Barrier Structure For Semiconductor Devices TECHNICAL FIELD [0001]
The present invention relates generally to semiconductors and, more
particularly, to a semiconductor structure with a barrier layer in a
damascene opening and a method for forming such a semiconductor
structure in an integrated circuit. BACKGROUND [0002] Interconnect

structures in ICBgripsFr 8 erhetish IR SEnicedacRIP FRRAdetor

structures, such as transistors, capacitors, resistors, and the like, formed

on a substrate. One or more conductive layers, typically formed of a
loy, separated by layers of a dielectric material are

formed over the semiconductor structures to interconnect the
semiconductor structures and to provide external contacts to the
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to provide electrical connections between conductive layers -and to the -

semicopsiistRItstarpUvith e Dapiso BB ainardayessearcofrenjgatly asedhadttfor forming
the vias to prevent or reduce undesirable diffusing of the metal conductor
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may be employed) into the surrounding dielectric layer (e.g., silicon oxide,
FSG, BPSG, a low-k dielectric, or the like). Typically, tantalum and/or
BAGRGHOUNIide is used as a barrier layer for a copper via/contact
structure. Other barrier layers could include titanium, titanium nitride,
materials, silicon-containing materials or_the like. .
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more conductive layers, typically formed of a metal or metal alloy, separated by layers of a
dielectric material are formed over the semiconductor structures to interconnect the
semiconductor structures and to provide external contacts to the semiconductor structures. Vias
are formed through the dielectric material to provide electrical connections-between conductive

Iayers.and to the semiconductor structures.

[0003] Barrier layers are frequently used within the vias to prevent or reduce undesirable
diffusing of the metal conductor (typically copper or a copper alloy, although other metals or
conductors may be employed) into the surrounding dielectric layer (e.g., silicon oxide, FSG,
BPSG, a low-k dielectric, or the like). Typically, tantalum and/or tantalum nitride is used as a
barrier layer for a copper via/contact structure. Other barrier layers could include titanium,

titanium nitride, nitrogen-containing materials, silicon-containing materials or the like. .

[0004] In conventional processes, a via or contact hole is formed in the dielectric layer,

which may comprise a single layer or multiple Iayers of the same or different materials. The



1 bottom of the via is typically an underlying conductive layer or region,
such as an underlying conductor (e.g., copper) of a previously formed
conductive layer or an underlying source/drain region or gate electrode of
a semiconductor device. The sidewalls of the via are typically formed of
the dielectric material in which the hole is formed. [0005) A barrier layer is
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barrier layer is typically deposi ss’such a emical vapor
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the barrier layer'on the bottom of the via is thickerthan the barriér layer
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layer is typically not as ideal of a conductor as the copper material,

of thd BWRYES ¢ the T e RYE i sk tRerboligm undesirably increases the

resistance of the resulting contact or via. Variation in the bottom thickness
results not only in higher contact resistance, but also in more_variation

[0005}om wiafars et 15 ranstited slana ke sifmalicadhpitensbidisiaapr contact hole.
affecting device, reliability and yields. [0006] Therefore, there is a need for

The bapigrilayanircypically Seonitcd i apepcesimish asapicthaapordrprsition (CVD),

. well as reduces the contact resistance between the via and the underlying )
which grylfedoe hasgerilayer murhinathe tickness of e RerrisNapaen thedsiiamp! the via
... other problems are generally solved or circumvented, and technical
is thickey than fasbaricpleder am sk el s yvhresciie Basrs deen énpeasied| oBegause the

. herein which provides a diffusion barrier
barrier layer is typically not as ideal of a conductor as the copper material, however, the barrier

layer along the bottom undesirably increases the resistance of the resulting contact or via.
Variation in the bottom thickness results not only in higher contact resistance, but also in more
variation from wafer to wafer and lot to lot in the contact resistance, potentially affecting device
reliability and yields.

[0006] =~ Therefore, there is a need for a barrier layer that prevents or reduces diffusion along
the sidewalls as well as reduces the contact resistance between the via and the underlying

conductive material,



layer in a damascene opening. [0007a] In a first aspect, there is provided
a semiconductor device comprising: a conductive layer; a dielectric layer
over the conductive layer; an opening formed in the dielectric layer, the

, openi ISl ia_and a trench, at least a portion of the via being

Smnﬁé%?@%msﬁhe conductive layer having a recess under the
via; a plurality of barrier layers formed over the dielectric layer in the

[0007]op€Ting; ;ad dthc pashiatiyarpkigdoiin ededen thelbavesedayet soulitiial tdeantages
opening wherein a ratio of a first thickness of the barrier layers along a

are gerpoilly agproxdnbatpiyfernicivapbdmetnladisto rewein thbithgmovidesd diffopaf barrier
the dielectric layer to a second thickness of the barrier layers along a

layer ilpotionasstnthepeiinis greater than about 1.0, wherein the plurality of barrier
layers includes at least a first barrier layer and a second barrier layer, the
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over the conductive layer, the conductive layer having a recess under the

layer itViRe SpBHE K L] Rt RyRhs formad QendRarHISBCIHCH BN IO JhGing wherein a

opening; and a conductive plug formed over the barrier layers within the
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point approximately midway between a bottom of the trench and a top of

the trefBieasliblasp isr tay arclecaisesent thiskneissiatibe bamdentayersalnnghebotiom of
bottom of the trench is greater than about 0.55, wherein the plurality of

the viabegriardayersbootudgsvaticasheplisiibasfisirder layers includes at least a first barrier

layer and a second barrier layer, the first barrier layer formed on the dielectric layer and the second

barrier layer formed on the first barrier layer along sidewalls of the opening and the bottom of the

trench, at least the second barrier layer positioned along the bottom of the via.

[0007b]  Inasecond aspect, there is provided a semiconductor device comprising: a conductive
Jayer; a dielectric layer over the conductive layer; an opening formed in the dielectric layer, the opening
comprising a via and a trench, at least a portion of the via being over the conductive layer, the
conductive layer having a recess under the via; a plurality of barrier layers formed over the dielectric
layer in the opening; and a conductive plug formed over the barrier layers within the opening, wherein a
ratio of a first thickness of the barrier layers along a point approximately midway between a bottom of
the trench and a top of the diclectric layer to a second thickness of the barrier layers along the bottom of

the trench is greater than about 0.53, wherein the plurality of barrier layers includes at least a first barrier



layer formed along sidewalls of the opening and the bottom of the trench
and a second barrier layer formed on the first barrier layer and on a
bottom of the via. [0007c] In a third aspect, there is provided a
semiconductor device comprising: a dielectric layer; an opening formed in
e dielectric layer,.the Qpening comprising.a.via and, a trengh; a, first .
ayer B B R 20 A AT Ligpa b
tayer (fIEYPANIIERE DR SPEQP RATIRLIBYRLIPHRGH qyer the first barrier
layer and afong a bottomof the via; a conductive piaug formed over the
second barrier layer within the opening, wherein a ratio of a first thickness
[00076f thénbagkled iByers dlord appoiidaipiexiibatacioidvel betweenithe a dielectric
bottom of the trench and a top of the dielectric layer to a second
layer; thickresg dbthedartier tiylersral dngthée bgitaimgoidhptiangh isgaedtetrench; a
than about 0.55, and a conductive layer under the dielectric layer, the
first booid litivddayed hivigg hotcesst ibmtedadnaet thengisidida08] dhthn via and
embodiment disclosed herein, a barrier structure for an opening formed in
trenchaa dislestieiayekasep fovaetio Thidhsdiriebriyer, yichndalpsempadenoné the via; a
or more barrier layers, is formed such that the ratio of the thickness of the
condupivadlugyiersaforiratbiassend hpprendavatanithinibaypatineenhpripotishp of a
of the trench and the top of the dielectric layer to the thickness of the
first thighnessial e bagiRg IAeBotlens smpiatApRERNEgtelar dvay bsbir 8 hottom of

first barrier layer in contact with the dielectric I_aggr mag be partially or
yBeq
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ti derlying the via. [0009] | th bodi t,t :
motor s B LR L DA Tyl AIDHE A B RO sy

layer %’X%?&é betwaen the bottom of the rengh .and he {op of the dielectric
4 ‘layer 10 e thidRe S8 o e barier Fg)l/ers along thabottom of the via is

greater than about 1.0.
[0008] In an embodiment disclosed herein, a barrier structure for an opening formed in a

dielectric layer is provided. The barrier layer, which may comprise one or more barrier layers,
is formed such that the ratio of the thickness of the barrier layers along a sidewall
approximately midway between the bottom of the trench and the top of the dielectric layer to
the thickness of the barrier layers along the bottom of the trench is greater than about 0.55. A
first barrier layer in contact with the dielectric layer may be partially or completely removed.

Furthermore, a recess may be formed in a conductive layer underlying the via.

[0009] In another embodiment, the ratio of the thickness of the barrier layers along a
sidewall approximately midway between the bottom of the trench and the top of the dielectric

layer to the thickness of the barrier layers along the bottom of the via is greater than about 1.0,



3a [0010] In yet another embodiment, a first method of forming a barrier
structure for an opening is provided. The method may comprise forming a
first conductive region, forming a dielectric over the first conductive
region, forming an opening in the dielectric, the opening having a via and
a trench, the via being in contact with the first conductive region, and
forming one or more barrier layers on a surface of the opening, wherein a
ratio of a first thickness of the barrier layers along a point approximately
[0010] midwest abefweentadiotohtdishaated BrmmpatenTst fadstdenie myamg is
to a second thickness of the barrier layers along a bottom of the via is
providedrEheanathan mapcemisOptong B isrenssstiviasrpetdhmaiags giclectric over the first
conductive layer underlying the via. 3b [0011 ] In yet still another ]
conductisrbsgiiiméntangsscmaninetitcbiestisbatingha erres birirgaradsndmrench, the via
opening is provided. The method may comprise forming a first conductive
being inreqjigat Yoiriha izt dierdetice crpmhandisning an By PEgiemierdreRE g b surtace of
opening in the dielectric, the opening having a via and a trench, the via
the opeiainyhsremrasiontl fire fiskeess alibwerisgisreranaToARMR SREOsImHEhemidway
barrier layers on a surface of the opening, wherein a ratio of the thickness
betweerpt Begcapiite grsisanibihg aradtw diclsppedmisrdsayasnadvbickpesd dis hagier layers
bottom of the trench and the top of the dielectric layer to the thickness of
along a bestasaaidha aipdperentss hanalsstd S Optisaallsrrecrssyrastes s dipsuronductive
0.55. Optionally, a recess may be formed in a conductive layer underlying
layer ungkslyiag f3012] It should he appreciated by those skilled in the art that the
conception and specific embodiment disclosed may be readily utilized as
a basis for modifying or designing other structures or processes for
carrying out the same purposes of the present invention. It should also be
realized by those
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skilled in the art that such equivalent constructions do not depart from the
spirit and scope of the invention as set forth in the appended claims. 4
. BRIEF DESCRIPTION OF THE DRAWINGS [0013] For a more complete
understanding of the present invention, and the advantages thereof, .
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method to Torm abarri€r layer’in a damascene structure inaccordance

with. an embodiment of the present invention. 5 DETAJLED . .
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he f,ubs.tr%tel 100 may include circuitry and other structures. For example,
conduc&hve aa/Br r}%%the Vi ) X

the substrate may have formed thereon transistors, capacitors,

“ resistors, and the like. In an embodiment, the conductive layer 110 is
[0012JmetHistaydd thapiseriatshimchositbkdledin dz e fivgbeooaerptiver ambspedifier.
embodiment disclosed may be readily utilized as a basis for modifying or designing other structures or
processes for carrying out the same purposes of the present invention. It should also be realized by those

skilled in the art that such equivalent constructions do not depart from the spirit and scope of the invention

as set forth in the appended claims.



[0017] The conductive layer 110 may be formed of any conductive
material, but an embodiment of the present invention has been found to
be particularly useful in applications in which the conductive layer 110 is
formed of copper. As discussed above, copper provides good

conductivity with low resistance. The etch buffer layer 112 provides an
etch stop that maybe used to selectively etch the B4D layer 114 in a later.

BRIPFGCESSIRIPIEDN ORI R DI wamiGhe etch buffer layer 112 may be
formed of a dielectric material such as a silicon-containing material,

itrogen-containing material, carbop-containing material, or the like. The
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than about 3.0) dieleciric material, such, as.carbon-doped silicon oxide.
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selected H) form the ¢ nd‘%ctive layer 110, the etch buffer layer 112, and

acco aWBgla%“r“ﬁSAt %%‘gql}fa e selected such that a high-etch selectivity 6
exists between the IMD layer 114 and the etch buffer layer 112 and

[00143etwe Eigtives dichfulifferdteye mdthddiodthe edndictilaydajes dddatoetivistructure in
manner, shapes may be formed in the layers as described below.

accordaumy siith lyn erdodmbodiftkaipiiserBAbelayes. 114 may comprise carbon-
doped silicon oxide formed by deposition techniques such as CVD and the
etch buffer layer 112 may be formed of silicon nitride (Si3N4) in an
embodiment in which a copper damascene structure is being fabricated.
[0019] Referring now to Figure Ib, a trench 120 and vias 122 are formed.
The trench is generally considered to be the groove or line formed in the
IMD. layer 114 in which conductive lines may be formed, and the vias 122
are generally considered to be the portion formed in the



IMD layer 114 that provides connectivity between, for example, the
conductive line formed in the trench 120 and the underlying conductive
layer 110. It should be noted that the trench 120 and vias 122 are
illustrated as a single trench having two vias connected thereto formed by
a dual-damascene process for illustrative purposes only. The trench 120
may be a different size and/or shape, may have more or fewer vias 122
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single-damascene process). [0020] The trench 120 and vias 122 may be
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referred 7 embodiment, the vias 122

t d. |
mveqr%rl];\l}:n %Aﬁét%%l% re{? é/ % n gﬁé’%‘éefﬁé%about 0.14 i ni and the trench

120 has a width less than about 1.3 times the width of the bottom of the
[0016fias 1R2feffi02 b snFégnibotimenubiirark ibbOtepivhided baitd isctmdnetiive layer
of carbon-doped silicon oxide, the etch buffer layer 112 is formed of -
110, silicioh biffictd aged 12 aohau VR leyeeri 120 isithoipadt &f copgheyth rwisubstrate 100
122 may be etched using, for example, a solution of C4, C5F8, or the like,
may inttedeinitheteycint oies|styantdrt® dids aampleftheutictrakthieaftgrhave formed
another process utilizing, for example, a solution of CF4, may be
thereqrerfarsmeokdporgrantter thiestairshaffbthajike.1 12 an embodiment, the conductive layer

110 is metal layer that is in contact with electrical devices or another metal layer.

[0017] The conductive layer 110 may be formed of any conductive material, but an
embodiment of the present invention has been found to be particularly useful in applications in
which the conductive layer 110 is formed of copper. As discussed above, copper provides good
conductivity with low resistance. The etch buffer layer 112 provides an etch stop that may be
used to selectively etch the IMD layer 114 in a later processing step. In an embodiment, the etch
buffer-layer 112 may be formed of a dielectric material such as a silicon-containing material,
nitrogen-containing material, carbon-containing material, or the like. The IMD layer 114 is
preferably formed of an organic low-X (preferably less than about 3.0) dielectric material, such

as carbon-doped silicon oxide. Other materials may be used.

" [0018) It should be noted that the materials selected to form the conductive layer 110, the

etch buffer layer 112, and the IMD layer 114 should be selected such that a high-etch selectivity



within the via 122, thereby exposing the surface of the conductive layer
110. [0022] It should be noted that an optional pre-clean process may be
performed to remove impurities along the sidewalls of the via 122 and to
clean the underlying conductive layer 110. The pre-clean process may be
a reactive or a non-reactive pre-clean process. For example, a reactive

existPheoessmMRYIDI lkle o] pingnda i ecASsuNRING RNy I Qg a b QRN BHaGich buffer layer
plasma, and a non- reactive process may include a plasma process using
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of Figure Ib after a first barrier layer 130 has been formed. The IMD layer

descrited tselreferzbty darghedrisingribi@nndie|esd BADNSEN! HielestdendpMSE carbon-
(low-k dielectric, wherein k is less than about 3.0), which is usually a

dopepeilintd mdteriatmbdepdspsiiyiod thehdiyiodayen dslevmyrnadhceréh buffer layer 112
diffusion path for the conductive material of the conductive layer 110. To

may i dventdsf stivee sialedSiyBignoidhenbodishative tatdl inbipRtmulddene
layer 114, the first barrier layer 130 may be formed along the exposed

structarsfisdeingffibeiddddd. layer 114 within the trench 120 and vias 122. [0024]
In an embodiment, the first barrier layer 130 may comprise a
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the trdndh ?ﬁdaarl%]c? the underlying conductive layer 110. It should be noted that the trench 120
and vias 122 are illustrated as a single trench having two vias connected thereto formed by a

dual-damascene process for illustrative purposes only. The trench 120 may be-a different size

and/or shape, may have more or fewer vias 122 connected thereto, and may be formed by other

processes (e.g., a single-damascene process).

{0020] The trench 120 and vias 122 may be formed by photolithography techniques known
in the art. Generally, photolithography involves depositing a photoresist material and then
irradiating (exposing) and developing it in accordance with a specified pattern to remove a
portion of the photoresist material. The remaining photoresist material protects the underlying
material from subsequent processing steps, such as etching., The etching process may be a wet or
dry, anisotropic or isotropic, etch process, but preferably is an anisotropic dry etch process.

After the etching process, the remaining photoresist material may be removed. In a preferred



than about 15KW (preferably greater than about 25KW) and a pressure
greater than about 2 mTorr. Optionally, a substrate bias power larger than
about 500 W may be used. The first barrier layer 130 is preferably about
50 A to about 250 A in thickness. [0025] Referring now to Figure Id, a
process is performed to partially or completely remove the first barrier
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be removed along the bottom of the vias 122 by a plasma etch-back
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that Figure Id illustrates the substrate 100 with an optional recess formed
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of the first barrier layer 130 elsewhere. 9 [0028] In another embodiment,
[00221he filstsbamtitbdayeed 8yttt pedaisimpereichay be performed to remove

impurities along the sidewalls of the via 122 and to clean the underlying conductive layer 110.
The pre-clean process may be a reactive or a non-reactive pre-clean process. For example, a
reactive process may include a plasma process using a hydrogen-containing plasma, and a non-

reactive process may include a plasma process using an argon-containing plasma:

[0023] Figure Ic illustrates the substrate 100 of Figure 1b after a first barrier layer 130 has
been formed. The IMD layer 114 is preferably formed using a low dielectric constant dielectric
layer (low-k diclectric, wherein k is less than about 3.0), which is usually a porous material. The
porosity of the IMD layer 114 may induce a diffusion path for the conductive material of the
conductive layer 110. To prevent or reduce such diffusion of the conductive material into the
IMD layer 114, the first barrier layer 130 may be formed along the exposed surfaces of the IMD
layer 114 within the trench 120 and vias 122,

[0024] In an embodiment, the first barrier layer 130 may comprise a silicon-containing

layer, carbon-containing layer, nitrogen-containing layer, hydrogen-containing layer, or a metal

or a metal compound containing layer, such as tantalum, tantalum nitride, titanium, titanium



deposition process. Generally, the etch-deposition process may be
performed in the same process chamber as the deposition chamber and
utilizes a lower DC power and a higher substrate bias. This combination
causes the argon plasma to etch the wafer and generate, for example,
tantalum neutrals to deposit onto the wafer during the etch-back process.
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along the bottom of thé trench prevents or réduces impurity inter-diffusion
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rring How to Figure le, a second barrier layer 140 is fofrmed. The
baxﬁe?%ﬁ%?ciﬁf"f{ :ﬁ{eﬂ&){ ‘EQ_LRrﬁf%&%'){b%%ﬁé%%ﬂﬁmws?!ve material,
such as a sificon-containing layer, carbon- containing layer,
nitrogen-containing layer, hydrogen-containing layer, or a metal or a metal
(0025 ompBefrararami gy arpmsesianaformediomatinlieoricampletely remove
titanium nitride, titanium zirconium, titanium zirconium nitride, tungsten,
the firgh hgeianlaneids Ocdeas thadiestomahisivias paRadibeditshbpgierlayer 130 may be
combinations thereof, but more preferably, tantalum nitride. The second
removisdrlepgatiebrdonsol i viasly 46 i adpiipagetidebackuuassspinrecaegoplasma,
deposition
such as argon.

[0026] It should be noted that Figure 1d illustrates the substrate 100 with an optional recess
formed in the conductive layer 110. In an embodiment, the depth of the recess portion may be
about 50 A to about 500 A. The recess may be formed during the etch-back process or by a

separate etching process, such as an ion sputter etch process.

[0027] Furthermore, it should be noted that a portion of the first barxier layer 130 may be
removed along other surfaces, such as the field surfaces (é. g.,along the top surface of the IMD
layer 114), the bottom of the trench 120, and along the sidewalls of the trench 120 and vias 122,
during the etch-back process. Because the thickness of the first barrier layer 130 along the
bottom of the via 122 is typically about 30% to about 60% of the thickness of the first barrier
layer 130 on the field surfaces, the etch-back process may completely remove the first barrier

layer 130 along the bottom of the vias 122 while leaving a portion of the first barrier layer 130

elsewhere.



(PVD) or other suitable methods. In a preferred embodiment, the second
barrier layer 140 10 comprises tantalum (or a metallic material having
good adhesion properties with the conductive material (e.g., copper) used
to fill the opening in subsequent steps) formed by a PVD process to a
thickness of about 20 A to about 200 A. [0031] An optional etch back
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Second barriar layéer om0 ?ﬁe V|as (or

thickness of the first barrier layer 140 in the embodiment in which the first

8arrler layer 130 is removed along the bottom of the vial 122) is greater

than about 1.0. Referring to Figure le, the ratio of TIVb is preferably
{0029 re atévddianraboy it Sitould bo wotdiobirnenthi cmiprdimai i lepscfiaamd that at least a
portion of the first barrier layer 130 remain along the bottom of the trench 120, even in the
situation in which the first barrier layer 130 is completely removed along the bottom of the via
122. Leaving atleast a portion of the first barrier layer 130 along the bottom of the trench
prevents or reduces impurity inter-diffusion from the dielectric, e.g., the IMD layer 114, to the

conductive layer.

{0030] Referring now to Figure le, a second barrier layer 140 is formed. “The second barrier
layer 140 preferably comprises a conductive material, such as a silicon-containing layer, carbon-
containing layer, nitrogen-containing layer, hydrogen-containing layer, or a metal or a metal
compound containing layer, such as tantalum, tantalum nitride, titanium, titanium nitride,
titaninm zirconium, titanium zirconium nitride, tungsten, tangsten nitride, cobalt, nickel,
ruthenjum, palladium, alloys, or combinations thereof, but more preferably, tantalum nitride.
The second barrier layer 140 is preferably formed by a process such as physical vapor deposition

(PVD) or other suitable methods. In a preferred embodiment, the second barrier layer 140
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about 110 A and Vb is preferably less than about 90 A. [0033]
Furthermore, it is also preferred that the ratio of to the combined thickness
of the first barrier layer 130 and the second barrier layer 140 at a point
along the sidewall of the opening approximately midway between the
bottom of the. trench 120 and the top of the IMD 11 layer 114 to the

comhine thi kness he first rier la e sec nd barrie
o R AL R L A TRET O/ U concuctve
n reI toof TJ/Tbs efe er n t
matef 500 gﬁiﬁ* .m%é?ﬁﬁ% 0l TR IR SRR 35 A0 rocss o
ttncluﬁdeg%faa%é/ Aha abiogg%gjgg A. [0034] Figure If illustrates the substrate

after th rench and vial 122 are filled with a conductive plug 150
and the surface is planarized. In an embodiment, the conductive plug 150
[0031domprseeniicudpish rhﬁtbrﬁ@%ﬁﬁ@é)ﬁ}ed@pfﬁma@ta elspiuck pedtifensef the second
and forming a copper layer via an electro-plating process. The wafer may
barriepdapraridf zad/oyiofitstbapier, laxsidaficalbmerienaetich dliskimgydnpirticularly
process. [0035] Thereafter, standard processes may be used to complete
usefufapsiaaidrnaiiviadk dgindestatle seredoon tirrontaticsis|andsiipuhthedivttom of
the present invention and its advantages have been described in detall, it
the vighd2ld bethisséirstisod anatdapmessargetchidoptisitionprages sitapabio performed to
can be made herein without departing from the spirit and scope of the
complefgdntopagiésatiy ftebdimy fitsé baspentiaard dthandchsseepnthbasdopla st théd along
present application is not intended to be limited to the particular
the bastemodithentasdhe process, machine, manufacture, composition of
matter, means, methods and

[0032] It has been found that to achieve better step coverage on the sidewall and to achieve
good resistivity properties along the bottom of the via 122, the combined thickness of the first
barrier layer 130 and the second barrier layer 140 should be controlled. For example, it is
preferred that the ratio of the combined thickness of the first barrier layer 130 and the second
barrier layer 140 at a point along the sidewall of the opening approximately midway between the
bottom of the trench 120 and thc top of the IMD layer 114 to the combined thickness of the first
barrier layer 130 and the second barrier layer 140 along the bottom of the vias 122 (or the
thickness of the first barrier layer 140 in the embodiment in which the first barrier layer 130 is
removed along the bottom of the vias 122) is greater than about 1.0. Referring to Figure le, the
ratio of To/Vy is preferably greater than about 1.0. In an embodiment, T; is preferably less than

about 110 A and V, is preferably less than about 90 A.

[0033] Furthermore, it is also preferred that the ratio of to the combined thickness of the
first barrier layer 130 and the second barrier layer 140 at a point along the sidewall of the

opening approximately midway between the bottom of the trench 120 and the top of the IMD

11



steps described in the specification. As one of ordinary skill in the art will
readily appreciate from the disclosure of the present invention,
processes, machines, manufacture, compositions of matter, means,
methods, or steps, presently existing or later to be developed, that
perform substantially the same function or achieve substantially the same

layer 103U 8% RREAHEATARRAING (S MBGHINERIRHoa=INSD BEdqHR Ra¥ddbarrier layer 140

utilized according to the present invention. Accordingly, the appended

along QDS B S EEIRH IR N SHSR MHABBSIT0SS SPR SHEHHY RCBRRRS e, the ratio of

machlnes manufacture, compositions of matter, means, methods, or

TJT, HGRsredbNVElodtetSHak AMED 35! nAuseriensidator, deyiee AARNESAgn about

a conductlve layer; a dielectric layer over the conductive layer; an opening

110 Afosreed i gg@fglﬁjg%gg [ayeLBbe: Qperfing comprising a via and a trench,
at least a portion of the via being over the conductive layer, the conductive

layer having a recess under the via; rality of barrle layers for
(00344 (AP RAHORRUES B B0 Aeh S BFERIL a0 Fg R T e illed with

over the barrier layers within the opening wherein a ratio firs
a condHitisautol the W@f%@@%%ﬁ&%&d%b? h%&g}ducme plog 150

between a bottom of the trench and a top of the dlelectrlc lay

t
compRgHSTHEPRRtkRELL i farm byl R MO s TP R SETH %Ffr?@?e/rﬁ%%?e%@ijpﬁf

than about 1.0, wherein the
layer via an electro-plating process. The wafer may be planarized by, for example, a chemical-

mechanical polishing (CMP) process.

[0035] Thereafter, standard processes may be used to complete fabrication and packaging of

the semiconductor device.

[0036] Although the present invention and its advantages have been described in detail, it
should be understood that various changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as defined by the appended claims.
Moreover, the scope of the present application is not intended to be limited to the particular
embodiments of the process, machine, manufacture, composition of matter, means, methods and
steps described in the specification. As one of ordinary skill in the art will readily appreciate
from the disclosure of the present invention, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to be developed, that perform
substantially the same function or achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to the present invention. Accordingly,
the appended claims are intended to include within their scope such processes, machines,

manufacture, compositions of matter, means, methods, or steps.
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plurality of barrier layers includes at least a first barrier layer and a second
barrier layer, the first barrier layer formed on the dielectric layer and the.
second barrier layer formed on the first barrier layer along sidewalls of the
opening and the bottom of the trench, at least the second barrier layer

Wobaitidhéd - AbHEhEbottom of the via. 2. The semiconductor device of
claim 1, wherein the barrier layers comprise a silicon-containing layer, a
carbon-containing layer, a nitrogen-containing layer; a

L hydroyspussangviiy feydec 4ameias®ea metal compound containing layer,
tantalum, tantalum nitride, titanium, titanium nitride, titanium zirconium,
titaniypAicepiim,itride, cobalt, nickel, ruthenium, palladium, tungsten,
tungsten nitride, or'combinations thereof. 13 3. The semiconductor device
of claim 1, wherein a width of the via is less than about 0.14 m. 4. The
semiéafiglestor dexaeeor thginondugksediyarwidth of the trench is less
than about 1.3 times a width of the via. 5. The semiconductor device of

claim,l, Qﬁirx?érﬁﬂﬁef& ) ‘éHéCH{é?&%ﬁ% k@?&ghﬁ@ 0@@8%% ]c%%rﬁin-gqe?via and a

semiconductor device of claim 1, wherein the secondthickness is less
UreRahy AbtasIDPOTOTRE 1be Y SRtAICRYEBACORsIUgENN 12y HERepenEBCtin

1aperiarifye ol dhe.Rlkrality pf barrier layers is formed by physical vapor

deposition techniques, the first

a plurality of barrier layers formed over the dielectric layer in the opening;

and

a conductive plug formed over the barrier layers within the opening wherein a
ratio of a first thickness of the barrier layers along a point approximately midway
between a bottom of the trench and a top of the dielectric layer to a second thickness
of the barrier layers along a bottom of the via is greater than about 1.0, wherein the
plurality of barrier layers includes at least a first barrier layer and a second barrier
layer, the first barrier layer formed on the dielectric layer and the second barrier layer
formed on the first barrier layer along sidewalls of the opening and the bottom of the

trench, at least the second barrier layer positioned along the bottom of the via.

2. The semiconductor device of claim 1, wherein the barrier layers comprise a
silicon-containing layer, a carbon-containing layer, a nitrogen-containing layer; a
hydrogen-containing layer, a metal or a metal compound céntaining layer, tantalum,
tantalum nitride, titanium, titanivm nitride, titanium zircondum, titanivm zirconium
nitride, cobalt, mickel, ruthenium, palladiwm, tungsten, tungsten nitride, or

combinations thereof.
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barrier layer being in contact with the dielectric layer. 14 8. A
semiconductor device comprising: a conductive layer; a dielectric layer
over the conductive layer; an opening formed in the dielectric layer, the
opening comprising a via and a trench, at least a portion of the via being
3. over 1€ s RiGYigseo sHacvhRiptr haiRb ef theads igdersithae
ab¥id @Rlyality of barrier layers formed over the dielectric layer in the
opening; and a conductive plug formed over the barrier layers within the
opening, wherein a ratio of a first thickness of the barrier layers along a

4. PointARPIGKIRRIGI EHAWAY. Betvesm a bRt of thedrenah 2adA 1oR-of

the dielectric layer to a second thickness of the barrier layers along the
thayplorrtdr Hemesicidlyrd dbsridan about 0.55, wherein the plurality of
barrier layers includes at least a first barrier layer formed along sidewalls
of the opening and the bottom of the trench and a second barrier layer
5. formddopricandbpiar v ISy of shirp -2 betimts that dhicknesnis less than
absgmi¢pRductor device of claim 8, wherein the barrier layers comprise a
silicon-containing layer, a carbon-containing layer, a nitrogen-containing
layer, a hydrogen-containing layer, a metal or a metal compound

6. CoNtaing. |ayes, JaNa WM, JABFIUM, Nie dAmUm SN AN ess

titanium zirg:onium, titanium zirconium
than about 90£4.

7. The semiconductor device of claim 1, wherein the first barrier layer of the
plurality of barrier layers is formed by physical vapor deposition techniques, the first

barrier layer being in contact with the dielectric layer.
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nitride, cobalt, nickel, ruthenium, palladium, tungsten, tungsten nitride, or
combinations thereof. 10. The semiconductor device of claim 8, wherein a
width of the via is less tan about 0.14 m. 15 11. The semiconductor
device of claim 8, wherein a width of the trench is less than about 1.3

8. time eSHHHENIHETAEVIES SPRWEERFconductor device of claim 8, wherein
the first thickness is less than about 110 A. 13. The semiconductor device
of clajm,gaudpcreinythe second thickness is less than about 1.00 A. 14.

' The semiconductor device of claim 8, wherein the first barrier layer of the
plurality of barrier layers is formed by physical vapor deposition
techﬁéﬁ@c‘%‘é layst parribe RgRhsENfg 3 ®ontact with the dielectric layer.
16 15. A semiconductor device comprising: a dielectric layer; an opening

formed ipdhimdiRlesiiciAteraie-aRCRING: GOMBHRIRA. 2R ACH R URNGRI o

a first barrler layer formed along a bottom of the trench and along
tregiefooblrpgia prrien ahdheraticheing over the conductive layer, the conductive

layer having a recess under the via;

a plurality of barrier layers formed over the dielectric layer in the opening;

and

a conductive plug formed over the barrier layers within the opening, wherein a
ratio of a first thickness of the barrier layers along a point approximately midway
between a bottom of the trench and a top of the dielectric layer to a second thickness
of the barrier layers along the bottom of the trench is greater than about 0.55, wherein
the plurality of barrier layers includes at least a first barrier layer formed along
stdewalls of the opening and the bottom of the trench and a second barrier layer

formed on the first barrier layer and on a bottom of the via.

9. The semiconductor device of claim 8, wherein the barrier layers comprise a
silicon-containing layer, a carbon-containing layer, a nitrogen-containing layer, a
hydrogen-containing layer, a metal or a metal compound containing layer, tantalum,
fantalum nitride, titanium, titanium nitride, titanium zirconium, titanium zirconium
nitride, cobalt, mckel, ruthenium, palladium, tungsten, tungsten nitride, or

combinations thereof.

10. The semiconductor device of claim 8, wherein a width of the via is less tan

about 0,14 pm.
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a second barrier layer formed over the first barrier layer and along a
bottom of the via; a conductive plug formed over the second barrier layer
within the opening, wherein a ratio of a first thickness of the barrier layers
alongra point approximately midway between the bottom of the trench

Hand dtspanipndiasereviag et Wans Scomerehicrrisiskhoples trmidrifalpsrs

halong the bettam of theirengh ig.greater than about 0.55, and a
conductive layer under the dielectric layer, the conductive layer having a
recess formed under the via. 16. The semiconductor device of claim 15,

12vherein:aicthalths: vid i desethans apALh i d Hrdi ihitRGess is less than
semiconductor device of claim 15, wherein a width of the trench is less

ahpiinl 5ot 13 times a width of the via. 17 Barrier Structure For
Semiconductor Devices ABSTRACT An opening in a dielectric layer
having a unique barrier layer structure is provided. In an embodiment, the

1 3penitiy igcariviandneter ¢evien of klaivafierhayen vhresmdyhidmeside lese

Q% MQeRarrier layers, is formed such that the ratio of the thickness of the
barrier layers along a sidewall approximately midway between the bottom
of the trench and the top of the dielectric

14. The semiconductor device of claim 8, wherein the first barrier layer of the
plurality of barrier layers is formed by physical vapor deposition techniques, the first

barrier layer being in contact with the dielectric layer.
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layer to the thickness of the barrier layers along the bottom of the trench is
greater than about 0.55. In another embodiment, the ratio of the thickness
of the barrier layers along a sidewall approximately midway between the
bottom of the trench and the top of the dielectric layer to the thickness of

13he bArFREpIERISCHIBHG HiTE BIRBFFBEthe via is greater than about 1.0. An
underlying conductive layer may be recessed. (FIG. 1a)

a dielectric layer;,

an opening formed in the dielectric layer, the opening comprising a via and a

trench;

a first barrier layer formed along a bottom of the trench and along sidewalls of

the via and trench:

a second barrier layer formed over the first barrier layer and along a bottom of

the via;

a conductive plug formed over the second barrier layer within the opening,
wherein a ratio of a first thickness of the barrier layers along a point approximately
midway between the bottom of the trench and a top of the dielectric layer to a second
thickness of the barrier layers along the bottom of the trench is greater than about
0.55, and a conductive layer under the dielectric layer, the conductive layer having a

recess formed under the via.

16, The semiconductor device of claim 15, wherein a width of the via is less than

about 0.14 um.

17. The semiconductor device of claim 15, wherein a width of the trench is less

than about 1.3 times a width of the via.
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