METHOD OF FABRICATING INTERCONNECTIONS OF
MICROELECTRONIC DEVICE USING DUAL DAMASCENE PROCESS
BACKGROUND OF THE INVENTION 1. Field of the Invention The present
invention relates to a microelectronic device, and, more particularly, to a
method of fabricating interconnections of a microelectronic device using a
dual damascene process. 2. Description of the Related Art In general, metal
interconnections are used to connect a microelectronic device to another
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semiconductor devices. As the integration density of microelectronic devices, for example,
semiconductor devices, increases, the demand for a material which has a low resistivity and is
highly reliable in terms of electromigration and stress migration has steadily grown, and
recently more attention has been paid to copper as a suitable material for metal
interconnections of highly integrated semiconductor devices.

Copper is deemed suitable for metal interconnections because it has a relatively high
melting point of approximately 1080 C (aluminum: 660 C, tungsten: 3400 C) and a
relatively low resistivity of 1.7 pQcm (aluminum: 2.7 pQcm, tungsten: 5.6 pQcm).

A copper interconnection fabrication method involves a complicated and difficult
etching operation and may suffer from erosion diffusion. Thus, it is difficult to put a copper
interconnection fabrication method to practical use.

In order to address these problems, a single damascene process and a dual damascene
process have been used. In a damascene process, a trench or a via is formed by patterning a
dielectric layer using photolithography, the trench or the via is filled with a conductive

material such as tungsten, aluminum, or copper, and an excessive conductive material is



material such as tungsten, aluminum, or copper, and an excessive
conductive material is 1 removed using etch-back or chemical vapor
deposition (CVD), thereby forming an interconnection that conforms the
shape of the trench or the via. However, as the design rule of the
interconnection becomes more constrained, during a dual damascene
process, the filling margin of a conductive material unavoidably increases.
Accordingly, there is a need for a reliable dual damascene process capable
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hole, performing carbon doping on the etch stopper layer, performing trench etching to form a
trench in the interlayer dielectric layer so that the trench overlaps part of the via hole,
removing the carbon-doped etch stopper layer, and filling the via hole and the trench with a
conductive material to form an upper interconnection.

According to another aspect of the present invention, there is provided a method of
fabricating interconnections of a semiconductor integrated circuit device including preparing
a semiconductor substrate comprising a lower dielectric layer and lower interconnection,
forming an etch stopper layer and an interlayer dielectric layer on the semiconductor substrate,
forming a via hole in the interlayer dielectric layer so that the etch stopper layer is exposed
through the via hole, implanting carbon ions into the etch stopper layer exposed by the via
hole, performing trench etching to form a trench in the interlayer dielectric layer so that the
trench overlaps part of the via hole, removing the carbon-ion-implanted etch stopper layer,
and filling the via hole and the trench with a conductive material to form an upper

interconnection.



through the via hole, implanting carbon ions into the etch stopper layer
exposed by the via hole, performing trench etching to form a trench in the
interlayer dielectric layer so that the trench overlaps part of the via hole,
removing the carbon-ion-implanted etch stopper layer, and filling the via hole
and the trench with a conductive material to form an upper interconnection. 2
According to still another aspect of the present invention, there is provided a
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Rmbedimentsdhereelwithrefareneatathgpatiacheshgfawings in which: FIG.
1 is a flowchart illustrating a dual damascene interconnection fabrication
method according to an exemplary embodlment of the present invention;
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according to an exemplary embodiment of the present invention;

FIGS. 2A through 2H are cross-sectional views illustrating a method of fabricating
interconnections of a microelectronic device using a dual damascene process according to an
exemplary embodiment of the present invention; and

FIG. 3 is a cross-sectional view illustrating a method of fabricating interconnections
of a microelectronic device using a dual damascene process according to another exemplary

embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
Advantages and features of the present invention and methods of accomplishing the
same may be understood more readily by reference to the following detailed description of
preferred embodiments and the accompanying drawings. The present invention may, however,
be embodied in many different forms and should not be construed as being limited to the
embodiments set forth herein. Rather, these embodiments are provided so that this disclosure

will be thorough and complete and will fully convey the concept of the invention to those
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embodiment of the present invention. DETAILED DESCRIPTION OF THE

INVENTION Advantages and features of the present invention and methods

of accomplishing the same may be understood more readily by reference to

the following detailed description of preferred embodiments and the

accompanying drawings. The present invention may, however, be embodied

in many different forms and should not be construed as being limited to the
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FIG. 1 is a flowchart illustrating a dual damascene interconnection fabrication method
according to an exemplary embodiment of the present invention, and FIGS. 2A through 2H
are cross-sectional views illustrating a method of fabricating interconnections of a
microelectronic device using a dual damascene process according to an exemplary
embodiment of the present invention.

Referring to FIGS. 1 and 2A, in operation S10, a substrate 100 to which a dual
damascene interconnection fabrication method will be applied is prepared.

A lower interlayer dielectric layer 108 including a lower interconnection 106 may be
formed on the substrate 100. The substrate 100 may be a silicon substrate, a
silicon-on-insulator (SOI) substrate, a gallium arsenic substrate, a silicon germanium

substrate, a ceramic substrate, a quartz substrate, or a glass substrate for display. The

substrate 100 may have diverse active devices and passive devices thereon. The lower
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description of the present invention. FIG. 1 is a flowchart illustrating a dual
damascene interconnection fabrication method according to an exemplary
embodiment of the present invention, and FIGS. 2A through 2H are
cross-sectional views illustrating a method of fabricating interconnections of a
microelectronic device using a dual damascene process according to an
exemplary embodiment of the present invention. Referring to FIGS. 1 and
2A, in operation 510, a substrate 100 to which a dual damascene
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embodiment of the present invention; the etch stopper layer 110 may
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prevent RC signal delay, crosstalk, and an increase in power consumption. In an embodiment
of the present invention, the interlayer dielectric layer 120 may be formed of a low dielectric
material such as organosilicate glass (OSG) using chemical vapour deposition (CVD). The
interlayer dielectric layer 120 may be formed to a thickness of 3,000 — 20,000 Aortoa
thickness of 6,000 — 7,000 A.

Referring to FIGS. 1 and 2C, a photoresist pattern (not shown) which defines a via
hole 170 is formed on the interlayer dielectric layer 120. The photoresist pattern is formed by
depositing photoresist which is suitable for a light source that emits light with a wavelength
of 248 nm or less, exposing the photoresist using a photomask that defines the via hole 170,
and developing the exposed photoresist. Thereafter, the via hole 170 is formed by etching the
interlayer dielectric layer 120 using the photoresist pattern as an etching mask. Here, the
etching of the interlayer dielectric layer 120 may be carried out using reactive ion etching

(RIE) which involves the use of a mixture of a main etching gas such as CFy or CiH,F, and

an inert gas such as Ar or a mixture of a main etching gas such as CsFy or CiH,F,, an inert



influence on the dielectricity of the interlayer dielectric layer 120 to the extent

that the etch stopper layer 110 can perform its functions properly. The

interlayer dielectric layer 120 may be formed of a low dielectric material so as

to prevent RC signal delay, crosstalk, and an increase in power

consumption. In an embodiment of the present invention, the interlayer

dielectric layer 120 may be formed of a low dielectric material such as
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formed on the etch stopper layer 110. The carbon-containing layer 190a may be comprised of
a single layer consisting of a carbon-based etch stopper layer that contains more carbon atoms
than the etch stopper layer 110 or a double layer consisting of the carbon-based etch stopper
layer and a carbon layer. For example, the carbon-containing layer 190a may be a silicon
carbonitride (SiCN) layer, a silicon carbide (SiC) layer, a double layer consisting of a silicon
carbide (SiC) layer and a carbon layer, or a double layer consisting of a silicon carbide (SiC)
layer and a carbon layer.

During the carbon ion implantation, the opening of the via hole 170 in the interlayer
dielectric layer 120 may erode, thereby forming a slope as indicated by reference character A.

Since the etching selectivity between the carbon-containing layer 190a and the
interlayer dielectric layer 120 is higher than the etching selectivity between the etch stopper
layer 110and the interlayer dielectric layer 120, it is not necessary to fill at least part of the
via hole 170 with a sacrificial layer. Therefore, it is possible to address problems that may
arise from the use of a sacrificial layer, such as non-uniformity in the depth and critical

dimension between different trench patterns, complicate processes including the use of and
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Referring to FIGS. 1 and 2E, in operation S50, carbon doping is performed

on the etch stopper layer 110. According to the current embodiment of the

present invention, the carbon doping may be carried out by implanting

carbon ions. In detail, the implantation of carbon ions may be carried out at a

dosage of approximately le14-1e15 ions/cm2 with an energy level of

approximately 1 -30 keV. As a result of the carbon ion implantation, a

carbon-containing layer 190a may be formed on the etch stopper layer 110.
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In the current embodiment of the present invention, unlike in the prior art, the
carbon-containing layer 190a on the etch stopper layer 110 is exposed to an etching gas used
in the etching operation for forming the trench 210 because the via hole 170 is not filled with
a sacrificial layer. Therefore, most of the sidewalls of the via hole 170 are exposed to the
etching gas used in the etching for forming the trench 210.

Referring to FIGS. 1 and 2G, in operation S70, the etching mask 180 and the etch
stopper layer 110 are removed.

In detail, the etching mask 180 on which the carbon-containing layer 190b is formed
may be removed by performing an O, ashing operation on the etching mask 180 or treating
the etching mask 180 with a hydrogen (H,)-based plasma, and performing a wet strip
operation on the etching mask 180.

Thereafter, the lower interconnection 106 is exposed by removing the
carbon-containing layer 190a and the etch stopper layer 110 which are exposed at the bottom
of the via hole 170, thereby forming a dual damascene area consisting of a via 200 and the

trench 210. The etching of the carbon-containing layer 190a and the etch stopper layer 110
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carbon-containing layer 190b may be formed on the etching mask 180 which

is comprised of a photoresist pattern. The carbon-containing layer 190b can

enhance the etching selectivity of the interlayer dielectric layer 120 in an

etching operation for forming a trench, which will now be described in detail.

Referring to FIGS. 1 and 2F, in operation S60, a trench 210 is formed.

Trench etching is performed to form the trench 210 using, as an etching
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nfgrmedoﬁdnetétenﬁdibemhingcmag/ &mqj&a&f&rmadﬂm/daﬂﬁ)mmmmmuyﬁ abea and
he AU %ett%h'”e‘r‘ Sn%l]c%? b%xs'é}/ea ng and ﬂﬁ)'”er %%15“‘%1%0% (2" 18wer

mixture of'a main etching gas such y or £ an mert gas Such as
ipgreaneeetitedSoone gas selected from among oxygen, nitrogen, and CO. as

an e‘i‘ﬁhhﬂgtﬁlé}sﬂﬂﬁ%aﬂ%@%@&QH{[&%%@X&G&@J&Eqlﬁ%@%ﬂ%ﬁ%gc%&{%mammg
termination time at a predefined time qr by using an etch stopper layer (not

lagRbhty: tRGHE EirfaiPerhiBaIMENTEY thesBPESARI AR AHBRY ShTREMACtRSY Biédhe

eehinth@adailBon-containing layer 190a on the etch stopper layer 110 is
EXpo e?e}%gﬂ% Stﬁ qagn Sfﬁ Iﬁll 10 eF tt(f n988p%ha{1§pepirnt}%a J’lrﬂgCEIO% 240 is

trench 210 cause eV|a 170 not filled wit sacrifi ayer

formefdty fdlingdse yfatheleitidhvarslsr tmécmalﬁoveﬂweoafbl@wdgéert@l the

etchinggasekaRehinthe ﬁ@hirigrfﬁ&f@ﬁrm@gdmﬁmbng 1QiReferingro It iaSyia
1 and 2G, ino erﬂgg S?O he et hmﬁq mask 180 an %%etch stoP 1rer

laye
h3led pamiG B 1 AT THA R 0 A B 2 oo
neanhdrzddnbainiyg daydetit0bid donmednematgbenremoneld®y performing an

02 ac’ﬁ&@%ﬁ’rﬁ’%ﬁﬂ&'éllqaz %%Cmgb@m&mﬁﬁgf@w%&%&f%g&%ﬁ&mm

180 with a hydrogen ( basedg%lasma and performing a wet strip
(RYRiafibAPyHeE etdiMy FHsREBO AT HeréA Mty trofRsives @&élr@&ﬁm%twhl%ean

pfgv@ﬁpﬂaseﬂt&ydiﬁwmm&k&waﬂo&mmm@mgday%em&%@@@d dheatehiayer 120
é hich a%e extposed at.the bottom via hole 170
alg ad ere e_1nte

5T A W RN S A P U S e
layer 120. For example, the barrier metal layer 220 may be formed of titanium, titanium
nitride, tantalum, or tantalum nitride. After the formation of the barrier metal layer 220, a
seed layer is formed of a metal such as copper using PVD, and the trench 210 and the via 200
are filled with the interconnection material 230 using electroplating. Thereafter, the resulting
substrate is planarized by removing an excessive barrier metal and interconnection material
using chemical-mechanical polishing.

FIG. 3 is a cross-sectional view illustrating a method of fabricating interconnections
of a microelectronic device using a dual damascene process according to another exemplary
embodiment of the present invention.

Referring to FIG. 3, operations S10 through S40 in which a via hole 170 and a trench
210 are formed are the same as their respective counterparts described above with reference
to FIGS. 1 and 2A through 2D, and thus, their detailed descriptions will be skipped.

In the current embodiment of the present invention, unlike in the previous

embodiment of the present invention, carbon doping is performed using CVD. In other words,

a carbon-containing layer 195a is formed on an etch stopper layer 110 by performing carbon
8



trench 210. The etching of the carbon-containing layer 190a and the etch
stopper layer 110 7 may be conducted under such etching conditions that
the carbon-containing layer 190a and the etch stopper layer 110 can be
selectively removed without adversely affecting the lower interconnection
106. In another illustrative embodiment of the present invention, the
carbon-containing layer 190a and the etch stopper layer 110 may be
simultaneously removed when removing the etching mask 180. Referring to

déplag ulignd 2H, inheparbbivachBihiag pyopess intetcamyekiionghid dormpedybyer

filling.the vigl hole, 1.70 a}pd the trench 210 with a conductive material. A
contalging car 1

arrier eta??aa)?élr 6. iS formed in the dual damascene region consisting of
the vigorriemrg aNdPtiseraiépioter® 1Oinardkert Ahtiagmaseewa-tedlopridefingd of
0Vt ALiRterGRANRCHQR, rogierial 236, tharehycamplRiing dval damrseenplied

interconnection 240. The barrier metal layer 220 may be formed using CVD,

VRGPS I GepBEiblT (BVIS)a6T Shifttefil . SFRBbamer Hhldy falrarsiaped
thafp e fgrnpety of al9fatesiahivnighaceon préfientitee interconnection material

230 f iffusing, into the | ielectric. 20 .and - '
mdhors e AT RG] 230 AR e RSy GoTaA e

mpp (heHgrrashpmblenithenoderideiiéeapsayercp A0 hbay Heofomaa ¢ himamiark, 180 for

éitanis A wbiidid eHapibe Ridantaliag Nivkliemaftarsths: fRimetion afdbRlewalls of
barrieE metlallql1a§/er 220, a seed layer is. formed of a metal such as coPp

;
sty CHEtRENEh B CURAIE B b 3ot B HitB PR tised to form the
carltencommectigrayatEdidl, 28hdismgl deatdoptating. it iéedfter, the resulting

substygie I5elanaized PYSEMOY G- Ahe*Fessivg PUSHMER ARG removing a

interconnection material using chemical-mechanical polishing. FIG. 3'is a

cyRsgsdspedisiA et shAiner R PRetPRsd SFABIRPRERPHste RishAREABAR SSPafor
fanGHRelactgRIC dryicandsing aduakdamasteeiPiegrRss Accondibgiascaatited

abe(g(veen;lx}?tlﬁlrl)éfeerglgg %rﬁl%golf etqu gg%ﬁ%gtghnygpggy thus, their detailed descriptions will
be skipped.

As described above, according to the present invention, it is possible to enhance the
etching selectivity of an interlayer dielectric layer in performing trench etching for forming a
trench by carbon doping an etch stopper layer. Therefore, it is possible to effectively perform
the etching for forming a trench without the need to fill at least part of a via hole with a
sacrificial layer. In addition, according to the present invention, it is possible to address
problems that may arise from the use of a sacrificial layer such as irregularities in the depths
and critical dimensions of trenches between patterns and complicatedness of processes
including the use and etching of a hard mask, and a high possibility of residues of the
sacrificial layer being left behind in the via hole 170 even after the removal of the sacrificial
layer. Therefore, it is possible to fabricate metal interconnections which have a low resistivity
and can offer a high electromigration and stress migration speed.

Although the present invention has been described in connection with the exemplary
embodiments of the present invention, it will be apparent to those skilled in the art that

various modifications and changes may be made thereto without departing from the scope
9



Referring to FIG. 3, operations S10 through S40 in which a via hole 170 and
atrench 210 are formed are the same as their respective counterparts
described above with reference to FIGS. 1 and 2A through 2D, and thus,
their detailed descriptions will be skipped. In the current embodiment of the
present invention, unlike in the previous embodiment of the present
invention, carbon doping is performed using CVD. In other words, a
carbon-containing layer 195a is formed on an etch stopper layer 110 by
afesforin thearhar o8. dbpintiasinghNDbe ind e arodnhao tiaibiong praeessents are
nd %?nqim% e com| rg$9918f%ﬂ gsol%rtger containing carbon and fluoride. For
examr?le, CVD Is performe uang a material having a carbon-to-fluoride ratio
of 0.4 or higher, such as C4F6, C4Fs, or C5Fs, with a source power or a top
power applied without a bias power. Then, the top surface of the etch
stopper layer 110 is carbon-doped, thus forming a polymer 195a containing
carbon and fluoride. When carbon doping is performed using deposition, the
carbon-containing layer 195b may be formed not only on the etch stopper
layer 110 but also on an etching mask 180 for forming a trench. The
carbon-containing layer 195b may also be formed on the sidewalls of the via
hole 170 according to the conformality of a deposition process used to form
the carbon-containing layer 195b, as indicated by a dotted line in FIG. 3.
Thereafter, operation S60 for forming a trench, operation S70 for removing a
carbon-doped etching mask and a carbon-doped etch stopper layer, and
operation S80 for forming an upper interconnection are the same as their
respective counterparts described above with reference to FIGS. 1 and 2F
through 2G, and thus, their detailed descriptions will be skipped. As
described above, according to the present invention, it is possible to enhance
the etching selectivity of an interlayer dielectric layer in performing trench
etching for forming a trench by carbon doping an etch stopper layer.
Therefore, it is possible to effectively perform

10



the etching for forming a trench without the need to fill at least part of a via
hole with a sacrificial layer. In addition, according to the present invention, it
is possible to address problems that may arise from the use of a sacrificial
layer such as irregularities in the depths and critical dimensions of trenches
between patterns and complicatedness of processes including the use and
etching of a hard mask, and a high possibility of residues of the sacrificial
layer being left behind in the via hole 170 even after the removal of the
wiagrificiamtayer. Therefore, it is possible to fabricate metal interconnections
WhIC have R Iow kPalstl%llt% nca can o{fer a h| h electromi ratlo ggnd stress.

ifesdoaned Croe nic - dévice,
mlgratlon speelal ough t e pre ent mventlon ﬁas%een escri

ceopngagon with the exemplary embodiments of the present invention, it will

be a%?@ﬁ%“ﬁé%@&%&l@ﬂ@c@r'@u%zﬁét dbabrvdrioNsImadificrtieRs AR GRANESRSer

may be made thereto without departing from the scope 9 and spirit of the
ISR %herefore, it should be understood that the above embodiments

are rfotimgativectbstophestrattvenid all aspécts. diflddMhHatlag«laimbe senikcoAductor
S mg}h@d of fabricating interconnections of a microelectronic device,

comprising: preparing a semiconductor substrate comprising a lower

dielederipag arandddoneic interespideistifdrnsntranaeidls steppeppgydayer is

e,@fmgeanﬂfg@gjamgrvﬁd@;&@trﬂgelayer on the semiconductor substrate; forming a
via holeEfn the mter(gy r dielectric la éggr SO th%g the etch stopper Iaﬁer is

expo8& WP H th %PH@I@“tWSﬁt NORRTh GBS AB G BR A g Rrocess:

thlstopper layer using an ion implantation process; then

performing trench etching to form a trench in the interlayer dielectric layer so that the
trench overlaps part of the via hole;

removing the carbon-doped etch stopper layer; and

filling the via hole and the trench with a conductive material to form an upper

interconnection.

2. The method of claim 1, wherein the performing of the trench etching

comprises exposing the carbon-doped etch stopper layer to a trench etching gas.

3. The method of claim 1, wherein the ion implantation process is performed at a

carbon dosage of approximately 1x10" jons/cm’ to 1x10' jons/cm’.

4. The method of claim 1, further comprising, before the performing of the
carbon doping, forming an etching mask for forming a trench on the interlayer dielectric layer,
wherein during the performing of the carbon doping, the etching mask is also carbon-doped,
and the carbon-doped etching mask is removed before or during the removal of the

carbon-doped etch stopper layer.
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performing trench etching to form a trench in the interlayer dielectric layer so
that the trench overlaps part of the via hole; removing the carbon-doped etch
stopper layer; and filling the via hole and the trench with a conductive

material to form an upper interconnection. 2. The method of claim 1, wherein
the performing of the trench etching comprises exposing the carbon-doped
etch stopper layer to a trench etching gas. 3. The method of claim 1, wherein
the ion implantation process is performed at a carbon dosage of
appraximatdlyel xdiaH iansiting to, hedkinions/gazorhitheometbagubbalaitping

cdqpfiither comprising, before the peroning e, carbon doping, forming an

etching mas orming a tren n the interlaye ectric layer, wherein
during the performing of the carbon doping, the etching mask is also

carbop-dopggle andnihie sArBRMdspecheiGhingdmaskolentRENaYeddeiarenOk ching

during the removal of the carbon-doped etch stopper layer. 11 5. The
CORUIRSS BrROdH e GRS RPRIRCHE R NHiAY SR X8R #Bping comprises

forming a carbon-containing layer on the etch stopper layer. 6. The method of

claim-5, whetein t erforming of the.! in npri Si
the cdrbon A oA o Sl ALASE A e SSEN 0, KRR 508 R TR ayer
CQURisHEiR ThancelrhoTopBeTt&ANA G AEIEr 1O iGN lalpars Buwsiaging B reetchopper

1aSS{RPREAYE LABYINGIMAre CARRBIAIRMS tak e Yramal LI SIPRPRY claYSfing
n%et to t[))e carbon-dopt dor 611 d utb e It%er clonsisti? ftheretc_h stopper, La gr{)on
A0/ PR GFRES HBh Kt S BB Th e B inia gteifs o%%&? BRI SRst 1B
layarbon-doped and a carbon layer. 8. The method of claim 5, wherein the
carbon-containing layer is a polymer containing carbon and fluoride.

8. The method of claim 5, wherein the carbon-containing layer is a polymer
containing carbon and fluoride.

9. A method of fabricating interconnections of a semiconductor integrated circuit
device, comprising:

preparing a semiconductor substrate comprising a lower dielectric layer and lower
interconnection;

forming an etch stopper layer and an interlayer dielectric layer on the semiconductor
substrate;

forming a via hole in the interlayer dielectric layer so that the etch stopper layer is
exposed through the via hole; then

implanting carbon ions into the etch stopper layer exposed by the via hole; then
performing trench etching to form a trench in the interlayer dielectric layer so that the trench
overlaps part of the via hole;

removing the carbon-ion-implanted etch stopper layer, and filing the via hole and the

trench with a conductive material to form an upper interconnection.

10.  The method of claim 9, wherein implanting carbon ions is performed at a

carbon dosage of approximately 1x10" ions/cm” to 1x10" jons/cm’.
12



9. A method of fabricating interconnections of a semiconductor integrated
circuit device, comprising: preparing a semiconductor substrate comprising a
lower dielectric layer and lower interconnection; forming an etch stopper

layer and an interlayer dielectric layer on the semiconductor substrate;
forming a via hole in the interlayer dielectric layer so that the etch stopper

layer is exposed through the via hole; then implanting carbon ions into the
etch stopper layer exposed by the via hole; then performing trench etching to
form altrenchhinitleeniiterayamdielfactiie ayeprsint)aictibe: ttenohphvedgaps pation

of the yia holes [emoxing (e carbon-ion:melanied elgh SIopner VRl Atherein

ions, forming. an etchin rinin re
fﬂ!ng tﬁle'\gla%ofe aﬁéntahe tr_enc V\ﬁt% a con UCtIVQ materia 't0 orm_ n upper
dimteg cbanaptionngd Of TadanethodaberaimQagnksreimmaplechtitig dakbenmests knd

ttfé%@%@]ﬁ%@‘hﬁpﬁﬁf&? @t%ﬁg%z@f( ap Fi%%t@é’fé%l@rlﬂdﬁﬂg/ QB ZrEehb A0 the
ions/cmz, 12 11. The method of claim 9 further comprising, before the

CHRBIEINHG BRR b B! AP Yo¥THg an etching mask for forming a trench on

the interlayer dielectric layer, wherein during the implanting of carbon ions,

carbop, ionsgre also implanted.inta etching m d,fthe . :
car_boniion-imglante% etcr%ng n%l’aé%%elremo&g%?&%%eoort u?flrrlgo%hlemrlér%oénvgllses
fosming acarberrqordmipmlaes eichesieppereyésyar?. The method of claim 9,

wherein the implanting of the carbon ions comprises forming a
carbon-coniginin I%ELO i%f etfjé; st pper layer. 13. The m thod of %[’P?igt]chin
12, wherein the PeHS Mg 6 the' tre AOR Mg PE 1L B8 sig thestehing
coarhboes eopoaingritel aydotocartiemol kichitog gasch dicliing gaethod of claim 12,
wherein the carbon-containing layer is a single layer
14.  The method of claim 12, wherein the carbon-containing layer is a single layer
consisting of an etch stopper layer having more carbon atoms than the original etch stopper
layer yet to be carbon-doped or a double layer consisting of the etch stopper layer having
more carbon atoms than the original etch stopper layer yet to be carbon-doped and a carbon
layer.
15. A method of fabricating a microelectronic device, comprising:
forming a lower dielectric layer having a lower electrical interconnect therein, on a
semiconductor substrate;
forming an etch-stop layer on the lower electrical interconnect and the lower dielectric
layer;
forming an interlayer dielectric layer on the etch-stop layer;
forming a via hole that extends through the interlayer dielectric layer and exposes an
upper surface of the etch-stop layer; then
implanting carbon ions through the via hole and into the exposed upper surface of the
etch-stop layer to thereby increase a concentration of carbon in the exposed upper surface of
the etch-stop layer; then
selectively etching the interlayer dielectric layer to define a trench therein having a

bottom through which the via hole extends; then
13



consisting of an etch stopper layer having more carbon atoms than the
original etch stopper layer yet to be carbon-doped or a double layer
consisting of the etch stopper layer having more carbon atoms than the
original etch stopper layer yet to be carbon-doped and a carbon layer. 15. A
method of fabricating a microelectronic device, comprising: forming a lower
dielectric layer having a lower electrical interconnect therein, on a
semiconductor substrate; forming an etch-stop layer on the lower electrical
interaenneatgand dha-tovydngiele chde:Hayeppiothrngvandrtefiayeftciedestdc
layer on the etch-stop layer; forming a via hole that extends through the
interlayer dielectric layer and exposes an upper surface of the etch-stop
layer;1then ithlariheg cdrblonriords wroaghstié ialhgiegasiepisonpiesesxipedenting
cMBBRINHasaRt ibeigich-sigp daYe T {edhesrbYIPereRI8 2icRNERAration of
carbon in the exposed upper surface of the etch-stop layer; then selectively
etching the interlayer dielectric layer to define a trench therein having a
bottom through which the via hole extends; then 13 removing the etch-stop
layer {o thetghy eXRRRe (e lawen slegHisal nési@qm% %ti%G'sTe%e inefhadiof 1,
claim 15, wherein said implanting step comprises im antlr‘?g carbon ions at a
PfEssBIna\Vd] cAiPgngesk 61N otheferiesis. IR e SrsHexemdickeptritniayer; and
wkethoshRfilgimdaz M SaidiinpRlantin . 6R ishpPireate diinpatisrning
an etching mask comprising a photo-resist, on the interlayer dielectric layer;
and wherein said implanting step comprises implanting carbon ions into the
etching mask. 14
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