A METHOD FOR- |1 MPROVI NG TI ME DEPENDENT DI ELECTRI C BREAKDOWN LI FETI MES
BACKGROUND [ 0001] The present disclosure relates generally to the field of
sem conduct or processing, and nore particularly, to a method for inproving
device performance and reliability for submcron integrated circuit
technol ogi es. [0002] An integrated circuit (1C) is fornmed by creating one
or nore devices (e.g., circuit conponents) on a substrate using a
fabrication process. As the geonetry of such devices is reduced to the
submicron level, the I1C s active device density (i.e., the nunber of
devices. per. IC area) and functional densit | .e., the nunber of

i nt erconnect ed devi THROD FORIMFPRIINCe DERENRBENDY the fabrication
process. An |C fabri caRIRIEEQTRIESBREAKDAOWY ITFETAMESer of |initations
that affect the formation of a device. One of these limtations relates to
metal | i zation, which involves the growh, formation, and/or deposition of
a conducting material. [0003] Reduced geonetry devices are generally

devel oped using netallization processes that are governed by standards for
met alﬂﬁgﬁﬁﬁﬂ&ﬂ;&y and electrical reliability. The standards are used
because defects and particles generated by a netallization process nmay

[ AUCROBRY! CeriRl Ak §8losutt RIAANMLA IS Bl ddid of mib Al AIBIRLsid N ERE
defects y everi cause a ort Befheen” metal 17 nes. e pr% em
associnateghriidulirlyres ahﬂdﬂz(at foe mprovingdiserd pgdommincy atlersliabidity foraubaituaed

time de end nt diel ECEI’IC breakdown (TDDB) lifetine. The TDDB lifetime is
the tI0HSr3tH 961‘]‘?”&%301%{}? WR¥%de or inter netal dielectric (1MD) breaks down

t hrou r eSGn fRlS L&t PRBed dof S

gener E(;‘l‘ilﬁloy%]t ang?lndl ca?cg? Q%? rTQ {Mlsnt erg oﬁrrelaet;éigedr{éeoéﬁtg%ﬁgr atél(lgﬁe g s

met al cdraparicnts) on a dulsstratet using sfabbicdtionypro@spr Ay dwtgenmicaly of sddhubivines 1sAs deV| ce
geonet i e rink, .the, T L,feti of the.l be . .reduced

parti ]E?E}P%EI%IIVQ%% Sui%ml(érlofla\%@%%i%@%"gﬁg“f’ﬁﬂﬂ?ﬁ& IY}?%?E‘% n}anl")grso#c&ﬁ VIS BPG 1 i cal
St resg qah@lonil dedsite G ehe HRRPRTTF ntelR¥hik@fedW

m crone%)?ﬁ]ﬂess may rglsﬁlgt in INMD fail Jre [00615]&{!\&/&9%%% glggg?&iﬂe

i nt eghmitediby thedabricationprasess oo Hp Fabsisaldon propess semenléssh@rﬁempnbﬁc@ﬁ s, in

nown SR A ek nt Riflalf bt § PR ot B RERONR s Tebeh B BReliRE e

bec onwhish devolvasshelgiomvth,Godmation, and/or deposition of a conductmg 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 associated 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 high 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.

[0005] Metallization of integrated circuits may be accomplished using a damascene process,
in which a substrate is inlaid with metal. Damascene and a related process, known as dual

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



manuf acturing for devices with geonetries of 0.1 mcron or |ess. Generally,
t he damascene process involves creating interconnect schenes by cutting

trenches into a dielectric and then filling those trenches with netal. Any
excess netal is polished away. [0006] Damascene processes often use copper
as a bulk filling interconnect nmetal because of its |ow resistance.

However, copper suffers fromhigh diffusivity when used with many comon
insulating materials, such as silicon oxide and oxygen containi ng pol yners.
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[0008] 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
cycling, and other stress inducing processes. Furthermore, low dielectric constant (low-k) 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 dielectric.



such as thermal annealing and plasma treatnment to increase the film

har dness and to hel p reduce noisture uptake of the lowk dielectric. 2

[ 00091 Etch stop | ayers, which maybe used in conjunction with a damascene
metal lization process, also affect to device quality. An etch stop |ayer
hel ps to protect an underlying netal |ayer from oxidation due to noisture
and exposure to air. The etch stop |layer also provides a process end point
for the formation of a via for the next layer of metal interconnect.
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selected and applied to the glue layer. The treatnment process enhances an

adhes%t he glue layer and the dielectric layer. [0014] In still

anot h ment, a damascene structure having an increased tine
dependent diel ectric breakdown |ifetime is provided. The structure
conpr i[@H2] a flnresie ehtbpeimdnnal méthod is provided for increasing a time dependent dielectric

breakdown lifetime of a semiconductor device that has a first layer underlying a second layer.
The method comprises forming a glue layer on the first layer, performing an inter-treatment on
the glue layer, wherein the inter-treatment improves an interface between the glue layer and the
first layer; and depositing the second layer onto the inter-treated glue layer.

[06013] In another embodiment, a method for increasing a dielectric breakdown lifetime of a
semiconductor device is provided. The method comprises depositing a dielectric layer and
depositing a glue layer on the dielectric layer. Either a plasma treatment process or an electron
beam treatment process is selected and applied to the glue layer. The treatment process enhances
an adhesiveness of the glue layer and the dielectric layer.

[0014] In still another embodiment, a damascene structure having an increased time
dependent dielectric breakdown lifetime is provided. The structure comprises a first layer that is
at least partially formed from a dielectric material. A treated glue layer adheres to the first layer,
where the adhesiveness of the glue layer 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.



at least partially forned-froma dielectric material. A treated glue | ayer
adheres to the first layer, where the adhesiveness of the glue |ayer is
due in part to a treatnment perfornmed on the glue layer prior to the
deposition of any |ayer above the glue layer. A second layer is forned on
the glue |layer. 3 BRI EF DESCRI PTION OF THE DRAWNGS [00151 Fig. | is a
flowhart of a nmethod for fabricating a damascene structure having an

i nproved tinme dependent dielectric breakdown lifetine. [00161 Figs. 2-4 are
cross-sectional views of the damascene structure fabricated using the
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[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
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 netallization process. As will be described later in
greater detail, the nethod 100 nmay be perfornmed on a substrate to forma
damascene structure. [00221 In step 102, a series of interconnect
structures and | ayers are deposited onto a substrate. The interconnect
structures, which may include interconnect |ines, contacts, and/or 4 vias,
may provide electrical contact to a sem conductor device or nay

el ectrically connect vias and interconnect lines to other interconnect
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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
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. 1, 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.
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| ayer damige eopeetayeevered with a second glue layer 3 00, as described in
step 106 of Fig. 1. The glue layer 300 may be conprised of SiN, silicon
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treat rf(?r&%ed%%%h@&ie%? %jpor\ﬁgggs?tic}nh(%\}:ﬁ)?%faisrrﬁg enhanced chemical vapor deposition
(PECVD), atomic layer deposition (ALD), physical vapor deposition (PVD), evaporation, or any
other method known in the art.
[0029] 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 may be used, where the reacting
gas may be NHj, H, 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 including, for example, 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



gas may be NH3, H2 or any other hydrogen based gas. Additionally and/or
alternatively, the inter-treatnment can utilize He plasma and/or an

el ectron beam The inter-treatnent inproves the interface quality between
the glue layer and the underlying interconnect structures and I MD | ayer,
such that the TDDB can be significantly inproved. The inter-treatnent my
al so, in sone exanples, reduce the line-to-line | eakage by driving
contam nants out of the interface and changing the crystalline structure.
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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 adhesion, 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 copper, 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-



treatnment inproves the electrical properties of the glue layer. [00321
Referring nowto Fig. 4 and with continued reference to Fig. 1, after the
inter- treatnment is performed, a second netal |ayer 400 and additi onal

| ayers (not shown) may be deposited onto the glue |ayer 300. The |ayer 400
may be a barrier layer formed fromTiN, TaN, TiW and/or other nitride
containing refractory netals. The subsequent |ayers may include, for

exanpl e, a copper layer or layers formed fromother materials that nmay
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el ectrical properties. A copper l|ayer formed using a damascene
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Referring nowto Fig. 5 a graph 500 line-to-line | eakage current versus
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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.
[0036] The present invention 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 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. It 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 invention.



[ 0035] 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- treatnent was used when creating
t he 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 inprovenent in the TDDB |lifetinmes when conpared with the data
sets 602, 604, and 606. [0036] The present invention has been descri bed
rel at wwgAPIQO AMVEDAY: enbodi nent. I nprovenents or nodifications that
beconme apparent to persons of ordinary skill in the art only after reading
this disclosure are deened within the spirit and scope of the application.
The preserdt invenethod fmpcf@eb‘lw@tlmdieaﬂdienmblsqtantbmjikdmllﬁeinmced)iia of
surfa h anar ved rical
t hr eegﬁﬁ%ﬁ@%ww% tha“gg aﬁﬁgﬁ?{% BBd?rEYé’i‘g L7 8?%[“%’8& ’5?@811 F%rﬁgr‘s”c‘,%anges
and substi tf(bﬁmﬂgﬁgﬁfeqayeﬁlbﬁmﬁ@ﬂrst]&yéme foregm ng di sclosure and in sone
i nstances sone features of the invention will be enployed without a
cor r espondiPAJOIEES 8 indemigyatmenton the slue Msen vdiangin jhe inter{tesatapant opprosesean hat
the a nd in a manner consistent with
t he s%@%gg%%e%%hﬁ% ﬁ?? ngt?%%aaﬂﬁl\/ED | S . A nethod for
i ncr easi ng depdsitine tﬂemdﬂalﬂyedmﬁbehmhteﬁ:-nl&mealgﬁ&vmydrj fetime of a
sem conductor device having a first |ayer underlying a second | ayer, the
met hod conprising: formng a glue |ayer on the first layer; performng an

i nter-treabment @R n&e'ﬂ?odgdf‘é 1Y B th Nb%?fﬁ-l j A s an
interface between the g Ellayer aﬁd t he sﬁgﬁ%?fo@?rg%ﬁaﬁ%tagﬁgpom t nlglxé%e
secondeyenhefprechtminglike ghuehyet reated glue layer. 2. The nethod of claim1

further conprising performng a pre-treatnment on the first |ayer before
formng the glue layer. 3. The nethod of claim| wherein performng the

i nter-treagment Tag rﬁéﬂﬁ)dgimlﬂnayﬂhereinqrekféﬁﬁﬁlgﬁﬁ@idér&%aﬁn&lt%%f%ﬁe tRelider 9l ue
| ayer. 4. The nethod of claim3 wherein applying the plasma to the 'glue

| ayer inclitden applyinge@ nieseen todheglue fayen reacting gas, a process time, a process
temperature, a process pressure, and a reacting gas flow.

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 claim 4 wherein the selected reacting gas is 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
200 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 scem.

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

includes directing an electron beam towards the glue layer.



5. The method of claim4 wherein the selected reacting gas is a hydrogen
based gas. 6. The nethod of claim4 wherein the selected reacting gas is a
hel i um based gas. 7. The nmethod of claim4 wherein the sel ected process
time is between approximately I and 100 seconds, the sel ected process
tenperature is between approximately 200 and 400" C, the sel ected process
pressure is between approximately 0.5 and 10 torr, and the selected
reacting gas flow is between approximtely 100 and 2500 sccm 8. The net hod

f claiml gwherei f Ori he inter-Lreat the gl ye.|
"ncl udes. Pt ect 16" Saa BBereih Blesptd Meirietied Besm fafardging i avere  nod
of ¢l GirthcB cukpFissAeHhinBalprokss P AatrddBadeeam t owar ds the gl ue Iayer

further conprises defining a process power and a dosage. 10. The net hod of
claim9 wherein the process power is between approxi mtely 1000 eV and

apor oxi mat APy 50 "ris Rpis el PhastiiGE Bidtelso BF BORE R BRIl 1000

br eakdgwmdI80D@tVe of a sem conductor device, the nethod conprising:
depositing a dielectric layer; depositing a glue layer on the dielectric

| ayer; selecting either a plasma treatnent process or an el ectron beam
treatment BjoCeshe nthhd dRMiH NGnlBR GEUOCHLES i SauTERloRRAERSS M ddde ! ve
| ayer, wherein the treatnent process enhafices an adhesiveness of the glue
Iayerué%dn%he dielectric layer. 13. The nmethod of claim 12 further
conprising selecting a thickness for the glue |I|ayer, wherein the selected
thi ckness is based at |least partially on a desired electrical property of
the glue |ayer. AlfhethbBSorBERAINGOS dRRIIB hdalddin1§E RO BPA ksthiREnAflidiSt i ng a
property of the selected treatnent process based on the selected thickness
of t hdeyrudhe mydpd camprigihg: met hod of claim 14 wherein the adjusted property
IS associ aﬁgﬁjosmrfgha(ﬁelegt% éyie(r)_n of the selected treatnent process.

depositing a glue layer on the dielectric layer;
selecting either a plasma treatment process or an electron beam treatment process; and
applying the selected treatment process to the glue layer, wherein the treatment process

enhances an adhesiveness of the glue layer and the dielectric layer.

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 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 glue for the glue layer,
wherein the glue is selected from the group consisting of SiN, silicon oxide, SiCH, SiCN, and
SiCO.
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16. The nmethod of claim 12 further conprising selecting a glue for -the glue
| ayer, wherein the glue is selected fromthe group consisting of SiN,
silicon oxide, SiCH, SICN, and SiCO 10 17. The method of claim 12 wherein
the selected process is the plasma treatnent process, and wherein a
reacting gas to be used in the plasma treatnment process is selected from
the group consisting of a hydrogen based gas and a helium based gas. 18. A
damascene structure having an increased tinme dependent dielectric breakdown

lifetime, the s [ e rising. afir | aver rejn the first |ayer
is at | eastil?'par trihgﬁeylﬂl ?do(ﬁor?e?% lr%o‘r’%ﬁegm&itg? %ei%cg?@rﬁ%%sgwgf P 1aSIgattrF%tg}e g gl ue
| ayer pastasy, amdiwheretn@rehétitil gas Ay BE used HE plasnCr&tiesi predtes s selecfel Eofl Ue
| ayer _is due in part to a treatnent performed on the glue |ayer prior to

the désoZPuR epnsisting afa hydregen based gas ad agraliam based gasand a second | ayer
formed on the glue layer. 19. The damascene structure of claim 18 wherein
the glue layer includes an electrical property, and wherein the electrical
property i d8det & dimmsdern®ystmcuienkaving af intleasedgl titee depeaderd dieldeaic brhskddemsi t y' s
effecﬁ.on the treatnment. ,20. The damascene structure of claim 18 further

conpr 1E5UTRE: F ST 6P underlying the first layer. 11

a first layer, wherein the first layer is at least partially formed from a dielectric material;

a treated glue layer adhering to the first layer, wherein the adhesiveness of the glue layer
is due in part to a treatment performed on the glue layer prior to the deposition of any layer
above the glue layer; and

a second layer formed on the glue layer.
19. The damascene structure of claim 18 wherein the glue layer includes an electrical
property, and wherein the electrical property is determined by a density of the glue layer due to

the density’s effect on the treatment.

20. The damascene structure of claim 18 further comprising an adhesive layer

underlying the first layer.
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