|  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 fabrication of a interconnect
openi ng using hardmasks 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
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t hr ee- di nensi onal sem conduct or vi ces and

i nt eDaoraseend blardrmagls To dmerdvei Ugdarnpd floyrddw-K [nterconnects
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 as formng a transistor, formng a
capaci tor and for i ridagkargund ofjavertionent net hods for

ﬂgiglidgstbgqng%m@ﬁt opening in low k materials using

need to be inproved. The inportance of
over ddwd ingention nedates generstly ¢ Eaticatiomof samiabodctorsdevices with

e EP BB R o B8 e R B ATV PREBhncc
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and 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 technicat 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 and cover top surface of

stack . US20040147111A1: Huard et al. -

Pol ycar bosi | ane buried etch stops in interconnect

structures - Interconnect structure useful in

dpphegitigirecteatlevat echnidal davelapeh@ts irothiecpalent ltermture can be
onprjses a, urie&lﬁigh stop layer containing a

i%ﬂ % ONSIEREPI 18 TO890%3- | evel interlayer

dielectric. US20030232504A1: Eppler et al. - Process

for etching dielectric filnms with inproved resist
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reichode ctemisdoeficdsherpprissesnd bunecbetch etorplagetr dedaiming a polymeric

structure angd t hqd, of . manufacturi ng an

maleep Snvﬁ%fﬂveg'lng%ﬁ'g‘gfﬁ%a'@}?&tr&eni ngina dielectric
| ayer and hardmask | ayers that m nim ze overhang by
the hardmask |ayers which is characterized as

f ol | dh&200R0RBREQ4ASk dnpller erbodTrreeis o pinningdielaciic films with
i%%'rc_l)\%‘ﬂ' rédist 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; etching a first

i nterconnect opening in the f¢rst hardnask, the
dielectric |layer and the second hardmask | ayer;
formng an interconnect in the first interconnect

openi ng. An aspect of the first exanple enbodi ment
further conprises: the firs nd nd hardmasks are
conprised of the saﬁgmfﬂf"é"f %’Bﬁ?e Eﬂ\%gggﬂd aspect
conpBopesexdmglefcphaaivnagts offthe Brax@nainventsn provides a structure
i nterconnect and insulating |ayer over a sem conductor
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AR5 PIRESha S 5, A L Al af A Acmask
idyarsniviicheis shamaterizaddsfalwaver the diel ectric | ayer;

4 inafirst etch step, etching a first interconnect
opening in the first hardmask, the dielectric |ayer

and tahfrssecmnsle Ratisbunaknl eyraprisdshehd foliswingar dmask has
an first hardmask overhang and the second hardmask has
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t he forhsihg arfdsttecdmdsharventisiowseinteogmect and the insulating
layer;
¢ forming a dielectric layer over the first hardmask layer;
¢ forming a second hardmask over the dielectric layer;
« etching a first interconnect opening in the first hardmask, the dielectric layer
and the second hardmask layer;
¢ 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:

« 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
exclusive. They are presentedt 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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limtations on the invention as defined by the clains,
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f eat ovedamgd; advant ages shoul d not be consi dered

di sposi tive i.n deternini n‘g _esﬂui val en?e. . Addi tional .

f et (RTBUNG AR IAGIRARNSEER 1T fitsheveiARAT SN r‘F‘P”rt?é?EBH%”‘”Q-
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 %Qdéﬁ%wgz?rgﬁﬁr’e{lﬁg raag&‘&%g%zg gg@ ?%étgrees diE OF gegbtresentative

i nvention an eta rocess
ehatiodimahisnanlg Lot dre red rikicaudive taod/atexclosivenTaey aredpmresented
b A SRSH R it R S B g it thy ar
PP FaprESEtafivabt A1l thBE&nventions 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 simultaneocusly 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 view for illustrating a nethod

for manufacturing an intercdmnect 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 draw ngs. The

exanpl e embodi Merg gef Wééﬁélpﬁ?or@oﬂﬁié“ﬁﬁaﬁfnggor m ng

i nt erconnect openi ngs an orm ng an I nterconnect.

The é&tenphiirestbod atemntagemof asemidonduntoedevinaectording to the
eni.ng Wwi.thout, .a I nt erconnec nder cut nd
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wi t hout hardmask over hang | MD | ayer undercut. A
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ower ayer upp
drared pasding ajements sregamsehdoyationhendireivbichr i ¢ | ayer
The I MD Layer can be conprised of the |ower hardmask
dielectric layer and upper hardnmask. Through this
nethod aggressive post-etch clean is applicable to
rove trench overhang while undercut at |1 owk

cont dUGUTRED PHAUEHT a6 GraSmpartiaRal ViBwsHer Biisirating method for
AL GSERRNG G iBRAcHIRY 8bdiiSy bBY&HiMB arfexample 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 (IMD) layer. An IDL l|ayer is
the | owest |evel dielectric I@yer 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 ng. | aye 0 ca owes evel dlelectrlc
| ayer on ’5%5' qu:]%crb:ﬂ ép@é L'-rf'}P qimgn

har dmask over the | ower |nterconnect and dielectric

| ayerg Nextoversgefstor ma first hardmask 26 over the | ower

i nterconnect 22 and dielectric layer 20. The first
har drﬁmke)daayme ecdrodireehtsraftie presentinyeht@velvilldfe described in
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&@ﬂﬁé%tmé{l'bh df I‘F@rnhlﬁg htatdoRBedt indf8- anth@rrhingsdn interconnect.
har dmask 26 can be congélsed of silicon oxide (such as
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a thi ckness bet 00,.a 0 strons, The
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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. Thfough this method, aggressive
post-etch clean is applicable to improve trench overhang white undercut at fow-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 tayer 20 over a semiconductor structure. The
protrusion has typically a vaiue 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 dielectric |layer 30 can have a
t hi ckness about 1500 angstronk for single damascene
and about 3000 angstronms for dual damascene. 8 The
dielectric layer 30 preferably has the etch properties
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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 i ncl udes a Producer @
system from Applied Materials: A SEQUEL Express
systemor a VECTORz system from Novel |l us Systens nay

also_ be used. Alternatively, the dielectric 30 may be
f or nBhefdigastac &pien 30 prafesaldy hap ¢he plsbmyoperties aring good
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I ncl udés NA por ous S|I|ca havi ng k th

hasingek with abslite af taat\ﬂeea)abppb&ﬂm R-tool that rray be
used to formthe low k or ultra-low k materi al

i ncl ythesdidlestpic fayler 30km&y @@f&ﬁ%@frﬁn@?‘oﬁpm rrlétérlal(h'éﬁln)g an ultra-

The dielectric l'ayer can be conprised one or
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%féf ay DEXdr e\eﬁrcfrg AThchar Haﬂn@@wﬂm baB8 KK abE@t 1.5.

rlc ayer e second hardmask 36 can
Mampahssm‘d‘n af ultrelde Isarctusasl|Y BORUsdopkday idlaée serogesand
FTEOCS or | owtenperature oxide and has a thickness
$E19%e%n 250 and 1000 angstrons. The first and second
har dmask are preferably conprised of the about or
essenTh@tilejeCﬁrﬁmiastaﬂﬁO matyerd Wirmed diskiigoutherisak eagor deposition

(IDW kpr#ggess%SA ow—k CRakr |35 ﬁ{alt%wayt‘be 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 CDOQ 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 Qrion (a CDO having k with a value of about
2.0-2. 2) from Trikon Technclogies. 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

he 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 poiymer 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. formresist

| ayer and etch hardmask opening Referring to figure 1

B, we forma resist |layer 37 over the second hardmask

| ayer 36. The resist |ayer has opening where the

i nt erconnect openings will be formed. G first etch

step --- etching a first inte?connect opening - can

form hardmask overhangs Referring to figure 1 B, in a
first etch (e.g., CF etch) step, we etch a first
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and second har dmask overhangs 26A 36A extend out past
edge Tok diglectiicdayaraande syeisesoiggewdnere lFueys.

over hangs 26B 36B are forned by danaged | ow k
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The 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 etch) 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 danmascene shaped openi ng. Typi cal

dry etch process uses Carbon-fluorine chemstry with
different additives (e.g., Q2 , Ar, N2, CO H2 ) at
tenperature between 20 and 100 degree C, at a

pressure between 10 and 100 mlorr. The etch can be
conducted on comnercially avfilable etchers, e.g.,

TEL, Lam AMAT etchers. The etch paraneters whi ch are
inportant to create the lateral etch of the

|dyae] Fctorform laagema@® diekectrivd apaty@Enogaise Sidewalls of the dielectric
part| ng‘) g}ezure and fluorocarbon gas flow with high
layeiotd 'O RPN i 0. Oxygen and fluorine are al so
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hafgeas % he other hand, is nmore organic-like and

experALasson il MRe 18etthe RETiapal bRl hiairBadkoverhang regions
aqueous-basis solution. This difference in
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Typical dry etch process uses Carbon-fluorine chemistry with different
additives (e.g., Oz, Ar, Np, 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) fo 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 hardnmasks 26 36 between 1.0 to
5.0. The wet chemical etch rate of hardnmask is
usually >10 -time faster than lowk dielectrics. H
renove resist layer Referring to figure 2, we renove
the resist layer 37. The resist layer 37 is renoved
usi ng oxi dant gas mxture (041, CO Ar), or
alternatively reducing agents (NH3, N2/H2 , CO CO2),
or their mxture with additives, or wet chem cal
esm’auﬂidrqra lowmik tiblmageﬂ@reﬁb\lriiy bdicyegied abosu-k Re:sfacm atrteerhadide

or not cause hardnmask | oss, d
WGl BFG 1S & (ECpam v ale B B ADRSK PP R P By dry
é? hWhich resist renoval is conducted in the sane
anber as dielectric etch, 10-70% 1 oss of the total

h_ar difelirstestclo ctantesithe ongrhangssiA 3pgcause therdamage
AR Sn R S R Py o s

fg@ter Wbecfﬁ%mﬁj“al eithentoihae tardmeasi. nd.odek nmederidigviayar 30 on the
I anet er , bet ween 60 nm 140. nm
qthereharsh PP BER R e FERREIELAGS §E’éﬁ?é e chermisal etch rate in

édL(éeh&b@@mﬂm qrﬂ%ru;ﬂ&eﬂ&e #h \@aﬁbhaﬂms@;@ﬁ Rate GRS
openi ng . Iin a second etch step, we etch and

Heagmeels 36\3@ ngk layes B aricedaimagrd fiﬁe}esﬁtriq Iy $fh iz create

Second etch step Referring to figure 3, in a
O%Wetch step, we etch the danaged dielectric

| i nerThaOst éthle cdn dlagetan (dry) a&jelr s@Bctivitata theesdis|catie 16her 30

BTN SniFa PR B b e RSk APAO P TEgR 101635, The wet

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, No/Hz , CO, COy), or their mixiure 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 hardmask overhangs and the
dielectric used for |lower interconnect and | ow k

i nterconnect. Second etch (Wt) The second etch can be
a diluted hydrofluoride (dHF) solution such as a 100
to 600: 1 dHF solution. The dPean etches the overhangs
26A at a faster rate than the dielectric layer 30
because the CVD lowk 30 is nore organic-1like and

hydr dphobiie atdwonttﬂchaatelpxmk edth 3a6d (ahgressivndost efch) clean

can be an ﬁngpgf u?f uor o- based aqueous sol ution. The
second et &ie i %rCBBHﬁE’FQP%’I"FQ avai | abl e chenical s
gé‘?cé”\\ﬁz %ﬁg%gm ng (e. g. ST series, NE series) which

aline or acidic solutions for HM renoval.
Typi Redfenskly toffigaiecal ins:oekamhdmfaa;teppwmmeodamaged dielectric

IRaRD R e ol ETare et ek A d o SR Atk BerBAfes 264

ﬁmsi Pe'Wl&hadi REBESLE 96&@ RdrfioRd tHeasTRAR gy shdRkMeefist
20-100 degree C’ Concentration of acid and cl eani ng

akerhangplesaideicapoestanenur 4hvetherscopnd efch alspétaans the opening.

LA FOTRIRRHU5RE P A0 el e g o

sHle@ivily bbﬁvedmathd rl‘a&ﬂmaé’!ﬁo%haagmend thebdieiselic adsafor bwer
5 and 1: ‘E E Ereferred etch selectivity between
ipfRECHMIeghAk oW fBraRietthe  dammge diel ectric |ayer
30A is between 1:1 and 2:1. 13 second etch (dry). In
addition, the clean/etch can be a dry etch for
Pecandeaikh (¥ebval . Commercial |y available tools can be

used. Ti@ WAt La B A dilles r(\%oﬂuoq'ﬂe ('6'?1?) sblution 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 agueous 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 2nd etch
step (clean ) can etch the hardmask overhangs
selective to the dielectric |ayer because dependent
on the chem cal conposition & property of the |owk
mat eri al s, aqueous-basis wet solution or solvent-basis
wet solution can be chosen t1é sel ectively 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

I ow k n?terlals whi ch contain C, oxide-like hardmask
sgFRNH BB (P8 gani ¢ 11 ke/ hydrophilic. Varied

sel eqt Lyditiyn LiRe RMNktERESA LR asdl‘“yaé!ci’?ﬁ)r%%rﬂﬁggr&b{ovai

adj usting HF concentration. The preferred etch
Cknhmetqlaﬂlytqﬂaniebiaé@cﬁsme heamaﬁmgl@ﬂ/ rge 96 agditivehiO2 . CO, Ha , Ar,

NealF e, BRget et liiEle AROPEHERE kst RfbaBurtas g contro

piicpesih Spmadsttisinpiii-aitapvi i

coan;bieta § alcham leaohopa Pl benarbesh pierbangs selagiig to the
c EXE b@{:él%%» d@ﬁéﬁdeﬁ?bﬁ%é Hhérﬁlcgﬁéd’?ﬁﬁ@sm&ﬁ& ‘i‘ﬁ'@ﬁéﬂy of the

arrae ayer de Si COH, spin-on
E@vbkwateﬂawoequequabamawah goluban kr swerpidv@«s wat:sqmmaxr 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.g., efch
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




CVvD ULK additi ves;
or

di | uted HF,

Wet - chemi
14

cal etch: 100- >1:1

ammoni um f | uor o- based buffer

300

sol uti on Dopped oxide SICOH, spin-on Dry etch: CHxFy,

<1000w >1:1
SI LK),
300 dil uted

CVD additi ves;

coating |l owk RF power,
ULK Wt - chemi cal
anmoni a-

HF, or

CO N2/ Ar (e
etch: 100
fl uoro-based buffer

. 0.
>1:1

solution oxide like low SiCOH spin-on Dry etch:

CHxFy or
RF power,
Wet - chem cal

CxFy,

>1:1

etch: 100- >1:1

] 300 diluted HF, or

tenperat1€rre coating | owk, <1000w
oxi de CVD ULK CO N2/ Ar additives;

anmmoni a-f | uo
etch/clean s

F 0- based buff er
[ ep, the hardnas

agohenivwAiuaio-basethe
s buffer ¢dlatadn surface c

second
An be

Diipipeto et we
bet ween 10 a
dielectric s

e8iCOHNEpiPPoANJS
NdoBhG@NeFiK ONs
Urd GCSILKIheVD S,

s Drg BEcha OHxPly ek €060 y
R¥ pdwier, Carhpes
akibgvear dmask over ha

>1:1

ngs

preferably haygk a width bet A 384 «3h: apgst r 8% 1
and preferably E)(etvveen 10 ang?)g 189St s after | the
second etch or clean step. The, Miﬁ-tﬂu@{)e—f)g?erbg'l ess
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

opening

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

interconnect opening 46.

form an interconnect in the first overhang-less interconnect




i nt erconnect opening 46 is about or essentially

over hang-1 ess (about or essentially no hardmask

overhangs). J. forman interconnect in the first

over hang-1l ess interconnect opening Referring to

figure 4, we forman interconnect 54 in the first

overhang-l ess interconnect opening 46. 15 The

i nt erconnect can be conprised of copper and is forned

using a danascene process. RS a probl em that can be

reduced by sone exanpl e enbodi nents Wen we integrate

hardmask with lowk for shrunk feature size at nano-

r egi Mite inteccartriechtan bs semipsised ef haprertandris Forprasf lidirg a
or ned ato of lowk materials, which causes
%ﬁ*ﬁ@é? Svoid. One of the approaches to mininize

overhang is to choose an aggressive post-etch wet

cl ean met hod, such as diluted hydrofluoride (dHF)

solutlon Figyre 5 shows a cross gugtlona

w of ]
Iovve i nt dRGhirpthabean Refedyred t$<?fee|e§9€w ﬁfﬂ"b?fé’f"e"fs

the- YaeR uBrinlegiataeritode M e bR LU R B nano-
r%@inﬁ'@da &ritichhigsgé & @etrinargy freyest prb2il forrAad iatdesfdowrertaterials,
pening 141 is formed in the Low k I MD |

130
vmm@ausﬁssrﬁetﬁ“e?@éeg veidn{angrofitae ApBRACEH ?%wm%%eoﬁ@fﬂgng is to
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cont act erent rom har dmask 6 and presents
(dHgheolubooh rate, a drawback of aggresswe cl ean

(5o IR e B LB BB TP 2
cﬁéiebﬂﬂtﬂéiéMQOQﬁIe‘ﬂ@mbhfmtel DM K 1odli lelNgDtisyes 1880s &rehed on the
é&%}:ﬁ%ﬁg}qﬁa 239§ 3\}1 u-ggl)le? haa%\{r?ars el % ;%ff];rergé or‘iI ?ﬁ/e 8 lgEectric layer 120.
An interconnect opening 141 is formed in the Low k IMD layer 130 using & two
step process similar to above.

in situations when Inter-Layer-Dielectric (11.D) 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




performance. In contrast, the enbodinment's

i npl enment ati on of hardmask-| ow K- hardmask and

i dentical hardmask schene all ows
elimnation/mnimzation of hardmask-to- |ow K and | ow
K-to-interlayer dielectric undercut/void during
aggressive trench clean. See e.g., figures 3 and 4.

L. non-limting exanpl e enbodi ments In the above
description nunerous specifidbdetails are set forth
such as flow rates, pressure settings, thicknesses,
etc., in order to provide a nore thorough 16
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arrangenents and procedures. 17 Wat is clained is:
encompass all such modifications and similar arrangements and procedures.




1. A nethod of fabrication of an interconnect opening
for a sem conductor device; conprising the steps of
formng a | ower interconnect and an insulating |ayer
over a sem conductor structure; a portion of said

| ower interconnect is exposed; formng a first

har dmask over said | ower interconnect and said
insulating layer; formng a ?lelectrlc | ayer over
said first hardmask | ayer; m ng a second hardmask
over said dielectric |ayer; etchlng an i nterconnect
opening in said first hardmask, said dielectric |ayer
and said second hardmask | ayer; form ng an

i nterconnect in said interconnect opening. 2. The

met hod of claim1 wherein the first hardmask and said
WhabiscCldiaredinask are conprised of the sanme materi al

3. A nethod of fabrication of an interconnect opening
for a sem conductor device; conprising the steps of
formng a | ower interconnect and an insulating |ayer
over a sem conductor structure; formng a first

hef Bl hiabrigaian o GRBISTFRIEIGEhARRIARS 4P semiponductor device;

in formng a dielectric | ayer over
st ping Qg of TP TLN9 2, 'second har

said | ayer; formng a second hardmask
oviermei ajiowee ||r&eztconned;te@rmir an iimsuéatfrigrlayerem\can asiteexpiponductor
et chin i rst ter onn said first

ey i eip A ap Bt SRR Bhie B cA gt Blcfostel

haﬂ)ﬂﬁﬁ@l@ fidy RErdnddbk dviae seidabret intrcdmyst and seRi idsilbting layer;
i nt erconnect opening has sidewalls; the first

hafosmiagia ﬁ'&?cﬁ’ﬁ; lﬁb’?%@@ﬁéﬁ%&%‘f@@ﬁ%lﬁ@y@énd t he second
forming a second hardmask over said dielectric layer;

etching an interconnect opening in said first hardmask, said dielectric layer and
said second hardmask layer;
forming an interconnect in said interconnect opening.
2. The method of claim 1 wherein the first hardmask and said second hardmask

are comprised of the same material.

3. A method of fabrication of an interconnect opening for a semiconductor device;

comprising the steps of :

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

forming a first hardmask over said lower interconnect and said insulating
layer;

forming a dielectric layer over said first hardmask layer;

forming a second hardmask over said dielectric layer;

in a first etch step, etching a first interconnect opening in said first

hardmask, said dielectric layer and said second hardmask layer;



har dmask has a second hardmask over hang where said
first hardnmask overhang and said second hardmask
over hang 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 forma first overhang-Iess

i nt erconnect opening; the second etch step
essentially renoves said fird® and second hardmask
over hangs; formng an interconnect in said first

over hang-1 ess interconnect opening. 4. The nethod of
claim3 V\,hfmﬁbreactrm: lbher ihisagd first kersoepct bheniegy dlashsiewalls;

an etch i Vit fromth el ect icla er tp,the
first and %SLBarﬁ’ @?%@rﬁim FWY@ Eindotg'e second
The net hofaefm&dkahdy §sé@&ﬁ&hé¥dhﬁhskhﬁeﬁﬂﬁ@ﬂdh@%@@uc§ﬁr%@

the etch has an etch selectivity between the

di el ect ri bardmask eypsham@and ssid sasand basHaastep raaRG extend out
bet ween Al ind cida@litlind Qe Hgg et hod of claim 3

whi ch fur I'n conpri ses st' etch forns a
damaged sdicehdeetchistep, |eteln|ngrhhe;ﬁnsd:| asd deveid Bardinaskeverhangs

dielectric layer: said da ed. tric li.n i S
conpri sed 2Bf ”&gﬁ@}%‘i%‘? %P( EFSLQY‘?{ angy$Re 'Egeé%wed
etch remoyganipg! ﬂhe%&@ﬂ@@téﬂ ﬁbﬁ@s&érﬁ’udll Removds sditidirst and
nmet hod of clains 3 wherein said first hardnmask and

sai d secoRgcens dersaskarertangsii sed of oxide doped

oxi d 1 .
ot adorph HTREARERER 218 1 Bl AUARTR Rt vonina.
angstrons. 8. The net hod of claim3 wherein said
dielectric layer is conprised of a low K naterial or

uItra_Iow _K ma_terial._19 9. The met hod of claim3
MefahBtheaid ol Pehsidn InperfirstetaPsRbi §rdetoh has ahkkach

selectivity from the dielectric layer to the first and second hardmasks between
1:1 and 2:1.

5. The method of claim 3 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.

6. The method of claim 3 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 nonstoichiometric oxide;
the second etch removes said damaged dielectric liner.

7. The method of claims 3 wherein said first hardmask and said second hardmask
are comprised of oxide doped oxide; a fluorine doped oxide or low-temperature
oxide; and has a thickness between 500 and 1000 angstroms.

8. The method of claim 3 wherein said dielectric layer is comprised of a low K

material or ultra low K material.




doped oxide (Si COH), carbon containing | ow K
dielectric wwth a dielectric constant |ess than 3.0,
spin on lowk dielectrics or CVD ultra-|owk
dielectrics and has a thickness between 1500 and 3000
angstrons. 10. The nethod of claim3 wherein said
first hardmask and said second hardnmask is conprised
of oxide, doped oxide or |owtenperature oxide; said
dielectric layer is conprised9f a material selected
fromthe group consisting of carbon doped oxide

(Si COH), carbon containing low K dielectric with a
odiTak eséthbd of olash Mhéf‘GB’BS&I@ a!relé’ctﬂo leypr is comprassdkof: carbon

di el
O Hap Rt S e siiaH aebon Fantaiing fou R ieideltic ik diefotic
t %nﬁt%ﬁf’%s &3 8t §;§1n drﬂ@wf-k HRlectintd (ﬁ@\ﬂD @Etfh’ird\mﬁ%lectrlcs

over hangs have a wd between 3 and 15 nm the first

i @néﬁw@rﬁwmkn@péhewqﬁa&@ A angdoRg®en 60 nm and

4 t co 1L

1SR PR s PR B T Bl Ll sl dromasi
3@ angptiseadiei oxide, deedmaddmdr lofv-tehmienatGremnadei n t he

Ehensat Joleat e laia e T eries RLa I8 el s er fiay g group

sicd dﬁT@cﬁr‘i @ low K dielectric with
c%g&%ﬁﬁ@??g%@ﬁ@?%ﬁgd@%@sﬁooo 9, e cqgangg o celectio
Qs

aoliglentric annsm sviben 3thapi Pislovet ¢ @re'%(ﬁ'éffﬁ s GYDadtgrow-k
a;rggtr{u%ﬂwgyﬁ 9 faY?ﬁ% Herbirt & d@r the glisttsegfs?\ Q%@!aﬁﬁittfe'f&e the second

| rst second har
ofete st Beviirer @ichsddoadderomdsikebedrhengpriiave awidth between 3

di lute HF th h I t t
B, R el PRy S5014 i SRR i o and
2:14ko ikt The nethod of claim3 wherein said first and

sai d second hardmask are conprised of essentially the
sand aftardhe apcond etch step, the first and second hardmask overhangs have

a width between 0 and 30 angstroms.

12. The method of claim 3 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 Nz, 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.

13. The method of claim 3 wherein the second etch comprise a wet dilute HF etch

with a etch selectivity between the hardmask and the dielectric layer between 1:

1and 2 : 1.
14. The method of claim 3 wherein said first and said second hardmask are

comprised of essentially the same material.




20 15. A nethod of fabrication of an interconnect
openi ng for a sem conductor device; conprising the
steps of : a) formng a | ower interconnect and

insul ating |layer over a sem conductor structure; b)
formng a first hardmask over said | ower interconnect
and insulating layer; (1) said first hardmask is
conprised of a material selected from the group

consi sting of: oxide, doped @R de or |ow tenperature
oxide; c) formng a dielectric layer over said first
hardmask | ayer; (1) said dielectric layer is conprised

16f Antaihed bBfabseteet afdarf intercortiest gpening éars ssmicondoétor
Si COH, carbaon containing low K dielectric, spin on

I &WF%P%’F‘EE?’_F‘Q@%‘?“&B?S s silica glass, organo silica
gl ass, a%?"’fBFrhi%gréV!Q{?v@Fﬁﬁ&%ﬂnﬁ@ét%ﬂdﬂh&iaﬁ@a@%wﬂd a-

lowk dielectricC, d) formng a second hardmask over
sai d di el ect seidoagegtor ptryctyet:d second hardmask is

o B BB ke FA R g povietng
oxi de; e) inlayef;irst etch step, etching a first

i nterconnect opening in said first hardmask,

1 rsthar b0 ERERSRask TR 2P mlBRd 51 8 Rt ape g from
second har dnmase frasp &opsieng ohasdodsdopedendingr loher e

the first and second hardnask overhangs extend out
past the si dewsmpgypturgexide;

¢) forming a dielectric layer over said first hardmask layer,

(1) said dielectric fayer 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 materiais, and CVD uitra-

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 extend out past the sidewall of the

dielectric layer;




dielectric layer; 21 the first etch forns a damaged
dielectric layer fromthe dielectric Ilayer lining the
first interconnect opening; (1) the first etch step
conprises: using a carbon-fluorine chemstry; the
first etch step has an etch selectivity between 1:1
to 2:1 of the dielectric layer to said first hardnmask
and said second hardnmask; f) in a second etch step

et chi ng damaged di el ectric I§9er and the overhangs of
t he hardmask | ayers to renove said first and second
hardmask overhangs and forma first overhang-I ess

i nt er connect thoptiist atghdoring b damaggdshgldcicdayer from the dielectric

over hand- | es i ntercon openi ng;. (1) the second
etch conpri s@eéﬂm@f]g'ﬂe afsﬁ{‘t%fﬁ%f'%‘ﬁ O§’%Inbcgt ivity

bet ween the damaged dielectric |ayer and the hardmask
bet ween 1: {1tttk @rst etth stop famnptrisegs: asingrd earbomHfi@oting n

said first overhang-|ess_ interconnect, openjng., 16..

The method of ENGTIE whETESTF P SR Scab i Qplgg ity
step, the etchpBRged @t6h;1 sEhediditiy IARY W aRId fidt

di el ectric layer and said first hardnmask ‘and said

second har dnadRrrdsesskeit said gecand Bagiveesk; 100. 17. The
met hod of claim 15 wherein in the first etch step, the
first etch step conprises: using a carbon-fluorine

cheni stryy jRh sBcbSIBRNAY BtERhIBEMEBd dlectiO Lydeangene

C, at a pressure between 10 and 100 mlorr, at a

radi o- f r equeregrhapgeef thellzmdmaskayeis N retrve said first and

or/and Ar ad%&br){oeﬁardmask overhangs and form a first overhang-less
interconnect opening and cleaning said first overhand-less

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.

16. The method of claim 15 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.

17. The method of claim 15 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 Ny, Hz , CO or/and Ar additives.




22 18. The nethod of claim 15 wherein the second etch
conprise a wet dilute HF etch or a dry etch. 19. The
net hod of claim 15 wherein said first and said second
har dmask are conprised of essentially the sane
material. 20. The nethod of claim15 wherein said
insulating layer is an interlevel dielectric |ayer
and said |ower interconnect iS a contact to a
substrate. 1Cl 22

18. The method of claim 15 wherein the second etch comprise a wet dilute HF
etch or a dry etch

19. The method of claim 15 wherein said first and said second hardmask are
comprised of essentially the same material.

20. The method of claim 15 wherein said insulating layer is an interlevel dielectric

layer and said lower interconnect is a contact to a substrate.




