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

S““{@ﬁ?éﬁ!ﬁ%‘ﬁ&ﬁé‘rS&“ﬁ‘%’@épéﬂéﬂ@&%ﬁ@@h@ther 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

BAGRGHOUNIide is used as a barrier layer for a copper via/contact
structure. Other barrier layers could include titanium, titanium nitride,

O RS e ontc
struc ieé%?%ﬂ%ﬂ%g%nsistom, capacitors, resistors, and the like, formed on a substrate. One or
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 inferconnect 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



which may comprise a single layer or multiple layers 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
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formed. [0005) A barrier layer eposited along the sk
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process suc chemical vapor deposition (CVD),” which results'Iin
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via Is thicker than the barrier layer on the sidewalls, where the barri

of thdaveleisieRdat BaGakst thenbrItietlay&d 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.
[000F ariatibrPiridays T HapReRAS dlonss thessitlstlly andhgHerriticeyia or contact hole.
resistance, but also in more variation from wafer to wafer and lot to lot in
The biygieoisusedsSanitaliv depenitsdibie arecthssudi i heanissl itgpan dspesition (CVD),
. [0006] Therefore, there is a need for a barrier layer that prevents or )
which e S BT MG D CHBIST B AN BRS e AaeroBEigE SR omgptiom of the via
resistance between the via and the underlying conductive material. 2

is thicken\ihan the bayrier Jayanpre Residayalls, where the barrier layer is needed. Because the

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,



[0007] These and other problems are generally solved or circumvented,
and technical advantages are generally achieved, by preferred
embodiments disclosed herein which provides a diffusion barrier layer in
\ ‘ ' 7a] In a first aspect, there is provided a
SUNﬂ%éﬁi[?ﬁgmMrising: a conductive layer; a dielectric layer
over the conductive layer; an opening formed in the dielectric layer, the
[0007]op€eTiag admhrisprgbiemgaangtactiinsbived teastcanpartieh aftkehrimdbedvgntages
over the conductive layer, the conductive layer having a recess under the
are genviallp qohieatidy nf rafeierd aydbrslifoenie dislecdHertielebiticptayideda difision barrier
opening; and a conductive plug formed over the barrier layers within the
layer ippmirgoarisareinizg. ratio of a first thickness of the barrier layers along a
point approximately midway between a bottom of the trench and a top of
he g-]il?f!e tric layer to a.second thickness pf the barrier layers alon . .
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a semiconductor device comprising: a conductive layer; a dielectric layer

layer itPHEOHARRONAH G daYRTe ﬁﬁgﬁﬂﬂ%@f'@ﬁ%ﬁ&@ ealRlQats BYSheti® wherein a

opening comprising a via and a trench, at least a portion of the via being

ratio o QY Bt RgKARdUEINEHaYRF 14 s srAd uf&m ; AMNY AIRGRSSHERE hiftiom of
over the

via; a plurality of barrier layers forme dielectric layer in the

the treRBORINGiopRG BCcapRueiiveyBlug fesmedhivRndhs b iRitay Brgwithin hBottom of
opening, wherein a ratio of a first thickness of the barrier layers along a

the viapOgitaaphexihadelyomitiarain betpleatitadiodaier dfyers 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



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 3 layer
formed along sidewalls of the opening and the bottom of the trench and a
econd barrier, layer formed on the first,barrier layer.and on,a bottom. of .
e B S S g YT RO D B porie
layer (SR SING: HAUBIGCHIE |JUPEyAN RRYINGOMRE e 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
[0007Seconckhhrfiersieyer ttasimn achavad tde: fieshidardeciay eedoe @lopg drigotaielectric
of the via; a conductive plug formed over the second barrier layer within
layer; theoppeininéhrwhdneitha didlocofaldyrst thickpessptthepbanies Myersialorgch; a
a point approximately midway between the bottom of the trench and a top
first bofitrd gieldotrivdaalentmdsteond thickneds afthébamideiayisrsidlengahed
bottom of the trench is greater than about 0.55, and a conductive layer
trenchypdesand isiecidveldgenctheveo tiaubtividayier laeirand sbuwss Yotemdf the via; a
under the via. [0008] In an embodiment disclosed herein, a barrier
condugtivefire formedopenithg serarstbiraerdryiecivihydeisnssvriatherpid a ratio of a
barrier layer, which may comprise one or more barrier layers, is formed
first thighuress of the Patlirb lara LioRESROR T ARPEaFBR IEly dridtsH b & WRsaig bottom of

approximately midw_a¥ between the bottom of the treé%%h and the top of the
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layer, the conductive layer having a recess formed under the via.

[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,



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
[0010] corduyetvwtisyianbddimsinigaditiarahod obormtairSardertuetive fRsgioppening is
forming an opening in the dielectric, the opening having a viaand a
provideghdistmerod abemmpiiscomabe wiikstenfvstivo reinstiveripgordighseiric over the first
forming one or more barrier layers on a surface of the opening, whereina
conductisticegba firsnitdciamsyiog théhb dicleettiy Sre erionBed ponstadpprastinistshy the via
midway between a bottom of the trench and the top of the dielectric layer
being inteoatagcdtidhn fikheodustivsaasirmanibipsrina RsParBUa AT ST ineriang surface of
greater than about 1.0. Optionally, a recess may be formed ina )
the opeoadubtive dayiér dimiirginrssnhthe oo by sassapencirpximately midway
embodiment a second method of forming a barrier structure for an _
betweerppbeitng dEthrovishand e iwicohty drlscesimece rorving thigliaiss ohts bayisr layers
region, forming a dielectric over the first conductive region, forming an )
along a bpiéaiingf thetie Wigtesierithamabopelin piiouly s vracsnanay beflemedhid gigpnductive
being in contact with the first conductive region, and forming one or more
layer unslgrhigrd dygevison a surface of the opening, wherein a 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
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along the bottom of the trench. is greater than about 0.55. Optionally, a
recess may be formed in a conductive layer underlying the via. [0012] It
should he appreciated by those skilled in the art that the conception and

sp |f|c bo men cIo dma be ily.utilized as a basis for
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herein are merely illustrative of specific ways to make and use the
[0012] It should be 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
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.



invention, and do not limit the scope of the invention. [0016] Referring now
to Figure la, a substrate 100 is provided having a conductive layer 110,
an etch buffer layer 112, and an IMD layer 114. Although it is not shown;
the substrate 100 may include circuitry and other structures. For example,
the substrate 100 may have formed thereon transistors, capacitors,
resistors, and the like. In an embodiment, the conductive layer 110 is

BRIFNFESOEIPTREINSORF qorssorwith glestrical devices or another metal layer.
[0017] The conductive layer 110 may be formed of any conductive

b b h has b
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d of capper. As sed.above,,copper provides good
ﬂl@f@@% RS R et ?@W@%&ﬁﬁ%ﬁﬁa P ToSRYRGHg it the
hat.maybe Hs d to selectively etch the B4D layer 114 in a later.

accom an s%g N A R %bodiment, the etch buffer layer 112 may be

formed of a dielectric material such as a silicon-containing material,
[0014¥itrogdngnorstdimitfglinsitetiad, roetivshte borainibarrizaieyiet ion deriseentisructure in

IMD layer 114 is preferably formed of an organic low-K (preferably less
acconfrccahtad Gpbidientricahtie padsauchvarioarbon-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 6

exists between the IMD layer 114 and the etch buffer layer 112 and

between the etch buffer layer 112 and the conductive layer 110. In this

manner, shapes may be formed in the layers as

[001



described below. Accordingly, in an embodiment, the BAD layer 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

DEToliED DESCRIPTION/OF RyarsSHRATMEENMBODRREENTIges may be
formed, and the vias 122 are generally considered to be the portion
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formed by photplitho t ues known in the art. Generally,

mve"&%t ?f)g ho gﬁ/g%(%% q@ gnfjlﬁ&oresst material and then
irradiating (exposmg) and developlng it in accordance with a specified
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photoresist material protects the underlying material from subsequent

110, pretdsbuifsteys, BLmad atEbdafdre #chiighpogbdas ssmat/shevenythe substrate 100
dry, anisotropic or isotropic, etch process, but preferably is an anisotropic

may optctiporocgsmdidtbedsevetehinghorocesspldale substiag (100 towgsiaive formed
material may be removed. In a preferred

thereon transistors, capacitors, resistors, and the like. In 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



7 embodiment, the vias 122 have a width along the bottom of less than
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 vias 122. [0021] In an embodiment in which
the IMD layer 114 is formed of carbon-doped silicon oxide, the etch buffer
layer 112 is formed of silicon nitride, and the conductive layer 110 is

existi@Enect otIRODAEN 148 ViRl bad MerbIeIRIBBETA wsI N ldbaiRie tik etch buffer layer

solution of C4, C5F8, or the like, wherein the etch buffer layer 112 acts as

112 M eicbdadtiesivd hekaalier, Bnoikenfreaestapilinngbddoexampltedayers as
solution of CF4, may be performed to remove the etch buffer layer 112

descrivigdibelber.viactaditpeyehyaxpaboacibe, st aceabike CENEHOREIRYRS carbon-
110. [0022] It should be noted that an optional pre-clean process may be

dopepsifioometide femey &y dypusittsmatengijoessidsivalSbthel e L&h 8GdPlayer 112
clean the underlying conductive layer 110. The pre-clean process may be

may terfoackdeDiiHooamiteidet(B:; N4 folanephodRasn i aresam iR pper dagtiveene
process may include a plasma process using a hydrogen-containing

structpladstaimhfiirioaedreactive process may include a plasma process using
an argon-containing plasma; [0023] Figure 1 c illustrates the substrate 100
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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 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



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 8 nitride, titanium zirconium, titanium

embodlieeMUi: VMisiE2 I bags e tidun RSN hH HaR R GHRYS 10in GBSPMM QRS and the
thereof. The first barrier layer 130 may be formed by a process such as
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embodiment, the first barrier layer 130 comprises tantalum nitride formed
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process or by a separate etching process such as an ion sputter etch
[0022procekshould 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 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



[0027] Furthermore, it should be noted that a portion of the first barrier
layer 130 may be removed along other surfaces, such as the field
surfaces (e.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
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t tching and deposition 1s a highér etch rate along the via 122 bottom
barricP4 1SURSLFHIBIP RlS6NS0A, LRBLRINE A fiRidattier laver 130 may
e femoved along the bottom of the vias 122 while leaving a portion of
the first barrier layer 130 along the other surfaces. [0029] Additionally, it
(0025 houlBeferringerthin Fignie Enpoameshisier franes &l naviativiensempletely remove

portion of the first barrier layer 130 remain along the bottom of the trench
the firgtlppragelayanhdl along the bottom of the vias 122. The first barrier layer 130 may be

removed along the bottom of the vias 122 by a plasma etch-back process using inert gas plasma,

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.



situation in which the first barrier layer 130 is completely removed along
the bottom of the via 122. Leaving at least 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 Iayer [0030] Referring now to Figure le, a second barrier layer
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hayin d dqes erties wit uc e mat rial.
the net & ecq 8{’81 at e op 511100 1s ar %dh )a%glrll%e gel%‘\mttom anda

Copper) use ning in b quen steps

lower%%oﬁ % 8y fugkness of b ormeq)t?%gt% ot 621_01(35 4g§§31%$#1 g %E(Ie%%ng the

process may be per

bar r Ia en 0] d or the first barrie O The, opti tch
bomm 0 evﬁésrtléglar%/ LSBTGS ?tﬁqé?onéglﬁx‘%fr{lch HisheE f’r%?ﬁ uce(l)(ther
surfac he content resistance along the bottom of the vias 122. In this S|tuat|on

&h etch process or an etch/deposition process may be performed to

[0029] Additionally, it should be noted that in this embodiment it is preferred that at least a
portion of the first barrier layer 130 remain along the bottom of the trench 120, even in the
sitnation in which the first bam'er 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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completely or partially etch the first barrier layer 130 and/or the second
barrier layer 140 along the bottom of the vias 122. [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

comp%ﬂgy Qn?%fﬁ%@érroa”r%%taiﬁé ﬁ?ﬁaﬁ&%s %E:%f ér %srt]%?%tégc? é%&igs %'m?he conductive

combine ness o arrier fayer econd barrier
40 at int al idewall of th ' [ I
mate S o D SRR BT prosess .
ttﬁckﬂ%é(se{)flg A{) &%51%?8%%?6 @Egkness of the first barrier layer 130 and the
a

second barrier layer ong the bottom of the vias 122 (or the
thickness of the first barrier layer 140 in the embodiment in which the first
[003arrieMmpetiasd dhrbaskrracsesgan bepsrbermsidt el Dk peripaarf the second
than about 1.0. Referring to Figure le, the ratio of TIVb is preferably
barriegdezee flandibotie fiost asnee lapodldenT e detisnsesiobipack siabe plutigularly
110 A and Vb is preferably less than about 90 A. [0033] Furthermore, it is
usefubisgipretiensid whichHeirdisiothls feaxebihe dafiokresstanehaldhg the bottom of
barrier layer 130 and the second barrier layer 140 at a point along the
the vigsdbidallothts situpisminp atgroxireeely anidichidtrawidennrsdss oy bf pesformed to
trench 120 and the top of the IMD 11 layer 114 to the combined thickness
complsteheot parbalipietol ey 50 bardents guccibabdferdhiasfeoid daufonkpyhe 146 along
bottom of the trench is greater than about 0.55. Referring to Figure le, the
the botseio of URIVS iIK2Breferably greater than about 0.55. In an embodiment T,
is preferably less than about

[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
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110 A, and Tb is preferably less than about 100 A. [0034] Figure If
illustrates the substrate 100 after the trench 120 and vial 122 are filled
with a conductive plug 150 and the surface is planarized. In an
embodiment, the conductive plug 150 comprises a copper material
formed by depositing a copper seed layer and forming a copper layer via

layer 3IS BIEQRIAINSINROERS s DRenw oSl FAREPepRNBUZRA b JOEANARBIE, layer 140

a chemical- mechanical polishing (CMP) process. [0035] Thereatter,

along HRNAAEhPEP SRS RR AR AY R 143 2RAIP68MDISSS. TRRAGANONARERRQ D Gatio of

of the semiconductor device. [0036] Although the present invention and

TJT, s RENMBROSS Mava Repbaasssbad Jn sakbddaihahond be.rpssistogdiaibout

various changes, substitutions and alterations can be made herein

110 AViReY g%@fmiy%mw&ﬁqg(ﬁﬁppe of the invention as defined by
the appended claims. Moreover, the scope of the present application is

not intended tao be limited to the particular embodiments of the process, .
(00345 GOT RIS oSG G0 A TSP Rl 0 & led with
described in the sgﬁecificationg As one of ordinarg}@skill in the gért wiIIJeadin

a condyctine Pig IPBRPhEGIRITASE 8 RIRIRETSh sEhARTBRACI B Eis GRaductive plug 130

machines, manufacture, compositions of matter, means, methods, or
compigsha GHRISE MRS ot P ErRS BUAGA RIBBEL SR EF R ormIng 2 copper
substantially the same function or achieve substantially the same r%sult S

Tayer YpaBcries ORI RRRSSHint BRtE HES BRI IRRRATHIA P e At fisapplc, 2 chemical-
according to the present invention. Accordingly, the appended claims are
mechapieal MO8 LLHE WHIREShreir scope such processes, machines,
manufacture, compositions of matter, means, methods, or steps.
[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.

12



12 WHAT IS CLAIMED IS: I. 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 over the conductive layer, the conductive

Wikl hadifdg EMEERES 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

Lthickrbseraircans e de Yagere g2 point approximately midway
between a bottom of the trench and a top of the dielectric layer to a
secondhigknass Qtthe barrier layers along a bottom of the via is greater
than about 1.0, whérein the plurality of barrier layers includes at least a
first barrier layer and a second barrier layer, the first barrier layer formed
on thé dielkadtHc!iaye o aeid theguskistiy BT layer formed on the first

barrier layer along sidewalls of the opening and the bottom of the trench,

at leagf Hb%rﬁﬁg%ﬂﬁﬁrfh%@é@i&%g'%@{j e hn PENARHOIHDG Vidadd a

The semiconduictor device of claim 1, wherein the bartier layers comprise

trepdjligbleaso atanmiing lel/de s hetemavshithn frigdpsn edatitfo Jencendestiing
1\ 8fa@ng 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 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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hydrogen-containing layer, a metal or a metal compound containing layer,
tantalum, tantalum nitride, titanium, titanium nitride, titanium zirconium,
titanium zirconium nitride, cobalt, nickel, ruthenium, palladium, tungsten,
tungsten nitride, or combinations thereof. 13 3. The semiconductor device
3. of claife Bewisersncieniatrcsrahelaine 5 whsian wisbhedtha vir is lgxghan
abeghyaengyctor device of claim 1, wherein a width of the trench is less
than about 1.3 times a width of the via. 5. The semiconductor device of
claim 1, wherein the first thickness is less than about 110A. 6. The
4. semigaadupten.devics: abclain dopthereinibeseqonddinkne st IR 18 ess
than about 90A. 7. The semiconductor device of claim 1, wherein the first
thynphertdyd tistane Vilthamityhst Barrier layers is formed by physical vapor
deposition techniques, the first barrier layer being in contact with the

dielectric.layer. 14 8. A semiconductor device comprising: a conductive
3 layer! Bedieteicordngier dreind eoiBUetvacksjethe first thickness is less than

about 110A.

6. The semiconductor device of claim 1, wherein the second thickness is less
than about 90Z4.
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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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
8. plug foFfTBYGVEICTRE dsaife FPR)RASAthin the opening, wherein a ratio of
a first thickness of the barrier layers along a point approximately midway
betwgeprRfiemupdthe 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
leastadfplachigrarngeerdierendishye idetwalls of the opening and the
bottom of the trench and a second barrier layer formed on the first barrier

layer.ang,on.a& MeHAL af he N drd NG SCTNCOREMHRLARKISE Y £ o
wherein the barrier layers comprise a Silicon-containing layer, a

treistb ghlesitpirgragétha iy ea containivipéi cayer, the conductive

lafHHPERR-CANANINGIRYRE @ metal or a metal compound containing layer,
tantalum, tantalum. nitride, titanium, titanium nitride, titanium zirconium,

titanium zirconium nitride, cobalt, nickel, ruthenium, palladium, tungsten,
tungstan HrHbeo ohassTdEio HEMrdraver fioe diskeeainiaspioinclar drsrtwof

andaim 8, wherein a width of the via is less tan about 0.14 m.

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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15 11. The semiconductor device of claim 8, wherein a width of the trench
is less than about 1.3 times a width of the via. 12. The semiconductor
device of claim 8, wherein the first thickness is less than about 110 A. 13.
The semiconductor device of claim 8, wherein the second thickness is

Hiess thanemisapdugtpdericerpieckiimidonbeiior aevidd of dhifeastwhérein
hihefisst barngrdaves afithse pluality of barrier layers is formed by physical

vapor deposition techniques, the first barrier layer being in contact with
the dielectric layer. 16 15. A semiconductor device comprising: a
1. dieleqiic dayeo @t OReANGAoNMadiin $ HislEr1ie IaxetnDE.0REBINGS than
comprising a via and a trench; a first barrier layer formed along a bottom
ahﬁ’ﬁh@@re’hch 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,
13. The semiconductor device of claim 8, wherein the second thickness is less

than about 100 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 techniques, the first

barrier layer being in contact with the dielectric layer.
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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
IundeftpridsordieoTdmicenoBahtsiigive layer having a recess formed
under the via. 16. The semiconductor device of claim 15, wherein a width
of the, Widi24gs3hgn about 0.14 m. 17. The semiconductor device of
claim 15, wherein a width of the trench is less than about 13 times a width
of the via. 17 Barrier Structure For Semiconductor Devices ABSTRACT
An ogBsipRpinsferaled aicheyEelsaliadesainibeensaing clayerisngetyie 4sd a
rg@yided. In an embodiment, the opening is a via and a trench. 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
appréxinsatenristitavay benedatrnadsttion of the werdrend dline Biesfikeol
thdiglecHiC{Aygr 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
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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approximately midway between the bottom of the trench and the top of the
dielectric layer to the thickness of the barrier layers alonlg the bottom of
the via is greater than about 1.0. An underlying conductive layer may be

recessed. (FIG. 1a)

Barrier Structure For Semiconductor Devices

ABSTRACT

An opem’né in a dielectric layer having a unique barrier layer structure is provided. In an
embodiment, the opening is a via and a trench. 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. 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

~ i

thickness of the barrier layers along the bottom of the via is greater than about 1.0. An

~underlying conductive layer may be recessed.

(FIG. la)
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