followinlg description of the preferred embodiments for the present

_invention.

[0017] Inventive etch—-stop process sequences are provided in Figures 3; 4,

and 5.

[0018] Figure 3 shows an inventive process sequence in which the

magnetic stack is deposited 100, the PR is patterned 102, one or both of
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the hard mask and top contact layers are etched 104, and a reactive etch
process is used to remove part of the upper magnet layer 106. Following
the reactive etch of the upper magnet layer 106, MT) device structures
are exposed to an inventive etch stop process 108 directly, or firstto a
corrosioﬁ treatment sequence consisting of a DI rinse, a PR strip, and a
plasma based corrosion treament, followed by an inventive etch stop

process 108.

[0019] In ione embodiment shown in Figufe 3 in which the inventive etch
§t6p pro&zess 108 directly follows the reactive partial etch of the upper
magnet ;106, the patterning of the MTJ device structures is completed and
the devices are moved to subsequent processing 114. Ina second
embodiment in which the inventive etch stop process 108 directly follows
the reacﬁve partial etch of the upper magnet 106, the devices are
exposeq to a sequence of processes to prevent corrosion. Exposure of
magneti:c films to chlorine— and bromine- containing etch chemistries
can produce adverse reactions upon removal of the devices from vacuum
and subsequent exposure of the etched films to moisture under ambient
conditions. Depending on the sensitivity of the films, various sequences
have been developed for preventing adverse corrosive reactions such as
those shown in Figure 3.

In one embodiment of the inventive process in which corrosion

prevention treatments are employed and in which the corrosion
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treatment;s are employed following the etch stop on the tunnel layer 108,
the corroéion treatment sequence consists of a DI water rinse 110

" followed t;)y a photoresist strip/corrosion treatment 112. In a second
embodim?nt of the inventive-process in which corrosion prevention
treatments are employed and in which the corrosion prevention
treatments are employed following the etch stop on the tunnel layer 108,
the corroéion prevention treatment sequence consists of a photoresist

strip/corrfosion treatment 112, followed by Di water rinse 110.

[0020] In éne embodiment shown in Figure 3 in which the inventive etch
stop proéess 108 does not directly follow the reactive partial etch of the
upper mdgnet 106, but rather is preceded by corrosion prevention
treatments 110 and 112. In the first embodiment shown in Figure 3 in
which thé inventive etch stop process does not directly follow the reactive
partial et;h of the upper magnet 106, the MT]J device structures are
exposed :to a Di Water rinse 110 followed by a photoresist strip/corrosion
treatment 112 prior to the inventive etch stop on the tunnel layer 108. In
a secondiembodiment of the inventive process in which the inventive etch
stop proéess 108 does not directly follow the reactive partiél etch of the
upper mégnet 106, the devices are exposed to a photoresist

strip/cor:rosion treatment 112 followed by a DI water rinse prior to the

inventive etch stop on the tunnel layer 108.
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[0021] Figure 4 shows an inventive process sequence in which the
magnetic: stack is deposited 100, the PR is patterned 102, and the hard
mask is etched 103. Following the hard mask etch 103, MT] device
structures are exposed to a photoresist strip process 107 or to a reactive
etch proé;ess 105 to remove the top contact layer and a reactive etch
process 1:06 to remove part of the upper magnet. In a first embodiment
of the imifentive process in which the hard mask etch process 103 is
followed éby photoresist strip process 107, subsequent to the photoresist
process ?07 the MTJ devices are exposed to a reactive etch process 105
1o removie the top contact layer and a reactive etch process 106 to
remove part of the upper magnet. In a second embodiment of the the
inventivef process in which the hard mask etch process 103 is followed by
a reactive etch process 105 to remove the top contact layer and a reactive
etch process 106 to remove part of the upper magnet, the MT) devices
are subsequently exposed to a photoresist strip process 107.

[0022] Fo?llowing the combined steps of photoresist strip 107 and reactive
etch pro:cesses 105 to remove the top contact layer and 106 to remove
part of ttfwe upper magnet, the MT) devices are exposed to the etch stop
process .1 08 directly, or first to a corrosion treatment sequence
consistir:\g of a DI rinse and a plasma based corrosion treament 113,

followed; by an inventive étch stop process 108.
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[0023] In one embodiment shown in Figure 4 in which the inventive etch
stop pro&ess 108 directly follows the reactive partial etch of the upper

* magnet 106, or follows a photoresist strip process 107 that was preceded
by the reactive partial etch of the upper magnet 106, the patterning of
the MT)J éjevice structures is completed and the devices are moved to
subsequfent processing 114. In a second embodiment in which the

" inventive etch stop process 108 directly follows the reactive partial etch
of the upper magnet 106, or follows a photoresist strip process 107 that
was prec;eded by the reactive partial etch of the upper magriet 106, ‘the
devices are exposed to a sequence of processes to prevent corrosion.
Exposure of magnetic films to chlorine- and bromine- containing etch
chemisté'ies can produce adverse reactions upon removal of the devices
from vaéuum and subsequent exposure 6f the etched films to moisture
under afmbient conditions. Depending on the sensitivity of the films,
various ;sequences have been developed for preventing adverse corrosive

reactions such as those shown in Figure 4.

[0024] In one embodiment of the inventive process in which corrosion
preventéon treatments are employed and in which the corrosion
treatments are employed following the etch stop on the tunnel layer 108,
the corrosion prevention treatment sequence consists of a DI water rinse

110 followed by a plasma-based corrosion treatment 112. In a second

embodiment of the inventive process in which corrosion prevention
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treatments are employed and in which the corrosion prevention
treatments are employed following the etch stop on the tunnel layer 108,
the corrosion prevention treatment sequence consists of a plasma-based

| corrosion gprevention treatment 112, followed by D! water rinse 110.

[0025] In one embodiment shown in Figure 4 in which the inventive etch
stop procéss 108 does not directly follow the reactive partial etch of the
upper ma@net 106, but rather is preceded by corrosion prevention
treatment;s 110 and 113. In the first embodiment shown in Figure 4 in
which the'inventive etch stop process does not directly follow the reactive
partial etcf;h of the upper magnet 106, the MTJ device structures are
exposed t;.o a DI water rinse 110 followed by a plasma-based corrosion
treatment 113 prior to the inventive etch stop on the tunnel layer 108. In
a second émbodiment of the inventive process in which the inventive etch
stop procl‘gss 108 does not directly follow the reactive partial etch of the

- upper magnet 106, the devices are exposed to a plasma-based corr_o‘sior)

treatment 113 followed by a DI water rinse prior to the inventive etch

stop on the tunnel layer 108.

[0026] Twé approaches to the subsequent processing 114, as indicated in
Figure 3 and Figure 4, are shown in Figure 5a and Figure 5b. These
. figures describe two specific methods that specifically exploit the unique

capability afforded by inventive etch stop process step 108.
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[0027] In Figure Sa, a spacer is used to passivate the sidewall of the MT)
device structure to prevent electrical shorting during subsequent
processing. The sidewall spacer is used in conjunction with an etch stop
process }uch as that described by etch stop process 108 shown in
Figures 3 and 4. Figure 52 shows the preferred embodiment for
subsequéent processing steps that follow the inventive etch stop process
108 sho§Nn in Figures 3 and 4. In this preferred embodiment, the
subsequ:ent process 114 described in Figures 3 and 4 consist of a spacer
dielectric deposition 130, a spacer etch 132, and a bottom |
magnet/bottom contacf etch 134 to complete the process or a bottom
magnet/bottom contact etch 134 followed by a DI water rinse step
followed by a plasma-based corrosion prevention treatment 142.
Alternatiively, the plasma-based corrosion prevention treatment 142 can
precedeé the DI water rinse as shown in Figure 5a before proceeding with
subs;eql;ent processing of the device 150.

In Figure 5b, an alternative approach to subsequent processing 114 is
shown in which an insulating hard mask layer such as silicon dioxide or
silicon nitride is deposited 120, phoforesist is patterned 122, the hard -
mask is etched 124, the photoresist is stripped 126, and t.‘.h’e bottom
magnet and bottom contact are etched 128. In this approach, the
photorésis‘t patterning is such that the silicon dioxide or silicon nitride

hard mask layer extends laterally beyond the vertical sidewall produced
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from the% original hard mask etch 103, upper contact etch 105, reactive
upper magnet etch 106, and etch stop process 108. The lateral
extension of hard mask 120 beyond the vertical sidewall, upon

_ photoresist patterning 122, should be such that the sidewall of the
original hardmask, the upper contact, and the upper magnet layer
remains;icovered with hard mask layer 120 after hard mask layer etch

124.

' [0028) Tﬁe layers that comprise the MRAM stack or other magnetic device
structuré: are deposited 100 using techniques employed by those ski'lvled
in the art of film deposition. The films may be deposited by physical
vapor déposition, chemical vapor deposition, atomic layer deposition,
nano—taé/er deposition, atomic layer deposition, evaporation, and other
techniqtijes. The films in the stack may also be deposited by one of these
method;c, in one form and subsequently modified in a second chamber.
The alumina (Al-03) dielectric, for example, might be formed by

| depositing a layer of aluminum and subsequently exposing the aluminum
to an o%idizing process to form alumina. Similarly, MgO might be formed
by destiting a layer of magnesium and‘ subsequently exposing the Mg to

an oxidizing process to form MgO.

[0029] A photoresist deposition and patterning step 102 is used to create

a patterfn for defining the MT) or MRAM stack. Although not shown in the
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simplified MRAM stack example in Figure 2, an antireflective coating can
be used in. conjunction with the photoresist to improve the accuracy of
the patterr"v transfer. Additionally, a hard mask layer can be incorporated
between tﬁe photoresist and the top contact layer. Hard mask layers
such as sil%con dioxide and silicon nitride could be used. Alternatively,
the thicknéss of the conductive top contact layer can be made such that it
can serve the dual purpose of hard mask and top contact layer. Figure 2
shows the 'simplified MRAM stack structure after magnetic stack

deposition 100 and subsequent photoresist patterning 102.

1

[0030] In th:,e preferred embodiment, the hard mask layer and the upper
;

. contact layer layers are patterned 103 using common techniques
employed by those skilled in the art. One example of a common process

“for reactively etching a Silicon oxide hard mask, if present, is to use a
mixture oﬁ CF4, CHF3, and Ar. Oxide etch processes are widely available
in the Iiter;ature. Similarly, an example of a process chemistry that is
commonly'used to reactively etch the top conductor layer 104, 105 is the
use a mixtLre of Ar/Cl2. Again, metal contact layer etches have been
published extensively in the literature. Oxide and nitride hard masks and
metal contact layers have been in use for many years and the techniques
that have been used to remove these layers are apparent to those skilled

in the art. The simplified MRAM stack structure after contact etch is

shown in F}igure 6.
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[0031] Thle removal of the magnetic layers found in a magnetic multi-layer
stacks is, not welt established in the art. Within the scope of this
invention, is the use of a process that is particularly well-suited for

. reactive ';upper magnet layer etch 106 in combination with etch stop
process 108. This inventive process 106 consists of a gas mixture of a
chlorinei‘—containing gas such as Clz, BCls, and HCI and a fluorine-
containil?'tg gas such as CFs, SFe, and CHF3 to remove part of the top
magnet layer. Alternatively, a gas molecule that contains Cl and F atoms
might bé used. The ratio of chlorine—containing to fluorine-containing
gases should be in the range of 2:1 to 20:1. Typical process conditions
for the reactive etch step 106, demonstrated in the Spectra® induciively
coupledg process module manufactured by Tegal Corporation, are as
follows::4OOW of 13.56MHz rf power on the inductive source coil, 20W of
450kHz§ rf power applied to the substrate, 40sccm Clz, 8sccm CF4, and
4mT pré)cess pressure. The simplified MRAM stack structure after reactive

‘ magnetilayer etch 106 is shown in Figure 7.

[0032] The inclusion of fluorine as an additive to a chlorine-containing
etch process has been found to produce smooth etched surfaces (as

. shown in Figure 8) and prevent diffusion of the chlorine species through’
very thin films of magnetic material that remain after reactive upper
magneti etch step 106. Use of a fluorine/chlorine containing gas mixture

allows for removal of the upper magnet layer to within 5-2 SA of the
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interface between the remaining upper magnet layer and the underlying

dielectric tunnel layer.

[0033] In the preferred embodiment of the inventive reactive upper
magnet etfch process 106, the remaining upper magnet layer will be
| etched as close as possible to the interface between the remaining upper
magnet layer 20 and the underlying dielectric layer 18 without
penetratirig the tunneling dielectric layer in the vicinity of the features
prior to-mioving to a subsequent processing step such as the etch stop
process 108, the DI water rinse 110, or the PR strip/corrosioﬁ treatment
112. In a;preferred embodiment, the upper magnet layer 20 is etched
uniformly. and the underlying dielectric layer 18 is not breached anywhere
on the waffer during the reactive upper magnet layer etch 106 as shown in

Figure 7.

[0034] In ci)ne embodiment of the inventive process, however, the upper
magnet l:-;wer 20 is completely removed and the underlying dielectric layer
18 is bregched, but not within close proximity of the patterned MT] stack
features éSee Figure 9). In this embodiment of the inventive proce’ss, the
upper mai'tgnet layer etch 106 is removed with an etch process that
contains ;one or more of the foll.owing gases or gas mixtures: Clz, Clz2/Ar,
Cl2/CFs, ECIz/CHFs, Clz/Ar, BCl3/Clz, BCla/Clz2/Ar, BCI3/HBr, BCl3/HBr/Ar,
NHs, NH3/CO.
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[0035] In iyet another embodiment, the upper magnet layer 20 is
| completély removed, the underlying dielectric layer 18 is also removed
outside (;')f a sloped region in close proximity of the patterned MT] stack,
and all o%r part of the bottom magnet layer 16 and all or part of the
' bottom <|;ontact layer 14 are removed. (See Figure 10.) A unique benefit
of this eimbodiment is that the full MRAM structure is patterned with a
single mask; subsequent processing stéps 114 are not required. In this
embodirfnent of the inventive process, the upper magnet layer etch 106 is
removeci with an etch process that contains one or more of thé following

reactive;gases and gas mixtures: Clz, Cl2/Ar, Cl2/CF4, Cl2/CHF3, Cl2/Ar,
BCls/Cla, BCls/Clz/Ar, BCls/HBr, BCls/HBr/Ar, NH3, NH3/CO.

[0036] The remainder of the upper magnet layer that is not removed in the
" reactive'step 106, in the aforementioned-embodiments is subsequently
removecii using etch stop process 108 consisting, in the preferred
embodi:ment, of a mixture of a non-reactive gas such as argon and an
oxidizing gas, such as oxygen, whereby the dielectric of the tunnel
barrier éayer serves as the stop layer. In the preferred embodiment, the

© inert gas flow is typically in the range of 10 to 350sccm and the flow of
the oxygen—containing gas is in the range of 0.02 to 0.1 Sscém. Actual
flows fo;r the oxygen—-containing gas can vary depending on the flow of

inert gas, the selection of the oxygen-containing gas, and the type of

plasma;system used. A typical process 108 used in the Spectra®
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inductivel\f/ coupled etch process module manufactured by Tegal

' Corporaticfm is as follows for a 200mm diameter silicon substrate: 100W
of 13.56Min rf power on the source coil, 20W of 450kHz rf power
applied to the substrate, 350sccm Ar, 0.08scem O, and 10mT process
pressure.: The conditions provided above for the etch stop, sputter

: process step 108 are intended to provide an exemplary set of conditions
that that have been found to produce a sputter selectivity between NiFe
and alum@na of ~90:1 in the Spectra ICP process module manufactured by

Tegal Corporation. (See Figure 11.)

[00371 A range of process conditions and chamber configurations can be
used to pfroduce results with high selectivity between the upper magnet
material a;,md the dielectric. Two factors that must be considered in

: achievingi high selectivity are the control of the ratio of inert gas to
oxygen—c;ontaining gas in the process chamber and the operation of the
process é.t low bias power levels. These two factors are discussed in

more defail in the following paragraphs.

[0038] In the preferred embodiments, the etch stop process requires a

high selefctivity (>5:1) between the upper magnet layer 20 and the

underlyiéxg dielectric layer 18. It is expected that the upper magnet layer
20 will bfe etched at a rate of at least 5 times faster than the rate at which

the undérlying dielectric layer 18, e.g., Al20s, is etched. Precise control
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of the NiFe/CoFe etch rate is possible because there are significant
| differences in sputter thresholds between the NiFe and CoFe and that of
oxidized ﬁetals such as Al203 and MgO. Experiments that confirmed
these phenomena were conducted using a Spectra® process module

‘ manufactured by Tegal Corporation (Petaluma, CA).

A [0039] Speciifically, NiFe and CoFe sputter rates were measured with

| fﬁonolayef test wafers and alumina etch rates were measured with
alumma/NlFe test structures. The test structure consisted of a substrate
" that had a: NiFe layer deposited thereon and a very thin layer of alumma
(~15A) over the NiFe. The measured alumina etch rates were

representative of the thin film properties that would be found in stacks

containing magnetic tunneling junctions.

[0040] As is apparent from the graph in Figure 12, a significant difference
was observed between the onset of sputtering for the magnetic alloys in
compariscim to that of the alumina. It was further observed in etch rate
_tests, which were performed on alumina/NiFe test structures at bias

. power Ievgls greater than 10W and less than 25W, that the alumina did
r}otumeaisélrably etch. These observations indicate that under specific
process conditions, significant amounts of NiFe and CoFe can be etched
from-a TMR stack while only a small amount of alumina is removed in the

same amount of time.
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[0041] Thie resulting device broﬁies following the preferred embodiments
_of reactive etch steps 106 as shown in Figures 7, 9, and 10 and etch stop
process ']08 are shown in Figures 13, 14, and 15. In each of these
embodinilents, the residual metal film that remains of upper magnet layer
20 after reactive etch step 106, is removed from the Qndertying dielectric
layer 18.} The removal of the upper magnet layer 20 that remains after
reactive istep 106 with a low bias non-reactive etch stop 108 provides
superior.electrical isolation over other known methods without damaging
the undérlying dielectric layer 18. Geometric isolation is provided in each
of the three embodiments of the inventive process without the inherent
risk of electrical shorting that has been known to limit device
perform%mce for structures incorporating MT) stacks. Superior electrical
isolationf between the upper magnet layer 20 and the bottom magnet
layer 165is also accomplished with fhe inventive process without the
associat?ed risks involved in using corrosive chemistries at the stage of

the process that is most critical for producing reliable devices.

[0042] The typical process conditions for etch stop 108 provided above
are intended to be repreéentative of a process that was found to yield an
exceptionally high selectivity between NiFe or CoFe and alumina.
Variations of the process conditions within the Spectra reactor can be

used wi:thin the scope of the inventive etch stop process 108.
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[0043] Sinlxilar processes utilizing the approach of either one or both of a
first step of removing the bulk of the upper magnet layer using a mixture
of chlorir;Ie and fluorine containing gases and a second step of using a
mixture bf an inert gas and oxygen-containing gas for stopping on the
dielectric tunneling layer can also be developed in other inductively
coupled ;plasma reactors, in capacitively-coupled plasma reactors,
electron cyclotron resonance reactors, and in other reactors used to
generate plasmas for the purpose of manufacturing devices from
magnetifc films and would still be in the scope of the inventive process.
Addition?ally, use of the mixture of an inert gas and an oxygen-containing
" gas for the purpose of using the dielectric layer as an etch stop without
an initiai step of using a mixture of chlorine and fluorine containing
gases to remove the bulk of the upper magnet layer is also within the

|
scope of the inventive process.
[0044}) Hfgh selectivity in the exemplary embodiment for etch stop 108
described above between NiFe and alumina is observed using :-;\ gas
mixture} of argon and oxygen. Within the scope of the inventive process,
. is the u%se of one or both of alternative inert and oxidizing components of
the prefe.rred embodiment of the argon/oxygen gas mixture that was
used toidemonstrate NiFe/alumina selectivity of ~90:1 in etch stop

processﬁ 108. Helium, neon, krypton, and nitrogen, for example, can be

. used in place of, or in combination with argon, to provide the inert
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componenft of the etch stop process 108. Similarly, alternatives to
oxygen such as N20, NO, CO, and CO2, among others, can be used in

" place of, o{r in combination with oxygen to produce the oxidizing
componer;:t of the etch stop process 108. Alternatively, within the scope
of the invéntive process, the oxygen-containing gas can be eliminated by
control!iné the oxygen level in the etch chamber by a method other than

the intentional introduction of an oxygen-containing gas as is discussed

in the follbwing paragraphs

[0045] It hés been demonstrated when plasma sputtering magnetic layers
comprising transition metals such as NiFe with inert sputtering gases
such as Ar, that regulating the amount of oxygen in the plasma chamber
can influénce the etch selectivity with respect to the underlying alumina.
That is, afhigher NiFe/alumina selectivity can be achieved by controlling
the flow éf oxygen into the plasma chamber. One embodiment of the
plasma overetch process entails reducing the background oxygen to
levels tha{t do not affect the etching process while concurrently re-
introduciing oxygen 'in a measurable and controllable manner into the
plasma char;ﬂ;;ér.,Sources of the background oxygen that may enter the
plasma chamber include, for example: (1) sputtering of oxygen-
containing internal chamber parts, (2) atmospheric oxygen; 3)
outgassiﬁg from materials in the chamber; and (4) other processing

- modules'in the process system.
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[0046] When “uncontrolled” background oxygen in the chamber is
reduced,: the selectivity between NiFe and alumina can be optimized by
re-introducing a very small amount (e.g., ~0.08 s;:cm) of oxygen into the
chambenj. One technique to re-introduce the oxygen employs two
separate carrier gas sources that are connected to the chamber. The first
source sixpplies an Ar/O2 gas mixture comprising 99.9% Ar and 0.1% 0z
to the plasma chamber while a second source supplies a gas containing
100% Arlin parallel to the chamber. When re-introducing oxygén into the
"~ plasma chamber, it is preferred that the base pressure of the chamber be
reducedéto ~0.001 mT or less. Additionally, the sputtering of the surfaces
of interrial chamber parts should be minimized or controlled. For
examplei, inductive source power should be low (100-200W) to minimize
window sputtering. Excessive amounts of oxygen in the chamber can
slow thé etch rate of thé metallic magnetic films and can lead to a

reduction in selectivity between the magnet layers and the dielectric

" layers.

[0047] A!ternatively, in a second technique, oxygen is introduced into the
processichamber through an orifice separating a source of oxygen and
the process chamber. The orifice is sized such that the flow of the
oxygen ;containing gas, when mixed with an inert gas, produces an
enhancement in the sputtering selectivity between the upper magnetic

film and the tunneling dielectric.
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[0048] Ot;her means for introducing a controlled level of oxygen into an
inert gasi to provide the necessary conditions for selectively etching the

. magnetic material over the dielectric layer can also be used within the
scope ofithis patent. In such embodiments, sputtering of interior
surfacesiof oxygen-containing materials in the plasma reactor can be
used as 5. source of oxygen. In this embodiment, an inert gas such as

. argon wc:)uld be introduced through conventional means, such as a mass
flow con;‘troller or needle valve, at such a volume so as to produce a
mixture of inert gas and oxygen-containing species at the surface of the
upper ﬁagnetic layer being etched, so as to produce selective removal
between; the magnetic material and the tunneling dielectric layer. The
process conditions would be adjusted such that the magnetic material

would bé removed at a rate of >5A /min and the dielectric layer would _be

removed at a rate of <1A /min.

[0049] In another embodiment of this invention, the level of an oxygen-
containi:ng gas is provided by controlling the leakage of atmospheric
gases into the vacuum chamber. Plasma-based semiconductor
fabrication processes are typically performed in the range of 0.1 to 1000
milliTorr. In these sub-atmospheric conditions, oxygen can be
introduced inadvertently through imperfect seals, through porous

materials, and from outgassing of parts in the processing chamber. The
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rate of leakage can easily be measured in conventional plasma processing

equipment.

_00s0] In this embodiment, an inert gas such as argon would be
introduced through conventional means, such as a mass flow controller
or needlé valve, at such a volume so as to produce a mixture of inert gas

"and oxygen-containing species at the surface of the upper magnetic layer
being eté:hed so as to produce selective removal between the magnetic
materlal and the tunneling dlelectnc Iayer Wlthm the scope of this
mventlon is the approach of controllmg the oxygen- contammg leakage
from atmosphere, in combination with the introduction of controlled inert
gas flow through conventional means to produce the required mixture of
inert gas and oxygen-containing species to the extent that the magnetic
material is removed at a rate of >5A~/min and the dielectric layer is

removed at a rate of <1A /min.

[0051] The process for removing the photoresist and preventing
corrosidn, namely 112 in Figure 3, 113 in Figure 4, 142 in Figure 5a, and
126 apd 142 in Figure 5b mus§ be compatible with magnetic film
structur%es. Within the scope of this present invention is the use of
hydrogén—;:ontaining gas mixtures that are suitable for resist removal
and forfpreventing corrosion that could result from exposure of the

MRAM film stack to the halogen-containing etch chemistries. In the
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preferre& embodiments, the magnetic film stack is exposed to a
hydroger?—containing plasma to remove the photoresist, to expose the
magnetié layers to a process that would prevent corrosion upon exposure
to ambiefnt conditions, or both. Hydrogen is introduced into the process
chamberﬁ in a mixture of hydrogen and an inert gas such as helium, neon,

1
argon, of nitrogen.
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CLAIMS

What is cla\:imed is:
NA proceiss for fabricating a magnetic junction memory device
comprising:
(a) pro{riding a substrate;
(b) forr:ning an insulating layer over the substrate;
(c) forming a top metal layer over the insulating layer; and
(ch) selejctivel;l removing the top metal layer with respect to the
underlying insulating Iaygr, wherein the selective removal process
occurs in a non-reactive gas ambient and comprises the
application of a bias to thc_e sﬁbst(ate with bias power between the
spu:tter threshold of the top metal layer and the insulating layer.
2) A procéess as in Claim 1 wherein the non-reactive gas is Ar, He, Ne, Kr,
N2, or{Xe, or any combination thereof.
3) A process as in Claim 1 further comprising the step of forming a
bottom metal layer under the insulation layer.
4) A profcess as in Claim 1 wherein a plasma is formed with the non-
reactive gas.
5) A process as in Claim 1 wherein the insulating layer comprises

aluminum oxide, magnesium oxide, or any insulating oxide.
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6) A process as in Claim 1 wherein upper metal layer comprises a
magneiatic layer, part of an MRAM stack structure, or one or more layers
of NiFé, CoFe, CoNiFe, and CoFeB.

_ 7Y A proé:ess for fabricating a magnetic junction memory device
compfrising:

@) préviding a substrate;

(b) foriming an insulating layer over the substrate;

(c) fo(ming a top layer over the insulating layer; and ,

(d) seiectively féfno'vin{; the top metal layer with respect to the
uriderlying insulating layer, wherein the selective removal process
co}mprises a physical sputter process using a mixture of a non-
reiactive gas and <1% of an oxygen—-containing gas.

8) A pchess as in Claim 7 wherein the non-reactive gas is Ar, He, Ne, Kr,
N2, o:r Xe, or any combination thereof.

9) A prc;cess as in Claim 7 wherein the oxygen-containing gas is O, Oz,
NzO,'éNO, air, CO, or any combination thereof,

10) A:process as in Claim 7 wherein the mixture is 99.9% Ar and 0.1%
Oa..

11) A' process as in Claim 7 wherein a mixture of a ndﬁ—reéctiye gas
and é\n oxygen-containing gas is introduced through a first flow

controller and a non-reactive gas is introduced through a second flow

1

controller.
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12) A process as in Claim 7 wherein the first flow controller provides
80 sccim of argon and 0.08 sccm of Oz and the second flow controller
provides 270 sccm of argon.

13) A fwocess as in Claim 7 wherein the non-reactive gas is in the
rangeiof 10 to 350 sccm and the oxygen-containing gas is in the
rangeéof 0.02 to 0.15 sccm.

14) A |§3rocess as in Claim 7 wherein an oxygen-containing gas is
introduced into the process from the sputtering of a solid source of an

i

oxygen-containing solid.
15) A é:rocess as in Claim 14 wherein the solid source comprises

alumina or quartz.

16) A process as in Claim 7 wherein oxygen-containing gas is
introdﬁced from control of leakage from the ambient.

1 7) A ;process as in Claim 7 further comprising the step of forming a
bottdm metal layer under the insulation layer.

18) A process asin Claim 7 wherein a plasma is formed with the non-

|

react;ive gas.

19) Afprocess as ir} Claim 7 wherein the insulating layer comprises
alum';inum oxide; magnesium oxide, or any insulating oxide.

20) A}process as in Claim 7 wherein upper metal layer comprise§ a
magnetic layer, part of an MRAM stack structure, or one or more layers

of NiFe, CoFe, CoNiFe, and CoFeB.
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21) A p!rocess for fabricating a magnetic junction memory device
| comprising:

(a) Providing a substrate;

(b) Forming an insulating layer over the substrate;

(c) ;Forming a top metal layer over the insulating layer; and

(d) selectively removing the top metal layer with respect to the
!underlying insulating layer, wherein the selective removal
Eprocess comprises:

i) the application of a bias to the substrate with bias power
between the sputter threshold of the top metal layer and
the insulating layer; and

ii) a physical sputter process using a mixture of a non-
reactive gas and <1% of an oxygen-containing gas.

22) A process as in Claim 21 wherein the non-reactive gas is Ar, He,
Ne, K;', Nz, or Xe, or any combination thereof.

23) A brocess as in Claim 21 wherein the oxygen-containing gas is O,
Oa, N?zO, NO, air, CO, or any combination thereof.

24) A process as in Claim 21 wherein the mixture is 99.9% Ar and 0.1%
Oa..

25) A process as in Claim 21 wherein a mixture of a non-reactive gas

and an oxygen-containing gas is introduced through a first flow
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controller and a non-reactive gas is introduced through a second flow
contro|ler.

26) A process as in Claim 21 wherein the first flow controller provides
80 sccim of argon and 0.08 sccm of Oz and the second flow controller
provid:es 270 sccm of argon.

27) A érocess as in Claim 21 wherein the non-reactive gas is in the
range:of 10 to 350 scch and the oxygen-containing gas is in the
range of 0.02 to 0.15 sccm.

28) A érocess as in Claim 21 wherein an oxygen—c&ntaining gas. is
introd:uced into the process from the sputtering of a solid source of an
oxygefn—containing solid,

29) A process as in Claim 28 wherein the solid source comprises
alumi:na or quartz.

30) A fprocess as in Claim 21 wherein oxygen—containing"gjas‘*i's 4,
intro:i:luced from control of leakage from the_ambient.

31) Aprocess as in Claim 21 further comprising the step of forming a
bottém metal layer under the insulation layer.

32) A'process asin Claim 21 wherein a plasma is formed with the non-
reactive ga:s. |

" 33) A process as in Claim 21 wherein the insulating layer comprises

aluminum oxide, magnesium oxide, or any insulating oxide.
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34) A process as in Claim 21 wherein upper metal layer comprises a
magnetic layer, part of an MRAM stack structure, or one or more layers
of NiFe, CoFe, CoNiFe, and CoFeB.

35) A process for fabricating a device comprising:

(a)'providing a substrate;

(b)forming an insulating layer over the substrate;

(¢) forming a top metal layer over the insulating layer; and

(d) selectively removing the top metal layer with respect to the
'underlying insulating layer, wherein the selective removal
" process comprises the application of a bias to the substrate with
bias power between the sputter threshold of the top metal layer
" and the insulating layer.

36) Afprocess asl,in Claim 35 wherein the insulating layer comprises an -

: 'insulfating oxide.

37) A?process for fabricating a device comprising:

(ai) Providing a substrate;

(Q) Forming an insulating layer over the substrate;

(cé) Forming a top metal layer over the insulating layer; and

(d) selectively removing the top metal layer with respect to the
: underlying insulating layer, wherein the selective removal

. process comprises a physical sputter process using a mixture of

an inert gas and <1% of an oxygen containing gas.
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38) A process for fabricating a device comprising:

(a) Pfroviding a substrate;

(b Fforming an insulating layer over the substrate;

© Fbrming a top metal layer over the insulating layer; and

(d) s,;electively removing the top metal layer with respect to the
dnderlying insulating layer, wherein the selective removal
;f‘)rocess comprises:

i) the application of a bias to the substrate with bias power
between the sputter threshold of the top metal layer and
the insulating layer; and

ii) a physical sputter process using a mixture of a non-
reactive gas and <1% of an oxygen containing gas.

'39) A process for fabricating a magnetic junction memory device
compfising:

(a)fproviding a substrate;

(b)fforming an insulating layer over the substrate;

(c)g forming a top metal layer over the insulating layer;

(d)_{ removing a portion of the top metal layer using a mixture of

fiuorine- and chlorine-containing gas; and
(e} selectively removing the remaining top metal layer with respect

- to the underlying insulating layer, wherein the selective removal

. process occurs in a non-reactive gas ambient and comprises the
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application of a bias to the substrate with bias power between
%che sputter threshold of the top metal layer and the insulating
?Iayer.

40) A pérocess as in Claim 39 wherein the chlorine-containing gas
compr:ises Clz, BCl3, HCI, atomic chlorine-containing gas, or any
combination thereof.

41) A ﬁrocess as in Claim 39 wherein the fluorine-containing gas
comp}ises CF4, SFs, CHF3, atomic fluorine~containing gas, or any
combination thereof.

- 42) A process as in Claim 39 wherein the ratio of chiorine-containing
gas t(é) fluorine—containing gas is in the range of 2:1 to 20:1.

43) A iprocess as in Claim 39 wherein the non-reactive gas is Ar, He,
Ne, Kr, N2, or Xe, or any combination thereof.

44) A fprocess as in Claim 39 further comprising the step of forming a
bottom metal layer under the insulation layer.

45) Aprocess as in Claim 39 wherein a plasma is formed with the non-
reactzive gas.

46) Aéprocess as in Claim 39 wherein thg insylating layer comprises

' ahimfinum oxide, magnesium oxide, or‘any‘ i'nslilating oxide.

47) .A. process as in Claim 39 wherein upper metal layer comprises a

maghetic layer, part of an MRAM stack structure, br one or more layers

of NiFe, CoFe, CoNiFe, and CoFeB.
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48) A process for fabricating a magnetic junction memory device
compri.ic,ing:

(@) p;‘roviding a substrate;

(b) f:orming an insulating layer over the substrate;

(c) ﬁorming a top layer over the insulating layer;

(d) r;emoving a portion of the top metal layer using a mixture of
fluorine- and chlorine—containing gas; and

(e) éelectively removing the remaining top metal layer with respect
to the underlying insulating layer, wherein the selective removal
Tproc:ess comprises a physical sputter process using a mixture of
h non-reactive gas and <1% of an oxygen-containing gas.

49) A p;rocess as in Claim 48 wherein the chlorine-containing gas
comp%ises Cl», BCls, HCI, atomic chllori'ne—containing gas, or any
combiination thereof.

50) A ;g)rocess as in Claim 48 wherein the fluorine-containing gas
compfrises CF4, SFe, CHF3, atomic fluorine-containing gas, or any
combi‘mation thereof.

51) A brocess as in Claim 48 wherein tﬁe ratio of chlorine-containing
gas t(}) fluorine—containing gas is in the range of 2:1 to 20:1.

52) A process as in Claim 48 wherein the non-reactive gas is Ar, He,

Ne, Kr, N2, or Xe, or any combination thereof.
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53) A proéess as in Claim 48 wherein the oxygen-containing gas is O,
0z, N20, NO, air, CO, or any combination thereof.

54) A process as in Claim 48 wherein the mixture is 99.9% Ar and 0.1%
o

' 55) A process as in Claim 48 wherein a mixture of a non-reactive gas

and an:oxygen-containing gas is introduced through a first flow
controiler and a non-reactive gas is introduced through a second flow
controiler.

" 56) A process as in Claim 48 wherein the first flow controller provides
80 sccm of argon and 0.08 sccm of Oz and the second flow controller
providfes 270 sccm of argon.

57) A érocess as in Claim 48 wherein the non-reactive gas is in the
rangeiof 10 to 350 sccm and the oxygen—containing gas is in the
rangei of 0.02 to 0.15 sccm. |

58) A process as in Claim 48 wherein an oxygen-containing gas is
introduced into the process from the sputtering of a solid source of an
oxygén—containing solid.

59) A ;process as in Claim 58 wherein the solid source comprises
alumina or quartz.

60) A process as in Claim 48 wherein oxygen-containing gas is

1
introduced from control of leakage from the ambient.
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61) A pfrocess as in Claim 48 further comprising the step of forming a
bottom metal layer under the insulation layer.

62) A process as in Claim 48 wherein a plasma is formed with the non-
reactive gas.

63) A process as in Claim 48 wherein the insulating layer comprises
alumirl:xum oxide, magnesium oxide, or any insulating oxide.

64) A process as in Claim 48 wherein upper metal layer comprises a
magnetic layer, part of an MRAM stack structure, or one or more layers
of NiFe, CoFe, CoNiFe, and CoFeB.

65) A process for fabricating a magnetic junction memory device
comprising:

(a) Providing a substrate;
(bj Forming an insulating layer over the substrate;
(c): Forming a top metal layer over the insulating layer;
(d?) removing a portion of the top metal layer using a mixture of
; fluorine- and chlorine-containing gas; and
(e) selectively removing the remaining top metal layer with respect
" to the underlying insulating layer, wherein thg selegtive removgﬂ
; procesé corhpriééé: v |
i) the abplication of a bias to the substrate With bias power
between the sputter threshold of the top metal layer and

| the insulating layer; and
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ii) a physical sputter process using a mixture of a non-
! reactive gas and <1% of an oxygen-containing gas.

66) A process as in Claim 65 wherein the chlorine-containing gas
comprgises Cl», BCls, HCI, atomic chlorine-containing gas, or any
combiénation thereof. .

67) A érocess as in Claim 65 wherein the fluorine-containing gas
comp;rises CFs4, SFs, CHF3, atomic fluorine~containing gas, or any
combination thereof.

- 68) A précesé as in Ciéim 65 wherein the ratio of chlorine-containing
gas to fluorine-containing gas is in the range of 2:1 to 20:1.

69) A j:rocess as in Claim 65 wherein the non-reactive gas is Ar, He,
Ne, K;r, N2, or Xe, 6r any combination thereof.

70) A :process as in Claim 65 wherein the oxygen-containing gas is O,
02, NizO, NO, air, CO, or any combination thereof.

71 A;process as in Claim 65 wherein the mixture is 99.9% Ar and 0.1%
Oa.

' 72) Aiprocess as in Claim 65 wherein a mixture of a non-reactive gas

and én’ oxygen-containing gas is introduced through a first flow

contiroller and a non-reactive gas is introduced through a second flow

controller.
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73) A pr;jocess as in Claim 65 wherein the first flow controller provides
80 sccm of argon and 0.08 scem of Oz and the second flow controller
providés 270 sccm of argon.

74) A pirocess as in Claim 65 wherein the non-reactive gas is in the
range bf 10 to 350 sccm and the oxygen-containing gas is in the
range of 0.02 to 0.15 scecm.

75) A p;rocess as in Claim 65 wherein an oxygen-containing gas is
introdi;ced into the process from the sputtering of a solid source of an
oxygeh—containing solid‘.

76) A process as in Claim 75 wherein the solid source comprises
alumiina or quartz.

77) A ;E)rocess as in Claim 65 wherein oxygen-containing gas is
introd:uced from control of leakage from the ambient.

78) A process as in Claim 65 further comprising the step of forming a
bottom metal layer under the insulation layer.

79) A brocess as in Claim 65 wherein a plasma is formed with the non-
reactive gas.

80) A'process as in Claim 65 wherein the insulating layer comprises
alum?inum oxide, magnesium oxide, or any insulating oxide.’

81) Aéprocess as in Claim 65 wherein upper metal layer comprises a
magfnetic layer, part of an MRAM stack structure, or one or more layers

of NiFe, CoFe, CoNiFe, and CoFeB.

1
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1

82) A process for fabricating a device comprising:
(a) ;iaroviding a substrate;
(b) forming an insulating layer over the substrate;
(©) fforming a top metal layer over the insulating layer;
(d) removing a portion of the top metal layer using a mixture of
gﬂuorine~ and chlorine-containing gas; and
(e)éselectively removing the remaining top metal layer with respect
1o the underlying insulating layer, wherein the selective removal
process comprises the application of a bias to the substrate with .
'bias power between the sputter threshold of the top metal layer
'and the insulating layer.
'83) A brocess as in Claim 82 wherein the insulating layer comprises an
insuléting oxide.
84) A iprocess for fabricating a device comprising:
(a} providing a substrate;
(bf) forming an insulating layer over the substrate;
(cz) forming a top metal layer over the insulating layer;
(d) removing a portion. of the top metal layer using a mixture of .
| fluorine- and chloriné-containing gas; and coe
(¢) selectively removing the remaining top metal layer with respect

' to the underlying insulating layer, wherein the selective removal
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process comprises a physical sputter process using a mixture of
an inert gas and <1% of an oxygen containing gas.

. 85) A process for fabricating a device comprising:

(a) providing a substrate;

(b) :forming an insulating layer over the substrate;

(c) forming a top metal layer over the insulating layer,;

(d);removing a portion of the top metal layer using a mixture of
ifluorine- and chlorine-containing gas; and

(e)gseiéi:ti\kely removing the remaining top metal layer with respect
fto the underlying insulating layer, wherein the selective removal
Eprocess comprises:

i)‘ the application of a bias to the substrate with bias power
between the sputter threshold of the top metal layer and
the insulating layer; and

» i) a physical sputter process using a mixture of an inert gas

and <1% of an oxygen containing gas.
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