* A METHOD FOR IMPROVING TIME DEPENDENT DIELECTRIC BREAKDOWN LIFETIMES
BACKGROUND [0001] The present disclosure relates generally to the field of semiconductor
processing, and more particularly, to a method for improving device performance and reliability for
submicron integrated circuit technologies. [0002] An integrated circuit (IC) is formed by creating one
or more devices (e.g., circuit components) on a substrate using a fabrication proeess. As the
geometry of such devices is reduced to the submicron level, the IC's active device density (i.e., the
number of devices per IC area) and functional density (i.e., the number of interconnected devices per
- IC area) has become limited by the fabrication process. An IC fabrication process generally has a
number of Ilmltatlons that affect the formation of a device. One of these limitations relates to

metallization, which inYMETHODDET IMFRYING dovide pISINDEAFonducting material. [0003]

Reduced geometry devicegHIgen®iily SaVEl QR ISNOITEatizaticn processes that are governed
by standards for metal film quality and electrical reliability. The standards are used because defects

and particles generated by a metallization process may reduce device electrical yield and reliability. If
not removed, these defects may even cause a short between. metal lines. [0004] One problem

assqgi i llization in reduced geometry devices is a reduced time dependent dielectric
bre : fetime. The TDDB lifetime is the time in which an oxide or inter metal dielectric
(IMD) breaks down through stress caused by a high electric field. The TDDB lifetime is generally an
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partlcula y at interfaces between t méetal fines. i ess esﬁlé’é‘iraﬂﬂ/ in reduced
geom@gyﬂ@@mé@lvtn@ﬁb@dmtfﬁes of 0.1 micron or less, may result in IMD failure. [0005] Metallization

of Wf@@gfled c A%uﬁﬁ E%Q@@é@@g%g I ge%%?gsc%ne {I(l)(g:r%sgéwc‘f%glch a substrate is inlaid

with meta Damasce process, k own as-dual ‘damascene (botrtreferred to henceforth
as "eamigEEHY R%ﬁ@b@@@tﬁﬂélw@éi@busédqn M demanufdeturingigrdeliced vithgeametries of 0.1

MICKRR REIERS %ﬂﬁﬁ%&oﬁh@&%mﬁsﬁg%twe device density (i.e., the number of devices per IC
area) and functional density (i.e., the number of interconnected devices per IC area) has become
limited by the fabrication pfocess. An IC fabrication process generally has a number of
limitations that affect the formation of a device. One of these limitations relates to metallization,
which involves the growth, formation, and/or deposition of a conducting material.

[0003] ~ Reduced geometry devices are generally developed using metallization processes that
are governed by standards for metal film quality and electrical reliability. The standards are used
because defects and particles generated by a metallization process may reduce device electrical
yield and reliability. If not removed, these defects may even cause a short between metal lines.
10004} One problem dssociated with metallization in reduced geometry devices is a reduced
time dependent dielectric breakdown (TDDB) lifetime. The TDDB lifetime is the time in which
an oxide or inter metal dielectric (IMD) breaks down through stress caused by a hlgh electric
field. The TDDB lifetime is generally an indicator of metal interconnect electromigration and of
a metal barrier or dielectric’s ability to prevent metal diffusion. As device geometries shrink, the
TDDB lifetime of the IMD may be reduced, particularly at interfaces between the IMD and
metal lines. High electrical stress, especially in reduced geometry devices with geometries of 0.1
micron or less, may result in IMD failure. |

[0G05] Metallization of integrated circuits may be accomplished usiﬁg a &amascene process,
in which a substrate is infaid with metal. Damascene and a related process, known as dual

damascene (both referred to henceforth as “damascene”), have become widely used in IC



> process involves creating interconnect schemes by cutting trenches into a dielectric and then filling

"those trenches with metal. Any excess metal is polished away. [0006] Damascene processes often
use copper as a bulk filling interconnect metal because of its low resistance. However, copper suffers
from high diffusivity when used with many common insulating materials, such as silicon oxide and
oxygen containing polymers. For example, copper deposited on an oxide may form copper oxide at or

“near 200 C. Similarly, copper tends to diffuse during high temperature processing with a polyimide,
causing severe corrosion of the copper and the polyimide. The corrosion may result in loss of
adhesion, delamination, voids, and total failure of the device. Therefore, barrier layers may be
incorpaeitthsitadectadnaiscendtipgooesgrising dcfradtoon melals. aSaladdingiasauntibesopper.
Materi ' TiW, or other nitride containing refractory metals may be employed, as
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dielecjyi (ow-k) films may exhibit high porosity. and low density, which can yield a film with
low ha%nesr;%ﬁ%%%gﬁ E%Jnslgécfaat%rlﬁér% %%?éns%.gvﬂggv& ﬂ(’?illﬁ;@l CRHURR ST G RUER AR RSy occur
duringreirectepdditio pdf imedowk dimtisodepasittanlofrehitieo filhlayerns dhensiapasition of,
_subseguen thermal cygling that occurs during the fabrication process, These low-k
dielectric fiﬁ%@%@%ﬁ%&c& |Ir1r?lgrf'tgicff<ir%r 3%516 G RE Yirotege PR BRical
mechameaspetissing(CMP) watrisausdasidilanprobietis capgetheNigtitad meachamioa) Targe that
occurgmwith,© al mefal such as copper to be incorporated into the low-k dielectric.
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the |0mdlelecmﬁler materials used in fabrication processes may contribute to device quality. A

semiconductor device may be comprised of various layers, including IMD films, metal layers,
apd antireflective coating (ARC) layers. The composition of underlying layers may be altered by
the properties of subsequent layers and the processes used to create the subsequent layers,
leading in some cases to catastrophic IMD failures.
[6008] These layers may suffer internal stress due to lattice mismatches at filin interfaces.
This stress may be enhanced by changes in the environment, the application of force, thermal
e cycling, and other stress inducing processes. Furthermore, low dielectric constant (Tow-kY) films
' may exhibit high porosity and low density, which can yield a film with low hardness and high
susceptibility to stress. Low-k films are sensitive to stresses that may occur during the
deposition of the low-k film, the deposition of earlier film layers, the deposition of subsequent
layers, and thermal cycling that occurs during the fabrication process. These low-k dielectric
film stresses can cause film cracking and peeling. The stresses associated with chemical
- mechanical polishing (CMP) can cause similar problems, and the induced mechanical force that
occurs with CMP may also cause metal such as copper to be incorporated into the low-k
- dielectric. Process technologies for low-k dielectric films often rely on post treatment processes
such as thermal annealing and plasma treatment to increase the film hardness and to help reduce

moisture uptake of the low-k diclectrie.



2 [0009] Etch stop layers, which may be used in conjunction with a damascene metallization process,
also affect to device quality. An etch stop layer helps to protect an underlying metal layer from
oxidation due to moisture and exposure to air. The etch stop layer also provides a process end point
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problem continues to plague manufacturers educed geometry devices as they'seek new methods
of impropieyites D RBDBJifatinidomthe tualiiior dhe iieetfadthebenidercadbmetaiMD and a

subsequepIghslop IRYSLARAAOLE IR eIBTRINIG L UDT ARG el J011) gccordingly, 2

method is needed to improve the TDDB lifetimes of semiconducfor devices, in IMD interfaces
in damaseehthegorpsrandanip Agyyrs[001b2]d nomes adpebnbtihiéverisideovddedia method for increasing
a time depengent.die igspreakdown lifetime of a semiconductor devise having a first layer
underlying a second layer, the method comprising: forming a glue layer directly on the first layer,

wherein tH Hidsk vaharinetedésc d el talege pegsoieritigienminber buesddaumt orathdgluendyier, wherein
the inter-yeahnent AllsahR e HhReh Aty Tapes 1l R, gl laver AN IR QURs A adhesive

interface between the glue layer and the first layer and wherein the inter-treatment includes applying a

plasma affdPigederadiaseaieTs s dedupsbamagiie skoams kyylberivedipedmetheadspper su rface of the
inter trealggh YR JAUEIWHABIDE GRS PRGNS IRYRL (preBATRERIPI RERIERN fhg frst and

second layers, wherein the second layer is a metal layer. [0013] In another aspect, there is provided a

method f8SIHSRSASTHG W HdedeiebRéiicdowie Ifskitrarsning dhgithHYd &b E{Ea1che method
comprisingy Q?ij%'ttﬂ}giiﬂng‘?t-%?'@E{Q&;Jﬁyﬁrﬁe%@@ﬂ%&%%@?@bmﬁ%@zﬁ@m&%gﬁﬁ&w layer;

depositing a glue layer in the dielectric layerand the first metal layer such that an interface is formed
directly b gh including IMD interfaces in damascene structures.

SUMMARY

[0012] In one aspect, there 1s provided a method for increasing a time dependent dielectric
breakdown lifetime of a semiconductor devise having a first layer underlying a second
layer, the method comprising: forming a glue layer directly on the first layer, wherein the
first layer includes a metal layer; performing an inter-treatment on the glue layer, wherein
the inter-treatment affects the upper and lower surfaces of the glue layer and improves an
adhesive interface between the glue layer and the first layer and wherein the inter-treatment
includes applying a plasma and an electron beam; and depositing the second layer directly
onto the upper surface of the inter-treated glue layer, wherein the inter-treated glue layer
improves adhesion between the first and second layers, wherein the second layer is a metal
layer.

[0013] In another aspect, there is provided a method for increasing a dielectric breakdown
lifetime of a semiconductor device, the method comprising: depositing a dielectric layer;
depositing a first metal layer adjacent the dielectric layer; depositing a glue layer in the
dielectric layerand the first metal layer such that an interface is formed directly between
the first metal layer and a lower surface of the glue layer and an interface is formed directly
between the dielectric layer and a lower surface of the glue layer; selecting either a plasma

treatment process or an electron beam treatment



the first metal layer and a lower surface of the glue layer and an interface is formed directly between
the dielectric layer and a lower surface of the glue layer; selecting either a plasma treatment process
or an electron beam treatment 3 process; selecting either a plasma treatment process or an electron

beam tre f RLOCESS; Vi ed.t ro fect the upper and lower
surfaces oﬁ%%g gl% %ﬁﬁ%ﬁ%%?#ﬂg%@%%%ﬁ%ﬁ%%ﬁ %%lgr%(% i%&%l%%c?ﬁg%%ﬁlép%?%ﬁr%tcgoﬁ%sé glue layer,
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adjacent tiretdigiwctriptayess txbrancgsary ludhtayemess it iest rivetdidlytnrslivkethad dire itorfdce is
formed dlﬁ%ffﬂ% ?pé%ween metal of the first metal layer and a lower surface of the glue layer and an
interface Is formed directly between the dielectric layer and a lower surface of the glue layer;
performin§daahiervreannibert apebe bire lapertoiedterugihed fordnipweingisfaoeerticthimglue layer for

improveds@éq%§li¥3&8§a W@@E%ﬁéﬁﬁ%&%%lﬂg Jthﬁefc?éﬁ{étﬁ??é@?@ﬁﬁ@ %Jéjﬁ%{"ﬁi@t%ﬁﬁg?ﬁ one of a
plasma and an electron beam.> and 1o ing a Second metal fayér on the upper surfacé of the glue
layer suctiibeanathintbefaceiislioamddrmingotiglbetaearomidaflioftthstebboed swdtah#ayer and the upper

surface oL eI Y0341 DISHRRSARIE PR 3 LRTBRAANG. SINFIIAAR A0 dporeased tme

dependent dielectric breakdown’lifetime is provided. The structure may comprise a first layer that is at
least partiztiglisriapet frodran ikidaed dharedd|diTenirbatedayivec|digtecidnéaper mnthe firser layer, where

the adnesIERESAIJI6, 0145 &% durih AL I BHPHITSALASTIOMDSA T flun PYERaYRrIo the

deposition of any layef above the glue layer. A second layer is formed on the g er. 3a BRIEF

DESCRIPHONGETHE hRaW NGS foorspmiedadhasiowmearvbesimemodrformangiding a
damascege. SUEING NAVRAAN JRPRYER Line &ei’ﬁﬁgﬁﬁtﬂ&'%gf&ﬁfo‘}?ﬁgﬁﬂ%ﬂmﬁm@g16] Figs.
2-4 are cross-sectional views of the’damascene structure fabricated using the

second metal layer on the upper surface of the glue layer such that an interface 1s formed

directly between metal of the second metal layer and the upper surface of the glue layer.

{0014] Disclosed here in is a damascene structure having an increased time dependent

dielectric breakdown lifetime is provided. The structure may comprise a first layer that is at

least partially formed from a dielectric material. The treated glue layer adheres to the first

layer, where the adhesiveness of the glue is due in part to a treatment performed on the

glue layer prior to the deposition of any layer above the glue layer. A second layer is

formed on the glue layer.
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. method of Fig. 1. [0017] Fig. 5 is a graph of line-to-line leakage current versus electrical stress

' comparing structures fabricated with and without using the method of Fig. 1 [0018] Fig. 6 is a graph of
a Weibull distribution profile of time dependent dielectric breakdown lifetimes for dielectric layers
fabricated without using the method of Fig. 1. [0019] Fig. 7 is a graph of a Weibull distribution of time
dependent dielectric breakdown lifetimes for dielectric layers fabricated using the method of Fig. 1.
DETAILED DESCRIPTION [0020] The present disclosure relates generally to the field of
semiconductor processing, and more particularly, to a method for improving device performance and
reliability for submicron integrated circuit technologies. It is understood, however, that the following
disclosure provides many different embodiments, or examples, for implementing different features of

the inBIRIPR. DEBRGIP iGNNGS FFERPIONENI] @Rd arrangements are described below to simplify the
present disclosure. These are, of course, merely examples and are not intended to be limiting. In

additi present.disclgsure may repeat reference.numerals and/or letters in the various
exam ?eﬂé%i his rﬁelgé%iﬁ%ﬁ gso%(rﬁ}ﬁlét %ﬂ?ﬁ&%@%ﬁf f?ﬁ%l%&ﬁﬁtéﬂ%l %m&%&%ﬂg‘? ifPY&srdictate a
relatiangiripvodtiree ddfandaniodisiecatodintdtssandleigonfigurations discussed. [0021] Referring to

Fig. 1 ascene metallization pracess 100 may, be used to enhance IMD, reliability and stability by
increa[s‘?l%%@::e timlg-Stjlgfoge?'fr et %Sléslg% it P@Sié"&&%‘ﬁ%ﬁ’éﬁ“ﬁ?&m%w ArrRAFUERE Hvice. In the

presentetixadngll€jghé. process 100 may be a single or dual copper damascene metallization process.

As Wil scriped later in greater detail, the method 100 may be performed on a substrate to form a
dama d[cheqn stru@ 'ré.lf %’?% F?]OS@BGIB)Z,Iiges%ﬁ%]@sggﬁ%?éafgoﬁeﬁg{& g}?ﬁ@fﬁ?&%’?ﬁ TR Y% deposited
onto atsubstatabiitwdderdoandetigirut tusieg, tiekihaaloifBigde interconnect lines, contacts, and/or
4 vial, rovi ectrical con 0.a semicgnductor device. or may electrically connect vias and
interc Qlar?ééﬁ Iine%%beéolt%% fﬁpglrgc%%ﬁ%}&@ %gﬁ{r:rg%&l%neplﬁ{ 86%%5%? §¥B%‘ﬁ3ﬁe§’§ %1%9%%0 coupled to a
" seriedofabdelerolifntenenftakitéletindGMbilayersdetdthstapping thyersteappitglayers, '

anti-r jon layers, [or other suitable,material.layers.that can tilized in 3 damascene
metamgggyoﬁ proycF 'sg @{19 Bfﬂlgh ot a Weigtﬁirais iyl u{mx}/ 5Fime fﬁapen%%n% Aw?ectr}.c%re own

lifetimes for dielectric layers fabricated using the method of Fig. 1.

DETAILED DESCRIPTION

{0020} The present disclosure relates generally to the field of semiconductor processing, and -
more particularly, to a method for improving device performance and reliability for submicron
integrated circuit technologies. It is understood, however, that the following disclosure provides
many different embodiments, or examples, for implementing different features of the invention.
Specific examples of components and arrangements are described below to simplify the present
disclosure. These are, of course, merely examples and are not intended to be limiting. In

3 addition, the present disclosure may repeat reference numerals and/or letters in the various
examples. This repetition is for the purpose of simplicity and clarity and does not in itself dictate
a relationship between the various embodiments and/or configurations discussed.

{0021] Referring to Fig. 1, a damascene metallization process 100 may be used to enhance
IMD reliability and stability by increasing the time dependent dielectric breakdown (TDDB)
lifetime of a semiconductor device. In the present example, the process 100 may be a single or
dual copper damascene metallization process. As will be described later in greater detail, the
method 100 may be performed on a substrate to form a damascene structure.

[0022] In step 102, a series of interconnect structures and layers are deposited onto a

substrate. The interconnect structures, which may include interconnect lines, contacts, and/or



. [00231 In step 104, a pre-treatment, such as a plasma treatment, is performed on exposed surfaces

* of the interconnect structures and an adjacent IMD layer to prevent oxidation of the interconnect
structures. The oxidation may increase contact resistance and interfere with the adhesion of
subsequent layers. In step 106, a glue layer may be applied to the exposed surfaces of the
interconnect structures and the IMD layer. The glue layer provides adhesion and protection to the
interconnect structures, and may also serve as an etch stop layer in the creation of subsequent
layers. [00241 In step 108, an inter-treatment is performed on the glue layer. The inter-treatment
improves the interface quality between the glue layer and the underlying interconnect structures and
IMD lai&ss, '8aE Ptheidthel TODE cantid ignitioantydneprodedicthe inssreleatndit @amein same
examples; 'i%%‘fﬁé@?ﬂl{é@'ﬁ?"ﬂ% legk by driving contaminants out of the interface and changing
the crystairlline structure. The0 egrrglg?g%v?ﬁ}g%p%eu?r%é?-sfre%g??nlélr%ﬂ%)Blrlg\%tegc%%udﬁénfgy ¥ may depend
upon thEnlsidkadss o gridelayéntdF onasxbdivdietap iRy thednterncirantppén tayarsetagipaly thin glue
layer Mgig@-k}gﬁg&%ﬁ%' d?g rops t'qﬁ than.the same inter- treatment applied tq a relatively thick
glue layer. ’Furt1r1erm0(e, t.hé/":3 ehpgllat)y ol; %[)heef] &é‘?&?%?r%%?%%ﬁé%?}e‘gﬁn?ﬁ%??ﬁé‘ @}%@ ¥’ which the
inter-Hag@peaNc mpreNiestihe pleetsical properties of the glue layer. In step 110, subsequent layers
may hggesmed gndhe pra-treated giye.laver. JO Referring now tg Fig.. 2 and with continued
refer(?nce tg'Fi .1, assemfcoef%juctor sﬁru’c?urctg1 ggg %rlﬁsy ae{rf%{%‘rrll(%]téag gg?gar%% (?élrﬁ}ég%seeﬁle
metalffens pidbedntenpanses fomweurespidsphadidicatd MBS (RIS G ptayart 2a2iisioovedrd by one or
more ieh sl eueR A4 Iibe, RIERERLRIARAIE.IDE SIDSIARIRELS 204 J0ude st olue layer

206 and a first metal layer 208. The first metal layer 208 may be formed of copper, Tor example, and
may fiHission el seaspplaybesribr fged (Gon sheminyer detaile ApplitD tayier e seaypttiarebe
deposierkaniertfneielinioniayai ARAVBAIN IRYETAI0MAY samaiss f materia) such as an

y be a por

. ~extreme low-k (ELK) film. For example, the ELK film m ous Si jim Where the pores are
filled RAAISAIP It SFumIe b roHaBIRS fov Kaliasetrirpropenies 5500 261cA vithe tRahay be

formed thraughiia MR layer 208 and, if desired, through the etch stop layers 204 and into the PSG
layer 202. In the present example, the via 212 is then filled with a barrier film 214 and a copper plug

216. THEAE rrielHificn 198ty IBlsCcHR s msed ispriiprmed on the glue layer. The inter-treatment

improves the interface quality between the glue layer and the underlying interconnect structures
- and IMD layer, such that the TDDB can be significantly improved. The inter-treatment can, in
some examples, reduce the line-to-line leakage by driving contaminants out of the interface and
changing the crystalline structure. The degree to which the inter-treatment improves the glue
layer may depend upon the thickness of the glue layer. For example, applying the inter-
treatment to a relatively thin glue layer may yield better electrical properties than the same inter-
treatment applied to a relatively thick glue layer. Furthermore, the density of the glue layer may

also determine the extent to which the inter-treatment improves the electrical properties of the

R

glue layer. In step 110, subsequent layers may be formed on the pre-treated glue layer.

[0025] Referring now to Fig. 2 and with continued reference to Fig. I, a semiconductor
structure 200 may be fabricated using the damascene metallization process 100 as follows. A
phosphosilicate glass (PSG) layer 202 is covered by one or more etch stop layers 204. In the
present example, the etch stop layers 204 include a first glue layer 206 and a first metal layer
208. The first metal layer 208 may be formed of copper, for example, and may further include a
copper barrier layer (not shown in detail). An IMD layer 210 may then be deposited onto the
etch stop layers 204. The IMD layer 210 may comprise a material such as an extreme low-k
(ELK) film. For example, the ELK film may be a porous SiO, film where the pores are filled

with an inert gas or air to provide the low-k dielectric properties.



. TaN, TiW, and/or other nitride containing refractory metals. The pre-treatment described in step 104

* of Fig.| may then be performed on the filled via 212 and the adjacent IMD layer 208. [0027] As is
known, attempts to improve interface quality using some treatment methods can introduce additional
problems. For example, applying a plasma treatment directly to a copper interconnect and IMD layer
can cause damage to the copper layer. Similarly, applying a plasma treatment to a copper
interconnect and IMD after chemical mechanical polishing (CMP) can damage the copper layer.
[0028] Accordingly, referring now to Fig. 3 and with continued reference to Fig. 1, the via 212 and the
adjacent IMD layer 210 are then covered with a second glue layer 300, as described in step 106 of
Fig. 1{003églue Myer 30D maxybbdcormp tised f SiMilldenax08 a8idCH dsiTed, tBia@hBi@Klfa barrier
film fr i ral [ er, riate. material which rovide adhesion and
proteo g b T B B T B R ver
the creation brfrsighSdupit faylersoPher plug Riyer Taybbeidofrired by whagioaippesdefibdition (CVD),

P PR Shans IRl KARGE SSRRRHIER (RGP InaaT RS deRoRlRn LR Yalge vapor

deposition D), evaporation, or any o met nown In e secon

layer 306 if Hepbsiter thee hetperfrontadern Blestidled 08: 61l Bignd tregdireperibiMduica dght hydrogen
base a treat Y | . er hydrogen
Paced e Addi gy ey Sl he. eyt AN A el A

electrortodans. arditinal preblemsnt fieiprsves happidia ceptpsanatisetwerindites@iue layermand the
under}ying. HELCORNERGY Sén%é%ﬁ%@%%ﬂ%%‘ﬁ?&}q%y@%'ﬁrﬁ?fﬁlﬁeaggﬁglﬁ%%%%myoved-
he li edka y driving

The inter-treatment may also, in some examples, reduce e-to-line

contafAtRes gt ot ehedhteierseuand asHdhingltnechssiaiineeshaeicrbp o3 ACRe a1 processing
condim&%@g@ﬁgpg@&grform the hydrogen plasma based. inter-treatment including, for
~ example, an exposure duration of between 0 and 100 seconds at a temperature between

" approdififgibly 20e@idindy. coitiraresote ny vad by apisinpre reikesnptdey peodedsiitaconditions
may algo INJ4HE APIRIPHRINAREG 0 O- ALk %2R 1A GaR B35 evSEIras, 20 i2AR0 Watts,
and aigsg?erg %%% g? Is“z?gm;v O’ltl}eogohgg zZa?gP 38(}8 rr]ndg %g g(t))rlgprised of SiN, silicon oxide, SiCH, SiCN,

SiCO, BLOK (a barrier film from Applied Materials Corp.), or any other appropriate material

which can provide adhesion and protection to the interconnect structures. The glue layer 300

may also serve as an etch stop layer in the creation of subsequent layers. The glue layer may be
formed by chemical vapor deposition (CVD), plasma enhanced chemical vapor deposition

(PECVD)), atomic layer deposition (ALD), physical vapor deposition (PVD), evaporation, or any
other method known in the art,

[002.9] After the second glue layer 300 is deposited, the inter-treatment of step 108 of Fig. 1

may be performed. A light hydrogen based plasma treatment méy be used, where the reacting

gas may be NHi, H; or any other hydrogen based gas. Additionally and/or altérnativeiy, the
inter-treatment can utilize He plasma and/or an electron beam. The inter-treatment improves the
interface quality between the glue layer and the underlying interconnect structures and TMD

layer, such that the TDDB can be significantly improved. The infer-treatment may also, in some
examples, reduce the line-to-line leakage by driving contaminants out of the interface and

changing the crystalline structure.

[0030] A variety of processing conditions may be used to perform the hydrogen plasma

based inter-treatment including, for ¢xample, an exposure duration of between 0 and 100 seconds

at a temperature between approximately 200° C to 400° C, where 350° C may be preferable. The

exemplary processing conditions may also include a pressure range of 0.5 to 10 torr, an induced



centimeters per minute (seem). The plasma used for the inter-treatment may be produced by any of a
' variety of methods, including a parallel plate capacitive source, an inductively coupled source, a
capacitive triode source, an electron cyclotron (ECR) microwave source, a DC coupled source, or a
helicon wave source. If an electron beam inter-treatment is used, the power may range from 1000 eV
to 8000 eV, and the dosage to the glue layer may be approximately 50 to 500 C/cm2. If He based
plasma is used for the inter-treatment, process conditions may include a pressure of 0.5 to 10 tort, a
process time of 1 to 100 seconds, and a temperature of approximately 200 C to 400 C, where 350 C
may be preferred. [0031] Use of a hydrogen plasma inter-treatment may reduce Si-CH3
concEAtrzaiversiionh &0 ¢giu0RE) 8Y atsd andy psoimpienigesdhsed S14D bohilifgatthedotdface between

the g , he interconne ructures and/or the IMD layer. The increased bonding induces
greatée%ﬁélt%ﬁ%t% q%\rtaﬂ1 erﬁ%a{,&é"smm:}“ %%Hgﬁiné?v%s %ﬁ) ﬁ%ﬁilelq#rréﬁé%?lr%nl niared gﬁ%%f%gg%%n(ﬁﬂm,
whiclef eheimete i swcthaderitielbdisgd peoriisppbtrat apisvtpion bandm Asprévibushugiscribed, the
“degr [ inter-tr nt improves the glue lay, depend upon the thickness of the
e B L B I B N S S Feer
electfRaicgroperticdotrarane same.infttancdatmembapplied-tot @ aatativédyused kiglype teyanaf-urthermore,

the ' I termine t xtent to which the inter- treat [mproves the
clect R e S e TR MEremce to
Fig. $O8fterama intéHerbagedariosonpdsfosadeler ahsaiceretrtak fiypro4e ancdaiiditionay kaybrde(not

sho I t .1Hae 1,40 be a barriex layer formed from
TiNY\grglll\lg}%?l{'lij\%\‘/%,)fg}r?g/%iI%gtﬁg%ﬂn?tﬁgicgéogn?ﬁ% ?gga}-g%%%rég?gfs? :t%slﬁ]ggléac?ﬂrgn? ayers may include,
for esrmpBnadyPISEr IB)lordd0fale msifomiéd fromasher efferials that may prevent copper diffusion,
pro hesj vide appropriate electrical properties. A copper layer formed using a

g 'darm‘(sfje%ﬂ met'?al izgaftzl%El g%%eesg {ha”fgxf/ablgtgﬁg?g eg{an%mgr%?%%&% 5@?&88%&%8%%%%%%?%@ copper

- ‘CvDdleetrfsitanwdanby prouiitéilineitheie Sréplavediogmpdne antafper iRVRcedd: fgkevied:hyid bulk fill

with glectraplat [ RP\VD ther methpds known in the art. [0033] Referring
now to Fig. 5, %rﬁ%%%%‘d%?cﬁnmé%g- w%e e?k%‘&gfbﬁ%nltrl Sreeraéstfgog e%%? 1ns’flr(:é3§sgﬁ%ff(tje [[E)%%%)Iégg one

exanpldoihiie.semady brovidexyds) yid previolrshys Mesciitfeddrtarectroscopy (FTIR), which
characterizes materials based upon spectral adsorption bands. As previously described, the
degree to which the inter-treatment improves the glue layer may depend upon the thickness of
the glue layfar. For example, applying the inter-treatment to a relatively thin glue layer may yield
better electrical properties than the same inter-treatment applied to a relatively thick glue layer.
Furthermore, the density of the glue layer may also determine the extent to which the inter-
treatment improves the electrical properties of the glue layer.
[0032] Referring now to Fig. 4 and with continued reference to Fig. 1, after the inter-
treatment is performed, a second metal layer 400 and additional layers (not shown) may be
deposited onto the glue layer 300. The layer 400 may be a barrier layer formed from TiN, TaN,
TiW, and/or other nitride containing refractory metals. The subsequent layers may include, for
example, a copper layer or layers formed from other materials that may prevent copper
diffusion, promote adhesioh, or provide appropriate electrical properties. A copper layer formed
using a damascene metallization process may be created by a single step electroplating process, a
copper CVD seed followed by a bulk fill with electroplated copper, a copper PVD seed followed
by a bulk fill with electroplated coppef, a complete fill by PVD, or other methods known in the
art.
[0033] Referring now to Fig. 5, a graph 500 of line-to-line leakage current versus electrical

stress field provides one example of the benefit provided by the previously described inter-



7 treatment. Line 502 represents the line-to-line leakage current measured when an electrical stress is
applied to a damascene structure created without the inter-treatment of step 108 of Fig. 1. Line 502
shows increasing line-to-line leakage current with an eventual catastrophic break down. Line 504
represents the line-to-line leakage current measured when an electrical stress is applied to a
damascene structure created using the inter-treatment of step 108. In this example, the hydrogen
based plasma used in the inter-treatment was created using 1-12 as the reactant gas. As can be
seen, line 504 illustrates a significantly reduced line-to-line leakage compared to line 502. [00341
Referring now to Figs. 6 and 7, a first graph 600 (Fig. 6) illustrates a Weibull distribution profile of
TDDBEF8RIND St Haverreserde divdtehe hrer lodapmantsing wpaso8divikg analdtaisdcond graph
700 (Bigod )l ibull distributi ile of f_hve'v-%e
inter-%:rﬁe%ast;ngse n%ﬁ g@e&nqgrg%%%%é‘%%ﬁ@g@ﬁ%%% rﬂi%%%ﬁ%%?%%%%ﬁ?ﬁ%% S?r?{%ﬂ?ge% “of

o_bjects. inghe0Brelzens dxcimpiog netovBisulbelisgiberioenp refifeaiseusetinb aurmtiphiDalifetimes. In
Fig 6dm€n¢aﬁﬁu§%§4§%§re§%ﬁ?@ Ra%ReAensa cG%e%@ﬁ?&BﬂéH‘%vﬂé%ca%?z?i(@&r?&&%g{é%ﬁed to

create a damascene structure. [0035] Referring specifically to Fig. 7, the data sets 702, 704, and 706

were Hiirhted deinescine procassistresdditoestor dres-bemeon Godcmhdteds, tespsompddy, except

that ad iRl Ag%atg@sgﬁ wm&%wﬂm&iﬁ?&%mﬁlaﬂ%%&é&w&%g 5, IRRIRSRAkA.PY.fhe data
sets 702, 704, and 706. As can be seen if Fig. 7, the data sets 702, 704, and 706 show a’significant

improvésishanetie TooR4idavetonncieetimpaiyd sdaahlinata-SorsledaesGonaried0e . lifB036] The
presefrinvention has been described relative to a preferred embodiment. Improvements or
modifications that become apparent to persons of ordinary skill in the art only after reading this

discld80#dlare didRiEaguaintthiigpifittadd sedpet ereank appRERidn. ingrgrs seieidvdintion may be
appligtk @i BREIISH PRERAHE M AN S WRIES AR MR DAY s ARG FHBDRS G e O

. spherical, or three-dimensional. It is understood that several modifications, changes and substitutions

" are irftithbeanthatheerob §ERY TH8TBirD A trris oV ribtlhdistrfarieeseiile o LR R™@ition will be
emplayask withoit a cREgsRIRdngHee AR aales. LREQIHINUX S RRAsARtIatE Ratihe

appended claims be construed broadly and in a manner consistent with the scope of the invention.
the distribution of lifetimes of objects. In the present examples, the Weibull distribution profile

is used to quantify TDDB lifetimes. In Fig 6, the data sets 602, 604, 606 may be génerated by
changing the processing conditions used to create a damascene structure.

10035] Referring specifically to Fig. 7, the data sets 702, 704, and 706 were generated using
the processing conditions of data sets 602, 604, and 606, respectively, except that an inter-
treatment was used when creating the damascene structures represented by the data sets 702,
704, and 706. As can be seen if Fig. 7, the data sets 702, 704, and 706 show a significant
improvement in the TDDB lifetimes when compared with the data sets 602, 604, and 606.

[00306] The present invention has been described relative to a preferred embodiment.

o

Improvements or modifications that become apparent to persons of ordinary skill in the art only
after reading this disclosure are deemed within the spirit and scope of the application. The
present invention may be applied and implemented on a variety of surfaces that may be of any
shape — planar, curved, spherical, or three~-dimensional. 1t is understood that several
modifications, changes and substitutions are intended in the foregoing disclosure and in some
instances some features of the invention will be employed without a corresponding use of other
features. Accordingly, it is appropriate that the appended claims be construed broadly and in a

manner consistent with the scope of the mvention.



8 WHAT IS CLAIMED IS: 1. A method for increasing a time dependent dielectric breakdown lifetime of
a semiconductor device having a first layer underlying a second layer, the method comprising:
forming a glue layer directly on the first layer, wherein the first layer includes a metal layer; performing
an inter-treatment on the glue layer, wherein the inter-treatment affects the upper and lower surfaces
of theygluerayerjandsmprpyes an interface between the glue layer and the first layer and wherein the
inter-treatment includes applying a plasma and an electron beam; and depositing the second layer
directly ontq the upper surf e of the inter-treated glu ayer wherein the |nt r-treated. glue layer
improves a&hesroﬁ%@ﬁﬂ&iﬂ PhETrErsing S8 Fé%ltff%“ dirlsicdes a—fr APs° g%etal layer. 2.
The geeti&eddeﬁttlauzﬁvlcwﬂaheﬁgerﬁmSujz@rperdefmiﬁg @srebeﬁdeiagreemiﬁ@mme)ﬂrﬁtrﬂpﬁern@efore forming
the glue layer. 3. The od of. clarg) hef:e %erfornﬁ%rg e& {.e eatme t n the glye layer
includos ap B BCHEAL NS S Be A T Re SR B B AL SEb e ihe plasma to
the glue layyturther includes selecting a reacting gas, a process time, a process temperature, a
process pressyre and a re ac ing, gas ro 5. Th metho of .cl m 4 w erein the selected reacting
gasisa hy rogenhgé%%% gaesr“ giI%een‘rnce hodgo &R 4 Wherein th Zetseelecfle%l?%%%iﬁé ggls is a helium
baseubge]saﬂd Iove:msetiiod ob Cthingldahereimdhenpadecsach mm@s&ﬁ]mmﬂoétwgbn lappraximately |
and 100.secpnds, I8 FRIRSIEA PIocess.lamp E%tétf ‘ﬁés heveen f@%&%’é‘m@ Sl S99 An6490 C. the
selecte proc Ss pressure IS E)etween approxrm 0 BBAG 4 orh, and the. selecte reaétrng gas
flow mnthetween approxrmately 100 and 2500 seem. 8. The method of claim 1 wherein performing the

nter-wreamggl an e Ale Bvarnales eI AN AR e YRS e R e, © - The

method of erein rectr g the electron bea owar
wherein the inter-{reated glue layer improves adhesion between the ﬁrst and second layers,

wherein the second layer is a metal layer.

2. The method of claim 1 further comprising performing a pre-treatment on the first

layer before forming the glue layer.

3. The method of claim 1 wherein performing the inter-treatment on the glue layer

inclades applying a plasma to the glue layer.

4. The method of claim 3 wherein applying the plasma to the glue layer further
includes selecting a reacting gas, a process time, a process temperature, a process pressure, and a

reacting gas flow.

5. The method of claim 4 wherein the selected reacting gas is a hydrogen based gas.
6. The method of ¢laim 4 wherein the selected reacting gas 1s a helium based gas.
7. The method of claim 4 wherein the selected process time is between

approximately 1 and 100 seconds, the selected process temperature is between approximately 260
and 400° C, the selected process pressure is between approximately 0.5 and 10 torr, and the

selected reacting gas flow is between approximately 100 and 2500 seem.

8. The method of claim I wherein performing the inter-treatment on the glue layer

includes directing an electron beam towards the glue layer.



further comprises defining a process power and a dosage. 10. The method of claim 9 wherein the
process power is between approximately 1000 eV and 8000 eV. 11. The method of claim 9 wherein
the dosage is between approximately 50 and 500 C/cm2. 12. A method for increasing a dielectric
breakdown lifetime of a semiconductor device, the method comprising: depositing a dielectric layer;
depositing a first metal layer a;};i};cent the dielectric layer; depositing a glue layer on the dielectric layer

and the firsPmetal TRypensihen! wiatlaim hishraes dreriedirdety vehoeaianamisthn etet layer and a
lower SHIREERIRE UGV AR AR aRE dssipuped directly between the dielectric layer and a

lower surface of the glue layer; selecting either a plasma treatment process or an electron beam
treatment process; and applying the selected treatment process to affect the upper and lower

surfaces of {he gluenlayethforpringseaaRmetalHiesdnendhe werststaiass ofhergitsiayer,
wherein the treatment process enhances an adhesiveness between the dielectric layer and the

secdhd aﬁ?e%&ﬁ’l%?éfr-. 13. The method of claim 12 further comprising selecting a thickness for the glue
layer, wherein the selected thickness is based at least partially on a desired electrical property of the
glue layer. 14. The method of claim 13 further comprising adjusting a property of the selected
treatment pidcess DB RN ity RRTERhEE G188 1510 SR 2RBIOR BRSPS odim 14
whergincdg adjusted property is associated with a duration of the selected treatment process. 16. The
method of claim 12 further comprising selecting a material for forming the glue layer, wherein the
material is selected from the group consisting of SiN, silicon oxide, SiICH, SiCN, and SiCO. 10 17. The

method of claim. 12 whateiiothersalesiedraraceasdsitherpdagniailicaiinenif preesissnansovherein a
reactin{ge%acggtt g)em gt % iglogwgrg&%gma treatment process is
depositing a dielectric layer;
depositing a first metal layer adjacent the dielectric layer;
depositing a glue layer on the dielectric layer and the first metal layer such that an
interface is formed directly between the first metal layer and a lower surface of the glue layer and
an interface is formed directly between the dielectric layer and a lower surface of the glue layer;
selecting either a plasma treatment process or an electron beam treatment process; and
applying the selected treatment process to affect the upper and lower surfaces of the glue
layer; forming a second metal directly on the upper surface of the glue layer, wherein the
treatment process enhances an adhesiveness between the dielectric layer and the second

metal layer.

13. The method of claim 12 further comprising selecting a thickness for the glue layer,
wherein the selected thickness 1s based at least partially on a desired electrical property of the glue

layer.

14. The method of claim 13 further comprising adjusting a property of the selected

treatment process based on the selected thickness of the glue layer.

15. The method of claim 14 wherein the adjusted property is associated with a

duration of the selected treatment process.

16. The method of claim 12 further comprising selecting a material for forming the
glue layer, wherein the material is selected from the group consisting of SiN, silicon oxide, SiCH,

SiCN, and SiCO.
10



selected from the group consisting of a hydrogen based gas and a helium based gas. 18. A method for
improving an interface in a semiconductor device comprising: forming a dielectric layer; forming a first
metal layer adjacent the dielectric layer; forming a glue layer on the first metal layer such that an
interface is formed directly between the metal of the first metal layer and a lower surface of the glue

layer; perfoyning ap nier:fregiment.on e glue ayer (o alles upper.and jowsy sufaces. of he glue
layer for improved adfhieSiveness, Wherein the performing the inter-trea ment includes using at least
one of a plasmasanandnvdiectiombeaninangdafotmihg assécondhm elabioy eraatntbet yppesssurface of the
glue layer %%&thgit an interface is formed directly between the metal of the second metal layer and
the upper surface of the glue layer. 19. The method of claim 18 further comprising selecting a material
for forming fileen Hlaeieyreeonmsiainahe hrdregen kesedaaeaionieheng fmgpdcgassisting of SiN, silicon
oxide, SiCH, SICN, and SiCO. 11 A METHOD FOR IMPROVING TIME DEPENDENT DIELECTRIC
BREAKDOWN LIFETIMES ABSTRACT The present disclosure provides a method for increasing a
time depentfent didIBEIHEdSFE AREBRIESHHE BFas S BT COMICRIGHEIB MY S F A 8RFfdRGFe fabricated
using this methodgHagndnedhaektiel udes; depositing a first layer and then forming a glue layer on the

glue tayer. The TEATHEREA LS AN BHS, AL A B AL BEAAEH e gl ayer and the frstfayer
The treatment précesiignaychisdafteciretbetficsd prapkities ohitie hhiealayeerfhcecofigiayer may
then be de%?r%ictﬁg lg)eql{a?eterﬁetﬁree%te%gl %lf“‘&éaf%%{ nqé!gi\' ‘le%'ger and a lower surface of the glue layer;
performing an inter-treatment on the glue layer to alter upper and lower surfaces
of the glue layer for improved adhesiveness, wherein the performing the inter-treatment
includes using at least one of a plasma and an electron beam; and
forming a second metal layer on the upper surface of the glue layer such that an
interface is formed directly between the metal of the second metal layer and the upper

surface of the glue layer.
19.  The method of claim 18 further comprising selecting a material for forming the

glue layer, wherein the material is selected from the group consisting of SiN, silicon
oxide, SiCH, SiCN, and SiCO.
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