METHOD FOR REDUCI NG SI DEWALL ETCH RESI DUE FI ELD OF THE | NVENTI ON 10001j The
present invention relates in general to sem conductor devices and in
particular, to the fabrication of sem conductor devices and net hods for
reduci ng the extent of sidewail etch residue remaining post etch.
BACKGROUND OF THMIE'RNEYrFOR REDUICHYegdDFIWALLcHETCH BESIBYE ound i n many of
today's consuner el ectronics such as cell phones |eo canera, portable
nmusi ¢ pl ayers, conmputers, printers, etc. Integrated circuits nmay conprise a
conbi nati on of various active and passive sem conductor devices and their

i nterconnections. The formatAarpnpabr tregsevserTgonduct or devi ces and

i nterconnections typically include patterning steps where a mask (such as a

phot or esi [?E)Oﬂas k)Thla ?pr%s%ﬁ%@erm/o%r re zggsr ﬁ%ér%fa? t(L §¥1§{c§n<§.[e&ltoq‘ elelpc%% raﬁ& % and

exposed. portions o e layers un he “mas ectively renoved. In
this manner, the desired design and |ayout for an integrated circuit an be
transfer r@t’iﬁ%a?rotoaﬁjé’e{ﬁg%@ﬁaﬂcog élecﬁéﬂ“%{%é@’]“ff’F é’ﬂaé’%et%&t r F@“F’Inlgtfg‘f rate a
known net hod for. patterning sem conductor devices 100. In Figure IA a
First di etxéayef sidpwyglbetch pyldug rempigingnashetcic | ayer 140 and a second
dielectric layer 160 are deposited over a substrate 101. The first
dielectric layer 120 being the | owernost |ayer in. the stack and the

second. dielectric layer :60 being the uppernost |ayer in the stack. A

phot oresi st | ayer is depBaldKeSROVED DFETSECRNENIIIeNect ric | ayer 160 and
t hen devel oped to forma patterned photoresist mask 180. The second

di el ect i mobayer 108aRACi: th 6L Al hén) VBl te 0ot uhRRaHED! Y

etched in accordance with t otolysis: using a plasm etching

r . . . .
PrOCESS. gich as cell phones, video camera, portable music players, computers, printers, etc.

Integrated circuits may comprise a combination of various active and passive
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.



etch residues 190 are forned along the sidewalls of the photoresist mask
180, second dielectric layer 160 and first netallic |layer 140 as shown in
Figure 1B These sidewal | etch residues are a by-product of the plasm
etching process and may include hardened photoresist material, etch residue
gener at ed[0884]a r éxuinlg thd ctchiegiof dle sceact dielestriod60nnd figst duetdlliglalytel 49, asma
etch, sputtered on materials, or re-deposited nmaterials or conbinations

t her eof |&ch hisslueX 20mhe. foth&l ﬂbggwaé didkAR oresd shirsredif0madkel oRdeRy i ve

since the first layer is nade of netallic material 140, [0005]Figure IC

shows theyseEiCORJUCT QY 5k Miict &Hegeklﬁgg@%} ey ?ho(]}vlrg ;ﬁ;ﬁi%{reeﬁﬁhiﬂ%sgas

conpl eted and the” photoresist ma S renove asna based

phot oresi st stri rocess. The pl.a based toresist strip process is
Dot car y ot huBRSEE fiee treRo SR OE B En P ERbifk BRasdS ity ROGiE

resi due 190. Commerci al |y avadabh, thernical strippers such as CR solution
(whi ch copfsnsd haierssktirlateriad dichaiseidry gensgepd per essri@f chamiralgeaq@@eni11 (from
Air Products) may be used in the wet etch process. Depending on factors
such as tdwurratgeduraigshdplanga etabh split@nadl @r mpteviekss sr sodapositansattoals bhe pl asma
dry etch, tb -aft etch residues 190 may stilt remain after the wet etch

process fambin@ioanceeras. iThlthisekahpld, ihe skicglalletdhGesilines 1®pardwahducsiveewal |
etch residues 190 are undesirable and can result in problens such as device

failure, GWd gt lLRKAIR.RM nd@ARL kAN @ho devi ce reliability. _
100061Fi gure 2 shows a conventional netal-insulator-nmetal (WW capacitor

200. M N aci r enm conduct or .devi ces .far .sandw, chi ng one or
nore | aye[rogeglf d:F? e%fl rcféﬁ(r)rvﬁ gﬁ? arpet %Ce ] 5tnf%%reag§g§??dﬁr8%oaﬁ%ﬁcti ve

el ectrode. The electrodes often include netal |ayers or alloys thereof The
metal | aﬁf-?lgn%Pamraylsteﬁaf’ﬁldc%ﬁmhp%e%ﬁ%as 13 rB‘POY‘Eﬁb{"aﬁdﬁ%ﬁmab%S%m

el ectrodes of the capacitor. In Figure 2, the Mal capacitor 200 is forned
on a di el Bwterpgst] #yiprprod@s.oveie alagmbshased ehooleshdtri orgeessssstymsaldy | i c
bottom and top el ectrodes (220, 240) separated by a capacitor dielectric

| ayer 230bllawed tbp ®|wett reodie pRddéess stosmahber thhagidéwal bath omsighectaoode 220,
creating an area for via contacts 250 to the bottom el ectrode 220. Via

contacts C&finRFgalpl smiRbRVEEd A Mirig)eethdical (FORPREbA C(]@/hE& EdpEprisep

el ectrode 240. [0007] The M NT capacitor of Figure 2 .| s formed by patterning

the top asﬂgpt}?ﬁtcta%m 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

(%]



el ectrodes (220, 240) using the nethod described in relation to Figures | A
to 1C. During the etching of the bottom and top el ectrodes, conductive etch
resi dues 280 are forned along the sidewalls of the capacitor. In this
illustrated exanple, wet clean processes carried out post top and bottom

el ect r odecquipasen nedtalic dogomotndabipe efectradesmRe0,t 1)) Sepewatl| byeh clapig®i dues 280
effectively. Consequently, the sidewall etch residues 280 protrude above

the | evel digfectietitRi230d heRo® LREESRILR) {32 1e2AR) RIS HdRgIWidds i adj acent

via contact (250, 260), Since the polynmer fences 280 are conductive, such a

phenarena aiiiceL 801 A LA o D PCOBL D ST, SR BT oakee

and degradat | ice rellabi possible sol ution i e a nore
aggressive chemcal. stri r to | ove etch residue renoval but this has

t he probl ?ﬂ%rpvﬁigﬁé(brie:luegcug‘f%ic%‘g}?ﬁté‘iﬁ){?rtﬁﬁfoé’lei?ﬁ“io Ezg@o which in turn leads to
degradati on of capacitor perfbrmance. [0008]1n view of the foregoing

di scussi df007l | dhgddiM sppasitppoifigyicdels dommadivpatisming thedpmand bitoaxt ent  of
etch residue remaining post etch while mnimzing damage to the

seni condudtarodde (320 24GUMIBRYhORmTE, ddshVERNTInON1{tRO0D] Higereprigs emtl G nvent i on
rel ates to sem conductor devices and nethods for reducing the extent of

si dewal | Bty thestdhitg: cilthé BEttdhent aby Ele@tdden Rhds@Ve CRMUEGHRSs BOrEES .
1001011 n one aspect of the invention, a nethod for fabricating a

sem condughREd %\agqee kRleRROY be etk cagﬁﬁt({f?tfﬁofﬂiscﬂ{ﬁﬁtgétgf%xgrﬁ?l@ 0BG a&M rst

| ayer over a substrate and a secon ayer over irst tayer. patterned

maski ng | is.fo d, over, the cond l.ayer, and a patterne cond | ayer
wth outidrarsst B Lats RSk S BPRED wiRusinosry Ay Sethi R Skposed
portions of the second |layer. The first |ayer is subsequently etched in
accor danc8MRYE g ﬁge"ﬁgl F@%rf@ﬂd‘é@c%ﬁ?deﬁf%’%?lyt Ceseareatipathesidiellfgtelst | ayer .

residues 280 protrude above the level of bottom and top electrodes (220, 240) shorting
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.
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RAM n anot her aspect of the invention, a capacitor structure is disclosed.
The ca.pacit:or conprises a first electrode and a first |ayer overlying the
first electrode. The first |ayer has outwardly tapered sidewalls and acts
as a capacitor dielectric or a. diffusion harrier layer for the capacitor,
[00121Theé1@nd dhhee aspiceot she mlemiprinvatictacly &nt Apesatianct {@atstd@stoef the
present invention herein disclosed, will becone apparent through reference

to the folidvaw Bgroleser imith%&ﬁ%@@M%QﬁkagaﬁE@%ﬁ%ﬁﬁ&é%ﬁtﬁé more, it

is to be understood. that the features of the various e |rremr;ts descri beg
herein ar I e i i.n_variqus c i nations an
permut ati %ﬁ@%’ﬁ?ﬁ@%ﬁ%ﬁ%@r &pﬁﬁ%%ﬁ@%%diéﬁnﬁgtoﬁg tﬁigﬁoﬂ f] i ke
reference _charact er enerally refer.to the sanme parts throughout the _
di ffer entelaWree\%. aAP%E??neI&hﬁe‘:BPiv%F‘}ﬁeﬁswg eO‘HB’f‘rdiP_éé%eé%f{ ?’Idy?f’vﬁ‘gs_ g%@llf‘él, b¥nphasi s
instead general |y being placed upon itlustrating the principles of the

ion. |n tRYIRFAWEEIGe s s instionsapf e sepayddiayent sTh¢ firke layeesent

invention are described with reference to the folio vine, drawings, in
whi ch: subsequently etched in accordance with the patterned second layer to form a patterned

first layer.

[0011] In another aspect of the invention, a capacitor structure is disclosed. The
capacitor comprises a first electrode and a first layer overlying the first electrode. The
first layer has outwardly tapered sidewalls and acts as a capacitor dielectric or a
diffusion barrier layer for the capacitor.

[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;



[ 00141Figures A I1C are schematic cross-sectional views illustrating a
known net hod for patterning sem conductor devices; by the conventi onal
processes described in relation to Figures A - 1. C 10016]Figures 3 - 9
are schematic cross-sectional views illustrating progressive steps in a
process f@015labr ilt@atreny isa Mivheapaciss-aectionalcdew ddne &/11M tchpaeiter &mnedi nent  of
the iinvet on; [00171Figure 10 is a flow chart of an integrated circuit

system figf theRBbaeib Al pgtcdscs GBS0 UCtcitiod 8Y FpRrdsN AACGEr dance with an

enbodi ment of the invention. DETAI LED DESCRI PTION OF THE | NVENTI ON
[0016] Figures 3 - 9 are schematic cross-sectional views illustrating progressive
steps in a process for fabricating a MIM capacitor in accordance with one
embodiment of the invention;

[0017] Figure 10 is a flow chart of an integrated circuit system, for manufacturing

a semiconductor device in accordance with an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0018] One or more aspects of the present invention will now be described with
reference to the attached figures, wherein like reference numerals 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



[ 0018] One or nore aspects of the present invention will now be descri bed
with reference to the attached -figures, wherein like ft-feta-lce nunerals
are used to refer to |like elenments throughout, and wherein the various
structures are not necessarily drawn to scale, [00191The present invention
rel at es tmhotdvesistehitedd asfa rhadirandatilogingamn ddevdilicttovbaaviapesdishleavalimnner

t hat reduces the anmpbunt of etch residue remaining post etch, in general

terms, a ihilisfed dtayessik@rAed. oV sidewhiDShERE @ bfalddowRighYetchiseaRNMsover | yi ng
| ayer. The second layer is isotropically etched to forma patterned second

ayer. T L pi 1 at ter ned secor
et thed | i Seeeh Aane B PR SRl B kR P g of che i r
I , et i th I . i dewal i f the first.and d
ayer ! THEORE el RS TRt Gt B sduarpist BY 2k & EBila S oy ThisH nol f ned

at an. angle such that etch residues tbrmed theregon can be dis| odged nore
ef fi ci entdDf BYNYPRFEFBRIRLBABAAIPE Rattermgs fopdlrsirage phe VYD garacier. di ch

resi dues present post etch. In addition, the inventors have al so di scovered
that it iistebsieterstoodcibat tho MIdhdamisitai presdnteddeshase digses omdtely aymesesi dewal |
angl e through isotropic etch of a material as conpared. to for exanple,

using a qRaxem@ll atillogtaeivh alf has @noBsKoftd prefchoidvBatihn hay S dpmaddl s to
obtain tapered sidewalls inclined at a desired angle. The sidewall angles

obt ai ned fHOyghetfdltng B Gndd 8Q ‘lgﬁzl?caﬁSHecﬁ{ @9'3@&@& WeehWRT Br RrfpTPar ed
to a photoresist reflow process. [0020] Fi gures , Which foll ow, depict by

way of e . 0 dinktati e nore. exenpl ar t.hqods for
pat t er ni )r(lc%ggél (r)sggéejfhgcéart%%iéﬁ%g} E’:lo%l\)%l%ﬂrocéa%%ac’[ﬁe()lf“.'e 1'% 458 rﬁ%"%ﬁ&%ﬁ@? ood t hat
the M N capacito resented in these figures nmerely represent one exanple
or i 1l ustRUFTGRE BF Oﬂ%SfE%WE%ﬁpsa SP{ORBC TR BRHCT e Bif Pr%FthBlée‘gﬁ‘bl i ed.

“there is no_intention to limt the application of the present invention to
M M capadiofysilécoglineh enqialtgatas ané Josemiedystrefescinradd By camnétor.nvent i on is al so
relevant to the patterning of other features on a sem conductor device such
as but nd002i]m t additonpldy,)isid alsono Iberepprecimédathagatpdsraitydobodventi@laéct r odes
ina MN capacitor. 10021]Additionally, it is also to be appreciated that
a pl ural igryce@bescmv @@t wéD@&hown 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

6



processes that are well known in the art and not repeated herein, may
precede or follow Figures 3- 8. Mreover, it is to be understood that nany
nodi fications, additions, and/or om ssions may be nade to the bel ow

descri bed process w thout departing fromthe scope or spirit of the clained
subj ect natttrext.litkved exaitjpbe,oxidre siedoawodesteide bbatqn anessflemiyei awatingle f ewer,
or nore steps. Also, it is to be appreciated that the present disclosure

need not (@ARC) Ikl Malhgsol B ldedlan8RPHIEORPULEIOEE @MieE aFtdldCbaIrRddepi ct ed
by Figure 3. 00221Figure 3 shows a sem conductor structure 300 conprising a

bstr at ot > LS| t d
ayer 51078 AR IOF; EREEp e PLe At TR S P B Bk FF o 340
iall) ited .h b . i el ic | 360
o eubseqttEL C PRPHED SHOTHE bl R Rar dgbitkgof byaPs RS SpeiroRt

capacitor. In one enbodinent, the top dielectric |ayer 360 conprises
silicon rAY§i348: Alternatively, other dielectric materials such as but not
limted to silicon oxide, silicon oxynitride, bottomanti-reflective
coating ([BARIC) repkrtpmbisniayeralssisphsited sedthardficr surface bbhedbpldedeatiic | ayer
may al so be made up of nmultiple layers. The top dielectric |ayer 360 may

serve as laydtaddd ambkeléaiyely eiposdigatichdeaileidng Limundaskivi ngyer dgerfprand/ or a
diffusion barrier for the top el ectrode | ayer 340. [0023] A phot oresi st

ayer is sleBamit od 8P dNeBolike it bhagtIflohbaiion il RN Lk daver 360

and sel ectively exposed and devel ope orm a maski ng 'l ayer 380 ftor

patterni I ctric layer and optionally other underlying |ayers
such as ﬂﬁ%te{égg&gﬁgg%rgégé | ayer 340. [0024]in the presently described

enbodi ne he top, el ectrqode | ayer 34Q conprises tantalum Alternatively,
ot her co%%‘hi vethhé{“érl?rﬁ?e“gﬁi @%?S%Eedf c?fn%gggn > & é%&ﬁ?cgag]ella%r 3§‘Ech as
but not limted to Titaniumnitride (TiN), Tantalumnitride (TaN),
Al uni numcompiigst eantal@sppiterneively, il (Pniluctiel rgtsrizlyaiteldle for usoabrmat i ons
thereof are also suitable. The top el ectrode | ayer may be forned by vari ous
t echni quedsctmde Haws satloms but ayelimitepasiTitaaiunt Kilfide Ty Tahtalapaitrideposi tion
(CVO), electroplating or physical vapor deposition (PIM. Oher techniques
may al so (reNysAfushinum, 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 el ectrode | ayer 310 may conprise conductive materials that
are the sane or different fromthose used for the top el ectrode | ayer 340.

As for the capacitor dielectric layer 340, it may conprise nitrided oxide,

oxynitride, oxide/nitride/oxide (ONO, silicon oxide, high dielectric

const ant uvatgevdralus ceuedntiagalb@chiques sfuchnds €8 DI, tPAMD, Ul Dxdrde combination

stronti unbi snut h4ant al um oxi de, Ta205 or a conbi nation of the above,

Al ternatiqgbys other nmaterials that are suitable as a capacitor dielectric
are al so useful. The capacitor dielectric |ayer may be deposited using

vari OUS' G[Pg%gnti 9@% Fr%ﬁprﬁiogéfﬁébfﬁﬁﬁgnésinq\t@’ nfati2iafd BsQf 16 gﬁ?é"téib[}%i on

t her eof 6] Apart trompossible variations 1n the naterials used for the

APt oci atGe iR PHE R ol DB Yerdik g 4t SoSBnpreteidad B

| ayers not illustrated in Figure 3. For _exanple, the MN capacitqgr stack
may i ncl MEVoieagior sk vy #lpe Fornpgssr additipnali ayRe b el yibraisd A& 1816 St r ode

| ayers and the capacitor dielectric |ayer, one or nore bather |ayers above
the top dmnd $empdgt thenMéMectpasder saygkerm§B40cludl One @r moonbamat iloyss t her eof .
[ 00271The substrate 301 is conventional in the sem conductor fabrication

art and maydwiehpd bstvean Shé ictetosdibskrsaiml tHat figacitorpésicatic Seysrcomduet or
substrates, such as silicon-on-insulator. (SOD, SiC, gernani um based

i ncl udi ngn&aharmbiCifyers2A8b v ﬁ%%ot'%?i AUV AL WtRonf SEABAe 18fer q344,1 Y1D)anseni de

are also useful. It is to be appreciated that various 'sem conductor devices

(not illustrat d} an @e formed in or on the sem conductor substrate 301.
combinatons thereof. . ) .

These devices, for exanple, can include transistors, contact regions,

resi storsan {rqach capacifors; [ 0020)Fl qur e 4 Shone, Hie. 36 Sondyet o
may comprise a silicon substrate. Other types of semiconductor substrates, such as
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



isotropic etch is applied to pattern the top dielectric layer 360 by
renmovi ng exposed portions thereof. An isotropic etch is one that renobves
exposed portions of the top dielectric layer .360 in both a |ateral. and
vertical manner thus providing a patterned top dielectric layer 360 with
si dewal | gedutéibn af eheb@g@ew a10etoh ravadu@ds ThASapsddt sidey @b BloaiimEibutast uleen i n t he
succeedi ng paragraphs, etch residues are forned on the sidewalls of the

pat t er nedoh@akt (it R MelRMETwIRFeHY Y TRHEAHE i RiwSIY RT B4 BRtterRddCRpST epS.
The outwardly tapered patterned top dielectric |ayer sidewalls when tilted

at an appf I at e Vi o8 U i LListates the
trimm ng%ééri]g‘!thgr% ee?nggd%rg ?loenglgflg?%gé%?s%gge%ﬁ%gg?@ﬁﬁllyégﬁ%uIéﬁé}T‘lf#éﬁ't apered
sid walls 362 jn Figure 4. are in contrast w kn et hods ereby the
respecti\félﬁ‘ﬂ“&ié\ﬂﬁ? fl Sg?teéﬁ%%ﬂﬂw &r Hed v ‘?SStH?%It tef‘%ﬁrc]re?lgk}%grm%ﬁ 3P t he
maski ng | ayer 380 are substantially flush tiller etch. Al though not

i |1 ust r atfeangdnalmgihesidewals of theynp dickectirlayeratoOcand inaskyiedars 3%&9!8 al so be
formed along the sidewalls of the top dielectric |ayer 360 and naski ng

| ayer 38byasodudiyf theociudicleofrictlhgerteagh. di el ectric | ayer etch. 100291l n one
enbodi nent, the sidewalls 362 of the patterned top dielectric |ayer 360 are

tapered qué»Rr dsienet drmisddinest, ale devamel3e2 0f tf pdtesredtibg dickltflcgyees to the
top surface of the underlying top el ectrode |ayer 340. Preferably, the

si dewal | f i al I 6 ' [ ngl e of
appr oxi a0 BEeRE b AR OB R Fah e 8 D REGnAIS) WBBGD MR op
el ectrode | ayer ' 340. The angle of incline b j usted by varying
process cYHaAR P%ﬁ’é" ?‘@FHY% tPBr?l‘??fr@fi%i%ny é4&§§}’é?f%@$gh tg‘iué e‘éé“*b%f m bi as
power . In Figure 5, the top electrode layer 390 is patterned in
accor dangetteined taphdielpetric oA @tk nolpnadi a e engle of kerexingédy d8ithel deeressi sot r opi ¢
mai n etch process to renove exposed. portions of the top electrode |ayer

340. As sbawntopBuffagifehdbundehlgirteapp eleetddcldgeretdOh Therangleetf dicline snayues 390
on the sidewalls of the masking |ayer 380, top dielectric film 360 and

et ched poyetiigePby AR/ PBrRbCESRURNL AV the3dP- diSlehei® [hik® d@Ps@hest r ode

| ayer is conprised of "a conductive material, the sidewall etch residues 390
are cond%%haﬁeoigsg% ure. Consequently, problens such as shorting with a
nei ghboring via previously illustrated in Ficure 2 may occur if

addr oas BT T 2l PiedE: SIS S atatoR £ FReTPEl B el OO et ch

residue, the top electrode nain etch process is configured. to
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
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sane time trimthe sidewall etch residues 390 by physical bonbardnent. The
physi cal bonbardnent di sl odges etch residue 390 fromthe sidewall 362 of
the top dielectric |ayer 60. Additionally, the sidewails 362 of the
patterned top dielectric Layer are also dined at an angle that would
facilitat@nteh@nter irmm th® O3&Fadlr etcheregiibedBH®rity shmital i bonthagiment5, Théie
etching recipe for the top electrode |ayer 340 is anisotropie and may

conpri se ghykichBbordBEdGBRM A6 dpch Qichelesibid1 996 BRnt 8RR Sh&edr febeot @xasp 340
coupl ed with sonme type of bonbardnent efficient gas chem stry- for

sputterin - Sl I { I : i 0 1S
anisotroﬁ?ggb?ﬁgbgﬁﬁggfd?ﬁ%ﬁgggﬁéggggggggF;$§?§?3%$ ?@%ﬁ@jgégﬁﬁag?%
direction and thereby inmmg o e si Il etch. residue in a

Subst ant 1 Ry se Gt TomarShdiier i Rt bR rbE o ment . the rati o
of sidewall etch residue renpval rate to top electrode etch rate is 1:
1--17. 100933)i n dendkarmbpdingst sa0ws iR dilgHeyd,i hpredeheng secitehOrdRertey of t he
bonbar di ng speci es increases. Therefore, in order to achieve efficient etch
resi due radesscak;layer B4ghs bosdtopibirasmppwempiise apipdtigas ckamiagy tfor étclingase t he

i npact energy of the bonbarding species. in one enbodi nent, the bottom bias

power is fhettveereckife 1074800 Woupleweyiet soﬁlbaﬁfbeﬂbﬂﬁfﬁbin@é]rdh&nﬂ@fﬁdiénlﬁ’igfagd as
such and ot her bias values that provide high energy bonbardnent are al so

sultabl o AL IRALAT SIRUL TRELEHY 8,° v d iR DORDIGhRout Al calscare abi e to

i npi nge upon a larger surface area of the etch residues 390 as the top
dielectrigc.sidewalls,are tapered. outwayds at_ an.appropriate angle.
Consequenti§y O8R5 BRFOR R TS 1 Re b P iy AT Veten v Biesion 3 pe

achi eved. _In _one enbodi pent,  the sidewalls 362 of the patterped.to

di el ect ritéelieayemé%@ga?g%?%é} ciel dfh dRsidngiie drupgayiflyapnigiregigidées to
the top surface of the underlying top el ectrode |ayer 340. Preferably, the
si dewal | smafinerhén patefereseemb itetheaetio ef gdewalt etch mesidusedmavalaatedngl e of
approximately 40 to 60 degrees to the top surface of the underlying top
el ect r odetop aleetroBAfich Alte kough~t’he surface area avail abl e for bonbardnent
and hence trimmng efficiency may inprove with a smaller sidewall angle,

the potenfppas) pr obbem af (RHnG &8 clehéPrgholdeastiap firgl 8¢t KontRY8hg 360 May
also limt the m nimum usabl e angi e.

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
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100351in the presently described enbodi ment, the top el ectrode |ayer 340
conprises Tantalumin one enbodi nent, an ani sotopic plasm etch recipe
conprising a fluorine containing chemstry (e.g. CF4, NF3, or conbinations
thereof) and/or a chlorine containing chemstry (e.g. Cl2, BCI 3, or

conbi nat itonise tbheneafe)ofitise wsied ying tep electrdre [Tgert3dp. elldotiglothe shefyerar8d0. The
flowrate tbr the respective chem stry may he between 10 to 300 seem

Al t er nat iaellable FbN SbnbaiidhatindnNBerRt Giasfmet Bikiedty frﬁ%emlhbﬁiv!eywﬁhwes t he
Ta el ectrode 340 while mnimally etching other exposed materials such as

the top %h@ll@?%iﬁie&aﬁ o 36 o'?&b(igﬁl@%léﬁ‘? owg{@}?ﬂt@m&%ﬁgit@ gﬁaléc‘&ié he first

gas chemistry for etching expose mat er ep reci pe al so
conprises a ard t efficient gas, chemistry to facilitate the trinm ng
of etch ﬁ%ﬁrgggt&}%ﬁﬂ%ﬁgﬁm{%u@i BRSIPE!1°f the top dielectric |ayer. The
bombardnent efficient che y may conprise gases such as but not limted to
Ar, BQ 3,108351. 14 Innpe DS AR PG HBGT tefndere relectrpds Jayes pdd
understood that the type of gas chem stry chosen in a second | ayer etch
reci pe i songriséd Miantdumo tlhe onbowrebakanpl exn amcotmyc Arsynadepandedipge f act or s
such as the type of material being etched and process conditions for the

et ch recigeptieing. a u@sSuctaihBENAEREdiyee. g @RI N, Cor) combihiost iHdrecdp hi evi ng
the desired objectives. [00361lIn an alternative enbodi nent, the masking

l'ayer 38Q,ARY ab@nl&%'@&&%iﬁf@ cI?e’ﬁﬁE’fgir %e.g.blﬁlz?'B(Q;SY&%nP&ﬁ%tﬁﬁinE‘itl'ﬂéiec&*) gsma
process) after patterning the top dielectric |layer 360. The patterned top

ch el et {16cd VSly 3000 LACER! GlarsPexused, as. A LGl IRSka Q@A Lerni ng

t he under' ying top e r n an al at'ive enbodi nent

(shown in Figure 6), an i ropi c in etch ocess .is.used to

i mul t andBHsPy tepedsn, fbta 3@6 SFaBt rgﬁ@nﬂw& Bl iR I ¢ he
patterned top dielectric layer 360 and trimthe sidewall etch residues 390.
Unl i ke t HbtfersnédbopichesethehTe resdiofe itOdebide inbatmally eishiagi ohen exmisgdire 5, an
isotropic etch process is non-directional. Theretbre, trimmng of the

si dewal | rettefials esihdisehe 880dickchtlagar3Sandy akd Pe suniabih. r mcadddaival tolthke Fi gure
5 but rather the etch residues are dislodged by radicals approaching the
sidev' " alfrst bisl chadmytrdli (6L Ctdhai}s exfifdbd P BRSEE], Ofhel plhdtsd el RRipRNALYo t he
vertical and horizontal etch conponents are shown in Figured. In a
preferre j , | f .Sl gle t residue: v, te to
top el ec'([% r0 0 eggét gﬁgﬁng? lte(zjlﬂilﬁesnlE %%ﬁ%irﬁlg/ﬁ Cﬁ%@?j}b@e@g}&aﬁ ;t/ﬁé tl?ﬁ%rﬁg s@setléjlged for

chemi cal lrgsig&ec rr]és? né Q)% hl%psigcla\sa }sr 89 ?he! ?(}/perdielectric layer. The bombardment

efficient chemistry may comprise gases such as but not limited to Ar, BCl;, C;Hs, Np,
or combinations thercof. 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.

11



340 are also responsible for trinmmng the sidewall residues. Therefore,
unli ke the ansotropic enbodinent illustrated in Figure 5, the etch recipe
does not include a bonbardnment efficient gas provided specifically for
sputtering the sidewall etch residues. [0039]In the presently described
enbodi menf0037lhe tiopn eltembticdenbadimEnt GUOve dmpiduses), Barnt@tapin mhin cole

enbodi nent, an isotropic plasm etch recipe conprising a fluorine

cont ai ni Ngrod¥e M Sdetl Yo b@mPtan&didly MES thedop CRRIRbARLdVONSM (T efcedfhn@ndier a

chl orine containing chemstry (e.g. C?, BCI3 or conbinations thereof) may
be used t i , her

chem str |@g%%%§n%¢§g%ggﬂfl? %%fgé@?ﬁd ]gi;‘}%ggrﬁe %g&gﬂﬁ%%??\&g%\de%lgg T g&hggpl asna
process, | ow bottom bi as ,power, i s..used. For ex | e the.bottom bi as power
ey be belidBROBPI% T GIPOHNGIE ferEibed 30 relin B SEBLS 5t ARdD B E hor o
isotropic as the bottom bias power is decreased, that is, the extent of

| ateral eUEFESP AtPEhdEectRnely Bhgralgire tigming obdia GAv i heich aewdues 3Rever , it
is to be recogni zed that the type of gas chem stry chosen second | ayer etch
reci pe imtnaibsiahtidlyedni-diredtionalbbike Egarepbebutandherayhevatch deplersdiatg on t he
type of material being etched and process conditions for the etch recipe
e.g. presdisivéged gnpeicalstipproapbingthetidewiihy inemsty dikectiohd. eFémMgLrbdies desi r ed
obj ectives. [0040] Figure 7 shows the sem conductor structure 300 of Figure

5 or Fi gungsititidhlogly thbetieR £lieolizods day &fnrl]ﬁfhgnt_@aﬁe SRS in%{@.ﬁ‘@g

rough to
forma patterned top el ectrode |ayer 340. There is sone etch’resi gﬁe 390

present o i f.th a rped,,t diel.ectric layer,h and
patter nedﬁp tp(%‘%gré%de%ﬁi \tﬁgéfél%ﬁng.’ytehre gﬂ% éfﬂ% : eWéﬂleS% ent Slglfle ir?m%alr‘égeuéoe OIi’:orrpar ed
to processles \élnerﬁ t he t‘a@ S{Zel ectric sidewal k are not tapered in a manner
to facilitHt Ch "#E Y ~tfinmming. Additionally, the extent of etch

residue is also reduced by the provision of a trimmng conponent in the top
el ect r odd0RdIn efetieraplyp 4] Resteprddnyr rbamicellFieganieg 89 tohelesiradé sayshown t he
sem conductor structure 300 of Figure 7 during a top el ectrode over-etch
step. 'thelltap adoectpodbloYar trietramgsthe pidesntiviesidacyy €kpofed dmikeehect r ode
material still remaining after the main etch. In one enbodi nent, the

over - et cmnissmﬁi_cc&ﬂwdnﬁeﬁ Aubiratsd i€ FeFirs s ¥hd Bah Rtipbaket Mgt Liug! £ctrode
material at a higher rate conpared to the underlying capacitor dielectric

| ver S20 G ca, Sarhe T SOMATTTE LRSS SIERIB LT
condi ti or}gsiﬁgg& the top el ectrode main and over-etch step may be simlar.
[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. CF4, 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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[00421in Figure 8, the top electrode over-etch step is an ani sotropie

pl asma etch process and the trinm ng conponent conprises the incorporation
of an additional bonbardnment efficient gas chemstry (e.g. _kr, al], C2t14,
N2, or conbinations thereof) for high energy vertical bonbardnment of the s
dewal | etishot ksiitddi&ésthelaboan cad@denatd mey eatyottipamiitg Onolte whowfinatdriag t op

el ectrode over-etch step nay be an isotropic plasna etch process where

et chi ng dfeidesicletBhnd PRoRELES AR €lid dlch aBelpe teld. IPReRRGreOterifiataiech
resi due proceeds in a non-directional manner, that is, the etch residues

390 are tiduurRel, QAN s hiiEAht ARGLAIREALLY, The | sotTopic process may

use the sane gas chemstry to performt functions of etching

i dual l ectrod terjal _and trinm i l.l_. et i dues.
100431 Forl PRY crcdre. siovts b engapiielst gedt dRENFEhER ¢aiiet 300 are
substantially renoved by the over-etch step., in an alternative enbodi nent
(not shovier theéons plgeiipda layerc h4¢ das bees clahed HEPughe FOIRE 8 PREPBEGIYP but

sufficiently thinned down at. a portion along the sidewalls 362 of the
pat t er neccleatppddilelee 389 dherysrso8Bletdorashilat 3Rk emeseheomilsksideydllaydrthe s
subsequently renoved., a portion of the etch residue gets lifted off al ong

W th it. . gdtetret Sopraiglectritelagatadtpantmed alp ¢lestodeeayRe 040 bsi the erfeaver it he top
surface of the patterned top el ectrode 340 is reduced. [0044]in anot her

embodi ment redMbE Bompated R pdeSSES RRG W RplEQB8RE siH@whl'i‘@ar@%PﬁB@x@& iifng
drawi ngs, the present invention nmay be applied to the patterning of a

bot t om el eel 06, LAYl A1 EafTiAafioR SLAGLLARE deYaL, Atk bhesfalt om

el ectrode Tayer can be patterned i n accordance w’th an overlying capacitor

dielectric |ayer w th} gut war.dl(\; apered sidewalls.. [t00451Fi ure 9 .shows the
TS reeE (A .

sen conduétd © HFOVEPIg adrigygige copponent in the top electrode main

etch.

[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, BCls, C,H4, N», 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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conpletion of the over-etch step and subsequent renoval of the masking

| ayer 380. in one enbodinent, the nmasking |ayer 380 is a photoresist mat al
and it is renoved by an oxygen containing plasma strip process. Preferably,
the plasma strip process is carried out in-situ, that is, in the sanme
process dquinpiment tas etcheepdec pdicegistiop direllieational madhee) et spde @tich st eps.
For instances where it is necessary to transport the wafers between

chanber s, re§ibhi® 390ARSTrBAMES bE@IVer@shiQuhd WitéARYL ThE eakbpR précudMay 1:846] The
i nventors have di scovered that prolonged exposure to single oxygen

cont ai ni nge chedh 8t a9 o S¥ABRA i b h eof )
tends to %é@ggg thenﬁi t8?§5|st%§§%k§ﬁﬁﬁg%@g?ggﬁgﬁgﬁgngﬁ%Peg?gggg t hus
maki ng their .re al diff.icult. Therefore, the plasma ship process is
preferabf?mﬁﬁﬂéggémg?ngg%ﬂgwﬁthhgﬁyg?ﬁate bet ween di fferent conbinations
of oxygen containing gases. |In one enbodi nent, the plasma strip process

i ncl udes [8043]r st Fet B g HBe SheVR dRprewds iy tllﬂEUleWBlll%%UeéFSWe%?’BQ é€dnd
etching recipe conprising H20,, 02 and N2. Since oxygen is present in both
H20 and O2bstantidlyeremayed dyptheenrs-qar fiopm &n anstienptive netliodimensi (n2t on t he
ot her hand, acts as a catalyst to facilitate the generation of 0 radicals,
thus bri ngowe),atheusidenali raheastluen ashiongemated cbhgldtelysbutandfisieaond
etching reci pe may be alternated several tines during the course of the

pl asme stihinRe®@HOFR B pbitioh g e BREFAN f52t OF the pefi&fed {b% £8a8480 q;aeyeplescr i bed
above and have the second recipe carried. out first. The duration of each

reci pe st |.S Lne . ti . 0 he
photoresfgp:%h%ggﬁﬁégpghg?ggggﬁagg5%3%%%£%H§g3§3§%?’g ﬁ§$§£§gg%ﬁﬁg$ In a
preferred enbodi t i crowave.paower. is used in the plas stri rocess.
100471Thé%d %%etgﬁES‘hP ngr ith itﬁ‘é Yot Gradind 0 F@Bﬁﬁﬁlé{{%&%‘lg%‘ﬁst r ued
as limtative in its application. For exanple, although the description

i |1 ust r atabsve Hie pmustick ohtheapeinad teppedtede 840 ihedvesdpval of phot or esi st
after top electrode etch, the invention is also relevant to the renoval of
phot onsi 40044]t er Irotahethepleasivdire¢thiwigelprioces séscabiah veigh hedpectoto Itheri ted to
nmetal, polysilicon or dielectric plasm etching processes. 100481Fi gure 10

is afl _()Vﬂcﬁ&ﬂﬁzlnyir%o&abv!iﬂ%il,sﬂfe%rb@ﬂt avRhIREESSy laraph BRI t alel faltediresl £onduct or
device in accordance wi th one enbodi nent of the invention. The process

i ncl udes By Qlﬁ:ﬁﬂ)d@é@’é@%?}ﬁ&'{%ﬁ%fiaqo Ieﬂ:%ﬁﬂ%@#lager éﬂ({ ﬂ%rﬂ)gttgrnféﬁcglrgl((i!e %\B over

the substrate and a ayer over t rst layer In

RS G G TR T R AT R

SO Ol G rdfy pired sidemalls 0 Portions of the
[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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second | ayer in Mdck 1060; and sinmnultaneously etching the first layer in
accordance with the patterned second |ayer and trimm ng etch residues

deposited on the outwardly tapered sidewal k i n bl ock. EUSO

t he outwardly

tapered sidewal k having an angle that Facilitates the trimmng of etch
resi dues iep@stnt @dotoRaIs€ 380 0048} Fhediian wenteQfudraluR 8B ektiebnidvapt her
specific fornms without departing fromthe spirit or essential

char act eriftd s FRELERL I Watf 8001 HIRUMOIIIBALE, nbACLE! O Qepliy L0 be

consi dere In respect ust r rmting t

is thus jndicated

vention
by the appended

d i bed,h in.. S . of the i ti
o, iRl tenreeBlTiRiont ootk A Reim fona i B S arlgeSts ot come

wi thin the neani ng and range of equjvalenc¥ of the clains are intended to
L

be enbr ac&badneeii the plasma g Arepsshisgludey a

B efdits 1egirs coBwrieBadieét or

devi ce conpri si ng: formng a first device |ayer over a substrate and
a secm d fdBewee by aysrcoml etchingeretipe songevingeiGy@r and dandgne pageeined

maski ng | ayer of photo resist material on the second device

present in both H,O and O, , these two components perform an ashing function. Ny,

on the other hand, acts as a catalyst to facilitate the generation of O radicals, thus

bringing about an increase in ashing rate. The first and second etching recipe may be

alternated several times during the course of the plasma strip process.

It is also

possible to reverse the sequence described above and have the second recipe carried

out first. The duration of each recipe step is determined based on factors such as time

taken for the photoresist and/or polymer to harden and throughput 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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| ayer; footing a patterned second device |ayer, using he patterned
maski ng | ayer of photoresist material, wth second sidewalls that are
outwardly tapered by 'otropieally etching portions of the second device
| ayer; etching the first device |ayer in accordance with the

pat t er neces@abRged@vileck | @30 und Qirthditaiesuspaticeinpeabe first Sdyedeyheadrdaayer; a '
wherein etching the first device |ayer conprises a main etch step and an

over - et ohyith Oflc iRl BocBhé MasteRnPOrAnGINtLA Ueetutd Ehédkl aneas! Y

remove exposed portions of the first device layer to define a shape of the
patterned fi j.Ge. . S I i I dues
deposi t ed %ﬁﬁ@ﬁ%ﬁﬁ gﬂﬁgggg%éﬁ%gwa??lgﬁ %%d??lhee&g%? ]{dll pﬁ@%{eggc%%’%n%fég‘?%g ayer
during the etchi of the first vice layer. 2. The method as clainmed in
it 1. et G e P P e R Ay SO eop ARl ve | ayer .t he
sidewal | s of the patterned second device |ayer are inclined at an angle of
| ess t harl08#Pldecrldesnvgntion peygecambasiiesl mopheuprete foms wshdut departiesi ce
| ayer. The nmethod as clained in claimlerein said simnmultaneously renoving
and tri mirerg the dpiét omiesseetidhclsiraerissichdythaeds otlhe pfocegoliras rmbediatentsg .
therefore, 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 foregoing description, and all changes that come within the

meaning and range of equivalency of the claims are intended to be embraced therein.
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4. The nmethod as clainmed in claim1, wherein the anisotropic plasma etching
conprises using a first gas chemstry for renoving the tirst device | ayer
and a separate bonbardnmentgas chem stry for trinmng the etch residues.
The method as clainmed in claim11, wherein said simultaneously renoving and
trimmng in the main etch step is by isotropic plasma etching. 6. The method
as clainmed in claimn the isotropic plasnma etching conprises using a first
gas chem stry both for renoving th%:fi&ﬁ% device layer and trimm ng the
etch residues. The method as“&¥dMYed in claim 1 herein the patterned
first device layer fornms part of an electrode in a MN4 capacitor. 8. The
met hod a$ cl afrideihedfo fagripating agRmienAugi¢iclesise ceppedSecond devi ce | ayer
[onus part of a capacitor dielectric or part of a diffusion barrier |ayer
in the M syl fecmpwai fiter devicg layFhevamatshiostkatesind lasbennd devipe eyeriaventhe ur t her
conprising renoving the patterned masking |ayer by a plasma strip process
conpri si figt devficerlayeret chi ng reci pe and a second etching; recipe, the tint
and second etching recipes conprising different combinations of oxygen
contal nin forming a patterned masking layer of photoresist material on the second device
layer;
forming a patterned second device layer, using the patterned masking layer of
photoresist material, with second sidewalls that are outwardly tapered by isotropically
etching portions of the second device layer;
etching the first device layer in accordance with the patterned second device layer
to form a patterned first device layer; and
wherein etching the first device layer comprises a main etch step and an over-etch
step, the main etch step being configured to simultaneously remove exposed portions of
the first device layer to define a shape of the patterned first device layer and at the same

time trim etch residues deposited on the tapered sidewalls of the patterned second device

layer during the etching of the first device layer.

2. The method as claimed in claim 1, wherein prior to the etching of the first device
layer, the sidewalls of the patterned second device layer are inclined at an angle of less

than 80 degrees with respect to a top surface of the first device layer.

3. The method as claimed in claim 1, wherein said simultaneously removing and

trimming in the main etch step is by anisotropic plasma etching.
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renoved after formng the patterned tint device layer. 11. The nethod as
claimed in claim9, wherein one of the first or second etching recipe
conprises F120 and the other etching recipe conprises H20, 02 and N2. 12.
The nethod as clainmed in claim9, wherein the plasma strip process
conprises alternating between the fiNt and second etching recipe at |east
once. 13. The nethod as clained in claim?2, wherein prior to the etching
of the first layer, the sidewalls of the patterned second. |ayer are
inclined, at an angle of about 40 to 60 degrees with respect to a top

surface of the first device layer. 14. The nethod as clainmed in. claiml
wherei n ¢i dewdh¢ metpd apelaiadtie elase 3§ Vhgeindprandwgond s ekhingyer s have a
different angle of inclination. 1.5. A nethod for fabricating a capacitor
conpr i si pgmproseriisige a fifdt gt cheanstry fovemoaingubsfisbdayiceflgrenimba sepaiatl ectri c

| ayer over the first |ayer; form ng patterned nmasking | ayer of

phot or esbsihbardineiiti efficient ghhehetii@hefot trintming)ies etch eoiduepi cal |y etching the
dielectric layer using solely the patterned maski ng | ayer of photoresi st
material to forma patterned dielectric |ayer with tapered sidewalls,

S. The method as claimed in claim 1, wherein said simultaneously removing and

trimming in the main etch step is by isotropic plasma etching.

6. The method as claimed in claim 5, wherein the isotropic plasma etching
comprises using a first gas chemistry both for removing the first device layer and

trimming the etch residues.

e The method as claimed in claim 1, wherein the patterned first device layer forms

part of an electrode in a MIM capacitor.

8. The method as claimed in claim 7, wherein the patterned second device layer
forms part of a capacitor dielectric or part of a diffusion barrier layer in the MIM

capacitor.

9. The method as claimed in claim 1, 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.
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wherein the patterned dielectric layer functions as a capacitor dielectric

or a diffusion harrier |layer for the capacitor; etching the first
| ayer in accordance with the patterned dielectric laver to forma first
el ectrode for the capacitor; and wherein telling the first |ayer

conprises a main etch. step and an over-etch step, the main etch step being
configured to sinultaneously renove exposed portions of the first layer to
define the shape of the first electrode and at the sanme tine trimetch

resi dues deposited on the tapered sidewhls of the patterned dielectric

I ayer durlng t he etching of the first layer. 16, The nmethod as clainmed in

cl ai m 1510-wheFes methd asichened mslam % Wéerﬁﬁlttb‘épﬁgﬂle&“@s@%ﬂ@@r Bayer and first
el ectrode have a different angle of inclination. The net hod as

cl ai ned ramaykdpfierisrming dregiaffempélirshddvicedfyesi dewal | et ch, residue renoval
rate to first electrode etch rate is 1;12-17, 18. The nethod as clained in
claim1, further conprising renmovi ng the patterned masking | ayer
after formng the patterned first device hryer wherein etching the first

devi ce | ayer TeaEihSESs ¢lhintediinglainhe, wiiceinbas boile Sird of fdbndetpiang i on of the
etch residue is capable of being lilted off by the renoval of the patterned

maski ng @R comprises H,O and the other etching recipe comprises H,O, Oz and N.

12. The method as claimed in claim 9, wherein the plasma strip process comprises

alternating between the first and second etching recipe at least once.

13.  The method as claimed in claim 2, wherein prior to the etching of the first layer,
the sidewalls of the patterned second layer are inclined at an angle of about 40 to 60

degrees with respect to a top surface of the first device layer.

14.  The method as claimed in claim 1, wherein sidewalls of the patterned first and

second device layers have a different angle of inclination.

15. A method for fabricating a capacitor comprising
forming a first layer over a substrate;
forming a dielectric layer over the first layer;
forming a patterned masking layer of photoresist material on the dielectric layer;
isotropically etching the dielectric layer using solely the patterned masking layer

of photoresist material to form a patterned dielectric layer with tapered sidewalls,
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wherein the patterned dielectric layer functions as a capacitor dielectric or a diffusion
barrier layer for the capacitor;

etching the first layer in accordance with the patterned dielectric layer to form a
first electrode for the capacitor; and

wherein etching the first layer comprises a main etch step and an over-etch step,
the main etch step being configured to simultaneously remove exposed portions of the
first layer to define the shape of the first electrode and at the same time trim etch residues
deposited on the tapered sidewalls of the patterned dielectric layer during the etching of

the first layer .

16.  The method as claimed in claim 15, wherein the sidewalls of the patterned

dielectric layer and first electrode have a different angle of inclination.

17. The method as claimed in claim 15, wherein the ratio of sidewall etch residue

removal rate to first electrode etch rate is 1:12~17.

18.  The method as claimed in claim 1, further comprising

removing the patterned masking layer after forming the patterned first device
layer wherein etching the first device layer comprises trimming the etch residues so that a
portion of the etch residue is capable of being lifted off by the removal of the patterned

masking layer.
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