METHODS OF FORMING METAL INTERCONNECT STRUCTURES ON
SEMICONDUCTOR SUBSTRATES USING OXYGEN-REMOVING
PLASMAS AND INTERCONNECT STRUCTURES FORMED THEREBY
FIELD OF THE INVENTION The present invention relates to semiconductor
device fabrication methods and, more particularly, to methods of forming
semiconductor devices with copper interconnects therein. 5 BACKGROUND
OF THE INVENTION Cu('%chpRetPr{é%@ has been used as an interconnection
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may be formed on the copper interconnection. A copper oxide film may be

formed because it is difficult g gpRplptelydHievearteyvagen during the CMP
process, and slurries used in the CMP process typically contain oxygen
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may be further increased if carbon is removed therefrom, and this ‘increase
in porBRtYHAaeEreasE this Aifiauiity 6PIMAckdniRiGIaDCesY ea\iuang the CMP

process, and slurries used in the CMP process typically contain oxygen components.

If a copper oxide film exists on the copper interconnection, the adhesion of the copper
15  connection to a layer deposited on the copper interconnection may be degraded, and
the interconnection resistance may be increased, thereby deteriorating the reliability
of the semiconductor device.
Generally, in order to remove the copper oxide film, a plasma process may be
performed with respect to a semiconductor substrate. If the plasma process is
20  performed with respect to the semiconductor substrate, carbon components of an
insulating layer may be removed by the plasma, and thus the carbon content of the
insulating layer may be reduced. Also, a low dielectric material (i.e., a low-k
material) that is mainly used as a material of the insulating layer may be porous and
have a low mechanical solidity. Accordingly, when a plasma process is performed
25  with respect to the insulating layer formed of a low-k material, the porosity of the
insulating layer may be further increased if carbon is removed therefrom, and this

increase in porosity may decrease the reliability of the semiconductor device.



Typically, in order to completely remove a copper oxide film, a long-time
plasma process is required. However, as the plasma process is performed for
a longer time, the thickness of the insulating layer being damaged by carbon
removal becomes greater. Accordingly, if the plasma process is performed
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exposed to a plasma that removes oxygen from an upper surface of the
metafSARBHEShINACTNT ke Lot diHePes Drevelring dsjse i ottt sgmpletely removing
embadiaspyis: theiditsy@lectrically insulating barrier layer has a thickness in a
Lgnge from about 5A to about 50A and the plasma is 25 a

ydrogen-containing plasma that penetrates the barrier layer and converts
oxygen on the upper surfaeéM EEHON to water, which
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as a copper damascene pattern having a copper oxide layer thereon and the
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electrically insulating layer. The first electrically insulating barrier layer is exposed to
a plasma that removes oxygen from an upper surface of the metal interconnection.
According to preferred aspects of these embodiments, the first electrically insulating
barrier layer has a thickness in a range from about 5A to about 50A and the plasma is

25 ahydrogen-containing plasma that penetrates the barrier layer and converts oxygen on
the upper surface of the metal interconnection to water, which out-diffuses from the
barrier layer. The metal interconnection may be formed as a copper damascene
pattern having a copper oxide layer thereon and the barrier layer may be at least one
of SiN, SiC and SiCN.

30 Additional embodiments of the present invention include forming a first
electrically insulating layer having a metal interconnection therein, on a substrate, and
then removing oxygen from an upper surface of the metal interconnection by
exposing the upper surface of the metal interconnection and the first electrically

insulating layer to a first oxygen-removing plasma. Then, a first electrically



then removing oxygen from an upper surface of the metal interconnection by
exposing the upper surface of the metal interconnection and the first
electrically insulating layer to a first oxygen-removing plasma. Then, a first
electrically 2 insulating barrier layer may be formed on the upper surface of
the masalaimebenimdetitsmantoierhedipstldeopicallyfios ofahingkisgler.
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converted to copper metal by exposing the electrically insulating barrier layer
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barrier layer is then formed on the first electrically insulating barrier layer. The first
electrically insulating barrier layer may have a thickness in a range from about 5A to
about 50A and the first electrically insulating layer may be a SICOH layer. The

25  combined thickness of the first and second electrically insulating barrier layers may
also be greater than about 250A. In addition, the step of forming a first electrically
insulating barrier layer on an upper surface of the metal interconnect may be preceded
by exposing the copper oxide region to a plasma containing ammonia to thereby

convert at least some of the copper oxide to copper.

30



by exposing the copper oxide region to a plasma containing ammonia to
thereby convert at least some of the copper oxide to copper. 30 3 BRIEF
DESCRIPTION OF THE DRAWINGS The above and other objects, features
and advantages of the present invention will be apparent from the following
detailed description taR&hHR PESUREIDONiHERE ng drawings, in
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Invention is escnbe more fu Ily ereinafter wi erence to th
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should not be construed as limited to the embodiments set forth herein.
Rather, the$d@mbbHir&is CRre- HHaRY S8 it RS LRSSt WirsRAt
thorougiataawrﬁanwbeéefaajaida\aﬂgfwimc@ﬁmyrtiﬁegﬁmﬁtﬁh@éwe@aocfbiaxng to
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t0 asaccompanying drawings, in which embodiments of the invention are shown. This

20  invention may, however, be embodied in many different forms and should not be
construed as 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 scope of the invention to those skilled in the art. In the drawings, the sizes
and relative sizes of layers and regions may be exaggerated for clarity.

25 It will be understood that when an element or layer is referred to as being
"on," "connected to" or "coupled to" another element or layer (and variants thereof), it
can be directly on, connected or coupled to the other element or layer or intervening
elements or layers may be present. In contrast, when an element is referred to as
being "directly on," "directly connected to" or "directly coupled to" another element

30  orlayer (and variants thereof), there are no intervening elements or layers present.
Like reference numerals refer to like elements throughout. As used herein, the term

"and/or" includes any and all combinations of one or more of the associated listed

items.



being "directly on," "directly connected to" or "directly coupled to" another
element 30 or layer (and variants thereof), there are no intervening elements
or layers present. Like reference numerals refer to like elements throughout.
As used herein, the term "and/or" includes any and all combinations of one
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"vertical" indicate two relative non-parallel directions that may be orthogonal to one
another. However, these terms also are intended to encompass different orientations.
The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein,
25  the singular forms "a," "an" and "the" are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be further understood that the
terms "comprises," "comprising," "includes," "including" and variants thereof, when
used in this specification, specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not preclude the presence or addition
30  of one or more other features, integers, steps, operations, elements, components,
and/or groups thereof.
Example embodiments of the present invention are described herein with
reference to cross-section illustrations that are schematic illustrations of idealized

embodiments (and intermediate structures) of the present invention. As such,



unless the context clearly indicates otherwise. It will be further understood
that the terms "comprises," "comprising,” "includes,” "including" and variants
thereof, when used in this specification, specify the presence of stated
features, integers, steps, operations, elements, and/or components, but do
not prasiigatiieprdscshepco pbididiibnig0ai@ne ssuHoler staamwieatiires,
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% fabsrolc(?ettllrrll% dahgreerir;l{conductor integrated circuit device
Hereinafter, a method of fabricating a semiconductor integrated circuit device
according to embodiments of the present invention will be described with reference to
the accompany drawings. FIG. 1 is a flowchart illustrating a method of fabricating a
semiconductor integrated circuit device according to an embodiment of the present
25 invention, and FIGS. 2 to 9 are sectional views successively explaining the method of
fabricating a semiconductor integrated circuit device according to an embodiment of
the present invention.
Referring to FIGS. 1 and 2, an insulating layer 110a is formed on a
semiconductor substrate 100 (Step S110). The semiconductor substrate 100 may be a
30  silicon substrate, an SOI (Silicon On Insulator) substrate, a gallium arsenide (GaAs)
substrate, a silicon germanium substrate, a ceramic substrate, a quartz substrate, or a
glass substrate for a display, for example. Also, a P-type substrate or an N-type
substrate may be used as the semiconductor substrate, but the P-type substrate is

typically used. In this case, although not illustrated in the drawings, a P-type epitaxial



according to embodiments of the present invention will be described with
reference to the accompany drawings. FIG. 1 is a flowchart illustrating a
method of fabricating a semiconductor integrated circuit device according to
an embodiment of the present 25 invention, and FIGS. 2 to 9 are sectional

viewdaygeouyshoeliperpsiaiting RbicPaeoh die ofnfisbridetipsabsertidoRd detdr

integrated, i aHit HRVIGR ArcAdiRgia AP 6f sHISHAEIB0may include
invention. Referring to FIGS. 1 and 2, an insulating layer 110a is formed on a

semicdrtiRerde L op i AdYP0  ettdgped Yo BrhesamdRtRREF tib<tathel 00
may béndcahsitinonisuhsiraie, en Sk Siticat: Gek) selaiontsubsiatng and

llium arsenide (GaAs) substrate, a silicon ger ium substrate, a.ceramic
et Sl VS
Also, asPiagpexsdiblstrertsuch andiObyped sudedtemed plheloweatctes tire(low-k)

semiGERAUGIORRURSIRIGRULIAS PP SHRSHIRAEIS LYRICRAIY LeadattithiSabout
case, although not illustrated in the drawings, a P-%)‘/&eP epitaxial 6 layer may

be groWRIRSRHFECBRAGTAHAIRES T RTE 3 te 100. And,
although notribustradeehin HBIdSWings3 thecsesnicondtaine s ubsik ateu kR mayer

include .a R-t ll.gr an N-t well doped with p-type or n-type
TR SR E oG e Ll T
loweriintdstonhectibh afnd Sotiply, dewicbaselilbhgreshinpostrowHpmaythigh the

formede. L0 iNSHAtnG Y&l HOBMAY R R RINCANXAS e AR o Rd as

and may be formed of a low dielectric (low-k) material. The Tow-k material
may B hiarHasIeaDiRE S Brelas iR G YR RbrdBBTs ks irRGatigch as
carbon contahaingssilican axie $SIGRH). alhaises s hawtolthEdied 1y and G 8
cess 120 is formed in the insulating layer 10 p,S 120). Th
et 5 R OR SIS Soeial Birt 3 0 IRTths er
110adforeesamnpierdopzghottlijttogiepnyyprotets: fetecdiiaygH iheardeess

is in tge%(;fl;magﬁagjagfgzqa@@e%@ﬁ&wqﬁt@fﬂsm&% %Mif‘ﬂ’aikr@@/f&%%%“ed

as a dual damascene interconnection in alternative @mbodiments of the
invenfitesTHEM e BrBlirmipie s Gantidh Bduirbton Miéeomkttpmnalls
layer d3ReuiseddIfymed sesamdaicaepletelndiy i g sseassot 2Ra0RRPES CVD

R S RN R R e N

metainiaipétad 8r|d3ik confbemfiatiyed of titanium (Ti), tantalum (Ta), tungsten (W), or their
nitride, such as TiN, TaN, WN. Alternatively, the first metal layer may be formed of
TaSiN, WsiN or TiSiN. Here, the first metal layer 131a can act as a barrier layer by
preventing metal atoms in the second metal layer 132a from being diffused into the

25  surrounding insulating layer 110a.

Thereafter, a second metal layer 132a is deposited so as to completely fill in
the recess 120. The second metal layer 132a may be made of copper or copper alloys,
but is not limited thereto. The copper alloy may be obtained by mixing a very small
amount of an element, for example, C, Ag, Co, Ta, In, Sn, Zn, Mn, Ti, Mg, Cr, Ge, Sr,

30 Pt, Mg, Al, or Zr, in copper, but is not limited thereto. The second metal layer 132a
may also be deposited by CVD or PVD. Although not illustrated in the drawing, a

seed metal layer may be further formed on the first metal layer 131a, prior to

deposition of the second metal layer 132a. The seed metal layer can increase the



deposited on the insulating layer 110a, which includes a lower surface and
side walls of the recess 120. The first metal layer 13 la may be deposited, for
example, by CVD 20 (Chemical Vapor Deposition) or PVD (Physical Vapor
Deposition). Also, the first metal layer 13 la may be formed of titanium (Ti),
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}ge |n%ul%t|nglla eOerl |s (i:xgosed The smoothing of the damascene
mterconnectlon ayer £y may be performed, for example, by CMP

(Chemical MechanibaivRondhing)! kolvevdissirieent pdifficlito porfiphetdlyith
shut pu EQ&%Q%E WhilERES s MINA IR ?dW?m %%9@9&&%9&&9@&%?&%1{9&36&?

included in slurries for 10 use in CMP, a thin metal oxide layer 140 may be

formeld O ETEshET SRR ofReralieniebe spmifonseqs Bt 3 defirgich

the si@p Mmmmer&bﬁneamasgeri@fdﬁf@m@@mqﬁgrpiaé@i p¥dassinglisiice
g&se the metal o Ja.xéa%r 40 ma be for g& (;sopn thlckne sAof% %ut 50
co

paﬁ%d aﬂga'i?\ he Case'of thIrarlrSllllrllg fif&cge Iinilﬁyl-:‘rorfﬁ ity
coppérjentitg alipyspdudoppsHoxidetheyder sxcWdsGhObrsnpipdoe floxrmed Y is

performed, a part of the metal oxide layer 140, formed on the upper side of the
damascene interconnection 130, is deoxidized. About 50% to 90% of the metal oxide
layer 140, and preferably at least about 33% of the metal oxide layer 140, may be

25  deoxidized, to thereby yield an at least partially deoxidized metal oxide layer 141.

In addition, since the first plasma process 150 is performed not only with
respect to the metal oxide layer 140, but is performed with respect to the entire
semiconductor substrate 100, the first plasma process 150 may affect the insulating
layer 110a formed on the semiconductor substrate 100 as shown in FIG. 5.

30  Accordingly, in order to minimize the effect of the first plasma process 150 upon the
insulating layer 110a, the first plasma process 150 is performed under weaker plasma
conditions. For example, the plasma process 150 may be performed at a power of
about 50 to 300W for about 5 to 30 sec. In this case, the power and the processing

time are complementary to each other. If a low power is supplied, the plasma process



15 the thin metal oxide layer 140. Then, as shown in FIGS. 1 and 6, a first
plasma process 150 is performed with respect to the semiconductor
substrate 100 on which the damascene interconnection 130 is formed (Step
5150). Specifically, the semiconductor substrate 100, on which the
damaseerferinedrconneletionly Boddifoenvddlcsf putigh poplesmsipirbeddBinglasma
devicgdQRtjlMSIRRIEd: RADANR FrsiRlagmea P&P@%ﬁﬁ;ﬁé%@ R&vformeg wok

example, by injecting a gas including NH3 into the device. When the first
plasm4PBHSEeLY RS HarFErmsd, e Bart bP Y& metal oxide layer 140,
formed on thgweapecsitigetbine Hamassanaapietesy) tecio a3, liSer 110a on

deoxidized. About 50% to 90% .af the metal pxide layer 140, and.preferabl
o o S B o e e Y R R e
therebygiieltd Aricayikddstmedifiyithabiizeemeidh oXltekagerceim 1 indicates

additippySinGR &hﬁcﬁr{?feﬁlﬁﬁmﬁ@ﬁ%&s@ dmfh R PeEOrMRI Al ARMYHcess.

respect to the metal oxide layer 140, but is performed with respect to the
entireRSSHRUNANRES e BLtRte HISh hdoRradLIHAS  Seb B e AN dedes
the inselatingelayee 1iLafosnsdon dhecsemicondyctarsisiiaig LYerds0a may

own in FIG. 5, 30 Accordingly, in.order.to minimjze the. ct.of the first
b bt Prot e ol Qo s el 2 TGNTIES (S CURT el 1F didlhe e
150 iplpariopnecchutiiesarboakermpiadiha vpppditigns . IEbmaydn plaotted. plad s

process dphomaniaREHY Ipe: A AROWELAT APRMLIR LorA0OMY Jon Apatdt S

to 30 sec. In this case, the power and the processing time are
compiaRRhHRT TN ERUSTERCTF SIERMpBIRE TORSISpHAN, tHe PIASAAGBRYSS
8 is pedpimed fafyabechatyelyriongdin@anvinida dharhighopawer insepgliethcthae

asma process is ormed for a relatiyely short time. For. example, if a
e B0 L el CUE S PRSI e T S S it
the commpletionoefstietiicdnpiashed theogess rebieindllatifty kayerstd Oz dntig thger
Sem'Q%QHFJ?BéHPé%’g% FmaR be dividsshinto @&&H%%U SRR AN e

lower region 112, to yi€ld a modified insulating iayer 1 IOB. The upper region
111 idaneages vBPréE &gt inl Whiehy trerfiarstinghrigRy igpransge sehiniltty gidhe
first phasixa process. Specifically, when the plasma, which is formed by

WL oo stort HHE S g At L i 010 TEhAVEel 1 L on
wheréhthéunsutatingtdayendda SSGOH: Taltisigdayird the (Step S160). The
first barrier layer 161a may be formed by CVD or PECVD using a plasma deposition
process. The first barrier layer 161a may be formed, for example, with silicon nitride
(SiN), silicon carbide (SiC), or silicon carbon nitride (SiCN). The first barrier layer
25 16la may serve to provide electrical insulation to the damascene interconnection 130,
or serve as a stopper in the etching process for forming another damascene
interconnection (not illustrated). Although the first barrier layer 161a can protect the
upper region 111 of the insulating layer while a second plasma process is performed,
it is necessary for ions and radicals to pass through the first barrier layer 161a. Thus,
30  the first barrier layer 161a has a thickness C, which is enough to prevent the upper
region 111 of the insulating layer 110b from being damaged due to the second plasma
process, but thin enough to allow ions and radicals to pass through the first barrier

layer 161a during the second plasma process. The thickness C of the first barrier

layer 161a may be about 5 to 50 A, and be preferably about 20 A.



plasma process, the carbon atoms of the upper region 111 may be removed,
and thus the carbon content of the upper region 111 may be reduced. The
removal of the carbon atoms may cause spaces to form in the upper region
111, and so the upper region 111 may become more porous than the lower
region 112. Freweyehosinde fHeS13 mdtdl thxistedag elase psogeitly /Hdoridfzated

U”de'{af?ﬂ’{\i%%%%[ crndiionydhadi stbRlagmacsrsassh ﬁqérﬂ%ﬁﬁﬁ%’eﬁlgfe&hfbla is
upper region 111 of the damaged insulatingﬁlﬁayer 110a may be in a range

from EUEESHBB AL B0 Ahexcayramiyssotsutiiaienkds ot vuclihimBEehaipdpyer
regionsla Ismayde kesluced ptharphbydsmpsave tharelinbilityed thaddeviead

20 Therealior, asSpANIN £IGS: &, and. 3 frsl barkier layer 1648 s formed
on tHe damascene interfonnectior 136and e msu}laflnr%@\yeig?l g‘% (Step

S 160ydregenfipstsbadledagen Eeicalriag bidineh by GBS o REGVDditg

a plagmadieResition, PIasess.hadicss hatiar laxerieha Ml fermsg dor

examéJIe, with silicon nitride” (SiN), silicon carbide (SiC), or silicon carbon
nitrid SRR FHETHABHAT Ay et 815 1676 Higy vbick o frodradusiedtical

insulatieritdheddapaseenetiniemennesctian dBhyofogeiadcB, steNeanifed

e etchin ocess for form angther damascene interconnectiop (no
e L R B B e o
111 oftwt IRsal6dings laydenthite @ avtpiashpl asraes procesplitpafomesd oxtds
necessaly far jons,andvadicalsoAassdyorah e dist Pasieniaye tilé barrier

Thus, 30 the first barrier Iai/er 161a has a thickness C, which is enough to
preveAYthiolp ey PegrRiAPietalofardditsdiating layer 110b from being

damaged duade, thereaonoFpiEsMan@esssotilbdfior eneuyhtn allavwdenshe
d radicals to pass through the first harrier layer 161a during the second
e R B L e Y 0 R P o
abous® st iy taddoes pnetfeialtﬂytabﬁmt b@rﬁmga“y'heml_as%mm padeh@ Bartier
and fi@@fe 1%%%5?&'%%&@6?% F 8RS o e Wi I&SREShI%iH  arrier

semiconductor substrate 100 on which the first barrier layer 161a is formed
(Steplgeﬁ@)l.-The semiconductor substrate 100, on which the first barrier

layer 161ajg faroad, isthetirRihelapoahosassing denos (ontiluskated),
da,seconc P %@f’f‘aﬁ’ﬁ%?&%&aﬁ%‘f Pﬁ”eorr@‘gdisbﬁ’o&” o £ o lncuding
drogen:. 'Ilﬁye hydrogen 1ons an ﬁyd’rog%n radicalSineiuGEd Iy the plas
pass timoghhhtheafiist layer 160 and be injected into the damascene interconnection 130.
Accordingly, it is desirable that the thickness D of the barrier layer 160 be sufficient
to intercept the transmission of oxygen through the barrier layer 160. Accordingly,
the second barrier layer 162 and the first barrier layer 161a are formed to a thickness
25  of at least about 250 A.

According to the method of fabricating a semiconductor integrated circuit
device according to an embodiment of the present invention, the first plasma process
is formed under weaker conditions, and the region in which the insulating layer is
deoxidized can be reduced. Accordingly, leakage currents between adjacent

30  interconnections can be reduced. In addition, by performing the plasma process
twice, the metal oxide layer can be deoxidized so that the damage to the insulating

layer is minimized. Therefore, the reliability of the semiconductor integrated circuit

device can be improved.
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barrier layer 161 a, and may completely deoxidize the metal oxide layer 141
on the damascene interconnection 130. At this time, H20, which is a
by-product of the interaction between the metal oxide layer 141 and
hydrogen radicals, is discharged 10 from the first barrier layer 161 a. The
second pladiseepediesss savaly Belyséofantagid tidreishvidel e @0Idae Wiien the
second, PARMARIAGE P8 amelrisH il meilexifgidaxerddl thaiexists

between the damascene interconnection 130 and the first barrier layer 161a

may BEEHRBICER dedRffTBE PAHOHEIERBEH i BIES Y St YIRS Kedhd
barrieiayeinta2dstherpagdnd intletidibificiideatriemayaidbddies (5depSIB0n The
second harrier laye may.be made of substantially the same. material as
e o e el R T B D R T R R
by CV@verPEAMD2anthensapes rginndl hbariadirsaliwmriernienydowalthin this of
case il the,th K@%ﬁﬁﬁ?l@ é?nfdtﬁﬁzf?&r{li BlidRYES lﬁ%?&lg@lﬁ%&% Eisat 20 parrier
layer 161a and the second barrier layer 162, is not sufficient, oxygen may
pass YHPBGRHECHREF iek3Pab i dnHje ey arits therthilsuisebarrier
intercapnie@ionhzQ. oAgearshingbent istcleshiaite theothadthicknagsiby ofyikel 10b.
rrieg, layer 160 be sufficient tq intercept the transmission xygen through
W b S B R T TR R
barrierpgayet lﬂ@l@sd@d@bﬁd@bqwthﬁi ukn@ssg_'ﬁ;ﬁ ot htsleagiato@@mz@im _carbon
ACC_OEQ i@&&%@ﬁﬁi’éﬁ?ﬁ ﬁ%iﬁﬁ%@&'&g QH%%HHQHMWQH}B%%RQIE'BBH'E high
device according to an embodiment of the present invention, the first plasma
procRY YR RRRRIFARR WEIMESHtRENS. 2and the region in which the

insulating layehiscdeoxidized can PesredpcressAcsaidingly uleRkagaauwirents

etween adiacent 30 intercannections can beeguced, In.addiion, by
performing the plasima process ftwice, the metal oxide layer can be

deoxidtmoﬂstglma_hmh}’d@magétt@ ti_weeinmgiatiri_g 1 I'ayedlisqm_inin'ome@ti_son to the
Thereforey e LelirPdiReof H?&dé%é?‘?@%%@éd%‘?%ﬁ{ﬁﬁlﬁf&% FRGYIER AN

be improved. 10 Hereinafter, a semiconductor integrated circuit device

accoliffg¥ooal- andoBeriherit e/ Siebe de ik tiBRNRNH W&seribed with
reference tort®GaRieRefariowiieides. e ther semicandy giorintagratedgigcuit

9(? Vicga?r?ecr%cng}q (t)g, %vqnch are separately formed. Specifically, since the second plasma
process for removing the metal oxide layer is performed after the first barrier layer
161a is formed, a discontinuous surface may exist between the first barrier layer 161a
and the second barrier layer 162. In this case, the first barrier layer 161a and the
second barrier layer 162 may be formed of substantially the same material.

25 Hereinafter, a method of fabricating a semiconductor integrated circuit device
according to another embodiment of the present invention will be described with
reference to FIGS. 10 to 13. FIG. 10 is a flowchart illustrating a method of
fabricating a semiconductor integrated circuit device according to another
embodiment of the present invention, and FIGS. 11 to 13 are sectional views

30  successively explaining the method of fabricating a semiconductor integrated circuit
device of FIG. 10. In the following description of the present invention, the same
drawing reference numerals are used for the same elements as illustrated in FIGS. 1 to

9, and the detailed description of the corresponding components has been omitted.
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embodiment of the present invention includes a semiconductor substrate
100, an 5 insulating layer 110b formed on the semiconductor substrate 100
and including a lower region 112 and an upper region 111 having a carbon
content lower than that of the lower region 112 and having a thickness in the
range of 50 A BOONX. ta thganstscerid dhtisativancetiopordariar foitageticih deuit

insulgiing dayesiHito ahcid ParishilayRLABR REREARR IR INDASEE R ier
interconnection 130 and the insulating layer 110b. 10 The msulatlng layer

110b A&, BEERAGEANSY PRE PR Weits R rRs Sowwake digiBl 9%, As
descrabﬁdcabg)uﬁthﬁmnbpﬁﬁeﬁ&giﬁtmelﬁﬂ:sjalalﬁeghﬁﬂﬁmmhmhydam@m ds Since

remoyed oy, e fisl pIasmA Blocess, andhus.na alow carban conten! 4l
ahlgh por sRy In companson% e lower regloni *Tn the CAse where the
first pbasyemd prsoBss, isnpettfo misdaundetawediker dasdeadition, the upper

region 111 igdRIMEASFRKICkRARSS Pfa%tiﬁwla'iﬂméqggpl%amﬁ‘?éﬁ%athe

thickness of the upper region 111 is reduced in com%arlson to the case that

the eftPECRIIEI ARSIl 18 FeiTRvat by bEsteting tHarmed pridpigsulating
procesaged (&‘ye;amlzﬂ) usdheneliabilitcofdhecderioe idiunrer Foprot@ethehe as to
pEmen YRl ABInT Hles e Qs aner Ker AR and e seoond B a0,
arrier Ay&r 16 are separate formed peC| le, Since the second
pIasnﬁemprrd)bwsrform@rg@mgmmmmew(d@mmwpéﬁém@draﬂ@ﬁme1f6r15a

barrieg |3ygtabaAe Sdaunerk HAIEANIIIYAYS SHIARE MAGXSLISMARRN RS

first barrier layer 161a and the second barrier layer 162. In this case, the first
barrle?rzl%ﬁ)er 161a and the second barrier layer 162 may be formed of
su bstantiallmbafs@me matﬁgiaiaﬁﬁmwﬁimamrs tﬁlﬂlﬁﬂb@dSQéd&iﬁﬂﬁ@ﬁhﬁ@l@tmg

mico or.int II’CUIt de\uce accordin her embodjment
T B R S R D A e R o
10 is adltwobdrtAl usbramwgtherﬁaﬁmirmf lfabritatinga devicosteictoy D or

Integisied, Hrepit duisaASCAIUING 1A AR %@foﬁ@@%'&%ﬁ@ tQPst&ﬁleﬁﬁnde

invention, and FIGS. 11 to 13 are sectlona views 30 successively explaining

the niSIRBOrRaIERIgRESIGemritbrrLEtom GRS U Thadvk dasten Byer

10. Inthe fellowing Wesevigtierafitaei pasash tBYE@HQ&ﬂaJJS&cSﬁﬁ&QccﬂE@WiBﬂ 130,
%§ference numerals are. u%ed f%r the same eIe ents as i us ated in FIGS. 1

o, A I o B BB e GRS SRR ras been
omittédertdnnection (not illustrated).

The first barrier layer 161a has a thickness E sufficient to prevent the
insulating layer 110b from being damaged due to the plasma process, and to allow
ions and radicals (e.g., hydrogen radicals) to pass through the first barrier layer 161a

25  during the plasma process. The thickness E of the first barrier layer 161a may be in
the range of about 5 to 50 A, and be preferably about 20 A.

Then, as shown in FIGS. 10 and 12, the plasma process is performed (Step
S260). The semiconductor substrate 100, on which the first barrier layer 161 is
formed, is put in a plasma processing device (not illustrated), and a plasma process

30 270 is performed, for example, by injecting a gas including hydrogen. Hydrogen ions
and hydrogen radicals created by the plasma process 270 pass through the first barrier
layer 161a, and deoxidize a metal oxide layer 142 formed on an upper part of the
damascene interconnection 130. At this time, H20, which is a by-product of the

interaction between hydrogen and the metal oxide in the metal oxide layer 142, is
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According to the method of fabricating a semiconductor integrated circuit
device according to another embodiment of the present invention, the first
barrier layer is formed without performing the first plasma process, unlike the
method according to the embodiment of the present invention described by
FIGSdisthagipdeus ehths fapsbpartoinyed 6éforhs lpsH2 Boveres theastmmecd or a
thoseiprRifMRRJIMe Mk tb e desant mayanltmngﬁhe %ﬁl@é‘?‘ﬁ%@@eﬁ%
will be described. Referring to FIGS. 10 and 11, an insulating layer 110a is
formeg BRI ¥elsneblitidtor substrate 100 (Step 5110). A recess 120 is
formed on thaensislstikign lﬁﬁG&ﬂ@@ﬁdI@)ﬂ&d&@bﬁﬁld&lﬁ}&ﬁQﬁﬁ% formed on
intercon on layer AS.19 10 the reces
Step S Ty e e R SRt BB R ey SESERR o
perfosnhﬁgna%mmmn@ procasglsaiShe pis1 HoYiandyaifirét badrde, rayeﬁcmglé?arsier
formagh op e danassena byereennesion B30 aodathe insulatioonlayey sA0a:
(Step S5250). Specifically, the first barrier layer 161a is thinly deposited on
the |n]§MT’ét}% "15 layer 110a in which the damascene interconnection 130
and the metal tﬁ?@d@éﬁ)ﬁh&&@clﬂi@@cmﬂf&% Bdrthslﬁlﬁlyeﬂ6benﬁr&<ﬂ1bgltﬂerﬁl[ayer

la mrfi} efor \B/SDeC%rn#DECIV g}'efiaf %E)O rr| grr 161la maé e
rmeél1 o &% amp silicon nitr f('g ), silicon Carb fv (f)i(ygr siicon

carbdhrnuxldéle(Sa@N) la'm e ebdarieetdyerdd Byarmay lsﬁefww peovida the
electrigal NsHiaHRN IR 1R IATRSCRAG IBIRS RO INERHARLSD AR HRERRIARA1 60

stopper in the etchlng process for forming another damascene
intercoRRKCIOFPANbE LAtPAMREYS TR firdersraad hayeerisies Heseadmheidiisss E

sufficipntiéplpyevestathe mﬂ@tmg day®intd Okiframshging darpagest dioecto the
asma process, Cﬁnd to allow |o d. radlllcals gonla?(dro en radlgals to

ot em a.S ctor nte rate
pass througﬁ FEHrE DR ayerﬁ Hing the plasma process. e

thicknless Eaofdvenfirst h@therdmjaedlnﬁellaqfh@uy pesentthhearingethd plbomt Priwess
50 Aqé‘ﬂglﬁ&lBf?e‘}etﬁ%berﬁRQéﬁe%Qtéchﬁ%@n&F‘@ﬁ%{@d'Qn’ﬁ'fﬁ?ﬁﬁs@lﬁﬁ‘?e}% the

plasma process |S£Fsrforme (Step S260). The semiconductor su strate

100, BePaiedh e firstishPreiaRlerr IS sEtriat A ML pTEsize plasma
DVOCGIﬁSU%@sdQ\HQQs(GBé fistrated)agadmiplasmadpracess 8 HE0ldsing layer due

w rformed aosrn‘?a t'eerceg}’ e%‘?cé' Jfiedt %ﬁé@?ﬁ%dfq”ip Yrogen, yl‘i'sruﬂer? e

d hyé n PAEARC AL B e plasma proc pass ke tﬁ &y

first bandtidhus the reliability of the semiconductor integrated circuit device is improved.

Thus, the semiconductor integrated circuit device of FIG. 13 includes a

semiconductor substrate 100, an insulating layer 110a formed on the semiconductor
substrate 100, a damascene interconnection 130 formed in the insulating layer 110a, a

25  first barrier layer 161a formed on the damascene interconnection 130 and the
insulating layer 110a, and a second barrier layer 162 discontinuously formed on the
first barrier layer 161a using the same material as the first barrier layer 161a. The
first barrier layer 161a is formed to a thickness of about 5 to 50 A. Since the plasma
process is performed after the first barrier layer 161a is formed, a discontinuous

30  surface may exist between the first barrier layer 161a and the second barrier layer
162. In this case, the first barrier layer 161a and the second barrier layer 162 may be
formed of substantially the same material. For example, the first barrier layer 161a

and the second barrier layer may be formed of silicon nitride (SiN), silicon carbide

(SiC), or silicon carbon nitride (SiCN).
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layer 161 a, and deoxidize a metal oxide layer 142 formed on an upper part
of the damascene interconnection 130. At this time, H20, which is a
by-product of the interaction between hydrogen and the metal oxide in the

metal oxide layer 142, is 12 discharged out of the first barrier layer 161a. The
plasma procdgwigherbrrreddiagrodimerfiché thaipreseaind viniwHa yabeghsikigabed

layer g4 AimayRe g&%g%l%@%%i@mﬂ}@qﬂitﬁe,a&mlﬁ dyideqridizedlisThen, as
ano

shown in FIGS. 1 13, a second batrrier layer 162 is formed on 5 the first
barridP P44 187 (4TS 280 HrHELIBS AL BEtBICIAEHE SRS TR of
substawnpialyidhpisasiehmaterabasstisdisst barrierdayeipholiag Alsimshe
second barrier layer 162 may be formed by CVD or PECVD in the same
manner as the first barrier layer 161a. In this case, if the thickness D of the
barrier layer 160 including the first 10 barrier layer 161a and the second
barrier layer 162 is not sufficient, oxygen may pass through the barrier layer
160 and a metal oxide layer may be formed again on the damascene
interconnection 130. Accordingly, the thickness D of the barrier layer 160
should be about 250 A or more. Thus, the second barrier layer 162 and the
first barrier layer 161a are formed to a combined thickness of about 250 A or
more. 15 According to the method of fabricating a semiconductor integrated
circuit device according to another embodiment of the present invention, the
plasma process is formed after the damascene interconnection is formed
and the first barrier layer is deposited, and the first barrier layer protects the
insulating layer during the plasma process. That is, the first barrier layer
inhibits the damage of the insulating layer due 20 to the plasma by
intercepting the direct contact of the plasma with the insulating layer, and
thus the reliability of the semiconductor integrated circuit device is improved.
Thus, the semiconductor integrated circuit device of FIG. 13 includes a
semiconductor substrate 100, an insulating layer 110a formed on the
semiconductor substrate 100, a damascene interconnection 130 formed in
the insulating layer 110a, a 25 first barrier layer 161a formed on the
damascene interconnection 130 and the insulating layer 110a, and a second
barrier layer 162 discontinuously formed on the first barrier layer 161a using
the same material as the first barrier layer 161a. The
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first barrier layer 161a is formed to a thickness of about 5 to 50 A. Since the
plasma process is performed after the first barrier layer 161a is formed, a
discontinuous 30 surface may exist between the first barrier layer 161a and
the second barrier layer 162. In this case, the first barrier layer 161a and the

seconMibAirier GRAIMIED Way be formed of substantially the same material.

For example, the first barrier layer 161a and the second barrier layer may be
formed of silicon nitride (Sil(Né), silicon carbide (SiC), or silicon carbon nitride
(SICN). 13 Although'Breehdd WmiBE diBi g6 HE PiedevEinRRREH ave
been descrikeshiighiliusteaiivec puy posesithaserdidlled inrbeadrswtbnnection
appreﬁé%clanth%tav% iSOtlfIa modifications, additions and substitutions are
possible, withou epar?fng from the scope and spirit of the invention as
disclosed inrthweogomysanyng elaipesrS Ui/ AT ISc@LMINMEDIEStign Ay

mgethed,ofifrming, g NieRLaeaCirguil ARviCs EORRANSING:. fauming st
electrically _msulatlngélseggr having a metal interconnection therein, on a

substEABEIBVER P SAGERHSTA ST ANRE PLEFAc 'S the metal
interconnectiomidy Siexpasingdheibppairsriace ofjthiemetaljpiesaeanestion

and the fist electically, INSUtRg AYCrio A st oxygenfemoying plasma
then fgrmlng Afirste ectrlcaﬁy Insulating barrier layer o fe upper surface of
the metal intarconaestiorndranchethpplirsudiectnt tibyninsld iatimeplapetoarhy

[BMOVING SRy e P B LG HIAP G SUHRE 601 (P JBEIaL INES RO kag%t:in%rmfvﬁg

exposing the first electrically insulating barrier layer to a secon
oxyg@HH@hoving plasma. 2. The method of Claim 1, wherein the first
oxygen-removing plasma comprises ammonia (NH3). 15 3. The method of

Claim 2, wherein B S eeRnd P e Mg RIS Ma, ComRLISes Y ragen:
comprises ammonia (NH3).
15
3. The method of Claim 2, wherein the second oxygen-removing plasma

comprises hydrogen.

4. The method of Claim 1, wherein the second oxygen-removing plasma

20  comprises hydrogen.

5. The method of Claim 1, wherein exposing the first electrically
insulating barrier layer to a second oxygen-removing plasma is followed by forming a
second electrically insulating barrier layer on the first electrically insulating barrier

25  layer.

6. The method of Claim 5, wherein the first and second electrically
insulating barrier layers comprise materials selected from a group consisting of SiN,
SiC and SiCN.
30
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4. The method of Claim 1, wherein the second oxygen-removing plasma 20
comprises hydrogen. 5. The method of Claim 1, wherein exposing the first
electrically insulating barrier layer to a second oxygen-removing plasma is
followed by forming a second electrically insulating barrier layer on the first

electrically insulatihes beattied 26C2aiay 1 6wiRtreimbeHud! steCtasm! b inatarianbdraer

first al@?e?ﬁ&@ﬁ‘%f’ci@rfé{&ﬁ@’raw&#ﬁlgb%{ Rex [ByBtacaimprise materials
selected from a group consisting of SiN, SiC and SiCN. 30 15 7. The method

of Claim 1, wherein the first electrically insulating barrier layer has a
thickness inga rangerkanoadisirbiAgtth alepita & ArdiiAldnethoongdfarging an
iegrated cirayit devios, somprisings i forming.a st electigally. nsylating
layer having a metal interconnection  t er(§in, ona su%strate; Fcl)rmlng a first
electieatisnimsulatibgitbiarrier layer on an upper surface of the metal

interconneckipp, Apd AR iR ArRbLAlERTgAN IDSHAlRg LY PSRRI thR

first electrically insulating barrier layer to a plasma that removes 10 oxygen

from BT EpBET StEc BRI MBE el o ¥ B g eHaYeRBd of Claim
10, whereinetilyp Jingt tetefisicadlyriosydtingadiar befiayiaydias aphickness idhdves
[gnge from aboliL > a0 about 50 A and whereln, sald exposing step
compr|§’§s exposmg?ﬁe Irs efectrlcarﬁy fhalifa ing barrier layertoa 15
hydrogen-containing plasma. 10. The method of Claim 9, wherein the metal

interconnecyon CofPLis&R.a SARE! ARNASLENEPANE ARG SSARRES

oxide layer thereon. 20 11. The method of Claim 8, wherein the first .
electHeEISs IREEnAaha Bigknsss ypresnifrRebavienst 8ot SMY:SRY wherein
SiCNsal efpssthaepalolapiiageapoiitgghatal et dayiaauRamPbising layer to a
Igrmiﬂgd? figst_c%lgtctg%all 1ailgrgglating layer comprising SiCOH, on a 25
semiconductor SUbSHEtE; ‘

10. The method of Claim 9, wherein the metal interconnection comprises a

copper damascene pattern having a copper oxide layer thereon.

20 11. The method of Claim 8, wherein the first electrically insulating barrier

layer comprise at least one of SiN, SiC and SiCN.

12. A method of forming an integrated circuit device, comprising:
forming a first electrically insulating layer comprising SiCOH, on a
25 semiconductor substrate;
forming a metal interconnect comprising copper and a copper oxide region, in
the first electrically insulating layer;
forming a first electrically insulating barrier layer on an upper surface of the
metal interconnect; and
30 converting at least a portion of the copper oxide region to copper metal by
exposing the electrically insulating barrier layer to a hydrogen-containing plasma that
transfers free hydrogen through the electrically insulating barrier layer to the copper

oxide region; and then

16



forming a metal interconnect comprising copper and a copper oxide region, in
the first electrically insulating layer; forming a first electrically insulating
barrier layer on an upper surface of the metal interconnect; and 30
converting at least a portion of the copper oxide region to copper metal by
exposing théveteegricetyid sigatiivgl byanielalzshasier ydrogahedontalpgtigsally
plasmgsﬁm;nérgd}ﬁ@rﬁjgge hydrogen through the electrically insulating barrier
layer to the copper oxide region; and then 16 forming a second electrically
insulating barrier layer on the first electrically insulating barrier layer. 13. The
method of Cllaim 1ﬁae/whmfﬁmdhemiiﬂﬁtleLaanﬁmﬂyHﬂﬁwHaﬂlagrﬁdu@mheﬁltay@r
é':ls thlcelﬁe It 1w(;}(e from éagout ob%lgt kaStg ff) 14 (')I' he method of
laim ?LIE ﬁ%reln tﬁe st eiectrica msIlﬂatl g layer comprlses SICOH. 10
15. The method of Claim 12, wherein the first and second electrically
insulating barier lgyers cRoRIee.AmaterialsalaetadTamAgr @qﬁsﬁﬁﬁﬁgmr
of SiN, SiC and SIiCN. 16. The method of Claim 15, wherein a combine
thickifeEPEItheRHand 15 second electrically insulating barrier layers is
greater than about 250 A. 17. The method of Claim 12, wherein forming a
fist electricly insjating, bavtier Jayen o, an.uppersurfase.of themetaly,
Interconnectis prece }E')y exposing e copper oxide regiontoa p asme
contaiiminigtaag haomiala@erd 8ompras etk iaf Cledrrd I erein fonmitiggaot SlN,
metakiptgreospget comprises chemically-mechanically polishing a copper
layer using a slurry having components therein that oxidize copper. 25 19. A
semiconductor integrated circuit device comprising: a semiconductor
substrate; ansinsulsingdayrrdfornad 0) Meseniconduetdmsikasitaiethantst and

i%‘;'r‘]“%“% %ﬁﬁ‘évt‘ﬁ%é eg'f%’s‘u N BRI S101 haing & Garbogantent lower

17. The method of Claim 12, wherein forming a first electrically insulating
barrier layer on an upper surface of the metal interconnect is preceded by exposing the

copper oxide region to a plasma containing ammonia.

20
18. The method of Claim 12, wherein forming a metal interconnect
comprises chemically-mechanically polishing a copper layer using a slurry having
components therein that oxidize copper.
25 19. A semiconductor integrated circuit device comprising:

a semiconductor substrate;
an insulating layer formed on the semiconductor substrate, and including a
lower region and an upper region having a carbon content lower than that of the lower
region and having a thickness in the range of 50 to 500A;
30 a damascene interconnection formed in the insulating layer; and
a barrier layer formed on the damascene interconnection and the insulating

layer.
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region and having a thickness in the range of 50 to 500A; 30 a damascene
interconnection formed in the insulating layer; and a barrier layer formed on
the damascene interconnection and the insulating layer. 17 20. The
semiconductor integrated circuit device of Claim 19, wherein the upper
region is mafe porbusstainombigtnareegion cuITieyisepiiédrdutomherein the
integ thiggl\g;éeﬁgfoggqu@e wherelithe 5 barrier layer comprises
first and second barrier layers, and the second barrier layer is
discontinuously formed on the first barrier layer. 22. The semiconductor
integrated cdcuit dendcenait Glaunioz? Intedhsteelnitbhet destcand Croand,baieiem the
layers are formed of Eﬁ‘s%ssﬁr%l%m%%%ga?&b19ri%§1 Sescmigonductor iB%‘?ﬁ’ér ol s
circui d{awceycompr{)smg: a semiconductor su%%ffraite; an msu?afllng ayery
formetiseonthieasnitondd ctohsbstlaeicalfiyst-barrier layer formed on the
damascene interconnection and the 15 insulating layer; and a second barrier
layer discontinuously formed on the first barrier layer and formed of the
same matertal as tH¥ fiFSH IR e juresic i wefntishal tlsinmegratsen the
circuififiewickesefdadiatai s |wberatfthec 2 0fthicknassnafdig. first barrier layer is
'(;bthe range of about 5 to 50 A. 25. The semiconductor integrated circuit

evice of Claim 23, wherein the first and second barrier layers are formed of
silicon nitrid&3(SiN)\ silivorndaebidat(SiGy] orailictivicarvomnitrige (SiCN). 25
26. A method, gf fabicating asgipiconductor integrated circuit device,

comprising: forming an insulating jayer on a semiconductor substrate;
forming a damaseahresctmet o e HRisadwtgaYE 30 performing a
first plasmagpfigt@sswithyeIpattdothBesemigonigiorcouhsifiateand the

15  insulating layer; and
a second barrier layer discontinuously formed on the first barrier layer and

formed of the same material as the first barrier layer.

24. The semiconductor integrated circuit device of Claim 23, wherein the

20  thickness of the first barrier layer is in the range of about 5 to 50 A.

25. The semiconductor integrated circuit device of Claim 23, wherein the
first and second barrier layers are formed of silicon nitride (SiN), silicon carbide

(SiC), or silicon carbon nitride (SiCN).

25
26. A method of fabricating a semiconductor integrated circuit device,
comprising:
forming an insulating layer on a semiconductor substrate;
forming a damascene interconnection in the insulating layer;
30 performing a first plasma process with respect to the semiconductor substrate

on which the damascene interconnection is formed;
forming a first barrier layer on the damascene interconnection and the

insulating layer; and
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on which the damascene interconnection is formed; forming a first barrier
layer on the damascene interconnection and the insulating layer; and 18
performing a second plasma process with respect to the semiconductor
substrate on which the first barrier layer is formed. 27. The method of Claim
26, whereinpdiéofirsnphasaerag phsaysigesse oV dhgasp S titrethel iegiaeaduogr The

methgehaf fdimadmvhersidhisdiral plasemepcess partly deoxidizes a
metal oxide layer formed on an upper part of the damascene

interconnection. 10 29. The method of Claim 26, wherein the second plasma
process is used a Tgasnstatuin g hd g emedin Tedimeiheoh 0pClainiLbsed a gas
V\éher?ril[:‘htﬂ?ns?\ﬁgnd plasma process is 15 supplied plasma including
hydrogen I0fs and hydrogen radicals; and the second plasma process
comprises: passing the hydrogen ions and the hydrogen radicals included in

the plasma irougi Ihe. it Brerishiaxehideqxigiz i maiabrxds lavey

formed on an upper part of the damascene 20 interconnection by the
hydrdlfamiibes ameHetiaIByEiraRiLas 2R HBPAIRRE GG P8 G¥ated
throughethendeaiiglization out of the first barrier layer. 31. The method of
fqaim 26, wherein the first barrier layer is formed of 25 silicon nitride (SiN),
silicon carbide (SiC), or silicon carbon nitride (SICN). 32. The method of
Claim 26, whereinTthenkibkAes S bithesfirdidseirride kegendiplimniaerenseiofised a
aboub Rt 3Qifhe 30 B3echne method of Claim 26, further comprising forming a
second barrier ?ayer a%ter performing the second plasma process. 34. The
method of Claim 33, wherein the second barrier layer is formed of silicon

nitride (SiNR®iliconheanbined(SiClainr HilicorearbRnaibidelbSitN)ocess is
15  supplied plasma including hydrogen ions and hydrogen radicals; and the second
plasma process comprises:
passing the hydrogen ions and the hydrogen radicals included in the plasma
through the first barrier layer;
deoxidizing a metal oxide layer formed on an upper part of the damascene
20  interconnection by the hydrogen ions and the hydrogen radicals; and
discharging H,O created through the deoxidization out of the first barrier

layer.

31. The method of Claim 26, wherein the first barrier layer is formed of

25  silicon nitride (SiN), silicon carbide (SiC), or silicon carbon nitride (SiCN).

32. The method of Claim 26, wherein the thickness of the first barrier layer

is in the range of about 5 to 50 A.

30 33. The method of Claim 26, further comprising forming a second barrier

layer after performing the second plasma process.

34. The method of Claim 33, wherein the second barrier layer is formed of

silicon nitride (SiN), silicon carbide (SiC), or silicon carbon nitride (SiCN).
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19 35. The method of Claim 26, wherein the insulating layer is a low-
dielectric insulating layer. 5 36. A method of fabricating a semiconductor
integrated circuit device, comprising: forming a low dielectric insulating layer
on a semiconductor substrate; forming a damascene interconnection in the
low dielectric insulating layer; forming a first barrier layer on the damascene
interconnecgon; ang ] QAeKidzingha M el eHde RYeLigmmadbsivesn the
damascene_ interconnection and the first barrier layer by performing a
plasniifl5rode B Hatngda¥Ect to the semiconductor substrate. 37. The
method of Claim 36, wherein the thickness of the first barrier layer 15isin
the range of,about,5 to 50, A, 38. . The method of Claim 36, wherein the .
plasma prochss i e B e O S R e
Clainv@8pmsiieein the first barrier layer is formed of silicon nitride (SiN),

silicon carbiglen (181 SHRA-CAHROR Y i%ﬁ%&%@rﬁ?wﬁh@t&?@&h&%@f,

Claim 36, further comprising forming a second barrier layer on the first

barrier layef 4ftePHiHYRIHTF - BrR8RT FOEESS IttieispEct s taEnabyer;

semiconduaiafstpstiiaicbAdierTagemathediahilaiin #hkrvshaceivihengecond
rrier layer.is formed of siljcon nitride (SiN), silicon carbide (SiC), or silicon

S on mim e s ST R e LR e T S g

perfomingprnsdtormhdghasiing procedsywithy resfyenting ddasemicormdsiotivh respect

substale. QY SBRIING R 8RS dncluding NH3 before forming the first barrier
layer. 20

37. The method of Claim 36, wherein the thickness of the first barrier layer

15  isin the range of about 5 to 50 A.

38. The method of Claim 36, wherein the plasma process is used a gas
including hydrogen.
20 39. The method of Claim 36, wherein the first barrier layer is formed of

silicon nitride (SiN), silicon carbide (SiC), or silicon carbon nitride (SiCN).

40.  The method of Claim 36, further comprising forming a second barrier
layer on the first barrier layer after performing the plasma process with respect to the

25 semiconductor substrate.

41. The method of Claim 40, wherein the second barrier layer is formed of

silicon nitride (SiN), silicon carbide (SiC), or silicon carbon nitride (SiCN).
30 42. The method of Claim 36, further comprising performing a second

plasma process with respect to the semiconductor substrate by supplying a gas

including NHj before forming the first barrier layer.
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