METHOD FOR REDUCING SIDEWALL ETCH RESIDUE FIELD OF THE
INVENTION [0001] The present invention relates in general to semiconductor
devices and in patrticular, to the fabrication of semiconductor devices and
methods for reducing the extent of sidewall etch residue remaining post etch.
BACKGROVNBHYDHOR RUPNGISN $0DEIY idid gFed RESHREEN be found
in many of today's consumer electronics such as cell phones, video camera,
portable music players, computers, printers, etc. Integrated circuits may

comprise a combination o%@é)g)}ﬁgiﬁg%ﬁfﬁosﬁle semiconductor
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removed. In this manner, the desired design and layout for an integrated

citsiheanske Wansterredptenaisapicandustor wafer. [0003] Figures 1A to
1C illustrate a known method for patterning semiconductor devices 100. In

Figure IA, a first dielectric layer 120, a first metallic layer 140 and a second
dielectric layer 160 are deposited over a substrate 101. The first dielectric
layer 120 being the |VEAROROAINED iDKHEEIANY BN 1O& second dielectric
layer 160 being the uppermost layer in the stack. A photoresist layer is
ddB8®ed olsraritedseEgHY EeBetfiiinaydr B hdadiens develsise ¢ s foriksa
patterned photoresist mask 180. The second dielectric layer 160 and the first
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otoresist mask 180 using a plasma etching process. 1 ) )
p ntegrateﬁ clrcuits may cognprge a com 1nat1%IP OF various active and passwe

semiconductor devices and their interconnections.  The formation of these
semiconductor devices and interconnections typically include patterning steps where a
mask (such as a photoresist mask) is formed over one or more layers on a substrate
and exposed portions of the layers underlying the mask selectively removed. In this
manner, the desired design and layout for an integrated circuit can be transferred onto
a semiconductor wafer.

[0003] Figures 1A to 1C illustrate a known method for patterning semiconductor
devices 100. In Figure 1A, a first dielectric layer 120, a first metallic layer 140 and a
second dielectric layer 160 are deposited over a substrate 101. The first dielectric
layer 120 being the lowermost layer in the stack and the second dielectric layer 160
being the uppermost layer in the stack. A photoresist layer is deposited over the
second dielectric layer 160 and then developed to form a patterned photoresist mask
180. The second dielectric layer 160 and the first metallic layer 140 are subsequently

etched in accordance with the photoresist mask 180 using a plasma etching process.



[0004] During the etching of the second dielectric 160 and first metallic layer
140, etch residues 190 are formed along the sidewalls of the photoresist

mask 180, second dielectric layer 160 and first metallic layer 140 as shown
in Figure 113. These sidewall etch residues are a by-product of the plasma
ettMIPdl prodesina e wieinacifithe shepabdisttpriotdreanst itadtllistepier 140,

residue generated as a result of chemical reactions occurring during the
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typically followed by a wet etch process to remove the sidewall etch residue
19 cuaapaelciaiy available Ehemical St SYCH 38 GePosaiutinndMn e
comprises sulphuric acid and hydrogen peroxide), HF or NE 111 (from Air
Prashtgis)ioiayHeecoisdd ihitheavpletith peoassciDeeeiddind ohdiaciongstich
as the materials being etched and/or process conditions for the plasma dry
eteincehbedidewaketohadsidnegall@0nmayiaktfidcemain after the wet etch
process for instance as illustrated in Figure 1C. The residual sidewall etch
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Ca@ﬁﬁ%fﬁllﬁg%ﬁa%let%emlcal strippers such as CR solution (which comprises
sulphuric acid and hydrogen peroxide), HF or NE 111 (from Air Products) may be
used in the wet etch process. Depending on factors such as the materials being etched
and/or process conditions for the plasma dry etch, the sidewall etch residues 190 may
still remain after the wet etch process for instance as illustrated in Figure 1C. The
residual sidewall etch residues 190 are undesirable and can result in problems such as
device failure, current leakage and degradation of device reliability.
[0006] Figure 2 shows a conventional metal-insulator-metal (MIM) capacitor 200.
MIM capacitors are semiconductor devices formed by sandwiching one or more
layers of dielectric material between a top and a bottom conductive electrode. The
electrodes often include metal layers or alloys thereof. The metal layers or alloys can

comprise some or all of top and/or bottom electrodes of the capacitor. In Figure 2, the

MIM capacitor 200 is formed on a dielectric layer 210 over a substrate 201 and



MIM capacitor 200 is formed on a dielectric layer 210 over a substrate 201
and 2 comprises metallic bottom and top electrodes (220, 240) separated by
a capacitor dielectric layer 230. The top electrode 240 is smaller than the
bottom electrode 220, creating an area for via contacts 250 to the bottom
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the top electrode 240. [0007] The MIM capacitor of Figure 2 is formed b
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etch residues 280 protrude above the level of bottom and top electrodes
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polymer fences 280 are conductive, such a phenomena is undesirable as it
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reliability. A possible solution is to use a more aggressive chemical stripper
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capacitor dielectric 230 which in turn leads to degradation of capacitor
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provide a method for reducing the extent of etch residue remaining post etch
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with an adjacent via contact (250, 260). Since the polymer fences 280 are
conductive, such a phenomena is undesirable as it results in problems such as current
leakage and degradation of device reliability. A possible solution is to use a more
aggressive chemical stripper to improve etch residue removal but this has the problem
of damaging the capacitor dielectric 230 which in turn leads to degradation of
capacitor performance.

[0008] In view of the foregoing discussion, it is desirable to provide a method for
reducing the extent of etch residue remaining post etch while minimizing damage to

the semiconductor device.

SUMMARY OF THE INVENTION
[0009] The present invention relates to semiconductor devices and methods for
reducing the extent of sidewall etch residue during the fabrication of semiconductor

devices.



reducing the extent of sidewall etch residue during the fabrication of
semiconductor devices. 3 [0010] In one aspect of the invention, a method for
fabricating a semiconductor device is provided. The method comprises
forming a first layer over a substrate and a second layer over the first layer.
A 1988} nedImersksgdelyelr feefarrariiooy e md b Egnidbispangancenperiesed
second layer with outwardly tapered sidewalls formed by isotropically etching
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in accordance with the patterned second layer to form a patterned first layer.
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The ca itor comprises a first electrode and a first layer overlying the first
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and other objects, along with advantages and features of the present
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following description and the accompanying drawings. Furthermore, it is to
befitindigrstood that the features of the various embodiments described
herein are not mutually exclusive and can exist in various combinations and
pdf®ilichtions. BRIEF BESORIRTIOM @R, BHEPBRAWING S [30di]ltnethe The
drawings, like reference characters generally refer to the same parts
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scale, emphasis instead generally being placed upon illustrating the
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[0012] These and other objects, along with advantages and features of the present
invention herein disclosed, will become apparent through reference to the following
description and the accompanying drawings. Furthermore, it is to be understood that
the features of the various embodiments described herein are not mutually exclusive

and can exist in various combinations and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] In the drawings, like reference characters generally refer to the same parts
throughout the different views. Also, the drawings are not necessarily to scale,
emphasis instead generally being placed upon illustrating the principles of the
invention. In the following description, various embodiments of the present invention
are described with reference to the following drawings, in which:
[0014] Figures 1A — 1C are schematic cross-sectional views illustrating a known

method for patterning semiconductor devices;



are described with reference to the following drawings, in which: [0014]
Figures IA- 1C are schematic cross-sectional views illustrating a known
method for patterning semiconductor devices; 4 [0015] Figures 2 is a
schematic cross-sectional view of a MIM capacitor formed by the
cdf0&Rkiondiiptssebses Whemdbedrinyetstiorrto Figafed MAMI@piotasiormed
Figures 3 - 9 are schematic cross-sectional views illustrating progressive
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e iment of the invention; [0017] Figure 10 is a flow chart of an integrated
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INVERTION Rffﬁg]s ne or more gspects of the present invention will now be
descrihed Mithr igfarengs o the attached figures, wherein like reference
numerals are used to refer to like elements throughout, and wherein the
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invention relates to the methods of fabricating semiconductor devices in a

maraeictiduceduest ¢he anwdiicofatthresibotmentamirgpestieich. In
general terms, a first layer is formed over a substrate followed by a second
overlying layer. The second layer is isotropically etched to form a patterned
second layer with outwardly tapered sidewalls and the first layer is
subsequently etdMebH-EELBHRARE VRN RE SBECRIMBYdIDUring the etching
of the first layer, etch residues are formed along the sidewalls of the first and
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inclined at an anagle uch that et%h residues Eormed there?n
reference to the tache 1gures, wherein like rererence numerails are used to refer to

like elements throughout, and wherein the various structures are not necessarily drawn
to scale.

[0019] The present invention relates to the methods of fabricating semiconductor
devices in a manner that reduces the amount of etch residue remaining post etch. In
general terms, a first layer is formed over a substrate followed by a second overlying
layer. The second layer is isotropically etched to form a patterned second layer with
outwardly tapered sidewalls and the first layer is subsequently etched in accordance
with the second layer. During the etching of the first layer, etch residues are formed
along the sidewalls of the first and second layer. The outwardly tapered sidewalls of
the second layer may be inclined at an angle such that etch residues formed thereon
can be dislodged more efficiently by physical bombardment, thus reducing the
amount of etch residues present post etch. In addition, the inventors have also
discovered that it is easier to control and obtain the desired second layer sidewall

angle through isotropic etch of a material as compared to for example, using a



can be dislodged more efficiently by physical bombardment, thus reducing
the amount of etch residues present post etch. In addition, the inventors
have also discovered that it is easier to control and obtain the desired
second layer sidewall angle through isotropic etch of a material as compared
toreptesesitiphataiising a4 Baph erdreos]evvimatistisidas Aliriasktaidtarsiodviids italls
sidewalls to obtain tapered sidewalls inclined at a desired angle. The
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e ry methods for patterning a top.electrode of a MIM capacitor. It is to
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invention may be applied. There is no intention to limit the application of the
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invention is also relevant to the patterning of other features on a
sasnéconthittasrdBviaaBucht aswubnaiplinitebktpraoaly siheatidin@sy meipbtiades
and bottom electrodes in a MIM capacitor. [0021] Additionally, it is also to be
apPraciatedathateatpluralitiioft cthavepilonabnprdcassesthalt arewsih kivoWdNh
the art and not repeated herein, may precede or follow Figures 3- 8.
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below described process may,include fewer, or mqre steps. Also, it is to be
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processes that are well known in the art and not repeated herein, may precede or
follow Figures 3- 8. Moreover, it is to be understood that many modifications,
additions, and/or omissions may be made to the below described process without
departing from the scope or spirit of the claimed subject matter. For example, the
below described process may include fewer, or more steps. Also, it is to be
appreciated that the present disclosure need not be limited to the initial semiconductor
device structure depicted by Figure 3.

[0022] Figure 3 shows a semiconductor structure 300 comprising a substrate 301
and a MIM capacitor stack comprising a bottom electrode layer 310, a capacitor
dielectric layer 320 and a top electrode layer 340 sequentially deposited over the
substrate 301. A top dielectric layer 360 is subsequently formed on top of the
foregoing layers that form the MIM capacitor. In one embodiment, the top dielectric

layer 360 comprises silicon nitride. Alternatively, other dielectric materials such as



[0022] Figure 3 shows a semiconductor structure 300 comprising a substrate
301 and a MIM capacitor stack comprising a bottom electrode layer 310, a
capacitor dielectric layer 320 and a top electrode layer 340 sequentially
deposited over the substrate 301. A top dielectric layer 360 is subsequently
fohtetob At dfttheiliksie guide, |alers thaY e tHRONIIN SpERiiRsH Vi enséing
embodiment, the top dielectric layer 360 comprises silicon nitride.
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oxide, silicon oxynitride, botto nti-reflective coating (BARC) material ma
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layers. The top.dielectri er 360 may,serve.as.a hard. mask layer durin
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Iay?grel?,g,gb'[OOZB] A photoresist layer is deposited on the entire surface of the
top dielectric layer 360 and selectively exposed and developed to form a
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underlying layers such as the top electrode layer 340. [0024] In the presently
dasgtibae) embeédineriytbepiopde mdirdael tpye rtd40rmampiikas taal 380 for
Alternatively, other conductive material suitable for use as an electrode layer
sugttersibgitivotdpmitedeto cTidaei i viptidea{ T NYhFamidddpmngitrgias ChaNys the
Aluminum, Tungsten, Copper, Platinum (Pt), alloys thereof or combinations
thisreeeaiedsiityduttéble. The top electrode layer may be formed by various
techni%ues, such as atomic layer deposition (ALD), chemical vapor
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technigues may also useful. : . .
comlglllses tantXlum. Rﬁernatlve y, other conductive material suitable for use as an

electrode layer such as but not limited to Titanium nitride (TiN), Tantalum nitride
(TaN), Aluminum, Tungsten, Copper, Platinum (Pt), alloys thereof or combinations
thereof are also suitable. The top electrode layer may be formed by various
techniques, such as atomic layer deposition (ALD), chemical vapor deposition (CVD),
electroplating or physical vapor deposition (PVD). Other techniques may also be
useful.

[0025] The bottom electrode layer 310 may comprise conductive materials that
are the same or different from those used for the top electrode layer 340. As for the
capacitor dielectric layer 340, it may comprise nitrided oxide, oxynitride,
oxide/nitride/oxide (ONO), silicon oxide, high dielectric constant materials such as
barium-strontium-titanium oxide, strontium-bismuth-tantalum oxide, Ta,Os or a
combination of the above. Alternatively, other materials that are suitable as a

capacitor dielectric are also useful. The capacitor dielectric layer may be deposited



[0025] The bottom electrode layer 310 may comprise conductive materials
that are the same or different from those used for the top electrode layer
340. As for the capacitor dielectric layer 340, it may comprise nitrided oxide,
oxynitride, oxide/nitride/oxide (ONO), silicon oxide, high dielectric constant
MatEarsEeIshcas Y v -Seineuah-titghiah M, VD, ALD or a combination
strontium-bismuth-tantalum oxide, Ta205 or a combination of the above.
AIEE?P?Qf’rver, other materials that are suitable as a capacitor dielectric are

al ful. The capacitor djelectric layer may be deposited sing varjous
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Figure 3." For example, the MIM capacitor stack may include one or more
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dielectric layer, one or more barrier layers above the top and /or bottom
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301 is conventional in the semiconductor fabrication art and may comprise a
silicone dubstrateeBthbotypbs ofsemiconcuttonstibsiatedaguctB4s 310), or
silicon-on-insulator, (SOI), SiC, germanium-based including SiGe, SiGeC,
arf@shmatigh-Agigiitors (SGOIs), or gallium arsenide, are also useful. It is to
b(—:'F Haqlé%reciated that various semiconductor devices (not illustrated) can be
fo
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silicon-on-insulator, (SOI), SiC, germanium-based including SiGe, SiGeC, and SiGe-
on-insulators (SGOIs), or gallium arsenide, are also useful. It is to be appreciated that
various semiconductor devices (not illustrated) can be formed in or on the
semiconductor substrate 301. These devices, for example, can include transistors,
contact regions, resistors and trench capacitors.
[0028] Figure 4 shows the semiconductor structure 300 of Figure 3 after an
isotropic etch is applied to pattern the top dielectric layer 360 by removing exposed
portions thereof. An isotropic etch is one that removes exposed portions of the top
dielectric layer 360 in both a lateral and vertical manner thus providing a patterned
top dielectric layer 360 with sidewalls that are tapering outwards. As will be
explained further in the succeeding paragraphs, etch residues are formed on the
sidewalls of the patterned top dielectric layer as a by-product of subsequent etch steps.

The outwardly tapered patterned top dielectric layer sidewalls when tilted at an

appropriate angle provide a larger surface area that facilitates the trimming and hence



[0028] Figure 4 shows the semiconductor structure 300 of Figure 3 after an
isotropic etch is applied to pattern the top dielectric layer 360 by removing
exposed portions thereof. An isotropic etch is one that removes exposed
portions of the top dielectric layer 360 in both a lateral and vertical manner
thigsliravidih ghesp sidevirdcbteb pedidie ctiibel sapsrRiead@ith 1sideival Id ghegt Hpee in
tapering outwards. As will be explained further in the succeeding
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the patterned top dielectric layer 360 and the masking layer 380 are

substasdiaoflshaftesietah 1A%Pewgh not illustrated in Figure 4, it is
understood that etch residues may also be formed along the sidewalls of the
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dielectric layer etch. [0029] In one embodiment, the sidewalls 362 of the
pat6Ormedampedioteetnidslaye in 360 diedapered oofvasr disaardd ikgliewsdatharnp
angle 0, of less than 80 degrees to the top surface of the underlying top
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360 are inclined at an angle of approximately 40 to 60 degrees to the top
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be adjusted by varying process conditions for the top dielectric layer etch
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bottom bias power.

[0030] In Figure 5, the top electrode layer 340 is patterned in accordance with the
patterned top dielectric layer 360 using an anisotropic main etch process to remove
exposed portions of the top electrode layer 340. As shown in Figure 5, the top
electrode etch forms etch residues 390 on the sidewalls of the masking layer 380, top
dielectric film 360 and etched portions of the top electrode layer 340. Since the top
electrode layer is comprised of a conductive material, the sidewall etch residues 390
are conductive in nature. Consequently, problems such as shorting with a neighboring
via as previously illustrated in Figure 2 may occur if extensive sidewall residues 390
remain post-etch.

[0031] In order to address potential problems associated with the presence of
sidewall etch residue, the top electrode main etch process is configured to

simultaneously remove exposed portions of the top electrode layer 340 and at the



patterned top dielectric layer 360 using an anisotropic main etch process to
remove exposed portions of the top electrode layer 340. As shown in Figure
5, the top electrode etch forms etch residues 390 on the sidewalls of the
masking layer 380, top dielectric film 360 and etched portions of the top
elsanodanayensiy siteathetidprasidetrodRldPeriy semhpriseliginent. The

conductive material, the sidewall etch residues 390 are conductive in nature.
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390 by physical bombardment. The physical bombardment dislodges etch
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the sidewalls 362 of the patterned top dielectric layer are also inclined at an
anplettipatlvontoldt fagititeeothedpisaming. {6032} fobthe embadimesrtisiawpain
Figure 5, the etching recipe for the top electrode layer 340 is anisotropic and
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coupled with some type of bombardment efficient gas chemistry for
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anisotropic, the bombarding species travel in a vertically downward direction
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top electrode etch rate is 1: 12~17.
[0033] In general, trimming efficiency improves as the energy of the bombarding
species increases. Therefore, in order to achieve efficient etch residue removal, a high
bottom bias power is applied so as to increase the impact energy of the bombarding
species. In one embodiment, the bottom bias power is between 100 to 400 W.
However, the invention is not limited as such and other bias values that provide high
energy bombardment are also suitable.
[0034] As shown from Figure 5, the bombarding radicals are able to impinge upon
a larger surface area of the etch residues 390 as the top dielectric sidewalls are tapered
outwards at an appropriate angle. Consequently, efficient trimming of the sidewall
etch residues can be achieved. In one embodiment, the sidewalls 362 of the patterned
top dielectric layer 360 are inclined at an angle of less than 80 degrees to the top

surface of the underlying top electrode layer 340. Preferably, the sidewalls of the

patterned top dielectric 360 are inclined at an angle of approximately 40 to 60 degrees

10



[0033] In general, trimming efficiency improves as the energy of the
bombarding species increases. Therefore, in order to achieve efficient etch
residue removal, a high bottom bias power is applied so as to increase the
impact energy of the bombarding species. In one embodiment, the bottom
bitsthoivesisiheaweidn woBHy AN Eletivdeirver thid indiheitsh idnotfreitetas
such and other bias values that provide high energy bombardment are also
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surface of the underlying top electrode layer 340. Preferably, the sidéwalls of
theoRpiteinerhtenudieleatiicod®Ocatsoinglingd af anisneifcoharprOXmRtedifd
to 60 degrees 10 to the top surface of the underlying top electrode layer 340.
Althetpghithhe Jlubaice aseaidngitableifoy bomieErndment andhsimaedhiimhbatagr)
efficiency may improve with a smaller sidewall angle, the potential problem
ofqodfechingimioei ghrthe tap dietastric(day¢F1368Ghayrateohimitithe themdaflins
usable angle. [0035] In the presently described embodiment, the top
eletgfoae tidyde Jagop sleprasiedayantallind hinflomerepmiss ditnsppcef a phssrspic

plasma etch recipe coméarising a fluorine_containing chemistry (:E}.é;. CF4,

NE%Y P CBABTALIEh L tREPe S MandYbr BAENRYinR RS gy entis #5578 Bt

CI2, BC13, or combinatigns thereof) is used to etch the Ta top electrode
SIS SR e 10, S TR e & e I et BB s

Sorga%(fgﬂ's'ﬁ‘ﬁ?gs]qge\:/ ?%’cﬁéh]e%{rﬁzoﬁ]y%&n%l? Hlsa)p glgg‘%%ss&ﬂglgle In addition to the

first gas chemistry for etching exposed Ta material, the plasma etch recipe also
comprises a bombardment efficient gas chemistry to facilitate the trimming of etch
residue residing on the sidewalls of the top dielectric layer. The bombardment
efficient chemistry may comprise gases such as but not limited to Ar, BCl3, C,Hy4, N»,
or combinations thereof. However, it is to be understood that the type of gas
chemistry chosen in a second layer etch recipe is not limited to the above examples
and may vary depending factors such as the type of material being etched and process
conditions for the etch recipe (e.g. pressure, temperature, power etc.) while still
achieving the desired objectives.

[0036] In an alternative embodiment, the masking layer 380 may be removed (for
example, by an oxygen containing plasma process) after patterning the top dielectric
layer 360. The patterned top dielectric layer 360 would therefore be used as an etch

mask for patterning the underlying top electrode layer.
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differentially etches the Ta electrode 340 while minimally etching other
exposed materials such as the top dielectric layer 360 may also be suitable.
In addition to the first gas chemistry for etching exposed Ta material, the
plasma etch recipe also comprises a bombardment efficient gas chemistry to
fatidte thdirivhalipigasivetembpdsinine (dsiding diethie Gidewalisapictaaipgich
dielectric layer. The bombardment efficient chemistry may comprise gases

SURRCESS Btk rtifed t Rt B, bolqn clgorode LaitbindfpAs et With
However, it is to be understood that the type of gas. chemistry chosen i

o REEEP SR AT EH O R AB T B S Lk RS ha VA
depending factors,such.az e s af materjg) beng.etched and process, .,
conditions 1or the efch recipe (e.g. pressure, temperattre, power etc. whﬁce

sty Relieving, the.desired PRIRFINESHINARR] I @b aliernatiMererbadimalitis

the masking layer 380 may be removed (for example, by an oxygen
capjainipgResmamesrsshafterirattesningsthautop iglesicdayals300s The
patterned top dielectric layer 360 would therefore be used as an etch mask
fodpadecning thecardgiybachiop wtedioddlbyenahd 3TN droaiainatves
embodiment (shown in Figure 6), an isotropic main etch process is used to
simhularienusily ¢hety¢tHeabpé leotrvdel ajdr 4P neatccorddee withigthie 6. In
patterned top dielectric layer 360 and trim the sidewall etch residues 390.
UnliReferEshsisbespiteicthe nibisdipherdaredtritd iepidlatismeyatiguee s, @R
isotropic etch process is non-directional. Therefore, trimming of the sidewall
et%?%%ﬁﬁ&‘é@@I%Ih]c%’“§l]bstantially uni-directional like Figure 5 but rather

IhRRIEh resien e fislodaer by redicals approaghing e sienale

Irections. purposes O illustration o Iy ICal an oriZo

et%ﬂoc%@ 8%891@550%%%‘ oY ’lri”mﬁﬁ%rﬁlefs 'sfﬁlewall residues. Therefore, unlike the

anisotropic embodiment illustrated in Figure 5, the etch recipe does not include a
bombardment efficient gas provided specifically for sputtering the sidewall etch
residues.

[0039] In the presently described embodiment, the top electrode layer 340
comprises Tantalum. In one embodiment, an isotropic plasma etch recipe comprising
a fluorine containing chemistry (e.g. CFs, NF3, or combinations thereof) and/or a
chlorine containing chemistry (e.g. Cl,, BCls, or combinations thereof) may be used to
etch the Ta top electrode layer 340. Alternatively, other chemistries may also be
suitable. In order to sustain an isotropic plasma process, a low bottom bias power is
used. For example the bottom bias power may be between 0 to 100W. In general, an
etch process tends to be more isotropic as the bottom bias power is decreased, that is,
the extent of lateral etch increases with a reduction in bottom bias power. However, it

is to be recognized that the type of gas chemistry chosen in a second layer etch recipe
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a preferred embodiment, the ratio of sidewall etch residue removal rate to top
electrode etch rate is 1: 12-17. [0038] Preferably, the gases used for
chemically etching the top electrode layer 340 are also responsible for
trimming the sidewall residues. Therefore, unlike the anisotropic embodiment
illistreitisnipEiguke Sarrecateplecipd dosy Hotderdodiasobiin baxiphepgterial
efficient gas provided specifically for sputtering the sidewall etch residues.

[Ob@QFIF\t‘{I’i ;ﬂ%@ﬁ?ﬁﬁﬁe%ﬁ%‘é@%ﬁ%dmrﬁm,rfﬁ@ﬁfpge@@ﬁ%% [Sjacsage.
comprises Tantalum. In.one embodiment, an isotropic plasma etch recipe
CTABRE A A S R RNE NS IS CRa. NF3, or combinations
th and/or a chlorine containing.chemistry. (e. 12, BC13. or ..
o R N RSN A b e & e

Allgrnatively, Qb&rHRaIYSres RAVRISP daedUiialien ' RN 1opaHsiAla a5

isotropic plasma process, a low bottom bias power is used. For example the

batiQmbiamRewas MeyeReibeine R 16ila0Wool Beene @l (A sRtsh I QFass
tends to be more isotropic as the bottom bias power is decreased, that is,

thpaextent oplatekabeiahyticiebpasmiit @petbdation luy EAOBudihs pavrelof it
However, it is to be recognized that the type of gas chemistry chosen in a
sasaeititayermighadtipeodssis mbelinite thpoliblecatiovidevainpie s nabenalyin
vary depending on the type of material being etched and process conditions
fo tRangeE ROy &spibate §iobreasidite tabaTatt Aditipler BeceHitiilestiF hesidiing
the desired objectives. [0040] Figure 7 shows the semiconductor structure
300 YrETGies by g BF@W%@E%@‘PH&%&‘%W?&&& DaIWaLBEercehARd
th&)C gh to form a patterned top electrode layer 340. There is some etch
reSidue 390 present on the sidewalls of the

[0041] Referring now to Figure 8, therein is shown the semiconductor structure
300 of Figure 7 during a top electrode over-etch step. The top electrode over-etch
step removes any exposed top electrode material still remaining after the main etch.
In one embodiment, the over-etch step comprises a first chemistry that etches the top
electrode material at a higher rate compared to the underlying capacitor dielectric
layer 320 coupled with a bombardment component for simultaneously for further
trimming the sidewall etch residues. The etch chemistry and process conditions for
the top electrode main and over-etch step may be similar.

[0042] In Figure 8, the top electrode over-etch step is an anisotropic plasma etch
process and the trimming component comprises the incorporation of an additional
bombardment efficient gas chemistry (e.g. Ar, BCl;, C;H4, Ny, or combinations
thereof) for high energy vertical bombardment of the sidewall etch residues. In an
alternative embodiment (not shown), the top electrode over-etch step may be an

isotropic plasma etch process where etching of residual top electrode material and
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patterned top dielectric layer and patterned top electrode layer 340 but the
extent of it is reduced compared to processes where the top dielectric
sidewalls are not tapered in a manner to facilitate etch residue trimming.
Additionally, the extent of etch residue is also reduced by the provision of a
trifimingcofbersedit ipstthes topyeedstidde ot resternalonaner dhagripgtiodicto
Figure 8, therein is shown the semiconductor structure 300 of Figure 7

dURHELESt SRR A RaiTererists 2 ateip ivte A o ERIF- BERFFSS @Ry use
sed t trQd ial still ini th [
ol TR R e e T 5 S BT MR A ) s

etﬁlg?esﬁ%rll% top. 1%1'1%”%1 e {ygn tgtgﬁllrgtl & Qslgher rate compared to the underlying

capacitor dielectric Tfayer coupled with a bombardment component for

simygligeoysly fQr LRl WHIWNNE Eﬂ%;ééd@,‘"{ﬁg SHERVERSIAUL S STRREWD are

chemistry and process conditions for the top electrode main and over-etch

stepmayife sienitsved 084 2 dnofigutenSsithe top slecadioveinicsier Ban
anisotropic plasma etch process and the trimming component comprises the

inshsparatibs eidawagidditionaibembardiveniraiie rbgateehe mistryu(Bogenill;
BC13, C2144, N2, or combinations thereof) for high energy vertical
bahivadideent ©fahersimer@il dhehidesidilie 301w hihe gigenatil/@p At odimdater
(not shown), the top electrode over-etch step may be an isotropic plasma
etéAlprocbaswhke raceteing Divesidusihsgsiibrsectsdierinpang ofghe etch

trimming of the etch residue proceeds in a non-directional manner, that is, the

ettt tsiRGEL SI Yl tRmmited hdth eriadPa it Tataraigh THSaRrg s on

Process may use, the same gas chemistry (.perform fhe dual functions of

etc??nng resmPuaﬂr{op eécﬁgae nratenal and)%lmmlng SidféWall etch residues.
[0044] In another embodiment, which is not described with respect to the
accompanying drawings, the present invention may be applied to the patterning of a
bottom electrode layer instead of a top electrode layer and the bottom electrode layer
can be patterned in accordance with an overlying capacitor dielectric layer with
outwardly tapered sidewalls.
[0045] Figure 9 shows the semiconductor structure of Figure 8 after the
completion of the over-etch step and subsequent removal of the masking layer 380. In
one embodiment, the masking layer 380 is a photoresist material and it is removed by
an oxygen containing plasma strip process. Preferably, the plasma strip process is
carried out in-situ, that is, in the same process equipment as the preceding top
dielectric and electrode etch steps. For instances where it is necessary to transport the
wafers between chambers, this transfer is carried out without breaking vacuum.

[0046] The inventors have discovered that prolonged exposure to single oxygen

containing chemistry (for example, H,O or O, or a combination thereof) tends to
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[0043] For the example shown in Figure 8, the sidewall etch residues 390 are
substantially removed by the over-etch step. In an alternative embodiment
(not shown), the sidewall etch residues are not removed completely but
sufficiently thinned down at a portion along the sidewalls 362 of the
pditedeietheophaielesstidédbyad 3B0rssdivdtaiphansideenthskingkiagah¢y removal
subsequently removed, a portion of the etch residue gets lifted off along with

it JHEA walefREPex st BF Seh BRI protfuRTBiT bt e tiietid 0 st daf

the patterned top electrode 340 is reduced. [0044] In another embodiment,
oI B AT O KRR oGS 18 Ofe

PreSBRLInYED H?Oe”p'i’&é"r}{ 0§, APped(0, i pausening 9f 3, hottom %le%riﬁdi%o
Iayer Instead o atop GaIECt ode layer an %he ottom e?ectrc?ge ?a)})er can pe

Patigred i&3a°Q&r&ﬁ‘f“&%h‘{‘ﬂéhr@&pgvé‘dﬂ?{wﬁiﬁgﬁgﬁﬂ%zdL‘ﬁ'@‘NQC NET ¥ien is

outwardly tapered sidewalls. [0045] Figure 9 shows the semiconductor

stpsetbneiRbbigwenB.alter, thecompletippRtiepyietah sieR: 30k tion. N,
subsequent removal of the masking layer 380. In one embodiment, the

maskingdaigenhatl iva phatoiesist matetiahandidt ésrantioved oy raticaky gers
containing plasma strip process. Preferably, the plasma strip process is
cariegatiousitu ithebis, imathengante Jilvchss aguiproehtakitgequrpecedinge
top dielectric and electrode etch steps. For instances where it is necessary
toamsgsrseveraldfars BatnedhecrrinBers Ui ranaferin pehsed olit Wwithout
breakin? vacuum. [0046] The inventors have discovered that prolonged
exXoslfe RSige Beygarens SR CHmistA BoreRsrmisei HEE 682 8! a
comb}nati thdereop tends to 14 harden the hohoresi t 380 and a :
ou& 1th. Ql[he urafi n?ﬁeach repipe s[tﬁg.m deterrhined, based onfactor, sugll{ s time
residual etch residue, thus making ir removal ditficult. ererore, the
pl?ﬁ(@}?tgmgepﬂﬁ&g%%i's% Q{g,f&r %Qll%ﬁé‘la%eh%e‘?f ﬁﬁ%ryﬁgﬁput considerations. In
a preferred embodiment, microwave power is used in the plasma strip process.
[0047] The above embodiment for removing photoresist is not to be construed as
limitative in its application. For example, although the description illustrates the
invention as being applied to the removal of photoresist after top electrode etch, the
invention is also relevant to the removal of photoresist after other plasma etching
processes such as but not limited to metal, polysilicon or dielectric plasma etching
processes.
[0048] Figure 10 is a flow chart 1000 illustrating a process for fabricating a
semiconductor device in accordance with one embodiment of the invention. The
process includes providing a substrate in block 1010; forming a first layer over the
substrate and a second layer over the first layer in block 1020; forming a patterned

masking layer over the second layer in block 1040; forming a patterned second layer

with outwardly tapered sidewalls by isotropically etching exposed portions of the
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alternate between different combinations of oxygen containing gases. In one
embodiment, the plasma strip process includes a first etching recipe
comprising H20 followed by a second etching recipe comprising H20, 02
and N2. Since oxygen is present in both H20 and 02 , these two
coineBAdnter peritnek APpachidgiunttierounNy ctemnhshothet fgd imaesadagce
catalyst to facilitate the generation of O radicals, thus bringinﬁg@e;}bout an

indYi s@‘?npé‘{:tﬁm@dra?f'é?‘mekfﬁ%ft ang é%@&?iaget?fﬁ%dqsé%‘?ﬁ% Yyed on the
alternated several times during the course of the plasma strip process.. It is
BB TS UBYCE b B B s AL VB LB
reciag arriedoul et e duration oleaeh (egiRs sigR s fetermined based
on f4ctors such as time takerfor the p otoresist and/or poﬂ/mer to harden
angoiypuahpie consideations: afﬁbadpgﬁﬁrg%@g?a@mg% WG A Sartin
power is used in the plasma strip process. [0047] The above embodiment f%r
refRaying: PhRiRresisidmint tape-conatiatast nmitativg dBoiiannlicatinthis,
For example, although the description illustrates the invention as being
appéetbte, the rentevaboidatoiesistrafiectoplahactioceatich tihe linvengiaheis
also relevant to the removal of photoresist after other plasma etching
processes duchtad berenot Sienjte ditthenetahtpolysilivenndrediedentriteplasinded
etching processes. [0048] Figure 10 is a flow chart 1000 illustrating a
preldEss fathranbrinting g feeateriasetibtioRied i sheiserdhaecith wilin the
embodiment of the invention. The process includes providing a substrate in
bIBERBY B HSPRARG T T RISYEY IVEF S BetPAtBLA LD SR THy R EVer
the first layer in block 1020; forming a patterned masking layer over the
second layer in block 1040; forming a patterned second layer with outwardly
tapered sidewalls by isotropically etching exposed portions of the 15
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second layer in block 1060; and simultaneously etching the first layer in
accordance with the patterned second layer and trimming etch residues
deposited on the outwardly tapered sidewalls in block 1080, the outwardly
tapered sidewalls having an angle that facilitates the trimming of etch
residues deposited thereon . [0049] The invention may be embodied in other
specific forms without departing from the spirit or essential characteristics
thereof. The foregoing embodimenQ:AtH\étsefore, are to be considered in all
respects illustrative rather than limiting the invention described herein. Scope
of the invention is thus indicated by the appended claims, rather than by the
fo'i‘?go'”%%%ﬁﬁ&i’}‘&%ﬁg‘%tﬂl' changesmatFanse.within g meaning and
range of equivalency o the claims are intended to be embréaced therein. 16
CLAIMSolnhMethadafes: fakrigating: asamisenduatay deyeesomarisyag:

forming a first layer over a substrate and a second layer over the first'layer;

forming gopatiernestdiaskingslayernovesthazacenstlayer; forming a patterned
second layer with outwardly tapered sidewalls by isotropically etching
exposedfpaitignspatttie:secand layervathdetehidlg thye fistiteyeilinby
accordance with the patterned second layer to form a patterned first layer. 2.
Theotrrpihdty st biagmepbindiiainions ofltbesir@rdinyesidués are deposited on
the tapered sidewalls of the patterned second layer during the etching of the

first layefCRing Hrelitaplopes isisrsnmaadsavihdheanigransitranie thar fadpiates

trimming of the etch residues by physical bombardment. 3. The method as
cIRATEESH UiYS™ wherein etching the first layer comprises

2. The method as claimed in claim 1, wherein etch residues are deposited on the
tapered sidewalls of the patterned second layer during the etching of the first layer,
and the tapered sidewalls have an angle of incline that facilitates trimming of the etch

residues by physical bombardment.

3. The method as claimed in claim 2, wherein etching the first layer comprises
simultaneously removing exposed portions of the first layer and trimming the etch

residues deposited on the tapered sidewalls.
4. The method as claimed in claim 3, wherein prior to the etching of the first

layer, the tapered sidewalls are inclined at an angle of about 40 to 60 degrees with

respect to a top surface of the first layer.
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simultaneously removing exposed portions of the first layer and trimming the
etch residues deposited on the tapered sidewalls. 4. The method as claimed
in claim 3, wherein prior to the etching of the first layer, the tapered sidewalls
are inclined at an angle of about 40 to 60 degrees with respect to a top
sutface dithadihet|ayelrimgdsn Thenhde thiertcas seldipiaulitnegaity Ssghéreand
said simultaneously removing and trimming is by anisotropic plasma etching.
6. U ERSIAGY HUCIEpRie 8MBIGIRE Svherein the anisotropic plasma etching
comprises using a first gas chemistry for removing the first layer and a
separate bombardment efficient gas chemistry for trimming the etch
reg?dugsrg. ngg‘ggtshch as claimed gn c+aim 3, wherein said simuli't%lgeously

€ aunéd in claim 5, wherein the anisotropic plasma
removing and trimming is by isotropi¢ plasma etgﬁlng. 8 The method as

clapped o claiy a7ﬁf’é’trt§1seé'ﬁe'i%t§%9%&lﬂ%ﬂ% EHSPIRG CAMPLSRARHSING a

first gas chemistry both for removing the first layer and trimming the etch

resifesd Sediherineinoss aschmed R aaimSnwherainiateling the first layer

comprises main etch and over-etch steps. 10. The method as claimed in
claim 1, wherein the patterned first layer forms part of an electrode in a MIM
capacitor. 11. The method as claimed in claim 10, wherein the patterned
setond laenfghesapdni o dicapaoitb vdielaotsicdovipaltaod audiffigsionigaanér
layer in the MIM capacitor. 12. The method as claimed in claim 1, wherein
theipupiaeiehsianly RyerdsiehiEotoresist material.

8. The method as claimed in claim 7, wherein the isotropic plasma etching
comprises using a first gas chemistry both for removing the first layer and trimming

the etch residues.

9. The method as claimed in claim 3, wherein etching the first layer comprises

main etch and over-etch steps.

10. The method as claimed in claim 1, wherein the patterned first layer forms part

of an electrode in a MIM capacitor.

11. The method as claimed in claim 10, wherein the patterned second layer forms

part of a capacitor dielectric or part of a diffusion barrier layer in the MIM capacitor.

12. The method as claimed in claim 1, wherein the patterned masking layer is a

photoresist material.
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18 13. The method as claimed in claim 12, further comprising removing the
patterned masking layer by a plasma strip process comprising a first etching
recipe and a second etching recipe, the first and second etching recipes
comprising different combinations of oxygen containing gases. 14. The
method as claimed in claim 13, wherein the patterned masking layer is
removed after forming the patterned first layer. 15. The method as claimed in
clditn 13T0HBFEIAdR I BisE Hrstadh decBRiacomRyistagisaeyriptissatigmed
and the other etching recipe comprises H20, 02 and N2, 16. A capacitor
5 RS} BRI S e 2 ST IAoh Sl B FrEPElrb ot

first i e&é‘?ViP&eoH}W%‘ﬁg%J&Pcﬁé iR idre\é\{ael:lsséf%](ar{sqirln PRI Ic%é%riﬁsét?ons
capacitor dieléctric or a diffusion barrier layer for the capacitor. 1

of oxygen containing gases.

14. The method as claimed in claim 13, wherein the patterned masking layer is

removed after forming the patterned first layer.

15. The method as claimed in claim 13, wherein one of the first or second etching

recipe comprises H,O and the other etching recipe comprises H,O, O, and N».

16. A capacitor comprising

a first electrode; and

a first layer overlying the first electrode, the first layer having outwardly
tapered sidewalls;
wherein the first layer is a capacitor dielectric or a diffusion barrier layer for the

capacitor.
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