|  Protruded Contact and Insertion of
Inter-Layer-Dielectric Material To Match Damascene

Har dnmask To | nprove Undercut For Low K I nterconnects
Background of Invention 1) Field of the Invention This
invention relates generally to fabrication of

sem conduct or devices wth interconnect opening and
nore particularly to the fabrjcation of a interconnect
openi ng using hardnmasks and dielectric |layers and etch
processes. 2) Description of the Prior Art As
integration density of an integrated circuit device

i ncreases, the size of a seni conductor device and

i nterconnection |ines thereon becones smaller and
smaller. In order to build nore sem conductor devices

in Pgotg.ilqmp@@tppt and nsetiantof Ipiesleyer-Riatectric Material To Match
thr egaadEam Hgawﬁgsﬁ' & %gﬂﬁ&%ncﬂfﬂ\futcf?osr LBW-K Interconnects

|nterconnect|on enpl oye

t hree-di nensi onal interconnection line is typically
shown in nulti-level nmetallization. Milti-|evel
netallization is carried out as a post-process after

a preprocess such aBiéKdgronfdafirdéstiehor., fornmng a
1i)(lj_pacltor and formng a bit line. Current methods for

19l qf the dinvention opening in low k materials using
har d'ﬁ\%‘ﬁn@@rﬁ% ntrRIdi8s | gan%%}ff th fabREatidiPey §é3ﬂ|8§n@ujctor devices with
e e

overcomng t vari ots Cl encl es not
ideradaneedpenindend rtoga particutaziyo dhe fabriebtice vba djerennhnect
directed to the subject s. . docunent by the

PR GARIng SorEskH B clislePia VS ARG LBIOPRES e osest
and 2 apparently nore relevant technical devel opnments
in the patent literature can be gl eaned by

considering the foll ow ng.

2) Description of the Prior Art

As integration density of an integrated circuit device increases, the size of a
semiconductor device and interconnection lines thereon becomes smaller and
smaller. In order to build more semiconductor devices in a given cell plane with
reduced area, three-dimensional semiconductor devices and interconnection lines
are being employed. A three-dimensional interconnection line is typically shown in
multi-level metallization. Multi-level metallization is carried out as a post-process
after a preprocess such as forming a transistor, forming a capacitor and forming a
bit line.

Current methods for forming via contact opening in low k materials using

hardmask need to be improved.

The importance of overcoming the various deficiencies noted above is
evidenced by the extensive technological development directed to the subject, as

documented by the relevant patent and technical literature. The closest and



US 6812131: Kennedy - Use of sacrificial inorganic
dielectrics for dual damascene processes utili zing
organic intermetal dielectrics - Production of
conducting vias and conducting lines for integrated
circuits in sem conductor devices, conprises
depositing sacrificial inorganic dielectric in via
opening to fill via opening zslnd cover top surface of
stack. US20040147111A1: Huang et al. - Polycarbosil ane
buried etch stops in interconnect structures -

| nt ergonnect stru fu e . useful inintegrated circuits
appareniidnera relavashiechaisal Seelopsints da hepalart iserabiersan be
%qéém;d Y 8nsiuHRy H@lldwifyl ymeric material, a via

evel interlayer dielectrifc. US20030232504A1: Eppl er

et aL - Process for etching dielectric filnms wth
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dielectric filmetch - Etching of an organic film
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l.nvention. Sone exanpl e enbodi nent f the present .
R SR T e TBP e b8 Slah Piep [Ruer Bernigining a polymeric
niaetalaatvil lenel ipterlajbedierieafect or damascene opening in
a dielectric layer and hardmask |ayers that mnimze

overhang by the hardmask |ayers which is

char aaiRyoi I : fi : ' :

compa 220! é?ﬁ%@ﬁﬁé\ﬁbﬁ%et%l. Prote R Bty B Wims with
improved resist and/or etch profile characteristics - Dielectric layer etching for
integrated circuit production, involves setting ratio of silane gas to fluorocarbon
gas and ratio of hydrogen gas to fluorocarbon gas in etchant gas, to specific

range.

US6184142: Chung et al. - Process for low k organic dielectric film etch -
Etching of an organic film having low dielectric constant, for use as an interlevel
dielectric film, by etching using hardmask layer as mask to transfer the pattern into

the low dielectric constant organic layer



formng a | ower interconnect and an insulating |ayer
over a sem conductor structure; a portion of the

| ower interconnect is exposed; formng a first

har dmask over the | ower interconnect and the
insulating layer; formng a dielectric |ayer over the
first hardmask | ayer; form ng a second hardmask over
the dielectric layer; etchi a first interconnect
opening in the first hardmask, the dielectric |ayer
and the second hardmask |ayer; form ng an
interconnect in the first interconnect opening. An
aspect of the first exanple enbodi nent further

conprises: the fi rssum}qaryssp@mnb@ﬁq%sks are
conprised of the sane material. A second aspect

conpSpg@s,exarMeembqgimﬁgts oftlae mqqsgnhlnvgmmn provides a structure
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ure; rst sk over
dietectric tayeeand aanummk lapens! taai minimizayeerhdray by thee kardmask

dielectri.c first hardmask |ayer; (r)
I3YEFH r%tfhalsg %Péﬁ{iar S(ﬂ?ﬁfgﬁo‘ﬁ/er the dielectric layer; 4
*in afirst etch step, etching a first interconnect

openiAHg in the first hardmask, the dielectric |ayer
and AdEskesle RaRimRN] earepriseshiherfollawingar dnask has
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t he d|electr|cI?%_H a in a second etch step, etching

t e forring afiEst herdRasihayenthe lowwdpiessryect and the insulating

layer,;

o forming a dielectric layer over the first hardmask layer;

e forming a second hardmask over the dielectric layer;

e etching a first interconnect opening in the first hardmask, the dielectric layer
and the second hardmask layer,;

e forming an interconnect in the first interconnect opening.
An aspect of the first example embodiment further comprises: the first and

second hardmasks are comprised of the same material.

A second aspect comprises: the following:

o forming a lower interconnect and insulating layer over a semiconductor
structure;

¢ forming a first hardmask over the lower interconnect and the insulating
layer;

e forming a dielectric layer over the first hardmask layer;

¢ forming a second hardmask over the dielectric layer;



and the dielectric layer forma first overhang-Iess

i nt erconnect opening; the second etch step

essentially renoves the first and second hardmask
overhangs; formng an interconnect in the first

over hang-I| ess i nterconnect opening. The above and

bel ow advant ages and features are of representative

enbodi ments only, and are not, exhaustive and/ or

excl usive. They are presenteof1 only to assist in

under standi ng the invention. It should be understood

that they are not representative of all the .
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advaekrgeour pastpelsidetieoftthe diged@t®Rser,0f the
i nvention, and inapplicable to others. Furthernore,

cet t 41 A SasYALeiehSien Richinathastrst and segenshhardmask everhangs
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rawn regarding those discusse erern r

t hos eecand elich stesessentinlly renovvesrthe liest andosecpnd haskaask
spac<§ %nd reduci ng repetition. Thus, this summary of
feat WESBHY  advant ages shoul d not be consi dered

di & pesriviing an iMe”kShAEE iRitRGfiRE BlLdRaR§IEss in{‘&l&'bﬁﬂk;&:ﬂ 8bening.

features and advantages of the invention wll becone
apparent in the follow ng description, fromthe

drawi ngs, and fromthe clains. 5 Brief Description of
the Drawi ngs The features and advantages of a

sem dbacdhoveanddelave adeatages gnd fedtines gre of esgresentative
invention apd rther details of

oGt RE oG ot & Pt ftdinilie cr s S L8V en Thex aramipsented
oniytth dsBRt T @sRIMStahBivgthe Mventibh. 1DShdlE BeClrRRidti¥od that they are
understood fromthe follow ng description taken in
nebigrnesantalivesfiall thadnventions defined by the claims, to be considered
limitations on the invention as defined by the claims, or limitations on equivalents
to the claims. For instance, some of these advantages may be mutually
contradictory, in that they cannot be simultaneously present in a single
embodiment. Similarly, some advantages are applicable to one aspect of the
invention, and inapplicable to others. Furthermore, certain aspects of the claimed
invention have not been discussed herein. However, no inference should be drawn
regarding those discussed herein relative to those not discussed herein other than
for purposes of space and reducing repetition. Thus, this summary of features and
advantages should not be considered dispositive in determining equivalence.
Additional features and advantages of the invention will become apparent in the

following description, from the drawings, and from the claims.



acconpanyi ng drawings in which Iike reference nuneral s
designate simlar or corresponding el enents, regions
and portions and in which: Figures 1 through 4 are
cross sectional views for illustrating a nethod for
manuf act uri ng an i nterconnect opening according to an
exanpl e enbodi nent of the present invention. Figure 5
shows a cross sectional viewfor illustrating a nethod
for manufacturing an interconnect opening that can
create a void problem Figure 5is not admtted prior
art. 6 Detailed Description of the Exanple

Enbodi nents A. overvi ew The exanpl e enbodi nents of
the present invention will be described in detai

with reference to the acconpanying drawi ngs. The
exanpl e enbodi meBrief Deseviptionoftbefrawings or ni ng

The - Li8 18 G es A AR St RifigoAf D 8E0RE g to the
prgzamt inyewtidmand furtHer wetailsi oftaeproceseeoft fabinecktingLsucard
SPRHELSHo" SR 1559 0aacs M faf Rrezentiaatn el o cloarly
uRbEREIEd e dRB. il BaSWiphbn gél@{n' iMeohfiretion lﬂﬁ’lﬁ_rtﬁé't . A

| ower hardmask |ayer is fornmed over the insulating
apegrapanying dravkngs inuwhich likeviefierensiegiusaernelscdesignrate jsgmilar or

REPHR shitier Jea A TR or i IR PT' | oyer

The |1 MD Layer can be conprised of the | ower hardmask,
dielectric layer and upper hardnmask. Through this

net hod, aggressive post-etch clean is applicable to

| pr PYRiIrds MAug A draPodhidtioHAREWS Forafiudtitin_a method for
contact ILD interface is avoided. B. forma | ower
manuéacteringan indegonneel eRaNing aespsding @ an £xample embodiment of

the present invention.

Figure 5 shows a cross sectional view for illustrating a method for
manufacturing an interconnect opening that can create a void problem. Figure 5 is
not admitted prior art.



sem conductor structure As shown in figure 1, we form
a preferably slightly protruded | ower interconnect 22
and insulating |layer 20 over a sem conductor
structure. The protrusion has typically a val ue

bet ween 100 and 400 angstrons. The insulating I|ayer
20 can be an interlevel dielectric (IDL) layer or an
inter metal dielectric (1M) 6Iayer. An I DL layer is
the I owest | evel dielectric layer formed through which
contacts are made. The sem conductor structure can be
a substrate as a silicon 7 substrate. The | ower

i nterconnect can be a contact to the substrate and the
i nsul ati ngDétaned s criptidiof e E)@diﬁ?le EfiRidiflentsciric
| ayer on or over the substrate. orma First

har dnpsk over the | ower interconnect and dielectric

| aye NexP"e%e‘fVorm a fi rst har dmask 26 over the | ower

inte n di,el ric layer 20. T first, .

har GRS EXEipIE nbAdimsteS oF e bBspRifefianayil e ddsthibed in

detallt witt Foforrenbé ¢ eie dsuophpdnyirty GraWIss. Thalsampl€ efbodiments
he first har rrask can be on or in

Pé%\ﬂi’%étm%@?ﬂ 0} FREMing lterePRRest #penings andifermingsn interconnect.
Theamsdfe %ﬁm%ﬁn@rﬁ GRBHh %ﬁéﬂﬁfg%gahhé&%@eﬂ@g%tw SNoRer

silicon oxide fornmed using react

infefseanest unslefeli @ndardmagiepyerangsw- t enper at ur e
(deposited bel ow 200 C) silicon oxide. The first
hardmask 26 is preferably conprised of oxide and has

a thi cknesa gxampienbodimat of Binvansi §186%s a Précess to form a
har dmask | ayers {i)pef erably have good gl anari zation and

d3RIASEPiR OPHRIBR dfitors hargmasiqyeshangeerdb DY IMD jaypekngercut. A
Idvftfrsm}a'{‘dg'?gk %Cybf Iscfflahﬁéé ovaPtheSnsulatindray ety &idw RV& ulfrl fow K
dielectric layer is formed over the lower hardmask layer. An upper hardmask layer
is formed over the dielectric layer. The IMD Layer can be comprised of the lower
hardmask, dielectric layer and upper hardmask. Through this method, aggressive
post-etch clean is applicable to improve trench overhang while undercut at low-k-

contact ILD interface is avoided.

B. form a lower interconnect and insulating layer over a
semiconductor structure

As shown in figure 1, we form a preferably slightly protruded lower
interconnect 22 and insulating layer 20 over a semiconductor structure. The
protrusion has typically a value between 100 and 400 angstroms. The insulating
layer 20 can be an interlevel dielectric (IDL) layer or an inter metal dielectric (IMD)
layer. An IDL layer is the lowest level dielectric layer formed through which

contacts are made. The semiconductor structure can be a substrate as a silicon



26. The dielectric layer 30 can be conprised of carbon
doped oxides (e.g., SIiCOH), C/WD lowk (e.g., SiCOH)
(K< 3.0), Fluorinated Silicate glass (FSG or SiOF),
spin-on coating lowk (e.g. SILK TMdielectric by Dow
Chemcal) or CVD U tra-Low K (ULK, K <2.5). The
dielectric layer 30 can have a thickness between 1500
and 3000 angstrons. The dielﬁgtric | ayer 30 can have a
t hi ckness about 1500 angstro for single damascene
and about 3000 angstrons for dual danascene 8 The
dielectric layer 30 preferably has the etc roperties
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mat er " al Icate materitals, or a

organic and silicate materials, such as organosilicate

gl as€. ( Osfgrm affist hadmisk ower thellawenintercosnett and diefectric
and beyong, Silicon Oxide may be doped with Methyl

(- CH3) groJ’ps to forma Carbon-doped Silicon Oxide

( CDONth %Qarm 5‘ﬂr‘é’t RerdmadK 76 Bverahd %\ﬁér |Hf°e‘i'8@?iéct3§g Yhd

4 and 3. The dielectric layer 3

dlelwtrlg Iamﬂﬂ ﬁhe érst Aardraasknigyancarn be éormeglvm\Aer any level of

RS Yol B Bty &, 5k R s fromasi
canteroradr inasontet kithithé irsuatingdafper 20v about 1.5,

MVat et al th an tra-low k are al | or ous. and
oy TheIf et hekdmagls Pb alipe Ghmpiaisol STienpdieation 8 siicon

okeTbrmEd WBhgIE O S reRdanS), rlﬂ)p%d‘-‘d’)@?d@ Grlch \BICIEOS), or low-

deposi tion CVD) process. A'lowk material that may
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f
pkégglatﬁkgéo,ﬁbﬁg% from Eglg\p&l e ? él;:%ggpgtm)@ 88%@ %’gd @g)
ahgstromgsk with a val ue of
The hardmask layers preferably have good planarization and adhesion
properties.

D. form a dielectric layer

We form a dielectric layer 30 (e.g., IMD layer) over the first hardmask layer
26.

The dielectric layer 30 can be comprised of carbon doped oxides (e.g.,
SiCOH), CVD low-k (e.g., SiCOH) (K < 3.0), Fluorinated Silicate glass (FSG or
SiOF), spin-on coating low-k (e.g. SILK ™ dielectric by Dow Chemical) or CVD
Ultra-Low-K (ULK, K <2.5). The dielectric layer 30 can have a thickness between
1500 and 3000 angstroms.

The dielectric layer 30 can have a thickness about 1500 angstroms for

single damascene and about 3000 angstroms for dual damascene .



about 2.4-2. 8) from Novellus Systens, and Flowill @
(a CDO having k with a value of about 2.5-2. 8) from
Tri kon Technol ogies. An ultra-low k naterial that may
be formed using PECVD i ncludes Oion (a CDO having k
with a value of about 2.0-2. 2) from Trikon

Technol ogies. A tool that may be used to formthe
lowk or wultra-low k materi aé i ncl udes a Producer @
system from Applied Materials. A SEQUEL Express
systemor a VECTORz system from Novel |l us Systens nay
al so Alternatively, the dielectric 30 may

be
for n&faeﬂled%etac &ayeﬁSQrprafeéatéxhaﬁ ¢he elshisyopgriies hawng 004
dEARRR reg.ef%m%@% ﬁaar.ﬁ@equ{]a@agmase of an adhesion

llayer. Lowk materials may be formed using a
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aromati ¢ hydrocarbon p aving k with a value 0
hytyid, of both3yganieand silvate méenatalsuah@smﬂdsll(@tmgllass (OSG).
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MtHEBlmthyW(nCHIBD groupsvio fdn'mratcwrbeié dlbbad S‘ﬁ&:y)h nleXIg@(mDﬂ]lor SiOC)
oro ilic avin W a
hl@ﬁ?‘ﬁi‘%‘?h ayalie cﬁ%?t‘ﬁ‘g % Py ‘t ool tghat may be
used to formthe low k or uItra Iow k materi al
i ncl Thedlislectpic haybr 30knéy benfdrededofrérherlowek mdtetial hakng.an ultra-

v P35 K syt Sl 1l o el 41 T dplsctrc

Idg@y ffay wfﬁrmeﬂﬂrdm é%é‘teﬁﬁﬂ%\ﬁi’n@ amﬂm&a@é bR abb 1.5.
i el ectrlc er 30. The second hardmask 36 can be

Madexinls yill aﬂ ¥ Rilew karenisysliyreamusasganay diduste aeregelasind
EBE &R or lowtenperature oxide and has a thickness
ween 250 and 1000 angstrons. The first and second
har dmask are preferably cor¥pr| sed of the about or N
essenthefigigcirigdayeid may e farmed ysimgRueherpisakgarer deposition

(EVDS pRIeeSESA WULKGRSERALS Akt MalyHe formed using a plasma-enhanced
CVD (PECVD) process includes Black Diamond (a CDO having k with a value of
about 2.4-3. 1) from Applied Materials, CORAL (a CDO having k with a value of
about 2.4-2. 8) from Novellus Systems, and Flowfill@ (a CDO having k with a
value of about 2.5-2. 8) from Trikon Technologies. An ultra-low k material that may
be formed using PECVD includes Orion (a CDO having k with a value of about
2.0-2. 2) from Trikon Technologies. A tool that may be used to form the low-k or
ultra-low k material includes a Producer@ system from Applied Materials. A
SEQUEL Express system or a VECTORz system from Novellus Systems may also
be used.

Alternatively, the dielectric 30 may be formed from a spin-on dielectric
(SOD). In some cases, the SOD may require the use of an adhesion layer. Low-k
materials that may be formed using a spin-on process from a liquid source include
SiLK (an aromatic hydrocarbon polymer having k with a value of about 2.65) from



sanme etch characteristics and nade by the sane
process. For exanple the first and second hardmask
can have a thickness within /- 10% F. formresi st

| ayer and etch hardmask opening Referring to figure
16, we forma resist layer 37 over the second hardmask
| ayer 36. The resist |ayer has opening where the

i nt erconnect openings will b formed. G first etch
step --- etching a first interconnect opening - can
form hardmask overhangs Referring to figure 16, in a
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second hardnmask overhang regi on 36A where the first
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kidk tich | O 1bW- firel
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€9! $42 first and second hardmask are preferably comprised of the about or
essentially the same material and about the same thicknesses and essentially the
same etch characteristics and made by the same process. For example the first

and second hardmask can have a thickness within +/- 10%.

F. form resist layer and etch hardmask opening

Referring to figure 1B, we form a resist layer 37 over the second hardmask
layer 36. The resist layer has opening where the interconnect openings will be
formed.

G. first etch step --- etching a first interconnect opening - can form

hardmask overhangs

Referring to figure 1B, in a first etch (e.g., CF gtch) step, we etch a first
interconnect opening 40 in the first hardmask 26, dielectric layer 30 and the
second hardmask layer 36. The first etch also causes damage to the dielectric



26A 36A have a wdth 44. The first interconnect
openi ng can have any shape such as a single damascene
openi ng or a dual damascene shaped openi ng. Typica
dry etch process uses Carbon-fluorine chemstry with
different additives (e.g., 02, Ar, N2, CO H2 ) at
tenperature between 20 and 100 degree C, at a
pressure between 10 and 100 orr. The etch can be
conducted on conmercially avail able etchers, e.g.,
TEL, Lam AMAT etchers, The etch paraneters whi ch are
[ rtant to create the | ateral_etch of th

Iayeks
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econd ™wet-chem cal or dry etch. The
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expefs&hews s figies 1 B\ethe:mr@haacése@mdnharmskmverhang regions
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Typical dry etch process uses Carbon-fluorine chemistry with different
additives (e.g., Oz, Ar, Nz, CO, H; ) at temperature between 20 and 100 degree C,
at a pressure between 10 and 100 mTorr. The etch can be conducted on
commercially available etchers, e.g., TEL, Lam, AMAT etchers.

The etch parameters which are important to create the lateral etch of the
dielectric layer 30 are the oxygen gas-flow / partial-pressure and fluorocarbon gas
flow with high fluorine-carbon ratio. Oxygen and fluorine are also prime
parameters creating etch (damage) to low-k. The concentration of wet-etch
chemicals and process duration are primary parameters that affect the lateral etch
of the dielectric layer 30 and therefore the overhang 26A 36A of the hardmask
layers.

The dielectric layers 30 comprised of carbon-contained CVD or ULK are

prone to damage under fluorocarbon gas with oxygen additives. Due to Carbon-



overhang. The first etch can have an (dry) etch
selectivity to the dielectric layer 30 conpared to
the first and second hardmasks 26 36 between 1.0 to
5.0. The wet chemcal etch rate of hardmask is
usually >10 -time faster than lowk dielectrics. H
renove resist layer Referring to figure 2, we renove
the resist layer 37. The reS|1s|t | ayer 37 is renoved
usi ng oxi dant gas m xture (02, CO Ar), or
alternatlvely reduci ng agents (NH3 I\I2/H2 , CO C02),
eir Hre wi th addjtives,

& a& %r? Wik fRMAgErlayedviy bercyeaifﬁe@éw kr%eg‘ag@ at Brpciaside
\WAIE RINEBYaVY a FEREsBQblafRHRehdtamagR Sltel 85%nd Wetd(ﬁ%‘?ﬁ]gﬁrgr dry

on the resist renoval approach. I'n an in-situ sche
&téh.whi ch resist renoval is conducted in the sane

ar e S Stof chehes e ilinadgk 68 hR05cBlsk I iGh80e
dielgcmne I:Zyertﬁﬁ)e\ deéneshtedry @?@ﬂdlﬁTmeom\éﬁfd@ﬂ@e WhICh has
i on ve a %dth 44 between 3 and

TSI SRt CReTE PYePaRte RABLBraIpaHK 4 040K meisralaw Bygr 30 on the
AhG IR, iPRbYEEFYP-INB Weﬂﬁéﬁe‘h%s B&ﬁvefr hetlc emical etch rate in

i nt erconnect openi ng can have any sh ape suc
agurgHe-basissotsion. Eb@rmﬁﬁgeace ;0 watachemtmlsefeheatemm

PRERLS020.58, o 4R PSRN ROGR FRard vl Bl R preate

oypETENYY Second etch step Referring to figure 3, in a
C

di el ect
¥ ner PEGRSt 917 S BAKe BN SRt STactiuby b e Nielesits v 30
CORIpHIES to MedTrbeaesse@nd fdmatks be %%&W@éﬂf 11074625 8. Fhe wet

36 to renmove the overhangs and forma first
chemical etch rate of hardmask is usually >10 -time faster than low-k dielectrics.

H. remove resist layer

Referring to figure 2, we remove the resist layer 37. The resist layer 37 is
removed using oxidant gas mixture (O, , CO, Ar), or alternatively reducing agents
(NH3, N2/Hz , CO, COy), or their mixture with additives, or wet chemical solution,
with preferably dry process.

Resist removal step may or may not cause hardmask loss, in dependent
on the resist removal approach. In an in-situ scheme, of which resist removal is
conducted in the same chamber as dielectric etch, 10-70% loss of the total
hardmask may occur during resist removal.

As shown in figure 2. the first and second hardmask overhang region 26A
36A can have a width 44 between 3 and 15 nm. The first interconnect opening 40
can have a diameter between 60 nm and 140 nm. The first interconnect opening
can have any shape such as a single damascene opening or a dual damascene
shaped opening.



over hang-| ess i nterconnect opening 46. The second etch
al so cleans the opening. The second etch can be a wet
or dry etch as long as the etch has the proper etch
selectivity between the hard mask overhangs and the
dielectric used for |lower interconnect and | ow k

i nterconnect. Second etch (Wt) The second etch can be
a di luted hydrofluoride (dHFy,solution such as a 100
to 600: 1 dHF solution. The c?ean et ches the overhangs
26A at a faster rate than the dielectric | ayer 30
becauyse the CVD | ow k nlc | i ke and

Py bomoblTia SHEANBIRICH Sfef s Sbth 368 1a@rassii mosh eteh) clean

can be antweFipstiintercbHAs6t Sérfiflg aqueous sol ution. The
second etch can use comercially avail able chemnicals

S‘ercondvetc-msktepnl ng (e. g. ST series, NE seri es) whi ch

are al.i ne or. ac S utlonsf renoval .. .
o BB 0 S halke i Beiofa A iteS i pht S stanaged dislectric
Ilﬁérg@ﬁm'tﬁéhftﬂectrléll'ﬁ%’ﬁ Bgnhzir’dm%fskg %ndQﬁQ ABFdMaAsK &/erﬁé’ﬁ’gs 26A
additives. Wt etch can be conducted on wet-bench or

38/ Itee fardsrask layesAtndp taorsmove: the@vp_ehaiml@dtf@m@efnst
O%Qr'l'\]aﬂg Iggﬁfn?eerco&wec%ﬁ%ﬁlﬂg E s%{:aﬁx? 'gﬁcha:ﬂag? ?ﬂﬁar opening.

duratrfon are rnporta rame ers
Tinassecordretchl cambie aewacundvy etchtas Ibograk .thd lehdhast tempeoper etch

et.ch s t|V|t bet ween ct.ric 30a t he
SBEEANT A Ee1 B ik i Aneb i digloigtdisa Jo Ber
irkef2onné&et AoabrLk Eﬁer@bﬁrﬁbcﬁﬂ ectivi ty bet ween t he
hardmasks 26 36 and the danage dielectric |ayer 30A

is between 1:1 and 2:1. 13 second etch (dry) In
ha BRI cl ean/etch can be a dry etch for
R Y

val. Commercially available tools can be
usedThé&lsewpmdetehafandukla diluted Hydofluo@i@e (HEIF) sélution such as a

100 to 600: 1 dHF solution. The clean etches the overhangs 26A at a faster rate
than the dielectric layer 30 because the CVD low-k 30 is more organic-like and
hydrophobic than the hardmask 26 36.

The second etch can be an ammonium-fluoro-based aqueous solution.

The second etch can use commercially available chemicals for wet-cleaning
(e. g. ST series, NE series) which are weak alkaline or acidic solutions for HM
removal. Typical wet chemical solutions are composed of organo-amine,
ammonium fluoride, organic acid, and additives. Wet etch can be conducted on
wet-bench or single-wafer processing tools at temperature between 20-100 degree
C. Concentration of acid and cleaning duration are important parameters which
affect hardmask removal and selectivity to low-k.

The preferred second etch selectivity between dielectric 30 and the
hardmasks 26 36 range is between about 1: 5 and 1: 100.

The preferred etch selectivity between the hardmasks 26 36 and the
damage dielectric layer 30A is between 1:1 and 2:1.



N2, NH3 ), type of Carbon-fluorine and power are

i nportant paraneters to control etch selectivity

bet ween hardmask and | ow K materials. The 2r etch step
(clean ) can etch the hardmask overhangs sel ective to
the dielectric |layer because dependent on the

chem cal conposition & property of the |owk
mat eri al s, aqueous-basis wet ,s0l ution or solvent-basis
wet solution can be chosen t0 selectively renove

har dmask. For exanpl e, selective renoval of oxide-Iike
hardmask related to CV/D I owk can be achieved with
diluted HF solution. A nechanismis that conpared to
skeondetcARERY)T al s which contain C, oxide-like hardmask

are nore inorganic |like/hydrophilic. Varied
sel et awitism,ttge cleanketal can balasdryaichhtor handroaskirdmyoval.
t T
B o ISR R e P ERPHE SRR -  cO. e
NdaNblg ¢, type Ioé(:)arbm-ﬂaqrme Qﬁlﬂpmemrimbbiiaanpbr%mbters to control

Tabl e: exa e hardmask/ | ayers and 2nd step etch

bﬁ?b%ez%“é"’iikﬁngbh%%}baﬁ? rEnasgAax 'ﬂ‘é{y*fm%‘e”a $iar dmask 26 36

dl el gpg M Celchstsp Eleah ) St bichlthe ﬁﬁrd?ﬁﬁkeé\fe@ﬂangs selective to the
nposi ti on conposition paraneters detai ch

dt?dﬁs‘éf'c lager pagauss depesidesepr e Qhwcalmmmlongmm of the
I mARABRCaqh @ Ribasis wet s6lution or solvent: l%asls wet solution can be

chosen to selectively remove hardmask.

For example, selective removal of oxide-like hardmask related to CVD low-k
can be achieved with diluted HF solution. A mechanism is that compared to low-k
materials which contain C, oxide-like hardmask are more inorganic-
like/hydrophilic. Varied selectivity to low-k materials can be achieved by adjusting
HF concentration.

The preferred etch selectivity between the hardmasks 26 36 and the
damage dielectric layer 30A between 1:1 and 2:1.

Table: example hardmask/IMD layers and 2" step etch process to remove the
overhangs

Hardmask 26 36 | dielectric layer 30 | 2" etch/clean — preferred
composition composition parameters details (e.qg., etch
power, CF ratios, etc) selectivity
between
hardmask
and
damage
layer
Oxide SiCOH, spin-on Dry etch: CHxFy, <1000w | >1:1
coating low-k, RF power, CO/N2/Ar
CVD ULK additives;
Wet-chemical etch: 100- >1:1
300 diluted HF, or




Oxide SiCOH, spin-on i Dry etch: CHxFy, <1000w >11
coating lowk, RF power, CO N2/Ar CVD ULK additives;
Wet - chemical etch: 100- >1:1 300 diluted HF, or

_________________________ 14 ----
................... anmoni um f | uor o- based buffer
solution -------- ----mononny Dopped oxi de Si COH,
spin-on Dry etch: CHxFy, <1086w >1:1 coating | ow-k

RF power, CO N2/ Ar (e.g. SILK), CVD additives; ULK

Wat — chem-ecal—ateh 100 >1- 200—dil uted HE or
AN S vy i - [= =arm A B B ) T oo —ir T

VA "A"Y ovrrerimoT \CAA~4

amoni a-fl uoro-based i ", .. ammc.’f!iwmqfﬁf%?-b@é?@ti on
[oxide like | ow SiCOH_ spi hDHifersahutionst ch:  CHxEY or

d oxide) | SiffAHasRineoR oaf Dy etcnCHXFy1 5000OVRF >1:1
power, oxi de| cvating lowd N2/ ARFaphivern, CEYN2/Aket - cheni cal
etch: 100- >[(elg. SWK)JICVDX edadifitives;
amoni a- f | uor YULKased Wet-chemical etch: 100- >1:1
300 diluted HF, or
ammonia-fluoro-based
buffer solution

oxide like low- SiCOH, spin-on Dry etch: CHxFy or CxFy, | >1:1
temperature coating low-k, <1000w RF power,
oxide CVD ULK CO/N2/Ar additives;
Wet-chemical etch: 100- >1:1
300 diluted HF, or
ammonia-fluoro-based
buffer solution

After the second etch/clean step, the hardmask vertical surface can be

within between 0 and 30 angstroms and preferably between 10 and 30 angstroms

of the vertical dielectric surface. That is, the hardmask overhangs preferably have

a width between 0 and 30 angstroms and preferably between 10 and 30

angstroms after the second etch or clean step. The first overhang-less

interconnect opening 46 is about or essentially overhang-less (about or essentially

no hardmask overhangs).

J. form an interconnect in the first overhang-less interconnect

opening

Referring to figure 4, we form an interconnect 54 in the first overhang-less

interconnect opening 46.



buffer solution |Itio --er..so ----------------- -- -
---------- After the second etch/clean step, the

har dmask vertical surface can be wthin between 0 and
30 angstrons and preferably between 10 and 30
angstrons of the vertical dielectric surface. That

i's, the hardnmask overhangs preferably have a w dth
bet ween 0 and 30 angstrons aqg preferably between 10
and 30 angstrons after the second etch or clean step.
The first overhang-less interconnect opening 46 is

about_ or essenti all over han ss (about
csseRhpdM Psponﬁecmﬁ%%eqmev%g%aﬁw(erﬁng % {dpmed using a

dhmagbgﬁélgﬁﬁbsgn the first overhang-Iess interconnect
opening Referring to figure 4, we form an interconnect

54 in the first overhang-less interconnect opening
46. 15 The interconnect can be conprised of copper

d s f |
Ehat "San BovLlSTh MeCemt ATT0CER DL R3S axlimefe Bhfipdilonts
we | DIRSH W tntBgraleRaHIASWHIPKSWEK ol stk bt dreaiAd & nano-

si ze at nano- regime, a cri tical issue is over han
regigies B gptiealiissuer isayeehangdrensh refileforaedaion &, lowdmaterials,
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mnimze over aggressi v
choagse an aggmtsivelmmh-etm&twaobleam ntettasd, duthibe diiluted hydrofluoride
qﬁlg of luoride (dHF) solution. Figure 5 shows a cross

(@. Q!Htéq 'view of |ower interconnect 122 in a

Figure 5 shows a cross sectional view of lower interconnect 122 in a
dielectric layer 120 over a substrate 110. A low k IMD layer 130 is formed on the
dielectric layer 120. An upper hardmask 136 is formed on the dielectric layer 120.
An interconnect opening 141 is formed in the Low k IMD layer 130 using a two
step process similar to above.

In situations when Inter-Layer-Dielectric (ILD) material 120 for contact is
different from hardmask 136 and presents higher etch rate, a drawback of
aggressive clean (second etch step) is its attacking the ILD material 120 and
results in trench under-cut and ILD void 131 at interface between the low-k-
dielectric 130 and contact ILD 120. This adversely affects device reliability and
performance.

In contrast, the embodiment’s implementation of hardmask-low K-hardmask
and identical hardmask scheme allows elimination/minimization of hardmask-to-
low K and low K-to-interlayer dielectric undercut/void during aggressive trench

clean. See e.g., figures 3 and 4.

L. non-limiting example embodiments

In the above description numerous specific details are set forth such as flow

rates, pressure settings, thicknesses, etc., in order to provide a more thorough



dielectric layer 120 over a substrate 110. A low k I MD
| ayer 130 is forned on the dielectric |ayer 120. An
upper hardmask 136 is fornmed on the dielectric |ayer
120. An interconnect opening 141 is formed in the Low
k I1MD layer 130 using a two step process simlar to
above. In situations when Inter-Layer-Dielectric (ILD)
material 120 for contact is i fferent from hardmask
136 and presents higher etch rate, a drawback of
aggressi ve clean (second etch step) is its attacking

al 120 and . resu in trench under - cut
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Wil e the invention has been particularly shown and
described with reference to the preferred enbodi nents
thereof, it will be undersfldod by those skilled in
the art that various changes in formand details may

Wit iggleémedtisiout departing fromthe spirit and scope
of the invention. It is intended to cover various

1. mAdnéthoatofdalsricanidnsafran interedimetd oFening fane sehticesilictsT
nd. the scope of the appended clains therefore should
gswsec%?raea ipgdhe stapeft: i nterpretation so as to

eNC MRS I b Ll j L
arrangen@ﬁﬁéwgﬁgﬁ%rcggggétr@éqgﬁ%g‘@?@ﬂc aelrr?ed i s:
1. A net benhiadnhduatoristraciuora; of an i nt erconnect opening

for a sem conductor device; conprising the steps of
f or [RTRYNG 21w aTE Aiask fer Seic ISHAT KN1Sicodnest 3 Shidy or
over a fRiaAMIdEgeer structure; forming a first

d

har dnask over sai  ower interconnect and said

i nsiorming g dielgetric layemovey saidifirst bardmask layer; over said
firgt nask lLayer . arm ng .a.second hardmask over
sai "HF@E'E gc%ePPBd%%m?s_%ﬂvﬁf ?Egp&eﬁg?g'ﬁq@feép, etching a
fir & a firstRAEH IR BtcPRe b TidstiiRtesed rthelct bﬁéninbaﬁ dBERSHrst
said dielectric layer and said second hardnmask | ayer;

the di el Bardmask, saict diefectrig layer asd shisk secomdrrardmask layer;
R R e L T

second haidewadls; tvefilsthardmbsk Ras andiréti Hartimf2sk dvestkang
overhang and sai d second hardmask overhang extend out

past t he@8f fagapronrs harnaskdnase seeondpardmask averapsd
etch stegnefd Shigtst Msrdhldskiovatfaris5RE LalRPSeiBhardmask

overhang extend out past the sidewall of the dielectric layer,;

in a second etch step, etching the first and second hardmask
overhangs and the dielectric layer form a first overhang-less
interconnect opening; the second etch step essentially removes
said first and second hardmask overhangs;

forming an interconnect in said first overhang-less interconnect

opening.

2. The method of claim 1 wherein in the first etch step, the etch has an etch
selectivity from the dielectric layer to the first and second hardmasks
between 1:1 and 2:1.

3. The method of claim 1 wherein in the second etch step, the etch has an
etch selectivity between the dielectric layer and the first and second
hardmasks between about 1: 5 and 1:100.

4. The method of claim 1 which further in comprises:
the first etch forms a damaged dielectric liner on said sidewalls of the
dielectric layer; said damaged dielectric liner is comprised of a



over hangs and the dielectric layer forma first
overhang-l ess interconnect opening; the second etch
step essentially renoves &&id first and second

har dmask over hangs; form ng an interconnect in said
honstbichicandtaio@xidess i nt erconnect opening. 2. The

thod of claiml1l wherein in e first etch step, the
g\%c?feqﬁ’é’g efeh é‘f’@ﬁve%éﬁ'gcciqm?g‘?fi Q\eéﬁﬁ R ENGf el ectri c
layer to the first and second hardmasks between 1:1

5. Fihd n‘?eéljro? ELCE[?ﬁS Wﬁé’r@erfg%lalfﬁétrﬂérd ?‘?‘%@R%’nﬁ %Q@oqd

secon has an etch s

batdnessk ar’e&:admp?ilsmt ofi m(ldiaxdepedmdldbha fluoriag cmpédiwmdr
@?}v masks, bet ween about 5 and 1:100. 4. The nethod

MBPERAINGIPTS: A sy 3 tmc'%!tﬁ%rl?%\é@e" 00 and $90Q:¢ ch

bRgStoras damaged diel ectric liner on said sidewalls of
the dielectric layer; said danaged dielectric |liner
is conprised of a 18 nonstoichionetric oxide; the
6. Flee arethed oﬁclanwBemm daidativlgetticdagedreis tcomprisedef a lbw K
h t ho kal ns 1 wherein said first hardmask and
%r[gé’EH P ON‘é dnatekiak e conpri sed of oxide doped
oxi de; a fluorine doped oxide or |owtenperature

grfeth&f‘gf glgﬁ'c}"’\ \kﬁér‘éhW gélﬁ &?&%@ﬁfcr]_al\;’grqs %Bpnrﬁr%% Pf: carbon

romns wherel
do;médaohdec(Sl@@blr), ¢axbon ra:pntasmdg ddw & dielediric wither dielectric

| t I ial. Th thod of_. clajm 1l wherein
Soisonh 87 thah .0, é@i@ron @%B%ﬁﬁlﬂ?@eas oF CVE plsEhiows bped
@lél&%léé%s aGRIcRABsS BBREEH 1500 M4 BoBb&lrgslrbifs. Wi th

dielectric

8. The method of claim 1 wherein said first hardmask and said second
hardmask is comprised of oxide, doped oxide or low-temperature oxide;
said dielectric layer is comprised of a material selected from the group
consisting of carbon doped oxide (SiCOH), carbon containing low K dielectric
with a dielectric constant less than 3.0, spin on low-k dielectrics and CVD
ultra-low-k.

9. The method of claim 1 wherein after the first etch step and before the
second etch step, the first and second hardmask overhangs have a width
between 3 and 15 nm; the first interconnect opening has a diameter
between 60 nm and 140 nm;
and after the second etch step, the first and second hardmask overhangs
have a width between 0 and 30 angstroms.

10. The method of claim 1 wherein the first etch step comprises: a Carbon-
fluorine chemistry, a temperature between 20 and 100 degree C; a
pressure between 20 and 100 mTorr, a Radio-frequency power <1000 w ,
with N2, Hz , CO or/and Ar additives;

the first etch step has an etch selectivity between 1:1 to 2:1 of the
dielectric layer to the first & second hardmasks.



constant less than 3.0, spin on lowk dielectrics or
CVWD ultra-lowk dielectrics and has a thickness

bet ween 1500 and 3000 angstlPons. 8. The nethod of
claim1 wherein said first hardnask and said second
hardmask is conprised of oxide, doped oxide or

I tenperature oxi de: .said dielectric |ayer is . ..

1 SHerieBadaF Clarme] BB cbP ERd ASHEORE SR uit dite HF
SRR laNGtcR selc@tiDRN bERRRG B8 iR dfnas kel the ¥idetric layer
containing low K dielectric wth a dielectric
bebueemt: I?@sié Z2nhtn 3.0, spin on lowk dielectrics and
CVD ultra-lowk. 9. The nmethod of claim1l wherein

t first t. f . th d h

125 b methgaiar eimet iNeBus Rahiebnad Raisl BraeaR g ravekare
Wb Hiphisel ®F W88éntiaIf e San¥atdialf 1 rst i nterconnect

openi ng has a diaimeter between 60 nm and 140 nm and

after the second etch step, the first and second

135 e 8 e nERH rBus o e rcn B Pepter

dkoitestEPpASIARthE 8%pstofGar bon- fluorine chemstry, a
t enperature between 20 and 100 degree C, a pressure

bet ween a2 JOERINI1D PWaTdRtercenrredrad instaingchygooxer a
<1000 w, ' : , [and Ar additives; the
Ws%;@&é%dd&'?or str:acg}]@r%

first etch s as an e Setlectivity between 1:1 to

2:1 of théorning befirst hardhmskroviep shitklofver fiterzon@eonshd
hardmasks. 19 11. The nethod of claim 1l wherein the
second et chMSYAMGAYewet dilute HF etch with a etch
selectivity between the hardmask and the dielectric

| ayer  bet yBedhid first raiidimask islcormBrised 8t ArhdteHaelsdiaym
1 wherein sai dlfilrst and gaiI dcoseég?ld ﬁar dmasﬂaaree
from the group consisting of: oxide, doped oxide or low-

temperature oxide;

c) forming a dielectric layer over said first hardmask layer;

(1) said dielectric layer is comprised of a material selected
from the group consisting of: SICOH, carbon containing
low K dielectric, spin on low-k dielectrics, porous silica
glass, organo silica glass, aromatic hydrocarbon

materials, and CVD ultra-low-k dielectric;

d) forming a second hardmask over said dielectric layer;

(1) said second hardmask is comprised of a material selected
from the group consisting of: oxide, doped oxide or low-
temperature oxide;

e) in a first etch step, etching a first interconnect opening in said
first hardmask, dielectric layer and said second hardmask
layer; the first hardmask has an first hardmask overhang
and the second hardmask has a second hardmask

overhang where the first and second hardmask overhangs



conprised of essentially the same material. 13. A

nmet hod of fabrication of an interconnect opening for a
seni conductor device; congfising the steps of : a)
formng a |ower interconnect and insulating |ayer over
a sem condexteod autpast theesidewall of thendjekectria lsyer;

har dmask over said, | r_interconnec nd, i nsul ating
| ayer; (1) E’%ﬁfh’# FP&%?&%%’W%@MF%?&'%?@ the
mat eri al selrAdRHc Idye? Thingeha FPstintePdsTinict BPeRihg;

oxi de, doped oxide or |ow tenperature oxide; c?
formng a dielectric |ayer over said first hardmask
layer; (1)(Bathe irstetehister cpapsisessusingngrgaseen-deorne
materi al sele ith O 0 LSLd £ i
Si COH, car bonsﬁgﬁfsetli hi %ﬁ&ﬁg&@%ﬁﬁtéﬁ@?ﬁ ?aﬁc&ggg’lelnecgﬁ'ty
| ow-k di el ect betveerptriao:$iof tsdielcidslayer gasaidsfilst ca
gl ass, aromat i_]c Cg%drocar bon materials, and CUD
ultra-1owk dnarasesk and gidrsgaenddrasd@ssbind har dmask
over said dielectric layer; (1) said second hardmask
is conprised of a material selected fromthe group

consi st fing fkecénd E&h si@ﬁ,e@kcﬁmb%r@égécpmmé@ﬁ@ﬁye} Hh& the
oxide; e) in a first etch step, etching a first

i nt er connecPverbanpa@f the Baidiagk layershig trragwe said first and
dielectric | d . r..th
firot har andarots BB Qs A8 TR P Blarid e
second har dimeicohascteosing 8nd etk said Rsthaegh e fess
the first and second hardmask over hangs
interconnect opening;
(1) the second etch comprises an etch with an etch selectivity
between the damaged dielectric layer and the hardmask

between 1: 1 and 2: 1;

g) forming an interconnect in said first overhang-less interconnect

opening.

14. The method of claim 13 wherein in the second etch step, the etch has an

etch selectivity between the dielectric layer and said first hardmask and
said second hardmask between about 1: 5 and 1:100.

15. The method of claim 13 wherein in the first etch step, the first etch step

comprises: using a carbon-fluorine chemistry, at a temperature between 20
and 100 degree C; at a pressure between 10 and 100 mTorr, at a radio-
frequency power <1000 w , with N2, Hy , CO or/and Ar additives.

16. The method of claim 13 wherein the second etch comprise a wet dilute HF

etch or a dry etch.

17. The method of claim 13 wherein said first and said second hardmasks are

comprised of essentially the same material.



20 extend out past the sidewall of the dielectric
| ayer; the first etch forns a damaged dielectric |ayer
fromthe dielectric Iayerzﬂining the first
i nt erconnect opening; (1) the first etch step
conprises: using a carbon-fluorine chemstry; the
18f The method of cyimHidswherein shidsesdating layer isoat wetereve| 1
to 2:1 of the dielectric layer o said fjrst hardmask
HibiEctde b abr path cinatiteratiest & £ Eodiagt fr suasliale
et chi ng damaged dielectric |ayer and the overhangs of
t he i b ad.. second
Ohar Amaeh R REHEGS bemiRNE o Beick dopiifl See
i nt t ning and | eaning. sai.d first . i
oveP AN S BHTR Praiinad PG ool 3éeck thelilgtyi
ekch conprises an etch wwth an etch selectivity
stags G ISika diftacien Iavesfegned i baljaendirat andsacethask
_between 1: 1 and 2 : 1; g) formng an interconnect in
diedegtdc hardrpaglvlayaem@ndess | nt erconnect  openi ng. 14.
The nethod of claim 13 wherein in the second etch
st eperfoimingtacfirshatchao forh an edriveg throtigh e fiveeand Recond
dielectric |ayer and said first hardmask and said

hagRe&4Kd alarsdams heDGEREE RYErTo dxposeddidevialld -théflﬁarart}‘lﬁsk

nmet hod of claim 13 wherein in the first etch step, the

i o 453 e OB S0 50O 4RE e
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addi tives. _
overhang regions by the first and second hardmask layers.

20.  The method of claim 19 wherein the first and second hardmask layers

comprise the same material.

21.  The method of claim 19 wherein the first etch damages the sidewalls of
the dielectric layer to form damaged portions lining the sidewalls of the

dielectric layer.

22. The method of claim 21 wherein the damaged portions and hardmask

layers have an etch selectivity of about 1:1 to 2:1 in a subsequent etch.

23. The method of claim 21 wherein the sidewalls of the first and second

hardmask layers are co-planar.



16. The nethod of claim 13 wherein the second etch
conprise a wet dilute HF etch or a dry etch. 17. The
met hod of claim 13 wherein2éaid first and said second
hardmasks are conprised of essentially the same

24t dhedanethed of caimTHE2gwirZsdfughet cemprises pRderningsai d
insulating layer is an interlevel dielectric |ayer and

sesandl etobywauhereindhe saceud etch producdsasidetvalls of tesfirshied
19. A nmethod of form ng a semniconductor device

se 6O hhRInAEKK IBYENS WhitH ate T4BRINGR WRhXIGRAEIRCoMKE Hidlectric
dielectric stack, the dielectric stack conprising a
X%kelectrlc | ayer forned in between first and second

l'el ectric hardmask | ayers; and performng a first

etch to forman opening through the first and second
hardmask | ayers and the dielectric |ayer to expose
sidewal I s of the hardmask |ayers and dielectric

25| aydhe mplbediof claigestmherein ﬂa% seeondetchrnaisssa wet etch.
hardmask | ayers extend beyond sidewal s of the
dielectric layer to formfirst and second overhang
regions by the first and second hardmask | ayers. 20.

26The Tretrheithodfof &l 4L &heheih @hé opBeINGi dodtiprised deePéing for
hardmask | ayers conprise the sanme material. 21. The

anmmmtﬁh@bﬁg% o?h&uéé%enlﬁﬁ &4 rﬁsiggﬁ;gﬁﬁhbhe

sidewal | s of ielectric aye ged

: r |n|ngthe si dewal | s of the dlelectrlc
mt?’%ﬁéh%@ﬁ "The met hod of claim 21 wherein the danmaged

portions and hardmask |ayers have an etch selectivity
of about 1:1 to 2:1 in a subsequent etch. 23. The
met hod of claim 21 wherein the sidewalls of the first

27andAseethed oftfaraingsk semicansugios deyiseammprising:

providing a substrate prepared with a dielectric stack, the dielectric
stack comprising a dielectric layer formed in between first and second
dielectric hardmask layers;

performing a first etch to form an interconnect line opening through the
first and second hardmask layers and the dielectric layer to expose sidewalls
of the hardmask layers and dielectric layer, wherein sidewalls of the dielectric
layer are non-coplanar with sidewalls of the first and second hardmask layers
in the interconnect line opening;

performing a second etch, wherein the second etch produces sidewalls
of the first and second hardmask layers which are coplanar with sidewalls of
the dielectric layer; and

forming an interconnect line in the interconnect line opening.



22 24. The nethod of claim19-22 or 23 further
conprises performng a second etch, wherein the
second etch produces sidewdBls of the first and
second hardmask | ayers which are coplanar with

28si ddhalrethofi df lokaich 27 etereio thé figst and Zecomt dandrnaskl laykers
claim 24 wherein the second etch conprises a wet etch.

coRrisé e gRIROAaRdriat! ai m 24 wherein the opening
conprises an opening for an interconnect |line and
further conprises filling the opening to formthe
i nterconnect line. 27. A nethod of formng a
sem conduct or device conprising: providing a substrate
prepared with a dielectric stack, the dielectric
stack conprising a dielectric layer forned in between
first and second dielectric hardmask | ayers;
performng a first etch to forman interconnect |ine
openi ng through the first and second hardnmask | ayers
and the dielectric layer to expose sidewalls of the
hardmask | ayers and dielectric |ayer, wherein
sidewal I s of the dielectric |ayer are non-copl anar
with sidewalls of the first and second hardnmask | ayers
in the interconnect |ine opening; performng a second
etch, wherein the second etch produces sidewalls of
the first and second hardmask | ayers which are
coplanar with sidewalls of the dielectric |ayer; and
form ng an interconnect line in the interconnect line
openi ng. 23 28. The nethod of claim27 wherein the
first and second hardnask | ayers conprise the sane
mat eri al .



