* 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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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 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.
[0004] 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



> 1 manufacturing for devices with geometries of 0.1 micron or less. Generally, the damascene 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. How_e_ver, copper suffers from
high diffusivity when used with many common insulating materials, such as silicon oxu_JIe and oxygen

~ containing polymers. For example, copper deposited on an oxide may form copper OX|d<_a at or near
200 C. Similarly, copper tends to diffuse during high temperature processing with a polylmld.e, causing
severe corrosion of the copper and the polyimide. The corrosion may result in loss of adhesion, _
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prevent copper diftusion, promote adhesion, and possess appropriate electrical properties.
[6067) Other materials used in fabrication processes may contribute to device quality. A
semiconductor device may be comprised of various layers, including IMD films, metal layers,
and 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 film interfaces.
This stress may be enhanced by changes in the environment, the application of force, thermal
oy cycling, and other stress inducing processes. Furthermore, low dielectric constant (Tow-kY) films
o 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.



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
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Accordingly, a method is needed to improve the TDDB lifetimes of semiconductor devices, including
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having a first layer underlying a second layer, the method comprising: forming a glue layer directly on

the first 1Ay@lagisarapfastuness Hysdisetl gesnemedariagens poefosasingeantivibedeafment on the glue
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an adhesive inter%ace between the glue layer and the first layer and wherein the inter-treatment
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devices, 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



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 ad] cent he di tri r; itin lue layer in the dielect %A erand the first metal layer
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adhesiveness bétween the dielectric layer and the second metal layer. [0013a] In yet another aspect,
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surfaces of the glue layer for improved adhesiveness, wherein the performing the inter-treatment
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layer adheres to the first
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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. 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.
3a BRIEF DESCRIPTION OF THE DRAWINGS [0015] Fig. 1 is a flowchart of a method for fabricating
a damascene structure having an improved time dependent dielectric breakdown lifetime. [0016] Figs.
2-4 are cross-sectional views of the damascene structure fabricated using the 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

lifetimgRiwppiestrripyesNabicpigs wanoihemethod of Fig. 1. DETAILED DESCRIPTION [0020]
The present disclosure relates generally to the field of semiconductor processing, and more

particular]y, to a method far improving device perfarmance and reliability for submicron integrated
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embodimentsd cinexdeppieisnfafidieplemertihdogitiditnidieatures of the invention. Specific examples of
compimf anqilargailgements are described beltob\% to, simplify the present  djsclosure. These are, of
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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 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



. 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 4 vial, may provide electrical contact to a
semiconductor device or may electrically connect vias and interconnect lines to other interconnect
structures. The interconnect structures may be coupled to a series of oxide or inter metal dielectric
(IMD) layers, etch stopping layers, capping layers, anti-reflection layers, and/or other suitable material
layers that can be utilized in a damascene metallization process. [00231 In step 104, a pre-treatment,
such ¥¥& plasm@daehsiticd penfentioc sanexpodediosuidatcescoitihe ditendcalhectsiseckdses and an
adjacent H vent oxidation of the _interconnect structures. The oxidation may increase
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inter- treatment to a relatively thin glue layer'may yield better electrical properties than the same inter-
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. I step 110, subsequent layers may be formed-on the pre-treated glue layer. eferring now to
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of subsequent layers.
[0024] 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 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.



. structure 200 may be fabricated using the damascene metallization process 100 as follows. A

" phosphosi.licate 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 SiO2 film where the pores are filled with an inert gas or air to provide the low-k
dielectric properties. 5 [0026] A via 212 may be formed through the IMD layer 208 and, if desired,
throudgAkél etch@@pﬂé@mﬂmﬂfandﬂd@MPS@ Iderlapa. Zlﬁ&lw@riésbnire(mmm@tﬂd@mm 12 is
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[0028] Accordingly, referring now to Fig. 3'and with contiriued referénce to Fig. 1, the via 1§and the
adjacerroNipdaidi e bpeothenscoler s anitica apdh gl iaye trs0Dies desdlibed: rwppep 106 of

Fig. 1: i iligy S K (a barrier
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the crg%gg Ilayers The glue layer may be formed by chemical vapor deposition (CVD),
“ plasma en anced chemlcal vapor deposition (PECVD), atomic layer deposition (ALD), physical vapor

" depod##SiP VDR wsyrpisetiors foriagnameritethoadknils aniinassiteference 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. The glue layer 300 may be comprised 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



[0029] After the second glue layer 300 is deposited, the inter-treatment of step 108 of Fig, | may be
performed. A light hydrogen based plasma treatment may be used, where the reacting gas may be
NH3, Hz or any other hydrogen based gas. Additionally and/or alternatively, 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 IMD layer, such that the TDDB can be
significantly improved. The inter-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
includifigdfeceiampie tad @xpBsuts, dudatibpdod paiweelGrantl D002 E0Mds et adterbperature
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gIue%%%?gSg%?oﬁ%%?g%Og%&%gg %S/&caﬁgg Iﬁ%g’q basa E%%%%ei%p%%l oa(r'j[ﬁx‘é 5ﬂtteor-treatment,
proc gion¥ Maypaselplesapievsedef b SitgetOrtottpenprpoesstivnadifidntonf0iseloinds, and a
tem f roxi y . 63 referred. [0031] Use of a
hydlrofg‘%%g é?ar%r%i@iﬁtg?(r-lgpe%ﬁ%en %%ﬁéﬁ%é% Sﬁﬁga§GCS§§8§$%£%%{I}R%I%%%Q%W and may
pronfsterindreatsbd260 O b dlhg 61 weeintdHRIcE betybepitifergide layer and the interconnect

gL MR e TOSIUTGEESLIBTAng Rikcss e bl e oo mey
*‘uporebpebiyat andonpsigndresidsnars ety areborbe the¢hatedfgedetaavhitie tednisetraatment
'mpVW@&{Q&&H@C%@@XS%B%}M%}Q{Ckﬁﬁé %n%ieased bonding induces greater stability
in the IMD), as may be observed by Fourier transform infrared spectroscopy (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-



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 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,

prombestagdsibmeot(Grospaeseipp thp liate tetdoritailpgspartiest mevppet tdyar dorehatricaling a

dam izali i X r i r @ copper
VD S e By T O B e T Ll

with dleditepité dleoppcrassoiapiatetditliby Ryl zecothuan wétthauls kersuah dattseorhic[0638] Referring
now (9,5i9: Pif 9P &E&Qe%ﬁéiﬁ%'ﬁﬂiﬁﬂﬁ-ﬁ%?a%ﬁa%é' RfRIS S lRalinal, sHess lield Rindes one

example of the benefit provided by the previously described inter 7 treatment. Line 502 represents the
line-t8RMiEdeakademasnn fhoekursdoned vain wibetitel-titrénsid ebplind 88 alddhassemelstructure

creatqt WRMCING, WPHHERANREA B ERntAS it whilG oG NAD GRS NG AR galine

leakage current with an'eventual catastrophic break down. Line 504 represents the line-to-
leakafjé € ientasiedbinréaiHem atr e etgidicondys sduapplivd-fo-tivklerioesrosmparad te tnsated

usingstite 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

signifl@93dl reaBefurimpnovite gk aged dripbrederanin 608 (DigotBul saates iy pidwlio Figs. 6 and 7,
a firsygiam AP GG iysBRE B AMMEIP i distribiion Riofile Rl TRRES 0L MRS that hawgemot

. received the inter-treatment of stelg'108 of Fig 1, and a second graph 700 (Fig. 7) illustrates a Weibull
* distribigidnasbareeeracbisgd (§0 (Fig. 7) illustrates a Weibull distribution profile of TDDBs for

IMDs that have received the inter-treatment. Generally, a Weibull distribution profile illustrates
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.



IMDs that have received the inter-treatment. Generally, a Weibull distribution profile illustrates the
distribution of lifetimes of objects. In the present examples, the Weibull distribution profile is used to
guantify TDDB lifetimes. In Fig 6, the data sets 602, 604, 606 may be generated by changing the
processing conditions used to create a damascene structure. [0035] Referring specifically to Fig. 7, the
data gty 102, P4 RN Y 6 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 r prese %%il data sets 702, 704, an S ca en i 7, the data sets
05, 704, Al 706 AR LG A U RSB A N T CCE Sarbd with e
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present invéagirn may be applied and |mplemented on a variety of surfaces that may be of any shape

- planar, cuved, spherical,of fhree.dinensionsl. s understaog (hat several fodificatipns, changes
and substitdiions aretintendad in oregom |sc Stre and in some  instances some fteatures of the
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O Mcraasin ime aeper?aenef ielectric breakdown
Ilfetlmedof a semiconductor device havmg a first layer underlymg a second layer, the method

comprising:afAITIng. 3l e AUeaHLan e 15! layer WheIE e st mierdaghden aymeta

Iayer perfor ng an-inter-treatment on t ayer, erein the inter-treatment cts the upper
and rehﬁemsukfevesrd&@h@@Igiedéymran@mpm@emmb@me etiveeanhecging layersand the first

Iayemge%i‘{ﬁéeggc%% iﬁsegfgrseglmegltlwdes applying a plasma and an electron beam; and

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.

9



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. 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 includes applying a plasma to the glue layer. 4. The method of claim

3 wherein applyingifepttd e §ud ragardupgian ihelgtrsdap leran doyasdetifodiisiayrocess
time (3 RECRIHIRBPELAT I ARIREESFRIESSHIG: (?&gé%‘ reacting gas flow. 5. The method of claim 4

wherein the selected reacting gas is a hydrogen based gas. 6. The method of claim 4 wherein the
selected reacting gas is a helium based gas. 7. The method of claim 4 wherein the selected process

time is betwgen apREMAIE ¥ ANt LOQREEONAS PR SEIBEIRY I BERSSICIPRRSIMRS hobyeen

approximatela/ 200 and 400 C, the selected process pressure is between approximately 0.5 and 10
torn,cah@th80eer¥ted reacting gas flow is between approximately 100 and 2500 seem. 8. The method
of claim 1 wherein performing the inter-treatment on the glue layer includes directing an electron
beam towards the glue layer. 9 9. The method of claim 8 wherein directing the electron beam towards
the glue layé}- furdldF &8 a5 hY R pToBE SRR ahfd iean SRBEC M B4 H@baC8f claim 9
whergincifig 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 layen2. 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 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



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
weatment pypeess; and. appling the selaclad ireaiment process fo.afiect g upper and oyer
surfaces of the glue ‘Tayer; forming a second meétal directly on Rhe uppeér durface of the I(f]lfsue layer,
wherein therteatmant prbeess entranteg gasatthbsivené ss bdtvpkanthetdisteericiayesand the
second m%@&?ﬁ'&”' 13. The method of claim 12 further comprising selecting a thickness for the glue
layer, whereln the selected thickness is based at least partially on a desired electrical property of the
glue layer. fiom Thegmetheehsstrgrairshiithheschrngstisisqadjubaliana resdeay.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 ¢Bim 12 fuFthed EFmpmesd B snisgiacmmasamsonstising dadcyrRNBYER S herein the
material is selectedanp theigeupcaapsisting of SiN, silicon oxide, SiCH, SiCN, and SiCO. 10 17. The
ﬁ)lasm treatment process, and wherein a

method of claim 12 wherein_ the S%Fﬁ te%lgr CESS | tgﬁ X
reacting gas to be US¥G§F e AR A ERHATH FOR SLE'FS LB I8¥ &Y from the group consisting of a

hydrogen based gasnaind a laglitiiajeased hasiks metaickingd farchmprovingaarinteriadedmeal
oo LR SRS, (YR el i BRI ) g gt e
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.

11



_directly between the metal of the first metal layer 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. 11 A METHOD FOR IMPROVING TIME DEPENDENT DIELECTRIC BREAKDOWN
LIFETIMES ABSTRACT The present disclosure provides a method for increasing a time dependent
dielectric breakdown lifefiicld] QBN IMIRD BENCE B 1a BFRIOND febiicated using this method.
The method includes depodiild.EGERHY BREA KbO BN IIFE g k§/er on the first layer. A
treatment process, which may use a plasma or an electron beam, is performed on the glue layer. The
treatment PROCESS improves an interface between the glue layer and the first layer. The treatment
procesrmay‘a%n affect electrical properties of the glue layer. A second layer may then be deposited

onto the treated %Iue layer. (FIG. 1) _
[6037] The present disclosure provides a method for increasing a time dependent dielectric

breakdown lifetime of a semiconductor device and a structure fabricated using this method, The
method includes depositing a first layer and then forming a glue layer on the first layer. A
treatment process, which may use a plasma or an electron beam, is performed on the glue layer.

~ The treatment process improves an interface between the glue layer and the first layer. The
treatment process may also affect electrical properties of the glue layer. A second layer may

then be deposited onto the treated glue layer.

FIG. 1)
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