Barrier Structure For Sem conductor Devices TECHN CAL
FI ELD [ 0001] The present invention relates generally
to sem conductors and, nore particularly, to a

sem conductor structure with a barrier layer in a
damascene opening and a nmethod for formng such a
sem conductor structure in an integrated circuit.
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structures, such as transistors, capacitors,
resistors, and the |like, fornmed on a substrate. One or

TERERNICAIRRELL ve | ayers, typically formed of a nmetal or
netal alloy, separated by Fayers of a dielectric

Goggferlﬁ1 are forned over the sem conductor structures
i nt SPEPRASROL I vention relates genraalbt torsemiconduators gndh mbre pamcularly, toa

provi de external contacts to the sem conductor

Sen!!?‘?’lﬁ‘ét"@r gauctuge with abagier tayerih 4 denoascinetopenidg ehd>g inethed for forming
material.to provide electrical connections between

such o semisphdwetor|sayes inaglidiepritee cisad. conduct or
structures. [0003] Barrier layers are frequently used

within the vias to prevent or reduce undesirable
Bﬁéﬁiaﬁﬁﬁﬁﬂé of the nmetal conductor (typically copper or
C al l oy, although other netals or conductors
may be enployed) into the surrounding dielectric |ayer

loocg. 9 'hﬁ{dﬁ‘é@f‘%ﬂ?@w IS Bt b kel B saioonducto

or the
strucl}, i SEtpiA St Bpcitorbyiorse il b ik rasdiiA whstate. One or

include titanium _ titaniumnitride,

more,cqndyglive lavass, sypicatly fommediaf aimetaluirinesa nlloprseparafed by layers of a
., materials or the |ike.

dielectric material dre 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

layers.and to the semiconductor structures.

[6003] Barrier layers are frequently used within the vias to prevent or reduce undesirable
diffusing of the metal conductor (typically copper or a copper alloy, altliough other metals or
conductors may be employed) into the surrounding dielccuit;: layer (e.g., silicon oxide, FSG,
BPSG, a low-k dielectric, or the like). Typically, tantalom and/or tantalum nitride is used as a
barrier layer for a copper via/contact structure. Other barrier layers céuld 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 layers of the same or different materials. The



[0004] In conventional processes, a via or contact
hole is formed in the dielectric |ayer, which may
conprise a single layer or nultiple |ayers of the sane
or different materials. The 1 bottomof the viais
typically an underlying conductive | ayer or region,
such as an underlying conductor (e.g., copper) of a
previ ousl, forqed conductive |ayer or an under|ying .
bottagy, 8¥@6ﬁ&rl§ pipicaliy gn updesiyingopdugtive daysaer igion, such as an underlying
sem conduct or device. The sidewalls of the-via are
condugter ¢a4-1 5pppes) psoprevibusdy fordied iconduciive rayemorian indexl iy surce/drain
the hole is forned. [0005] A barrier layer is
regioday gateteidtradensta stintcoadwlesedevicea Mile Bidkivalls ofithd ¥ig aid §piehlly formed
contact hole. The barrier layer is typically
of thél@RReirlcafhibial in Whieh Btshol B Tofgedcem cal vapor |
deposition (CVD), which results in a barrier layer in
whi ch the thickness of the barrier layer on the bottom
[0005)f t & batigr layer is depokitad aérgnthe kidewalls angrbottamef thiervia becontact hole,
sidewal I s, where the. barrier |ayer is needed. Because
The Halder lipar isitgpicdliy\deposited by Ripeedeky/sueh las aeniiek® @hpdrfdeposition (CVD),
conductor as the copper material, however, the barrier

which R%@lEs ila®aick M§e3n W MP daSkdR0bY it BETEAR RS o%}t}ﬁc bottom of the via

resi stance of fhe resulting contact or vial aril ation

‘e ghid ' resul t.s not .onl vy, in.higher
s thickr R Tl TV G AR el R e B R BBt peomuse the
.wafer.to.wafer and Lof to Jot in_the contact .

barrief TeyBis Sy ot @rioad o § ondugior o e Gappce el bawreys, e barrer
and {li@el ds. (0006] Therefore, there is a need for a

layer glapg thebofteriandesirably prossases the oesistante of the reuftingsiootact or via,
along the sidewalls as well as reduces the contact

Variati@singhebuatonbihickaess réshits Notcondyith Hifleer ¢oatastlrdsishehce, but also in more
conductive material . |

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 diffasion along
the sidewalls as well as reduces the -contact resistance between the via and the underlying

conductive material.



2 SUMMARY COF THE | NVENTI ON [ 0007] These and ot her
probl ens are generally solved or circunvented, and
techni cal advantages are generally achieved, by
preferred enbodi nents of the present invention which
provides a diffusion barrier layer in a damascene
openi ng. [0008] In an enbodi nent of the present
invention, a barrier structure for an opening forned
i i L is provided. The barrier |ayer,
Stnd%ﬂ?@ﬁqﬁgéﬁ@;§b&#§@¥§£e or nore barrier layers, is
formed such that the ratio of the thickness of the

[000Aar I IBfesd MAQHtTer ?f&'lﬁin@aré igeheapally solvAR K eikbdiBveRted, SAdteebhical

between the bottom of theé trench and the top of the

ot 89 Gl Yo, oA EARE Dl o . Bl o i
.about..0:.55. A f.irst arrier layer in contact with the
proviffR A iesipRbartien vty 2 dimhicPhe alile,, " ool a0t )
removed. Furthernore, a recess may be forned in a

[0008% ONdU# b ¥EbodRBHt of MEkprbsenNBhvERionY b BarribORRR uré foraf @pbihg formed

enbodi nent, the ratio of the thickness of the barrier
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. yet another enbodinent, a first nethod of formng a
appropimatel s midway hetweea thobotiam obhetrepeh and the top of e dler%emc layer to the
met hod conprises formng a first conductive region,
thicknbss ofithgbarierdayereaong the bogomtdf¢hef transh iscgreaterctha gbout 0.55. A first
region, formng an opening in the dielectric, the
barriePR§EY il Gontha \Wihthé diéledtriy8yet thdyeirGiartidliy®r ¢ompReiy gEmdved.
contact with the first conductive region, and formng

Furthermore, a recess may be fbl_med 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

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

{0010] In yet another embodiment, a first method of forming a barrier structure for an
opening is provided. The method comprises 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 regioh, 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 midway between a bottom of the trench and the 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. Optionally, a recess may be formed in a conductive layer underlying the via.



one or nore barrier layers on a surface of the
openi ng, wherein a ratio of a first thickness of the
barrier layers along a point approxi mately m dway
between a bottom of the trench and the top of the
dielectric layer to a second thickness of the barrier
| ayers along a bottomof the via is greater than
bout, 1. 0...Optjonal.l a recess, na e.forned.in.a -
roor o Jo FpAs iR Sl e DRMod S fofoie2 e stroctur for
stil |l another_enbodi ment, a second nethod of formng a
an opsaing isprovided; cFhereethed comprisspEomming 3 Hrsheandnetivg Tegipp forming a
nmet hod conprises formng a first conductive region, .
diele¢tge pverghefirstiapiuctiveiregion,dormntihgar openingdio titubielesteic, the opening
region, formng an opening in the dielectric, the
havin@Renia agl a tiénch e fiabegdn doadtwithhie fikdd Conduativegefion] dhd forming
contact with the first conductive region; and form ng

one oP BRrbarfi 18yepedd & Girfdc8 BEMS oﬁgkﬁlgg, ?ﬂ{e&ﬁi‘rﬁ 8 ritfo &;fegehtgicmss of the

openi ng, wierein a ratio of "t ess o _
v 3 oS BP Ab BBy BERESH B oE R an e
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about 0.55. Optionally, a recess may be forned in a

- greater ShraabeuteSs. Aypionaltyl @regashmay heformied in § cowpitive: laydyvoderlying the

be appreciated by those skilled in the art that the
via. conception and specific enbodi nent disclosed may be
readily utilized as a basis for nodifying or designing
other structures or_ processes for carrying out .the .
{0012} 5 e It shoyld be apmsscisted by those shilled ip dhe arbthaf the Capgspiien and specific
al so be realized by those skilled in the art that such .
embodimentdisadosed omy bt readily atitizaflas adtasid émanodifyingor deigning other
spirit and scope of the invention as set forth in the
struct@BPEHesessek SoritRrrying 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.



4 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0013) For a nore
conpl ete understandi ng of the present invention, and
t he advantages thereof, reference is now nade to the
foll owi ng descriptions taken in conjunction wth the
acconpanyi ng drawi ngs, in which: [0014] Figures la-If
illustrate a nethod to forma barrier layer in a
damascene structure in accordance with an enbodi nent
' j TAI LED DESCRI PTI ON OF
B@%WEW% 15] The maki ng and usi ng

of the presently preferred enbodi nents are di scussed

[001B] deF@id mokebmpletd indeReiadthgleef t Bivestiongidak€sdvantages
that the present invention provides many applicable

thereloR VEiRlen¥Lis TR R BRIeSo Eﬁb%ll&?ﬁg lﬁ%slgﬁiyﬁgﬂé ﬁﬂ?rli f(i:ﬁ Rnthdfon with the

variety of specific context speci

§E2§g| i.scussed herein are nerely illustrative
aceols pe%r&'gﬁng%a@s aol'make and use the invention, and
do not Iimt the scope of the invention. [0016]

[0014ef erFipigs RO itlstiit@a i thbd o fadmSabatibPlafer IWE dhrfiascene structure in
provi ded having a conductive |ayer 110, an etch

: 114. Although it is
Ewm”ﬁﬁgkgﬁg&ﬂyﬁﬁme s%tg?ggﬁgm%%%hhﬁéﬁﬁinclude circuitry
and other structures. For exanple, the substrate 100
may have formed thereon transistors, capacitors,
resistors, and the like. In an enbodi nent, the
conductive |layer 110 is netal layer that is in
contact with electrical devices or another netal
| ayer. [0017] The conductive |ayer 110 may be forned
of any conductive material, but an



enbodi nent of the present invention has been found to
be particularly useful in applications in which the
conductive layer 110 is forned of copper. As discussed
above, copper provides good conductivity with |ow
resi stance. The etch buffer layer 112 provides an etch
stop that maybe used to selectively etch the IlviD

| ayer 114 in a later. processing step. In an

DErREs N RO f B QYT XS SRS, o o0

mat eri al , nltrogen containing material,

[001spr b onhe:ﬁahag ahd ﬁs;ﬁ%ibﬁhb preserly prétBrrbd &ﬁbodfﬁ%nﬂs MR disi8ded in detail

14 is preferab ormsd of an organic | owK

belo&zp lﬁsthﬁlﬁ l?)@é ECE: gghﬁcﬁv Iﬂ%i(t) t:heg»}csgﬁtqll%[)h %rtﬂ?&e% rrﬁa?;ér applicable

suc as ca

. .. [0018 houl
invef{ 3y ¢Poqp Tt cae g B&‘P‘i ok Saepilt capliiesy e specifc
the etch buffer Iayer 112 and the DI D | ayer 114
embadiments disenssed kesein gresmens willpstrative, piypeeifis vays femeks and use the
exi sts between the | MD | ayer 114 and the etch buffer
inventimpeandohob linhititbe vewpn of the imtentiotbuf f er |1 ayer 112 and
the conductive |ayer 110. In this manner, shapes may

din the layers as, des |bedbel
(001 ccoﬁ%ﬁ?e i BotwydS Eigibi i a SRhstete I0RSS PR Piving 2 gopdaptive layer
nprise carbon- doped silicon oxide fornmed by
110, @te?t@lsbqff% hayee & hhiagd es IMDdayesd 1evHltheghtihis net ehpmtheaubsmte 100
layer 112 may be fornmed of silicon nitride (Si3N4) in
may iacludertiontitneaid othenvsdtuctores. Fopgamplis thestibsteate 300 may hawe formed
is being fabricated. [0019) Referring now to Figure
therebitranlistor; RaphckeR, ARBEioY, 88d thd Aikar B AR Hlimd MEthe BRI tive layer

IS general y considered to be the groove or line

110 i AEAPAyd M3 in do¥Rel B Freddia davith S hnbHRPHEL Yer.

[0017] The conductive layer 110 may be fbrmcd 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 embo&iment, 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-K (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



lines may be forned, and the vias 122 are generally
considered to be the portion forned in the 1IvID

| ayer 114 that provides connectivity between, for
exanpl e, the conductive line fornmed in the trench 120

and the underlying conductive layer 110. It should be
noted that the trench 120 and vias 122 are
: ol -Si trench. havi t Vi as ‘
existt bulBbd A SR 13, 4 o i e R B2 N DR e sttt ayer
for.illystrative rposes only. The trench 120 nay bea
12 gyt poaicet Javer 4t BribSsgact sapes o brpwedin e jayers as
vias 122 connected thereto, and nay be forned by other
described beloge Aqeardingly.dn gn ggibedident pyst bkkmay p@opiise carbon-
The trench 120 and vias 122 may be fornmed by

dopeg hidicon oxifimfgraghlyy demisitionuehniquesmch anCViBeardrthe etch buffer layer 112
General |y, photolithography involves depositing a

may bd1fokRedsf sHicofiRiteife 88i;14)9n A@mbodithé #h Hhidhth (_(0?15 ene
and developing it in accordance with a specified -

struciad i §Eife k4D -Eﬁg@.ve a portion of the photoresist
materia%. lll e remai ni ng photoresist nmaterial protects
the underlying material from subsequent processing

[0019t e pRefestinpmcas tedFighienih, a Haschel20hhdgiapn 22 eeformado &l trench is
wet or dry, anisotropic or isotropic, etch process,

generill cakidé®d 8be/the Srotive 30 1AOTIARA i tHE IMEL 1alerN1 G2 9Aich conductive
After the etching process, the remaining” photoresist

lines It?iﬁ% 6¢ foth h d ﬁ% Jj&‘s”fﬁﬁe%? ﬁélfaéf%‘lxgzg '(gér%cg_ﬁbgem «gp@l ite){sirg&gned in the

Vi as ve a w
t ha out 0..14 mand the trench 120 has a w dth | es .
TMD g} 3 ot e ey iheer Ein o pXHIS Bt BoiGRve e Tormed n
vias 122. [0021]_In an enbodi nent in which the I MD
the trengly £20 and thg undedyingropductine layar Hidp dishonld kenotedsthnithe trench 120
the etch buffer layer 112 is formed of silicon '
and ving 132 aleillustrated #mca-singld weheh/kavimyteo vids@Gohsected thereto formed by a-
dual-damascene process for iltustrative purposes only. The trench 120 may be-a different size

and/or shape, may have more or fewer vias 122 connected tﬁereto, and may be formed by other
processes (e. £., 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



fornmed of copper, the via 122 may be etched using, for
exanple, a solution of C4, C5F8, or the 1|ike, wherein
the etch buffer layer 112 acts as an etch buffer.
Thereafter, another process utilizing, for exanple, a
solution of CF4, may be perforned to renove the etch
buffer layer 112 wthin the via 122, thereby exposing

e gt 365 195 VLS, GRS Y S or e S5 e
wencfi 2 s & vi e AR 4 S he R oF T DREB SRAC 2
| ayer 110. The pre-clean process may be a reactive or

[0028) NOMNp R dfihblitnehf ﬁ-‘ﬁiiaﬁﬁempﬁ%ﬁ 11295 £&%RABE Barbéh-doped silicon
ude a’p

reactive process may I ncl asnma process using a
. r I +.and .a.non-. reactj v .
oxid N RFBTEO B D10l SR BB i o R B v taver 110
on- cont ai ni | asma., [[0023] Figure Ic illustrates
formed g Coppi the 2 128 ghayt cﬁt‘éﬁ{l using, for example.f solyiop of £ sk, or the
. layer 130 has been formed. The IMD layer 114 is
like, whareiathmetgh buffardayen §1 haptsas apwteh biffar: Thereaftansanatier process
dielectric layer (lowk dielectric, wherein k is |ess
utilizinpfor edamytle, 3. s6lutiombf €hy, ntayepetfoymed Raemose v eghibaffer layer 112
The porosity of the IMD layer 114 may induce a
withi®lihe Vits1 DN HRALY ckSisidetRe SRAME6E iNdRoABIENE BlyeCf10f he
conductive | ayer 110. To prevent or reducg such
di ffusion of the conductive material into the INMD
[0022] oy e}t shouid be neted ithas an pptiouabpreicigaorprd®ss may bbperfamed th remove
al ong the exposed surfaces of the IMD |layer 114

impurities hlong tlieesidavedlls bf the @102 andas clkeadd the[Wdidertling Bortfitctive layer 110.
enbodi ment, the first barrier |ayer 130 may conprise a

The pRLelddrGRocel9ng) Bt R eeacRb NS non‘-:%ﬁam;{i_f@—gfeﬁﬁ loPéks! ?Xxeémmnple, a

nitrogen-containing layer, hydrogen-contalning [ayer,
reactf¥prieeE el ine s TR e RPT SnE o FfdiBeripotfipk e, 56 2 non-

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

[0023] Figure 1c illustrates the substrate 100 of Figure 1b after a first bmﬁer layer 130 has
been formed. The IMD layer 114 is preferably formed using a low dielectric constant dielectric
layer (low-k dielectric, 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 conducﬁvé 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,

[06024] In an embodiment, the first barrier layer 130 may comprise a silicon-containing

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

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



8 nitride, titanium zirconium titanium zirconium

nitride, tungsten, tungsten nitride, or alloys, or

conmbi nations thereof. The first barrier [ayer 130 may

be formed by a process such as physical vapor

deposition (PVD) or other suitable nethods. In a

preferred enbodi nent, the first barrier |layer 130
. .conprises tantalumnitride forned by PVD techni ques
nitridgefitARjup Zwopue. Baneyerconpmyuitride, FREstEbIBRgstes rifide, or alloys, or

(preferably greater than about 25KW and a pressure
combipatianethereof nTlxbiinst bagrier dfer 130 mMay be fiatnied bya zodest suah @s physical

bi as power | arger than about 500 Wnay be used. The

vaporf depaiitio® VI Pér iy eitabROmétody. dhIpétedte@Babadiment the Birst barrier
about 250 A in thickness. [0025] Referring now to

layer Egﬂg?@?%ﬁeg tapfalith ﬁﬁﬁt&i@k@wgf i)?ﬁ‘ﬁéhﬂl&rd@ ik %ég&ﬁgs gpower larger

C y remnove Ir barrier 'l ayer

th f thhe vias 122 [ I barrier | [
than dpgft SO IReRocalid rckled o 60wt 23SV 57 el Hpei g pbouc 2
. by a_plasnma etch-pack prqcess using inert gas pl asna,
mTorg u@H“&@ﬁﬂf ag%ﬁ?*tﬁ[t@glz—syow lager than plout gPQ &Y may be P?egu :ﬁe firs

Idillustrates the substrate 100 with an opti onal _

barrier bayes 130 i prefesably about 80 dotechboet 269 A srythicknes, | n an
enbodi nent, the depth of the recess portion may be

bou 0.Ato ut 0 A The regcess,na f or med

r0025fyc, 1 BTt e e 1y oot o besfpicio Easpilive cPletely remove
process, such as an_ion sputter etch process, 50027

the first hapmer laxer 430 along ths bottorpof thedes 132atThe fystbarriss layer y be
first barrier layer 130 may be renoved al ong ot her

removed afoag dles batipahofdbe vine122 sy aiplesmé achdalk prpeess aikiop épertrgas plasma,
top surface of the RAD |ayer 114), the bottom of the

such ab h 120, and along the sidewalls of the trench 120

and vias 122,

[0026] It shouid 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 barrier Iayer 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 ba;rier‘ 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 efch-back process may completely remove the first barrier

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

elsewhere.



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

thi ckness of the first barrier Ilayer. 130 on the

field surfaces, the etch-back process may conpletely

renove the first barrier |layer 130 along the bottom

of the vias 122"while |l eaving a portion of the first
[002%ar r i laranptageemboddmens) the fikst berried 14y80DW| maybeetchadarsing an etch-

enbodi nent, the first barrier layer 130 may be etched
deposiﬁbmgroaesseﬂaherakﬂg ltesetéh-Ggpasitivagiscessnebepdrformed én the same

et ch- depositi on process may be performed 1n the sane

procd§§ é!?&ﬁfer %@H@ﬁosﬁﬁn&hﬁnﬂ&%ﬁ Inkihioks Lloaebst bpag%r b&Slgthli f;iéﬁér substrate

| ower DC power and a higher substrate

t
bias. SN BB a?znaaﬂl%%% & A3 R it o xample,
0 the urin he -back progess.. .
tanta‘f’ﬂp 4ibls S0 BriE e YRt b Eich Rk pRegesst I fhiprippdiment,
05|t|on|s h| her etchrate along the via 122
the nffss el fhecptehing @%%p@tlw isathighelr siohinete along sy s d22 bottom and 2
the first barrier |layer 130 may be renoved along the
lowertetitht rate eddewhbre. Therefck@ 2he\Arst barrieplayaol 38 Moy e remoséd dlbag the
first barrier layer 130 along the other surfaces.
bottoIhQ:@ﬂft\,]viﬁdlfm_twmfé%dvﬁ:gfd porBOR B the TRstbatRA 1dyBA1 30 dlogihe other
enbodinment it is preferred that at |east "a portion of
surfackie first barrier layer 130 remain along the bottom of
the trench 120, even in the situation in which the
first barrier layer 130 is conpletely renoved al ong
[0029] he BAdditionaldy, itisheuld b nottd 2hat et digbolimét asit prefiredd tharat least a
of the first barrier layer 130 along the bottom of the

portioh bf fe!Tirst barrier layer 130 remain along the bottom of the trénch 120, even in the

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 layer.

(0030] Referring now to Figure 1e, a second barrier layer 140 is formed. "The second barrier
layer 140 preferably comprises a conductive material, such as a_l-silicon-contajning 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,
titanivm zirconium, titanium zirconium nitride, tungsten, tungsten nitride, cobalt, nickel,
rathenium, palladium, alloys, or combinations thereof, but more preferably, tantalum nitride.
The second barrier layer 140 is preferably formed by a process such as physical \lrapor deposition

(PVD) or other suitable methods. In a preferred embodiment, the second barrier layer 140

10



prevents or reduces inpurity inter-diffusion fromthe
dielectric, e.g., the INID |l ayer 114, to the
conductive layer. [0030] Referring nowto Figure le, a
second barrier layer 140 is formed. The second barrier
| ayer 140 preferably conprises a conductive material,
such as a silicon-containing | ayer, carbon- containing
| ayer, nltrogen containing |ayer, hydrogen-containing
compriggsdrntalam (gr ametallicomalgrinkiaxing soodpdhesionpsepesties with the conductive
| ayer, such as tantalum tantalumnitride, titanium
materidl (@gi copper) usédde fill the bperinginsubsequdnt sieps) fommiduny a PVD process to a
zirconiumnitride, tungsten, tungsten nitride, cobalt,
thickii¥s€éfdbout Z0UA ke ficurpo@AlL | adi um al l oys, or conbinations
thereof, but nore preferably, tantalumnitride. The
second barrier |layer 140 is preferably forned by a
[0031}r oc dappiiged] eteh hapky Bioseys mayhsrperfopned tojeteh baclopmfiony of the second
ot her suitable nmethods. In a preferred enbodi nent, the
barries layeniiiaandioe thel fayterardetQayed 180 nTiid qn@nalaumﬂﬂbankm(ayrbe particularly
nmetallic material having good adhesi on properties with

usefultlh Rt wivih it PRI td RdBee thE BRIt kesisiside mng kHe bottom of
the opening in subsequent steps) fornmed by a

s e WV R R T
comp 7 B TS b 580 P P U5k 140 on

etch back may be particularly useful in situations in
the boftpmcad theviassl Zdesi rabl e to reduce the content resistance
along the bottomof the vias 122. In this situation,

[0032]2 eftﬁgs lgeeﬁ ?&.ﬁlﬁ tﬂz{t flcq%x%ow@rcﬂglgs?ﬁ) éqv?ﬁgg Pﬁ’ &%%ﬁde&?}i aB? to achieve
good rg'flrgiyldt?(rpr(l)pac 7 aiLong ngét%rm E)p tﬁe %1eacl Bdthg %(r)lgl med Ith&11 i ess OA}. 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 the top of the IMD layer 114 to thé 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
remaved along the bottom of the vias 122) is greater than about 1.0. Referring to Figure le, the

ratio of TV}, is preferably greater than about 1.0. In an embodiment, T; is pfefcrably less than

~ about 110 A and Vy 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 sidewail of the

opening approximately midway between the bottom of the trench 120 and the top of the IMD
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the bottomof 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 conbi ned thickness of the
first barrier layer 130 and the second barrier |ayer
140 should be controll ed. For exanple, it is

e oo P R AR e 0
yer 140 at a poaint al ong the S| devvall of the opening
alonaabab@tm%t e repshanateatss thag ahoutifedS. Jsteming 4o Figvee 1o gﬁéﬁﬂo of
120. and the top of the IMD |l ayer 114 to the conbi ned
T/ Titihprefemabdy grofitet than Abous 0.550 dn an embodipent T30 prefictablli dess than about
second barrier |ayer 140 along the bottom of the vias

110 4,284 [pis préferablyleskhassbonl 1000k, first barrier |ayer 140
in the enmbodinment in which the first barrier layer 130

i.s renoved along the bottomof the vias 122) is _ .
[0034) o afFigure hoiHusiriasithe supstrate 160 aftesghe wenohddpand vias 1ghhgre filled with
ratio of T,/Vb is preferably greater than about 1.0.
a conflwctize plagtlSttiand thie suifaceiis planaized afd sn émbadinksintheaionditctive plug 150
110 A and Vb is preferably I ess than about 90 A

comptiS33%hp lf&m it ialriied by defosating@ dobpéetthybihaid fofiing a copper
0

ratio to the conbi ned thickness of the first

Jayer Piah lefktrd- Yzﬁ'hg ﬁfgeﬁn g'hE Qﬁf&g@g{t& e&ﬁgﬂgﬂé&% Rir FYELxatiie, @hemical-

a poi nt a ong e si

bet ween the bottom of the. trench
mwhq@%ﬁgﬁgﬁ?qggbmp&cc e 1 VMD 11 | ayer 114 to the

combi ned t hi ckness of the first barrier [ayer 130 and

[0035) he ¥R&e4Ftr Addndh @ pré@YRE mybe uﬁécptaﬂ:&ﬂgpiet@ eibrieAfidH antl Pckaging of

trench is greater than about 0.55. Referring to Figure
tho scifonb R Bep, .\ cnbodi ment TT 1o pleferably | ees

t han about
[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,I 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, proceéses, 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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-.110 A, .and Tb is preferably | ess than about 100 A
[0034] Figure if illustrates the substrate 100 after
the trench 120 and vias 122 are filled with a
~conductive plug 150 and the surface is planarized. In
an enbodi nent, the conductive plug 150 conprises a
WHAFISCLABRIEDIIS] fornmed by depositing a copper seed
| ayer and formng a copper layer via an
el ectra-platin rocess.. The. wafer may be planarized
L by%sfeg?l FFBT%’,VP °§ﬁlgﬁf%‘§1 - mechani cal polishing
"(CWP) .process. [0035] Thereafter, standard processes
maf d5deqidelyele conpl ete fabrication and packagi ng of
the sem conductor device, [0036] Although the present
i ngRnpering formed mghediclenttisdaveritho opering coprrising v apd a trench;
detail, it should be understood that various changes,
Submd ort mbrediariea tayem foreneak 6ven theatieledtric haydrinitey epening; and
wi t hout departing fromthe spirit and scope of the
| ny gsduRiiveSiug RirnB@ Bvéd)thé bariePRGEY edikel @k Bpening, wherein a ratio of a
Mor eover, the scope of the present application is not
frst (AFEERE hOoafer Rl Bind Epout oo b B S nid RRRAIR Bottom of the

e process,

e G i SF ARl DR 0 g B Ri e alone botom
will readily appreciate fromthe disclosure of the

of thejyia dsgreateriamabyh1.0pr ocesses, machi nes, manufacture,
conpositions of matter, neans, nethods, or steps,
presently existing or later to be devel oped, that.
p ; ] fiEr Yorlsify s Qnda&iVed¥ser under the
2 su S%%ﬂ?%ﬁ%sﬁﬁgi%g%l%gu t as&t c'g'r{hr egpondicng
. nbodi ts described herein: be utilized.according
dielecilcfae, e Durfcuvr SR DR SRS fomtre et 8 % oo e
clains are intended to include within their scope such .

processes, nachi nes,
3. The semiconductor device of claim &, whersin the barrier layers comprise a silicon-

—

containing layer, a carbon-containing layer, a nitrogen-containing layer, a hydrogen-containing
layer, a meta! or a metal compound containing layer, tantalum, tantalum ﬁitride, titanium,
titanium nitride, titanium zirconium, titanivm zirconium nitride, cobalt, nickel, ruthenium,

palladium, tungsten, tungsten nitride, or combinations thereof.

4, The semiconductor device of claim 1, wherein the width of the via is less than about 0.14

Ss. The semiconductor device of claim 1, wherein the width of the trench is less than about

1.3 times the width of the via.
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manuf acture, conpositions of matter, neans, nethods,
or steps. 12 WHAT IS CLAIMED I S: 1. A sem conductor
device conprising: a dielectric |layer, an opening
formed in the dielectric |layer, the opening conprising
a via and a trench; one or nore barrier |ayers
fornmed. over the dielectric layer in the opening; and
"a conductive plug formed over the barrier |ayers
within the opening, wherein a ratio of a fast
thickness of the barrier layers along a point
n t I,
6. 2 %g%éogpﬂctﬁ? g{aﬂﬁ‘i Tvge#g?. t%mg E}sngéélgl%as #5160 %hn about 110 A.
thlckness of the barrler Iayers along a bottom of the
via is greater than about 1.0. 2. The sem conduct or
7. devitesemicoptadton devick wf thaen 1cwhereinghe secand drickness iv gess than abont 90
. layer under the dielectric |layer, the conductive |ayer
A. having -a recess formed under the via. 3. The
sem conduct or device of claim1l, wherein the barrier
Iayers conprise a silicon- containing | ayer, a
on- cont ning | ayer,. a_nitrogen-contaijning |ayer,
8. 6@‘81’?08 ngyxlq@ of 1:1@1;;@3 b, whergipadfirsiharsientayes|of the one more barrier
mpound containing layer, tantalum tantalumnitride,
Iaye{s i émll@dqb}' phiysieal |Vammiepmalm tetlirtiqureis the first bamien hayer bemg in contact
titanium zirconiumnitride, cobalt, nickel, ruthenium
withithe dialdcwin) layasngst en, tungsten_nltrlde or conblnatlons
thereof. 4. The sem conductor device of claim1,
wherein the wwdth of the via is | ess than about 0.14
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5. The sem conductor device of claim1, wherein the
width of the trench is |l ess than about 1.3 tines the
width of the via. -13 6. The sem conductor device of
claim1l, wherein the first thickness is |less than
about 110 A.. 7. The sem conductor device of claim1l,
wherein the second thickness is | ess than about 90 A.
"8. The sem conductor device of claiml, wherein a

9. fifsemisgpductar dedipe COBPIIEIAE one nore barrier layers is
formed by physical vapor deposition techniques, the
f ia ditletracdayer; | ayer being in contact wth the
dielectric layer. 9. A seniconductor device
C oiivuipefinB Jormed iflitled dieleétiic 1dyey, die openingpenipnigink e vie and mtrench;
the dielectric layer, the opening conprising a via and

2 dre’R Glbre bAREr ﬁsreﬁ%r%léaafvéﬂ BE dleRYRISald ek Gébingt HR
di el ectric yer in the opening; and a ‘conductive plug

for mglﬂu&, gigr ?& bli& fthé ﬁz%fﬁ%rﬁ? % 4 Qeflint @ %erem aratio of a

mher ness o er

R RN L A dabaszqe o bt e

| ayer to a second t hi ckness of the barrier
treanB@dw toprod thepdieleetmicdayer Hea sacaptiiickaessof éliee‘FalTIPFalﬁyf'é%‘BPg the

0. 55 10. The seni conductor device of claim9, further
bottomoofithe sénel isgeatedthan mbantl0fper under the dielectric

| ayer, the conductive |ayer having a recess forned

under the via.

10.  The semiconductor device of claim 9, further comprising a conductive layer under the

dielectric layer, the conductive layer having a recess formed under the via.

11.  The semiconductor device of claim 9, 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, tantalum nitride, titanium,
titanium nitride, titanium zirconium, titanium zirconium nitride, cobalt, nickel, ruthenium,

palladium, tungsten, tungsten nitride, or combinations thereof.

12. The semiconductor device of claim 9, wherein the width of the via is less than about 0.14

pm.

13. The semiconductor device of Elaim 9, wherein the width of the trench is less than about

1.3 times the width of the via.

14. The semiconductor device of claim 9, wherein the first thickness is less thad about 110 A.
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-11. The sem conductor device of claim9, wherein the
barrier |layers conprise a silicon- containing |ayer, a
carbon-containing |ayer, a nitrogen-containing |ayer,
a hydrogen-containing layer, a netal or a netal
conmpound containing layer, tantalum tantalumnitride,
ctitanium titaniumnitride, titanium zirconium
titanium zirconiumnitride, cobalt, nickel, ruthenium
pal | adium tungsten, tungsten nitride, or conbinations
thereof. 12. The sem conductor device of claim?9,
vaﬁ% lofhi b Helicelof £136m 0L yhiid 88 Sedohi@ thieknesy is fesé ghan about 100
15. m E%#H¥%§ﬁg%%§%%ﬁgﬁg%or g%vice of claim9, wherein
A the width of the trench is less than about 1.3 tines
" the width of the via. 14. The sem conductor device of
claim9, wherein the first thickness is | ess than
about 110 A. 15 15. The semni conductor device of claim .
16. 9, Thhensiondadier deeivend chabin Ok whewin s fitsebarichlaperai g onegpore barrier
A. 16. The semi conductor device of claim9, wherein a_
layer$ i Rim&BSy ﬂﬂ%icb]&bé?br @pokition erhnifoes tHeaflst tesrier|layee beingsn contact
formed by physical vapor deposition techniques, the
AN [ | ayer being in contact wth the
wmltc‘]ﬂlee(ﬁéel%‘?%g %'y%yer . 17. A sem conductor device
conprising: a dielectric layer, an opening forned in
the dielectric layer, the opening conprising a via and
a trench;
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a first barrier layer forned along a bottom of the
trench and along sidewalls of the via and trench; a
second barrier layer formed over the first barrier
| ayer and .al ong a bottom of the via; a conductive
pl ug formed over the second barrier layer within the
openi ng, wherein a ratio of a first thickness of the
barrler ers, al on oi nt approxi mately m dway
ﬁ 6%Y?BH%BPHQH% trench and a top of the

dlelectrlc | ayer to a second thickness of the barrier
| oy dielectrig 1aE t he bottom of the trench is greater than
about 0.55. 18. The sem conductor device. of claim 17,
f uant dpeningdopeddsh thy dicleatnid layer, e dpepng congeising laevia and a trench;
dielectric layer, the conductive |layer having a recess
f of fimdbarridelaydriiermedalonkth boktven ofthatrendicud tatungdidemalls of the via
claim17, wherein the width of the via is |less than
andtﬁﬁﬁHt 0.14 jun. 20. The sem conductor device of claim

17 Wherein the width of the trench is | ess than about

s&&ﬂ?ﬁaﬁg}qaﬂr ‘fgrﬂleﬁ ngllhli?le \ﬁ'r& ‘barrier layer and along a bottom of the via;

17.

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.

18.  The semiconductor device of claim 17, frther comprising a conductive layer under the

dielectric layer, the conductive layer having a recess formed under the via.

19.  The semiconductor device of claim 17, wherein the width of the via is less than about

0.14 pm.

20.  The semiconductor device of claim 17, wherein the width of the trench is less than about

1.3 times the width of the via.
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