A PROCESS OF FORM NG A COVPCSI TE DI FFUSI ON BARRI ER I N
COPPER/ ORGANI C LOW K DAMASCENE TECHNOLOGY FI ELD OF THE
I NVENTI ON The present invention relates generally to
integrated circuits and specifically to integrated
circuits with copper-based damascene interconnects.
BACKGROUND OF THE I NVENTION Integrated circuits are

wi dely used in electronic devices of nmany types.
Conventional alum num (Al) and Al alloys have been
widely used as | nt erconnection materials for
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stress-i nduced voi d failures. The arti cI e entltl ed
"Advanced Metal Barrier Free Cu Danascene

I nterconnects w th_ PECVD §' Il' con Carbide Barriers for
90/ 65 nm BEOL Tec FHelR & THEANVENEON v et al .

pages 595 to 598, describes the use of SiCto repl ace
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a sealing dielectric layer is applied between a porous
dielectric |aygh RRRAUND OF THE INVENTION

Integrated circuits are widely used in electronic devices of many types.
Conventional aluminum (Al) and Al alloys have been widely used as
interconnection materials for integrated circuits. However, the downscaling of metal
interconnect lines and the increased electrical current density will result in greater
RC time delay along with enhanced electromigration (EM) and stress-induced void

failures.

The article entitled “Advanced Metal Barrier Free Cu Damascene Interconnects
with PECVD Silicon Carbide Barriers for 90/65 nm BEOL Technology®, IEDM 2002,
Wu et al., pages 595 to 598, describes the use of SiC to replace the barrier metal
layer to achieved improved ET results and a lower dielectric constant (k) in copper

(Cu)/low-k technology.

U.S. Patent No. 6,541,842 B2 to Meynen et al. describes an integrated circuit

wherein a sealing dielectric layer is applied between a porous dielectric layer and a
1



1 netal diffusion barrier layer. The sealing
dielectric layer closes the pores on the surface and
sidewal I s of the porous dielectric layer. The sealing
dielectric layer is a CVD deposited filmhaving the
conposition Si XCYH . U. S. Patent Application
Publ i cati on No. US 2002/0027286 Al to Sundararajan et
el . describes a nethod of form ng a seni conduct or
device (and the device so forned) by form ng a netal
portion over underlying portions; depositing a single

metpf Bfffusiy 515 ol el BB e, e dmben, 88 Bfepotsiopn the
surtgl§ a5 Aol o1 ghe o felaebErye dhsisealind dateryric laver s a

roces ructure with. diegl ric barrier |ayer.
CV@c%pogichﬂ{nﬁ% '”%ﬂlﬁ@@%%s'tic?ﬂgh@%undar arajan et el.
descri bes a nmethod of form ng a copper diffusion

barrier UK Pat ent Applicationl\lo 682365 215Ato
Gahay et al. describes a
U. Ssé’rﬂt%fainﬁﬁr&'tcatmla Kubdieatiombjot H@ 8@92/99%%86 6‘r1 ni@d?uwararalan et
formng a conposite diffusion barrier between

el. s@w&esSarm@Mdeofarmmm |an§ernmnﬁlgcmaﬁawca/mc{s1me tdeyice so
conposite diffusion barrier conprises a |ayer of dense

formed)eby dormingl aameftall porion myee ungeriying pirions; depositing a single
protective oxide in a self-limting manner in the

layesrofsilinos astbarx pijride (HiChdayer over the metal portion; and depositing a

dielectric layer over the SiCN layer.

U.S. Patent Nos. 6,140,220 and 6,348,733 B1 to Lin each describe dual

damascene process and structure with dielectric barrier layer.

U.S. Patent No. 6,444,568 B1 to Sundararajan et el. describes a method of forming

a copper diffusion barrier.

UK Patent Application No. GB 2 365 215 A to McGahay et al. describes a method
of forming a semiconductor device (and the device so formed) by forming a
composite diffusion barrier between a copper structure and an insulating layer
wherein the composite diffusion barrier comprises a layer of dense material and a
film of material capable of forming a protective oxide in a self-limiting manner in the

presence of oxygen or water.



2 SUMVARY OF THE | NVENTI ON Accordingly, it is an
obj ect of the present invention to provide a nethod of
formng a conposite barrier layer for copper (Cu)
metal i zation interconnection in sem conductor
integrated circuits (1C. It is a further object of
the invention to provide a nethod of formng a barrier
| ayer having good adhesion strength to organic | ow k
materials, wthout pinholes for Cu netallization
usi ng standard conplimentary netal oxide sem conduct or
(CMOS) process hnol ogy. It is
anot her obj ect ' de a novel
conposite barrier layer for Cu netallization
interconnection in seniconductor integrated circuits.
her objects w | pear hereinafter. |t has now been
ACC&[@'&QJV@F Scan plieck crféh BBQF@“&HWGBE'%FO pigvisia @ mgthed, gf forming a
present invention may be acconplished in the following
contpgsiier bagirici layeral foj, cappebs{Gah emetaligatigna inteseanectien in
| ayer forned thereover is provided. An opening
semisqysiictey infegrated cirgdist(i@n of the substrate is forned
within the dielectric layer. A dielectric flash |ayer
is formed within the opening and over the first
exposed portion of the substrate. The dielectric
It isfa Agtier apict of tesinveptiaptnproyideTaendtbod ahiosning a barrier layer
hori zontal portion of the dielectric flash layer is
havingngaat adlbesiom stengthdearganipdowi ko mabérial$ ewithdg tpirsiiades for Cu
An

metallization using standard complimentary metal oxide semiconductor (CMOS)

process steps with damascene technology.

It is another object of the invention to provide a novet composite barrier layer for Cu

metallization interconnection in semiconductor integrated circuits.
Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the present
invention may be accomplished in the following manner. Specifically, a substrate
having a dielectric layer formed thereover is provided. An opening exposing a first
portion of the substrate is formed within the dielectric layer. A dielectric flash layer
is formed within the opening and over the first exposed portion of the substrate.
The dielectric flash layer lines the opening. The bottommost horizontal portion of

the dielectric flash layer is removed to expose a second portion of the substrate. An



3 alumnum | ayer is formed over the etched dielectric
flash | ayer and over the second exposed portion of
the substrate. A barrier nmetal layer is fornmed over
the alum num |ayer. The etched dielectric flash

| ayer, the alum num|layer and the barrier netal |ayer
conprise the conposite barrier |ayer. A planarized
nmetal plug is formed within the barrier netal |ayer

l'i ned openi ng. BRI EF DESCRI PTI ON OF THE DRAW NGS The
present invention will be nore clearly understood from
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of DFL (Si CYN E}(?Eo as received, Bottom after
theg@ﬁ@rﬁd’%etﬁb‘ﬁy t! rfgaenmgg. 13 illustrates the resi dual

stress of barrier on ultra-low k nateri al s at
different tenperatures. 4

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be more clearly understood from the following description
taken in conjunction with the accompanying drawings in which like reference
numerals designate similar or corresponding elements, regions and portions and in

which:

Figs. 1 to 10 illustrate a preferred embodiment of the present invention.

Fig. 11 illustrates an Auger Spectra of DFL (Si,C,0,) (Top: as received, Bottom:

after 50 seconds of ion etching).

Fig. 12 illustrates an Auger Spectra of DFL (Si,C,N,) (Top: as received, Bottom:

after 50 seconds ion etching)

Fig. 13 illustrates the residual stress of barrier on ultra-low k materials at different

temperatures.



Fig. 14 illustrates the residual stress of barrier on
ultra-low k materials with DFL (Si, CYN=, 10 nmt hi ck)
at different tenperatures. Fig. 15. illustrates the
residual stress of barrier nmetal filmon ultra-Ilow k
materials wwth DFL (Si.CYQ,, 10 nmthick) at different
tenperatures. Fig. 16 illustrates the ccunul ative

di stribution of line-line | eakage current (0.18/0.18
pm of the sanples with/w thout DFL (Si XCYNZ or
SIiLCYQJ (ultra low dielectric constant (k), i.e. less
than about 2.5 (ULK): P-SiLK). Fig. 17 illustrates the
curmul ative distribution of line-line | eakage current

F'Q(‘é“i!@?gﬁ%% 118 el SUBRR.C! DAl o it oy scnatesials,with DFL
i g 1Bty @@t%ﬁ%éﬁﬁe%?&e%?uﬁbe ChS R 18

illustrates the line-line | eakage current vs. applied
eI ectrical field, neasured at roomtenperature of the
anples with/wt hout DFL (Si XCYN, or Si XCYO (average
Flgo?5 libugirates the fQ%ﬂq%\ﬁtrﬁﬁ%loé@ﬁfﬂQf f&@'i@étf'liﬂto"( Wira-lpwek materlals
| ess than about 2.5 (ULK): P-SiLK). .19
with PFL{8kG;Qs 10 inrethick) @t i ée@QBfaélﬂﬂeSvs appl i ed
electrical field, neasured at roomtenperature of the
sanpl es using SiONH as DFL i nstead of using Si XCYNZ
or SixCYO as DFL. The line-width and space are the
Fig.storilugitates tig ccmeiatjve gistibutioptaf dinedingileakageneurtariK@g8/0.18
current vs. applied electrical field, neasured at
um) of the samples with/without DFL (SL,C)N, or 8i,C,0,) (ultra low dielectric

constant (k), i.e. less than about 2.5 (ULK): P-SiLK).

Fig. 17 illustrates the cumulative distribution of line-line leakage current (0.18/0.18
um) of the samples with/without DFL (Si,C N, or Si,C,0,) after annealing at 350°C
for 1 hour under N, ambient (ulira low dielectric constant (k), i.e. less than about 2.5

(ULK): P-SILK).

Fig. 18 illustrates the line-line leakage current vs. applied electrical field, measured
at room temperature of the samples with/without DFL (Si,C,N, or §i,C,0,) (average

of 12 die) (ultra low dielectric constant (k), i.e. less than about 2.5 (ULK): P-SiLK).

Fig. 19 illustrates line-line leakage current vs. applied electrical field, measured at
room temperature of the samples using SiION-H as DFL instead of using Si,C\N, or

8i,G,0, as DFL. The line-width and space are the same (0.18 um).



roomtenperature of the sanples using SiN as DFL
instead of using SIi"CYN, or SixCYQZ as DFL. The
line-wi dth and space are the sane (0.18 m). Fig. 21
illustrates an X-ray diffraction (XRD) of a barrier
metal with and without a Flash Layer which is a thin
| ayer of Al and DFL, i.e. Al + SSICOH or Al + SiCNH.
Fig. 22 illustrates an X-ray diffraction (XRD) of

Cu/ barrier metal with/w thout a Flash Layer which is a
thin layer of Al and DFL, i.e. Al + SSCOHor Al +
Si CN- H. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBCODI MENT It is noted that the corrposite barri er

Fig, 'ﬁ‘?‘raétzr%eé inede 8 6%41;9'5% P e@ﬁVeoﬁ?rLﬁﬁZﬁsmF(m?aSured at
rooraunyemgeé@,tuges of e, SR BSRISSIN, A8 Ok daatPRd 4 it SN, or

Cé Il;zFls a dielectric constant of |ess than about
Op ag Ly Thedineawidih ﬁ"ld gpafearedhe samedRst&nm of | ess
than about 2.5. Problenflnformtion Known To The
Inventors - Not To Be Considered Prior Art The
following is a problem informtion known to the
Fig.i 2l dlustratesaan Xrrayrifracion &XREY of ia bawier pﬁetak wiihtardowithout a
t he purposes of the present invention. To sol ve
Flaghhleayer fwdnigh isanthin layeaalAlrand BbL iie. yMﬁ'I’%I.Q'HBQr Al SICN-H.
i ntense research effect has been focused on copper
nmetallization and lowk or Cu/ultra-lowk schene due
to
Fig. 22 illustrates an X-ray diffraction (XRD) of Cu/barrier metal with/without a Flash

Layer which is a thin layer of Al and DFL, i.e. Al + SiCO-H or Al + SiCN-H.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

it is noted that the composite barrier layer 66 of the present invention includes a
dielectric flash layer (DFL} 41 and an aluminum (Al) layer 51 as well as a barrier

metal layer 52.
For the purposes of this invention a low dielectric constant (low-k) is a dielectric
constant of less than about 3.0 and ulira-low-k is a dielectric constant of less than

about 2.5.

Problem/Information Known To The [nventors — Not To Be Considered Prior Art

The following is a problem/information known to the inventors and is not to be

considered prior art for the purposes of the present invention.



the facts that: a) Cu has |low bulk resistivity (1.68
g.Ohnmcmfor Cu, 2.7 Chmcm for Al), excellent

el ectro-m gration resi stance and hi gh stress voi di ng
resistance; and b) lowk is |ess than about 3.0 or
ultra-lowk is less than about 2.5. To integrate Cu
into lowk or ultra-lowk applications, a robust
barrier metal layer is required to prevent Cu

di ffusion. That is, robust barrier netal |ayer neans
that the barrier layer should have good thernal
stability and can prevent copper (Cu) diffusion.
However, with the integration of organic |owk

o G R R aE oS OB S {qr@ﬁa{ipg?mg eflget has

vapor deposition (PVD) sidewall diffusion barrie
beeg fopusad PR RORPA Jzagion apst kv orrfeeh Mtf?elocvrmpheme due to
becone nore chall en The poor step coverage of PVD

the $iass g alries lowi B oSG OHpIORTERg 86 wOnmicm

rough surfaces of organic lowk materials at the
for Al)dexeellent eleghiecinigratom eesistanes wnd/ higb ratressoraiding resistance;
barrier nmetal |ayers deposited onto porous | owk
anddi)dowdtisiless than abouhd.0rar iudrealowskis less tharsalowbh. as
Ta or TaN are typically found to be perneable due to
the presence of pores or pinholes. The end result is
Cu penetration into porous INMD after thermal cycling
To iategyratiegtu into dow-kdertudira-toveki applicdtiarise agbbustrbaraér metal layer is
performance and the reliability of Cu/porous ultra
requiras to prevenicCo miftusion. FRbyat ¢3, abbyst bartiér mietal iaerméany that the
node down to 7
barrier layer should have good thermal stability and can prevent copper (Cu)

diffusion.

However, with the integration of organic low-k materials as inter-metal dielectrics
(IMD) in the Cu dual damascene interconnects, the traditional physical vapor
deposition (PVD) sidewall diffusion barriers such as tantalum (Ta) or tantalum
nitride (TaN) become more challenging. The poor step coverage of PVD process
makes it difficult to completely seal the rough surfaces of organic low-k materials at
the sidewalls, especially near the via/trench bottom. The barrier metal layers
deposited onto porous low-k dielectrics with conventional PVD processes such as
Ta or TaN are typically found to be permeable due to the presence of pores or
pinholes. The end result is Cu penetration into porous IMD after thermal cycling
and significant deterioration of the electrical performance and the reliability of

Cu/porous ultra low-k interconnects. Especially, with the technology node down to



smal ler feature size, the barrier netal |ayer should
be thinner. Thus, it is necessary to reduce the Ta or
TaN | ayer thickness as nuch as possible to keep the Cu
line resistance | ow. However, the thinner the barrier
netal, the nore pin holes appears. The traditiona
PVD barrier nmetal on the sidewall is not sufficient to
seal the rough side wall of the damascene structure
of the organic low k and Cu could diffuse into |NMD.
Anot her problemis, because the thermal expansion

B s efz&%g%iglem&agﬁg% A L s
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absorbed in the organic |ow k

Thentg:; t el ? \&&gﬂtﬂ “g‘tétg'r eRdhRaidevel I%P%?Ufﬁgiﬁ@f Bugeal ﬁ%% rough

en and nmoi sture may diffuse into Cu through th
S‘det ‘N@' obHierdarmasgang St'&ct%rﬁé)f |§h?1 OFgRNc oW K RBdKel PP‘é'Fj dlffuse into
metal, resulting in Cu oxidation or corrosion. |t
IMDi. npacts on the reliability and el ectrical performance
of Cu interconnects. There was reported that the
el ectrical performance could be inproved by using the
pl asma enhanced chem cal vapor deposition (PECVD)
Anothes| groblers isnshecatsef theethepval Texpansiane coedtcientl (CTE) is
di ffusion barrier. However, this change nay have sone
significantly different between metal (for example: Ta ~6 ppm/c) and porous organic
materials (for example: porous SiLK~65 ppm/c), it has a catastrophic impact on the
reliability and electrical performance even after a low temperature (200°C~400°C)

thermal cycle.

Another problem is, the moisture, oxygen, etc. absorbed in the organic low k
materials may not be removed even after bake out. The oxygen and moisture may
diffuse into Cu through the thin barrier metal or the pin hole of the barrier metal,
resulting in Cu oxidation or corrosion. It impacts on the reliability and electrical

performance of Cu interconnects.

There was reported that the electrical performance could be improved by using the
plasma enhanced chemical vapor deposition (PECVD) dielectrics instead of the
PVD Ta as the sidewall diffusion barrier. However, this change may have some

problems on integration into current Cu dual damascene process flow because Ta



probl enms on integration into current Cu dual danmascene
process fl ow because Ta 8 al so works as adhesi on
pronoter between Cu and different dielectrics, which
is very inportant. The Present Invention In the
present invention, a novel dielectrics/nmetal conposite
sidewal | barrier |layers is proposed to inprove the
reliability and perfornmance of Cu/organic | owKk

i nterconnects as well as to enhance the adhesion issue
in Cu damascene processes. Mre specifically, t he

aisc yiRGE e AR ool BSFan Bufarl R P Sfteceas. Whicn s

wi th damascene Cu/organic | owk technol ogy on
Ve%'é’?ﬂoé'@ﬁgﬁctor wafers. More particularly, this
invention relates to a nethod for providing a robust
barrier layer with very good adhesion strength to
organic lowk material, w thout pinholes, that is
The ionyseful as a barrier layer in Cu/organic
i ntegrati on schenes. The present invention includes
the steps of: 1) Depositing a | ayer of Si XCYQ, or
Si,CYN,, a so-called dielectric flash [ayer (DFL)
In the preseay mveptionnd ao®l digegtjcsmeatah aompaste pidewalpbarsien layers
enhance chem cal deposition (PECVD) technique or
is pohesedidpoimpriova thec eliapildy . amthi perfFmange af Hoglerganic low-k
interconnects as well as to enhance the adhesion issue in Cu damascene

processes.

More specifically, the present invention will describe a process for forming
composite barrier layers in the fabrication of ICs with damascene Cu/organic low-k
technology on semiconductor wafers. More particularly, this invention relates to a
method for providing a robust barrier layer with very good adhesion strength to
organic low-k material, without pinholes, that is particularly useful as a barrier layer

in Cu/organic integration schemes.

The present invention includes the steps of:

1) Depositing a layer of 8i,C,0, or Si,G,N,, a so-called dielectric flash layer
(DFL) thin layer (from about 5 to 20 nm thick) using plasma enhance chemical
deposition (PECVD) technique or other deposition techniques. This DFL has a high
density and with good adhesion strength to organic low k materials and provides

smooth dielectric seed which can reduce pinhole of thin barrier metal layer in



density and with good adhesion strength to organic |ow
k materials and provides snooth dielectric seed which
can reduce pinhole of thin barrier nmetal layer in 9
damascene structures. This DFL al so acts as an
addi tional barrier against Cu diffusion. 2) Etching
back, using plasma sputtering or other
et chi ng- processes, to strip the DFL at the bottom of
trenches and/or vias in the danmascene structure. 3)
The depositi on of a thin al urri num (Al) layer (from
to, 10 ) u3| PWD te ar_at her
danfpaghe (st e n This PR alpt ip iR ise A, BLQ AL B o S9st Cu
This layer may act as gettering |ayer which can absorb '
diffu$8fen (02) from the organic lowk material and
prevent oxygen diffusion into the Cu resulting in Cu
oxi dation or corrosion. 4) Deposition of a thi n
barrier nmetal |ayer éreferabl_ Cr, Nb, Ti,
Ta2) Sichinebaek, t%& pl g‘["?i SP@E‘F”%@ Pb Rihek Glghing- PEPGPQSﬁ%tO strip
thick) and a Cu seed |ayer using standard PVD
the DEérﬁhﬂ@ﬁl poiempf treRchespeq/ar Vies inihedapaseesectructure.
respectively. 5) Followed by a standard
el ectrochem cal plating (ECP) Cu fill and Cu
annealing as well as standard chem cal nechani cal
poBj Shertpppeition o eabEsaluminiirn ¢AD tryes gsemfakput 2 to 10 nm thick)
illustration of the present invention is to its
usingp PV dedhoigues 6o pthiengieposiiost teghhijuei ainlobatemperature (below
| ayers, one skilled in the art woul d recogni ze that
250t@e This layer may act as gettering layer which can absorb oxygen (O,) from

the organic low-k material and prevent oxygen diffusion into the Cu resulting in Cu

oxidation or corrosion.

4) Deposition of a thin barrier metal layer (preferably Cr, Nb, Ti, Mo, W, or
Ta, or one of their nitrides) (from about 2 to 15 nm thick) and a Cu seed layer using

standard PVD technique at a low temperature of below 250°C, respectively.

5) Followed by a standard electrochemical plating (ECP) Cu fill and Cu

annealing as well as standard chemical mechanical polishing (CMP) process.

While the specific illustration of the present invention is to its application in forming
robust diffusion barrier layers, one skilled in the art would recognize that the
present invention is more general than this and may be applied to barrier layers in

other film coatings on organic materials.

10



present invention is nore general than this and may be
applied to barrier layers in other filmcoatings on
organic materials. 10 The conposite barrier |ayer 66
i ncludes: DFL 41", Al layer 51 and netal barrier |ayer
52'. Initial Structure - Fig. 1 Fig. 1 illustrates the
initial structure of the present invention. A |ower
etch stop layer 11 is formed over substrate 10, which
is preferably a transistor built in silicon
substrate. Lower etch stop layer 11 is preferably
silicon carbide (SICOH or BloK (SICNNH SICH. An
organic dielectric layer 13 is forned over | ower etch
top la 11 to a thickness referably fromabout
ThosnpRRIIEaIESD laver 471 Nebicesh Db 4l RWBHEALANA Mee) barrer
nmto 950 nm Organic dielectric layer 13 is
layesb@t.er abl y conprised of a lowk dielectric polyner
such as Si LK (manufactured by The Dow Chemni cal
Conmpany), porous-Si LK or nano-glass and is nore
preferably porous Si LK and has a dielectric constant
InitiglhStrustuner-eFige Ably from about 2.0 to 2.8 and nore
preferably fromabout 2.2 to 2.6. An upper etch stop
Fig./ fajlestratas ittee indialrstiuctusy obthggreserdiivardioni A lbageetchBtomlayer
a thickness of preferably fromabout 30 to 70nm and
11 isoformedederrablibstiate mOabeltich 49 prefdsflinlgn a transistor built in silicon

substrate. Lower etch stop layer 11 is preferably silicon carbide (SiCO-H) or BloK

(SICN-H, SiC-H).

An organic dielectric layer 13 is formed over lower etch stop layer 11 to a thickness
of preferably from about 350 nm to 1250 nm and more preferably from about 350
nm to 950 nm. Organic dielectric layer 13 is preferably comprised of a low-k
dielectric polymer such as SiLK (manufactured by The Dow Chemical Company),
porous-SiLK or nano-glass and is more preferably porous SiLK and has a dielectric
constant (k) of preferably from about 2.0 to 2.8 and more preferably from about 2.2

to 2.6.

An upper etch stop layer 12 is formed over organic dielectric layer 13 to a thickness
of preferably from about 30 to 70nm and more preferably from about 40 to 60nm.
Upper etch stop layer 12 is preferably silicon carbide (SiCO-H) or BloK (SiCN-H,
SiC-H).

11



Upper etch stop layer 12 is preferably silicon carbide

(SICOH or BloK (SICN-H, SICGH). 11 An upper

dielectric layer 14 is formed over upper etch stop

| ayer 12 to a thickness of preferably from about 100

to 200 nm and nore preferably from about 150 to

200nm Upper dielectric layer 14 is preferably

conprised of S 02, a chem cal vapor deposited filmor

undoped silicate glass materials and is nore

preferably Si 2. Formation of First Dunmmy Trench 22 -
irst

An der 8@?3&02%%14" iifofipef avr?éulpe%?l%ﬁé@fié W38T dpdo thickness
of RyBlbra T ipout dRPvig. 26 5t SpiHbre, Prefeiash H)EL eﬁoéztﬂ 50 to
expqQsin ortion 50 of ipp%l etch stop Iad
2005 LIPReT IR0 [SVE 14 SRRy BPEPEset bl S Sissmieal vapor

100 tgo 200 nm and nore preferably from about 150 to
deppgitemhilaner %\"'%Rﬂjrﬁ“@at%g@ﬁ% MAeRRle apehis pie Poeferabiy SiO,.

0.30 mcrons and nore preferably fromabout 0.13 to

0.22 mcrons. First patterned photoresist layer 21 is

t hen strlpped and_renoved and the structure is cleaned
Forgatiae i jumpyt krepelh 28 «FidiBper Etch Stop Layer 12 -

Fig. 3 As shown in Fig. 3, a second patterned
As showorinsfigt 2| @y fiist Imttesneico phelgresielr laypued ds fetmeg paer upper

dielectric layer 14' and a portion of the exposed 50
dielagiperaysarcht and ppper dielectric layer 14 is patterned, preferably by etching,

to form first dummy trench 22, exposing a portion 50 of upper etch stop layer 12.

Dummy trench 22 has a depth of preferably from about 100 to 200 nm and more
preferably from about 150 to 200nm and a width of preferably from about 0.10 to

0.30 microns and more preferably from about 0.13 to 0.22 microns.

First patterned photoresist layer 21 is then stripped and removed and the structure

is cleaned as necessary.

Patterning Of Upper Eich Stop Layer 12 — Fig. 3

As shown in Fig. 3, a second patiterned photoresist layer 31 is formed over
patterned upper dielectric layer 14’ and a portion of the exposed 50 upper etch stop
layer 12 and the remaining exposed upper etch stop layer 12 is patterned to

expose a portion 53 of the underlying organic dielectric layer 13.

12



| ayer 12 and the remai ni ng exposed upper etch stop
| ayer 12 is patterned to expose a portion 53 of the
underlying organic dielectric layer 13. 12 Second
patterned photoresist |ayer 31 has a thickness of
preferably fromabout 3500 to 7000A and nore
preferably from about 4500 to 6000A. Fornmation of
Second Dummy Trench 33 and Initial Via 32 - Fig. 4 As
shown in Fig. 4, using the second patterned
photoresi st |layer 31 and the patterned upper etch
sks

Secipd Brteinan DRl igee! 1t RERPRR bl ridsring rom qbout

g ntq, lower etch stop |layer 11 sover - et ching
350J i 780 Bhflmare Trearay raARal 4R0da R00AT ench 39).
The over-etched portion 56 of |ower etch stop | ayer
11' has a thickness of preferably fromabout 75 to
200A and nore_preferably frog”ap ub_loo to 1 50A
wr z R d H : =

naliothel eRGANSY LAWAMYLWHERER J3 & Rifial Vign3d3 < high ¢l stri pped

and the structure is cleaned as necessary. This

As shewit i) RRofls usind e desaid traliscred photpresisl fyees31 and the
portions 54 of patterned organic dielectric |ayer

pattarpred uppepladch stopolayeDid] as mearksc e exprasidnportign S3phorganic
5 As shown in Fig. 5, the exposed portions 54 of

dielgritic layeed 3ds gattemedi édwie to,iand aayrbel Brto, lawer eteb stop layer 11
over-etched portion 56 of |ower etch stop |ayer 11

by oxeeetehiriged foon frotiahvia 32 (arid S2tonddiuromy trenebdl 33).a 35

conprising (dual) damascene openi ng 58.

The over-eiched portion 56 of lower etch stop layer 11’ has a thickness of

preferably from about 75 to 200A and more preferably from about 100 to 150A.
Second patterned photoresist layer 31 is then stripped and the structure is cleaned
as necessary. This clearly shows second dummy trench 33 that exposes portions

54 of patterned organic dielectric layer 13’.

Completion of (Dual) Damascene Opening 58 — Fig. 5

As shown in Fig. 5, the exposed portions 54 of patterned organic dielectric layer 13’
and the over-eiched portion 56 of lower etch stop layer 11’ are etched to form

trench 34 and completed via 35 comprising (dual) damascene opening 58.
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13 Trench 34 has a depth of preferably from about O0.40
to 0.80 mcrons and nore preferably fromabout 0.4 to
0.6 microns and a width of preferably from about 0.10
and 0.30 microns and nore preferably from about O0.13
to 0.22 mcrons. Via 35 has a depth of preferably from
about 0.60 to 1.50 mcrons and nore preferably from
about 0.60 to 1.20 microns and a size in dianeter of
preferably from about 0.10 and 0.30 m crons and nore
preferably fromabout 0.13 to 0.22 mcrons. Plasm

ol S epnaaepi b PR o' Hd ﬁﬁﬁ@ﬁo”ﬁ%ﬂ# iori Pl more

damascene 8.is illustrate rei

prefewﬁ\f EoRuR R AL fe. BesaR L A B fﬁ’é\}’l'!rbféom about 0.10

or med. ForrmtlonO‘ Delgctrlc Fl ash Laé g 41 -

a“dlﬂ 30 micrepg and gaorepsaleratly frog: algout G 1L fqrﬁsh
| ayer (DFL) 41 is fornmed within damascene/ dual
damascene openi ng 58, |ining damascene/ dual damascene
opening 58, to a thickness of preferably from about 5

Via (35 pes nn dapih rAfr Rrefrrablyr E@Wabﬂlﬂbﬁw@o&ﬂ -39 migramenand more
DFL 41 is a dielectric material and is preferably

prefetaily ifrogy abeut 86000 H20Smicrns and Zisiae IrHdiagstply obpreferably
S 021 is nore preferably SixCyN, - Hor Si,CYQZ - H

fronp abgik Y OHama @.3G microns part mcmblgre@almrl\@m ‘ahogt 0.13 to 0.22
Si,CYz - H

microns.

Plasma and/or chemical treatments may then be used to strip any polymer

residues.

While the formation of a dual damascene opening 58 is illustrated herein, it is

understood that just a damascene opening may be formed.

Formation Of Dielectric Flash Laver (DFL) 41 — Fig. 6

Then, as shown in Fig. 6 a dielectric flash layer (DFL) 41 is formed within
damascene/dual damascene opening 58, lining damascene/dual damascene
opening 58, to a thickness of preferably from about 5 to 20 nm and more preferabiy
from about 10 to 20nm. DFL 41 is a dielectric material and is preferably comprised
of SiC,N,-H, Si,C,0, - H, Si,C-H, SiN, or SiQ,, is more preferably Si,C)N, - H or
8i,C,0, — H or 8iC-H and is most preferably Si,C N, - H or Si,C,0, — H.

14



14 DFL 41 includes a bottommopst portion 60 overlying
substrate 10. DFL 41 is forned preferably using plasma
enhanced chem cal vapor deposition (PECVD) techniques
or other deposition techniques. Exanples of suitable
gases used to form DFL 41 include, but are not
limted to, 3-nethyl silane (3M5) or 4- nethyl silane
(4M5) with NH3 or N20. DFL 41 is fornmed under the

fol | ow ng conditions: a pressure of preferably from
about 1.0 to 5.0 Torr and nore preferably from about

DFLAT mcﬂlﬂéa%t%&ﬁo@aagaﬁfﬁ& KRt Rufna BB EENY 1 om

about 300 to 800 wafts; and a tenperature of
preferably from about 150 to 400C and nore preferably
from about 250 tq 350C for a tine of ref.er bly from .
DFL,AZE Toreeq SreferAali dsfigs P e e Efe%rmce Aggh deposition
bout 2.0 to 4.0 seconds is of a high density
(PEgNg’gﬁﬁgh@%‘%ﬁ QEREE" @@F@Hg’@ﬁh’ﬂ'su%e‘fﬁ%mt)@?rRafoGU'tab'e gases
organic lowk dielectric layer 13" and provides a
used g Jorn defdt ddtinpladechet are BW irgited teqderethyesiangyeMr or 4-
inholes in a thin barrier netal |ayer. The sidewal |
metgyl silane (HviEl vdie NibeAr M0s8D6E MKS.fgrmedyundﬁugwe following
after the formation of the damascene structure. If
conditiens:ra presaune @frpraterably frppe about HedeH.@ dermandchmore/preferably
techni que, the barrier netal could not seal the rough
froms ablewiall. 5 taldd Tarmpppewer lepelafyreterrdly from/aboutel@iniogh®o watts
Thus, pin-holes could appear on the barrier netal
andlragl@r preferably frin@paut 300 to 800 watts; and a temperature of preferably

from about 150 to 400°C and more preferably from about 250 to 350°C for a time of
preferably from about 1.0 to 5.0 seconds and more preferably from about 2.0 to0 4.0

seconds.

DFL 41 is of a high density and has good adhesion strength to the patterned
organic low-k dielectric layer 13” and provides a smooth dielectric seed which can
reduce the number of pinholes in a thin barrier metal layer. The sidewall of the
damascene opening 58 of ULK is very rough after the formation of the damascene
structure. If the thin barrier metal layer is deposited using PVD technique, the
barrier metal could not seal the rough sidewall due to poor step-coverage of PVD

technique. Thus, pin-holes could appear on the barrier metal layer on the sidewall.

Removal Of The Bottommost Portion 60 Of DFL 41 — Fig. 7
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Removal OF The Bottommobst Portion 60 O DFL 41 - Fig.
7 15 As shown in Fig. 7, the bottonmopst portion 60 of
DFL 41 is renoved to expose a portion 62 of
under|lying substrate 10. Portion 60 of DFL 41 is
preferably renoved by a plasma sputtering process or
a plasma etching process 42 which is preferably a
fluorine based gas such as CH2F2 or CHF3 and nore
preferably CH2F2 at: a pressure of preferably from
about 10 to 100 niforr and nore preferably from about

o Gl B e A T b AT TR e
oo B IS, R UL Rt v

onds. rmation Of Alu num ) and r M
by 3 BABIR SAUESRE-Prapass o SERSHIARIPRORTGCeS 44 g i eerably
i ayer 51 is then fornmed over the etched DFL _41'
a f'HﬂE!')'Q BB 55 Bk, 961 BHAB20 CHiub3nd drere1Besraqly CHLF, at: a
enperature of |less than about _250C to a thickness of
pregplgg &f gf,quwafm)bﬁp@b%tmut 40got+ 101w Torrandmareypraferably from about
referably fromabout 5.0 to 10.0 nm using standard

25 fou89 (kAR aneks aea pover ek pistarbieam aout Egép 600wt no
act as gettering r which can absorb oxy

morer prafe lyofrg@nnaboutl éw o BP0ewRHS fan @rqfeaabah? oax)a@@nt 51to 25
diffusion into the Cu resulting in Cu oxidation or

secoods andl orore Prefarablbiiem aoulsiial20 segends? may be for med
over Al layer 51 to a thickness of

Formation Of Aluminum (Al and Barrier Metal Layers 51, 52 — Fig. 8

As shown in Fig. 8, an aluminum (Al) layer 51 is then formed over the etched DFL
41" and the exposed portion 62 of substrate 10 at a temperature of less than about
250°C to a thickness of preferably from about 2.0 to 10.0 nm and more preferably
from about 5.0 to 10.0 nm using standard PVD techniques, or other techniques. Al
layer 51 may act as gettering layer which can absorb oxygen (O,) from the organic
fow-k material and prevent oxygen diffusion into the Cu resulting in Cu oxidation or

corrosion.

Then a barrier metal layer 52 may be formed over Al layer 51 to a thickness of
preferably from about 10 to 25 nm and more preferably from about 15 to 20 nm.
Barrier metal layer 52 is preferably comprised of a refractor metal such as Cr, Nb,
Mo, W or Ta, one of their nitrides (such as TaN, for example) or a composite with

one of their nitrides (such as Ta/TaN for example}, is more preferably Ta, TaN or

16



preferably fromabout 10 to 25 nm and nore preferably
fromabout 15 to 20 nm Barrier netal |layer 52 is
preferably conprised of a refractor netal such as Cr,
Nb, M, Wor Ta, one of their nitrides (such as TaN,
for exanple) or a conposite with one of their
nitrides (such as Ta/ TaN for exanple), is nore
preferably Ta, TaN or 16 Ta/ TaN and is nost preferably
Tan. Barrier netal |layer 52 acts as diffusion barrier
against Cu diffusion, also provide nucleation |ayer

a0 R TR PR e Predie melet ¥ Raiesds R dikisien harrir
agataﬁ‘téfébalf@'a@br Eﬁﬁé}déﬁﬂc?%?vqu@%%% oa I@%B%PF'— and

co ) er and a Cu fil
Al syl s BB e | X ) go6d Inteaiiche pate adesioR beween Cu,
upon barrier metal 52to at least fill |ined
barggrAnd dbleouidhie ﬁ‘ﬁi@ﬂY%bs 58 using standard PVD or ECP
techni ques. Planarization O Patterned DFL 41' /A
Layer 51/Barrier Metal Layer 52/ Cu Seed/Cu Fill Layer
53 As shovvn |n Flg 10, patterned DEL 41', Al |ayer
ation f g : utEill bayerd&s — Eie® cu fil | ayer
53 are then pI anari zed, preferably by chem cal
As shaymai Eigl 9, acbbeer () Sere)ayer andearbudiltlagerdzoliantively 53) are
thereof, and patterned upper dielectric layer 14",
theri rdgposited ipatwrerupah epder etethl Kyep 32ayter atl east Tili éned dual
fornms planarized Cu plug
damascene openings 58 using standard PVD or ECP techniques.

Planarization Of Patterned DFL 41'/Al Layer 51/Barrier Metal Layer 52/Cu Seed/Cu

Fill Layer 53
As shown in Fig. 10, patterned DFL 41’, Al layer 51, barrier metal layer 52 and Cu

seed/Cu fill layer 53 are then planarized, preferably by chemical mechanical
polishing (CMP), to remove the excess thereof, and patterned upper dielectric layer
14’, from over patterned upper etch stop layer 12". This forms planarized Cu plug
53’ within lined dual damascene opening 58 and completes formation of the
composite barrier layer 66. The composite barrier layer 66 includes Al layer 51’,

DFL 41" and metal barrier layer 52'.

Resulis And Discussion

Surface roughness of barrier metal layer 52’ with/without DFL 41~
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53" within |ined dual damascene opening 58 and
conpletes formation of the conposite barrier |ayer

66. The conposite barrier layer 66 includes A |ayer
51', DFL 41" and netal barrier layer 52'. Results And
Di scussi on Surface roughness of barrier netal |ayer
52" with/w thout DFL 41" 17 Film StackedRMS (nn) Ta
(25nm / P-Si LK5.42 to 5.61 TaN(25nm)/p-Si LK4. 445 to
5.01 Ta/ TaN (25nm)/ P-Si LK5.76 to 7.65 Ta(25nn)/ 100A

Si CN P- SI LKO. 346 TaN (25nm)/100A Si CN P-Si LKO. 319

Ta[\l_ Ta nlnri / 1{'\{'\/_\\ Cn GI\II D CI LI/\('\ 4!’\0 TAl ’)EY\IH} / 100/‘
Si CO PFgﬁnL% %?fg TaN (25nn)/100A é:{Mngr@l LKO. 271
Based —Q—Q—t—h@—?b@—\l-@ Atom c Force Mor 0SCOopY ( Al:l\/h
resul {42 @RRMYEr$EKe roughness of S-Barte Pk met al
layers 52' (i e Ta_ TaN.or Ta/TaN)._have signifigant

i pr oy SRRV SILOFL 41" was depbdbdaSfior tq a

thin layer 51' of Al and barrierl netal |ayer 52
deposil TadraN (25neaP-SilHel p to reduc®7BitaAA%E of barrier
met al

Ta(25nm)/100A SICN/P-SILK 0.346

TaN (25nm)/100A SICN/P-SILK 0.319

TaN-Ta (25nm)/100A SiCN/P-SiLK | 0.409

Ta(25nm)/100A SiCO/P-SiLK 0.305

TaN(25nm)/100A SiCO/P-SiLK 0.271

Based on the above Atomic Force Microscopy (AFM) results, the surface
roughness of barrier metal layers 52’ (i.e. Ta, TaN or Ta/TaN) have significant
improvement when a DFL 41” was deposited prior to a thin layer 51’ of Al and
barrier metal layer 52’ deposition. It could help to reduce pinhole of barrier metal

layer 52°, resulting in better reliability such as leakage current in the metal line.

Auger Spectra of DFL 41” — Figs. 11 and 12

In this invention, two more preferablé DFL 41” are proposed and used, i.e. Si,C,0,
~H and Si,C,N,-H. The respective compositions of the DFL 41" are shown in the
Auger Spectra of Fig. 11 and Fig. 12. The top spectra in each Fig. 11 and 12 are as
received and the bottom spectra in each Fig. 11 and 12 are after 50 seconds of ion

etching.
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| ayer 52', resulting in better reliability such as
| eakage current in the netal |ine. Auger Spectra of
DFL 41"- Figs. 11 and 12 In this invention, two nore
preferable DFL 41" are proposed and used, i.e. Si, CYQ
-H and Si.CYNZ-H. The respective conpositions of the
DFL 41" are shown in the Auger Spectra of Fig. 11 and
Fig. 12. The top spectra in each Fig. 11 and 12 are as
received and the bottom spectra in each Fig. 11 and 12
are after 50 seconds of ion etching. 18 Residua
stress of Pet.l barrier | 22 0N . '
L ess5 of me alyic |9I' Q. Argapic, LS &
.- _Figs. Fi 13, 14 and 15 |IIustrate
dieleqty o tiass 48.12ang 95, pi cal netal barrier netal
. layer 52" on ultra-low k materials with and witho
Figss |1§SH4| g%ﬂ 5( |ﬁg§trqtp the regidugl ptrogs of gyté{plcghme;@,ldbarger metal
DFL 41 at different tenperatures. For exa
layer 52 9@'%5%@%%6@1&@& math angh withppt dashvayer (gﬁ)ajr & aﬁhm Al
stress increases with the increase of tenperature.
layeThd’ anthageFbf 1t differpaiigmpsratesss.of Ta on ultra-| ow
k is because of the difference of the coefficient of
t hermal expansion (CTE) of barrier (Ta) and organic
ultra-low k (for exanple : CTE (ppmic) of Ta is about
For ex@mphel Fig.L H3iis grplat shhwingsthat. thehbakier gvstat ol film stress
cause the barrier netal crack and provide a pat hway
incréamesithdthiefinsriease of temperature. The change of the residual stress of Ta

on ultra-low k is because of the difference of the coefficient of thermal expansion
(CTE) of barrier (Ta) and organic ultra-low k (for example : CTE (ppm/c) of Ta is
about 6.6 and SiLK is great than 65 ). The stress could cause the barrier metal

crack and provide a pathway for Cu diffusion.

Further, Fig. 14 is a plot showing that the barrier metal (Ta) film stress increases
with increase of temperature. The change of the residual stress of Ta on ultra-low k
is because of the difference of the coefficient of thermal expansion (CTE) of barrier
(Ta) and organic ultra-low k (for example : CTE (ppm/c) of Ta is about 6.6 and SiLK
is great than 65 ). The stress could cause the barrier metal crack and provide a

pathway for Cu diffusion.

The residual stress of metal barrier layer 52" shows no obvious difference for the
samples with and without FL at the different temperatures. However, the residual

stress of metal barrier layer 52’ increases abruptly when the temperature is up to
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Further, Fig. 14 is a plot show ng that the barrier
metal (Ta) filmstress increases Wwth increase of
tenperature. The change of the residual stress of Ta
on ultra-low k is because of the difference of the
coefficient of thermal expansion (CTE) of barrier
(Ta) and organic ultra-low k (for exanple : CTE
(ppmc) of Ta is about 6.6 and SiLK is great than 65
). The stress could cause the barrier netal crack and
provide a pathway for Cu diffusion. The residua

s 2830, o S s Bosh By o

ferent eratures. .However . the residual stress

Cyc'%f %@ﬁ\duaggtr%o rhqsd-\)%?b\ggus Fii98ises abruptly when the
tenperature is up to 19 about 250C, when tenperature
goes back to roomterrperature after the thernal cycl e

the r ual str has no obvi ous .change. This
Th'fbéo'&g Et g”? e "Fff_ et haKremyGR AMPABRLeR the rffﬁ’rﬁ@-'a' 5“953 it
resi dual stress, could be too thin to show t he

coulgk pgcoopthin He s'%hoa\yéfve &Hech et dhisclayer pPvibipeplress dHowever, the
standard scotch tape test and CVMP test _show that this

standard scetehapg tash aaHHaMBdestrhow Hhak thig £b- ishelpfulio enhance the

. barrier layer 52' and ultra-lowk material in |ayer

intenfgce ghmetalihasrierdayeydids @ndnsirgdew-kigaiesisliadayrrr 1 hpravrelps to
The FL 66 al so reduces the "cracking" of netal

solvsathei peelingyissus during SeMPi ridnef Fori6s alsesredunes dee “anasking” of
to the change of the danascene profile, and the FL

metal bauies laper 621 irasulting yrom tstiess doducest dhe tootklef codnge of the
of

damascene profile, and the FL affects the reliability. It is due to the coefficient of

thermal expansion (CTE) (for example: CTE of SiLK is about 65, Ta is about 6.6).
To build devices, wafers shall be treated many thermal cycles, if CTE of material is
different, the film expansion could result in higher stress and film cracking, and also

may affect profile of damascene structure.

ET results; Cu/organic Uttra-Low-k (ULK) (P-SiLK) — Figs. 16, 17, 18, 19 and 20

Fig. 16 illustrates cumulative distribution of line-line leakage current (0.18/0.18 um)
of the samples with/without FL 66 for organic (ultra low dielectric constant (k), i.e.

less than about 2.5 (ULK) : P-SiLK.

Fig. 17 illustrates the line-line leakage current of the samples with/without DFL after

350°C 1 hour annealing under N, ambient for organic ULK (P-SiLK).
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thermal expansion (CTE) (for exanple: CTE of SiLK is
about 65, Ta is about 6.6). To build devices, wafers
shall be treated many thermal cycles, if CTE of
material is different, the filmexpansion could
result in higher stress and fil mcracking, and al so
may affect profile of damascene structure. ET results:
Cu/organic Utra-Lowk (ULK) (P-SiLK) - Figs. 16, 17.
18. 19 and 20 Fig. 16 illustrates cunul ative

di stribution of line-line | eakage current (0.18/0.18

Fig [B i§lradst l&fégr@'c;'??k%vsﬁ : E‘fﬂﬂi“?’iﬁq‘?suhwhfﬁ? yd il TR \igpsured at
P L 7 ustr
roomqﬁ@ﬂer%rq b sampies it Sin R JBveRoe T EeN ¢ nout

DFL after 350C 1 hour annealing under N2 anbient for
organic ULK (P-SiLK). 20 Fig. 18 illustrates line-line
| eakage, current vs. ﬁ ied electrical field, measured
Figgt 19 o%’iﬁ t2Slistater J!“%ﬂ“ € Heakags) \UEreRf tv§/ vaRAigdt eleetrical field,
(average of 12 die) 19 and 20 illustrate _
measqﬁ@d K n@olnééﬂ'agéfaé'éfﬁr eﬁﬁhwanaw ivdth gifferent PAIL: a) with FL
measured at room tenperature of the sanples
(Alwom)m)fwnm Ek{ABBIN). Aheinetwighh andrspagiecme; the same: @. 8. um).
(Al+SiN). The line-width and space are the sane (0.18
m. It was found that the line-line (0.18/0.18 pm
| eakage current neasured at 5 V at roomtenperature
It wag fohed shatphedinedlink/ (@i t8/.08 DR leékage asirneot oteasorsd at 5 V at
di fference. However, by increasing the applied
rooml teatperatate 6f thedsaropleh evitbanithas , DElhd 11 dakageobvious difference.

However, by increasing the applied electrical field to the samples, the leakage
current did not change significantly till about 22 V, which corresponds to an
electrical field of 1.4 MV/cm for samples without DFL 41", 7 V (0.4 MV/cm) for
samples with SiON DFL, 9 V {0.5 MV/cm} for samples with SiN DFL 41, 42 V (2.3
MV/cm) for samples with Al layer 51" and SiCN-H DFL 41" or Al layer 51’ + SiCO-H
DFL 417, respectively, and it increases abruptly after this as shown in Fig. 18, Fig.

19 and Fig. 20.

X-ray diffraction (XRD) results — Figs. 21 and 22
As shown in Figs. 21 and 22, X-ray diffraction (XRD) was carried out to identify the

texture structure of metal barrier layer 52’ and Cu seed layer with/without DFL
(SiCO-H or SiCN-H) on organic low k/ultra-low k materials of organic dielectric layer

13”.
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current did not change significantly till about 22V,
whi ch corresponds to an electrical field of 1.4 M/ cm
for sanples without DFL 41 ", 7 V (0.4 W/cm for
sanples with SSON DFL, 9 V (0.5 MW/cm for sanples
with SSNDFL 41 ", 42 V (2.3 W/cm for sanples with
Al layer 51' and SiCN-H DFL 41" or Al layer 51' +
SSCOH DFL 41 ", respectively, and it increases
abruptly after this as showmn in Fig. 18, Fig. 19 and
Fig. 20. X-ray diffraction (XRD) results - Figs. 21

R e
ool SRR AR P o P 5, S

k/ultra-1ow k rmter al s ani c dlelectrlcla

k laygr 13 2%3%@ Wﬁt@f ing grau? i;tru&grec PEgf leasgka S|gn|f[ce¥nt amount of
sel f-ionized plasma (SIP) (used to deposit barrier

"aWQEWz?Fa"F')ﬁ/%TFUCEWﬁI@"TQTTWR'WUISLm?WP( [td§ dhussaongidereftiassa robust
") on organic lowk/ultra-low k layer 13" has a

barfiemyer ggainsl PHLisiom As compared o thﬁ SjR:daN/Ea on organic low-
significant amount of nanocrystalline structure in an

kiulltgoeytio leyarafl 81.x the tSiPs TalN(Eactnigisdér siysig! anie@istrocture with
barrier film against Cu diffusion. As conpared to the

am@phoTs matsx okaN fayen; tespeatively.uThe &l (M-layera§trantd3DFL 417) is
the SIP TaN Ta fornms a crystal mcrostructure with

aboaird Opiho2® nmathickk andil dhujeusly affepisdeiiues wiruThuee Bf njetal barrier
| ayer 51 and DFL 41 ") is

layer 52'. It could be due to the different nucleation and surface mobility of metal

barrier layer 52’ on a different substrate.

Fig. 22 illustrates the texture structure of electrochemical plated (ECP) Cu on metal
barrier layers 52" with/without FL (Al layer 51 and DFL 417). It indicates that a
strong Cu (111) texture can be achieved for the samples with FL (Al layer 51 and

DFL 41"). It could provide a better performance of device in terms of reliability.

The electrical tests and burn-in and voltage ramp tests reveal that leakage current
of the metal line in the comb structure could be significantly improved due to: metal
barrier layer 52' microstructure, the lack of pin-holes, interface of metal barrier layer
52 and organic low k/ulira-low-k dielectric layer 13”. DFL 41" plays a more

important role in Cu/ organic low k or ulira-low Kk integration and reliability.



about 10 to 20 nmthick and it obviously affects
texture structure of netal barrier |layer 52'. It
could be due to the different nucleation and surface
mobility of metal Dbarrier layer 52' on a different
substrate. Fig. 22 illustrates the texture structure
of electrochem cal plated (ECP) Cu on netal Dbarrier

| ayers 52" with/without FL (Al layer 51 and DFL 41 ").
It indicates that a strong Cu (111) texture can be
achieved for the sanples with FL (Al layer 51 and DFL

i d b f
1) Mne, barStaged b BnE o mate erindliindls BER,Slesgnt invention
bur n-i oltage r tests revea

our 1 dndludds ﬂlveneewew?r?f?mgovw BHERE heteT aledtied e Bstreput

be SI |f|c m?lrrprovefl due to: netal . barrier %_r_ .
52 PEHeR el0 tiRe feakROBf erﬁnthow?nqenﬂ@fr@@ bility in
of nmet al barr| er 52 and organic | ow

k/ ul tEEOTaRRI% oW Fé%évmraamay@fa-w K intgncopnects) ays a

nmore inportant role in Cu/ organic low k or ultra-Iow

k 2httegmem Biveatien iselo rgure jn-hole and apkieve aeredgbysiobarrier
one or nore enbodi nents of the present invention

i ncl Uayer againsh&w difivgieni on coul d achi eve better

el ectrical test results, reduce the line to |line

| ed@kdbis ioventiontis ter’rﬂltag[aée tGweinte lall alpgdnic yow k or ultra-fow k in 90
Cu/organic low k or Cu/organic ultra-Ilow k

I nt erar@dnaatischridjogyhreodechelowusing standardt processese and

pi n-hol e and achi eve nore robust barrier |ayer

agaj rhis ifverdiohfis $o alow a barrier layer having good adhesion sirength to

organic low k or ultra-low k materials, help to solve Cu/barrier
delamination issue during chemical mechanical polish (CMP) process in

Cu/organic low k or Cu/organic ultra-low k integration.

While particular embodiments of the present invention have been illustrated and
described, it is not intended to limit the invention, except as defined by the following

claims.
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3) this invention is to integrate Cu into all organic
low k or ultra-low k in 90 or 65 nmtechnol ogy node
bel ow usi ng standard processes; and 4) this invention
is to allow a barrier |layer having good adhesi on
strength to organic low k or ultra-low k materi al s,
help to solve Cu/barrier delam nation issue during
chem cal nechani cal polish (CWP) process in
Cu/organic low k or Cu/organic ultra-Ilow k
integration. While particular enbodi nents of the

present invention have b | ustrated and
described, it is not int@gg’éﬂés(o limt the invention,

except as defined by the following clains. 23 CLAI M5
we Y6irg! @ m 1. A nethod of formng a conposite barrier
ayer, conprising the steps of: providing a substrate
having a dielectric |ayer forned thereover; form ng an
opening within the dielectric layer; the opening

1. ARG i oD Bl s, SR o BheL
B  SUBSERE a4 BRI BT Rb S Rek:
; r ﬁl?ﬁigggopfebingomtﬁi%nthgl digl%trc{r;colgyglf; tFIg %p%in%geg}(pgés?ng a first
portion of the substrate;
forming a dielectric flash layer within the opening and over the first exposed
portion of the substrate; the dielectric flash layer lining the opening;
removing the bottommost horizontal portion of the dielectric flash layer to
expose a second portion of the substrate;
forming an aluminium layer over the etched dielectric flash layer and over
the second exposed portion of the substrate; the etched dielectric flash layer and
aluminium fayer comprising the composite barrier layer;
forming a barrier metal layer over the aluminium layer; the etched dielectric
flash layer, aluminium layer and the barrier metal layer comprising the composite
barrier layer and

forming a planarized metal plug within the barrier metal layer lined opening.

2. The method of claim 1, wherein the substrate is a partially completed integrated

circuit.
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expose a second portion of the substrate; form ng an
al um nium | ayer over the etched dielectric flash |ayer
and over 10 the second exposed portion of the
substrate; the etched dielectric flash |ayer and

al um nium | ayer conprising the conposite barrier

| ayer; formng a barrier netal |ayer over the

alum nium |l ayer; the etched dielectric flash |ayer,
alum nium |l ayer and the barrier netal |ayer conprising
the conposite barrier layer and 15 formng a

3. Phfdgekfen ﬂ%‘a&"r'f. Prfbid o JpTer@inct e TPt et Rioe taver
vetyifes 1hé'sbaid B 4he BeldbIRVPhci udi ng (he for mation
of a lower etch stop | ayer between the substrate and

the di el ectric |ayer. 4 The nethod of claim1,
erein the dielectric |ayer is ?n organic dielectric

4. Thgy@gthodg)f clai L whesgingpe gpeét?qﬂiq aYRhH IS & Araanie dielectric layer.

dielectric layer is an organic dielectric |ayer having
a dielectric constant of fromabout 2.0 to 2.8. 6. The
method of claim1, wherein the dielectric layer is an

5. Teyaetiodipbelaim Ay whessia the: dialerdria layies i ae rqrga% higlegitic layer
of fromabout 2.2 to 2.6. 7. The nmethod of claim1,

havjpg:2 gielectrie cansipeicefifram alger2.040 @dhwpri sed of a pol ymer

6. The method of claim 1, wherein the dielectric layer is an organic dielectric layer

having a dielectric constant of from about 2.2 to 2.6.

7. The method of claim 1, wherein the dielectric layer is comprised of a polymer

having a dielectric constant of less than about 3.0.

8. The method of claim 1, wherein the dielectric layer is comprised of SiLK, porous

SiLK or nano-glass.
9. The method of claim 1, wherein the dielectric layer is comprised of porous SiLK.
10. The method of claim 1, wherein the opening is a damascene opening.

11. The method of claim 1, wherein the opening is a dual damascene opening.
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having a dielectric constant of |ess than about 3.0.

8. The nethod of claim1l1, wherein the dielectric |ayer
is conprised of SILK, porous SiLK or nano-glass. 9.
The method of claim11l, wherein the dielectric layer is
conprised of porous SiLK  10. The nmethod of claiml1,
wherein the opening is a damascene opening. 11. The
net hod of claim 1, wherein the opening is a dua
damascene opening. 25 12. The nethod of claim1,
wherein the dielectric flash layer is conprised of

2 eI o e o S A e o
CY ,CYO - H Si xCY H. 14.
Si df'ﬁe ggﬁﬁo@eg"l’ %'k(; Ingg;ler ein the diel gtr:t r: )é fl ash
| ayer 41 is conprised of Si.CYN~ Hor Si,CYyQZ - H 15.
The method of claim 1, wherein the dielectricflash

l_Layer has a thickness of from _about 0,20 nm
13. éf RenTTRed 4 & iy, SR b SIGOTE TS lser 29 o':qr@pnsed of

O nm_ and the netal barrier |ayer has a thickness

Si C@'N -Hy §kCeBout! ABieP5 nm 16. The nethod of claim 1,

wherein the dielectric flash |layer has a thickness of
from about 10 to 20 nm the alum numlayer has a
t hi ckness of fromabout 5 to 10 nm and the netal

14. gaermethadagteelaima sl , avherpipkingsdielectria Baghalayer 415ist eorpprised of
nm
Si,C,N,-H or Si,C,0,— H.

15. The method of claim 1, wherein the dielectric flash layer has a thickness of from
about 5 to 20 nm, the aluminum layer has a thickness of from about 2.0 t0 10.0 nm

and the metal barrier layer has a thickness of from about 10 to 25 nm.
16. The method of claim 1, wherein the dielectric flash layer has a thickness of from
about 10 to 20 nm, the aluminum layer has a thickness of from about 5 fo 10 nm

and the metal barrier layer has a thickness of from about 15 to 20 nm.

17. The method of claim 1, wherein the metal barrier layer is comprised of a

refractory metal or one of their nitrides.

18. The method of claim 1, wherein the metal barrier layer is comprised of Cr, Nb,

Mo, W or Ta or one of their nitrides.
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17. The nmethod of claim1l, wherein the netal barrier

| ayer is conprised of a refractory netal or one of
their nitrides. 18. The nethod of claim1, wherein the
netal barrier layer is conprised of G, No, Mo, Wor
Ta or one of their nitrides. 26 19. The met hod of
claiml1, wherein the netal barrier layer is conprised
of Ta, TaN or Ta/TaN. 20. The nethod of claiml1,
wherein the dielectric flash layer is formed using

pl asma enhanced chem cal vapor deposition (PECVD)

chni gues 1. ,The nethod of claim1, wherein.the
19. GG aRfibe o el MRG0 PERtaATIE! et B eAtised of Ta, TaN
gﬂ1%$mﬁng conditions: a pressure of fromabout 1.0 to
or T8/l@Nror r; a power |evel of from about 150 to 1000
watts; and a tenperature of from about 250 to 350C.
22. The nethod of claim1, wherein the dielectric
flash |ayer is conprised enploying 3-nethyl silane or
20. Thesretped of clate 1, grgerenh @%@W&ém‘?am layen is forfpst ¥sing plasma
the dielectric flash | ayer_is conprised enpl oyi ng
enhganeast elyemisal veper gepasitien RECYD) tachniomes- with NH3 or
N2O. 24. The nethod of claim1, wherein the bottommobst
hori zontal portion of the

21. The method of claim 1, wherein the dielectric flash layer is formed using under
the following conditions:

a pressure of from about 1.0 10 5.0 Torr;

a power level of from about 150 to 1000 watts; and

a temperature of from about 250 to 350°C.

22. The method of claim 1, wherein the dielectric flash layer is comprised

employing 3-methyl silane or 4-methyl silane.

23. The method of claim 1, wherein the dielectric flash layer is comprised

employing 3-methyl silane or 4-methyl silane; and with NH; or N,O.
24. The method of claim 1, wherein the bottommost horizontal portion of the

dielectric flash layer is removed using a plasma sputtering process or a plasma

etching process.
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dielectric flash layer is renoved using a plasma
sputtering process or a plasma etching process. 27

25. The nmethod of claim 1, wherein the bottonmost

hori zontal portion of the dielectric flash layer is
renoved using CH2F2 or CHF3 under the foll ow ng
conditions: a pressure of fromabout 10 to 100 mTorr;
and a power of fromabout 5 to 25 wafts; for a tine
of fromabout 5 to 25 seconds. 26. The nethod of claim
1, wherein the alumnumlayer is forned at a

t erature of |l ess than.ahput 0C. 27, A nmethod of
2. R Fighal conpiait T BEPREARY oM road hplrdat Rlritn o the
. steps_of: roviding a,substr havi diel ectri .
dielBetfBr 135 el e eBtepe” Lo TT5: dintdden ey following
Lthin the dielectric layer; the damascene opening
Cong]ﬁ'BB%-i ng a first portion of the substrate; 5 formng a
dielectric flash |layer wthin_the damascene opening
an@ Ryeasured from akeutdgstay bew; @ of the substrate;
the dielectric flash layer lining the opening;
r e RORAWR] afi@mhabedini9s2d waleizont al portion of the
dielectric flash Iager to expose a second portion of
for a lemesefdgine abeut 5 to 25 seconds.

26. The method of claim 1, wherein the aluminum layer is formed at a temperature

of less than about 250°C.

27. A method of forming a composite barrier iayer, comprising the steps of:

providing a substrate having a dielectric layer formed thereover;

forming a damascene opening within the dielectric layer; the damascene
opening exposing a first portion of the substrate;

forming a dielectric flash layer within the damascene opening and over the
first exposed portion of the substrate; the dietectric flash layer lining the opening;

removing the bottommost horizontal portion of the dielectric flash layer to
expose a second portion of the substrate;

forming an aluminium layer over the etched dielectric flash layer and over
the second exposed portion of the substrate; the etched dielectric flash layer and

aluminium layer comprising the composite barrier layer;
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form ng an alum nium | ayer over the etched dielectric
flash |l ayer and over 10 the second exposed portion of
the substrate; the etched dielectric flash | ayer and
al um nium | ayer conprising the conposite barrier

| ayer; 28 formng a barrier netal |ayer over the

al um nium | ayer; the etched dielectric flash |ayer,
alum nium |l ayer and the barrier netal |ayer conprising
the conposite barrier layer and 15 formng a

pl anarized netal plug wwthin the barrier netal I|ayer

g SRS e R vt s, ARG B o e e
st P02 5 BYbk and Soe BB 6l SoBils i i, composte
barr%ﬁg\een the substrate and the dielectric |ayer. 30.

YeEBAEd of claim 27, wherein the dielectric |ayer
is an organic dielectric |layer, 31. The nethod of .
cl formingy a \plapaiized Heetgl gplugt within e bagiep nmgtajafayer lined
dielectric |ayer having a dielectric constant of from
damageene oPeNiBg 2. 8. 32. The nethod of claim 27, wherein
the dielectric layer is an organic dielectric |ayer
having a dielectric constant of fromabout 2.2 to 2.6.

28. The method of claim 27, wherein the substrate is a partially completed

integrated circuit.

29. The method of claim 27, including the formation of a lower eich stop layer

between the substrate and the dielectric layer.

30. The method of claim 27, wherein the dielectric layer is an organic dielectric

layer.

31. The method of claim 27, wherein the dielectric layer is an organic dielectric

layer having a dielectric constant of from about 2.0 to 2.8.

32. The method of claim 27, wherein the dielectric layer is an organic dielectric

layer having a dielectric constant of from about 2.2 10 2.6.

33. The method of claim 27, wherein the dielectric layer is comprised of a polymer

having a dielectric constant of less than about 3.0.
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33. The nethod of claim27, wherein the dielectric
| ayer is conprised of a polyner having a dielectric
constant of |ess than about 3.0. 29 34. The net hod of
claim 27, wherein the dielectric |layer is conprised of
Si LK, porous SiLK or nano-glass. 35. The nethod of
claim27, wherein the dielectric layer is conprised of
porous Si LK. 36. The nmethod of claim 27, wherein the
damascene opening is a dual damascene opening. 37. The
met hod of claim 27, wherein the dielectric flash | ayer
is conprised of Si,CYN -H Si,CYQ - H Si.CY-Hor
, OY. 38. The nethod of cIa|n127 wherein the
elec ri y |sed f Si.CYN
34. ‘;the o b, & Vet R dislacadevst i apphsed of SILK,
t he dlelectrlc flash | ayer 41 is conprised of
porags %gKﬂIIné‘m@aS@YO - H. 40. The nethod of claim 27,
wherein the dielectric flash |layer has a thickness of
fromabout 5 to 20 nm the alum numlayer has a
t hi ckness of from_about 2.0 to 10,0 nm and the netal
35. Fhaermethodagleslainm 27, whereirnibesdiglectricolayan isugomgriged @5 porous

nm 30
SiLK.

36. The method of claim 27, wherein the damascene opening is a dual damascene

opening.

37. The method of claim 27, wherein the dielectric flash layer is comprised of

Si,C,N,-H, Si,.C,0, - H, Si,C,-H or Si,0,.

38. The method of claim 27, wherein the dielectric flash layer is comprised of

Si,C,N,-H, Si,C,0,—H or Si,C,-H.

39. The method of claim 27, wherein the dielectric flash layer 41 is comprised of

Si,CN,-H or 8i,C,0, — H.
40. The method of claim 27, wherein the dielectric flash layer has a thickness of

from about 5 to 20 nm, the aluminum layer has a thickness of from about 2.0 to

10.0 nm and the metal barrier layer has a thickness of from about 10 to 25 nm.
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41. The nethod of claim 27, wherein the dielectric
flash layer has a thickness of fromabout 10 to 20
nm the alum num |l ayer has a thickness of from about 5
to 10 nmand the netal barrier |ayer has a thickness
of fromabout 15 to 20 nm 42. The nethod of claim 27,
wherein the netal barrier layer is conprised of a
refractory netal or one of their nitrides. 43. The

met hod of claim 27, wherein the netal barrier layer is
conprised of Cr, Nb, Mb, Wor Ta or one of their

1. Foe e, oo 2 WerandneadhelE s KR Be Toinicigess of
45 T d | aim 27, wherein. the di tri
frorf Rt T0.JEP0 Ten e G LT B Bas inkBats & ERimatant 5 to 10
d It PECVD) .t echni . 46. Th t hod of
m B the BRI PV TIBS K1 G0ers Of FPsapiuty 800 A1Br med
usi ng under the follow ng conditions: a pressure of

fromabout 1.0 to 5.0 Torr; a power |evel of from
about 150 to 1000 watts; and a tenperature of from
42. ghwumetimerd © chELIC27 3whereinthe metlahd@rder @var s gemprised of a
wherein the dielectric flash layer is conprised
refragipnoyeial ogone ohineirilriges. or 4- met hyl si | ane.

43. The method of claim 27, wherein the metal barrier layer is comprised of Cr, Nb,

Mo, W or Ta or one of their nitrides.

44. The method of claim 27, wherein the metal barrier layer is comprised of Ta,

TaN or Ta/TaN.

45. The method of claim 27, wherein the dielectric flash layer is formed using

plasma enhanced chemical vapor deposition (PECVD) techniques.

46. The method of claim 27, wherein the dielectric flash layer is formed using under
the following conditions:

a pressure of from about 1.0 to 5.0 Torr;

a power level of from about 150 to 1000 watts; and

a temperature of from about 250 to 350°C.
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48. The nethod of claim 27, wherein the dielectric
flash layer is conprised enploying 3-nethyl silane or
4-met hyl silane; and with NH3 or N20. 49. The net hod
of claim 27, wherein the bottonmost horizontal portion
of the dielectric flash layer is renoved using a

pl asma sputtering process or a plasma etching
process. 50. The method of claim 27, wherein the
bot t onmost horizontal portion of the dielectric flash
| ayer is renoved using CH2F2 or CHF3 under the

fol | ow condi.tiQns: a pressure of fromabout 10 to .
47. e FPAa By’ BRmiebin i cniSitrc SR J8/ehlp: somprised
for a ti mﬁ of from aboyt 5 to 25 seconds. 51. The
empleying §-ethyl sfiane £F 4-REEMESIRene al uni num | ayer is
formed at a tenperature of |ess than about 250C. 52. A
nmet hod of formng a conposite barrier |ayer,
conprising the steps of: providing a substrate having

48. alhg enethedi of clajner 27 o whegeinhihee gialectrig figshr fayiey ig comprised
damascene opening within the dielectric layer; the
emni@wmaénethy&i@nen:g demptiyl silpng; end sithodHs peN@f t he
substrate; 5 formng a dielectric flash layer within
t he danmascene opening and over the
49, The method of claim 27, wherein the bottommost horizontal portion of the
dielectric flash layer is removed using a plasma sputtering process or a plasma

etching process.

50. The method of claim 27, wherein the bottommost horizontal portion of the
dielectric flash layer is removed using CH,F, or CHF; under the following
conditions:

a pressure of from about 10 to 100 mTorr; and

a power of from about 5 to 25 watis;

for a time of from about 5 to 25 seconds.

51. The method of claim 27, wherein the aluminum layer is formed at a temperature

of less than about 250°C.

52. A method of forming a composite barrier layer, comprising the steps of:

providing a substrate having a dielectric layer formed thereover;
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15

first exposed portion of the substrate; the dielectric
flash layer lining the opening; the dielectric flash
| ayer being conprised of SixCYNZ-H, SixCYOH SixCYy H
or SixQY; renoving the bottomopst horizontal portion
of the dielectric flash layer to expose a second
portion of the substrate; 10 form ng an al um ni um

| ayer over the etched dielectric flash | ayer and over
the second exposed portion of the substrate; the
etched dielectric flash layer and alum nium | ayer

ol A paimeRCHEr BBt Ririh e A¥Gikic.bift "Beddamascene
opefih pFg il fripa pEHE SSRtErg ' The composi e 15

i 1oine. pa R dashaeier wityBthp Haiicatin salhg nd over tne
firs seﬁee%?fgpeﬂloy of e Soshes: doh TR AR Jrdkrdineg e ppering

he nmet hod of claimb52, |ncludi n%Jt he formation

the ﬁlelmﬂfa@mﬁv%wg 6QmBPrisRd QkRC Mt Riks DA, él&yd" R §' O,
dielectric layer. 33 55. The nethod of claim5
whEaneeYing Hige dloé‘lOEIfBQStc"'qfl%?B’Fal iRerien 6f é@ﬁndée@q?tép eﬂﬁshl layer to
I

exposaeye(ae IE.second portion of the substrate;

forming an aluminium layer over the etched dielectric flash layer and over
the second exposed portion of the substrate; the etched dielectric flash layer and
aluminium layer comprising the composite barrier layer;

forming a barrier metal layer over the aluminium layer; the etched dielectric
flash layer, aluminium layer and the barrier metal layer comprising the composite
barrier layer and

forming a planarized metal plug within the barrier metal layer lined

damascene opening.

53. The method of claim 52, wherein the substrate is a partially completed

integrated circuit.

54. The method of claim 52, including the formation of a lower etch stop layer

between the substrate and the dielectric layer.
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56. The nethod of claim52, wherein the dielectric
| ayer is an organic dielectric |layer having a
dielectric constant of fromabout 2.0 to 2.8. 57. The
met hod of claim52, wherein the dielectric layer is an
organic dielectric |layer having a dielectric constant
of fromabout 2.2 to 2.6. 58. The nethod of claim52,
wherein the dielectric layer is conprised of a polymer
having a dielectric constant of |ess than about 3.0.
59. The nethod of claim52, wherein the dielectric
er |s conmprised of SilL par ous . Si LK qr nano-gl ass )
5. 455 RS S BATE o2 SHeEs el AIEIRITIE 16T dF Aropiaene dilectric
| ayer is conprised of porous SiLK 61. The nethod of
layeg| aj m 52, wherein the damascene opening is a dual
damascene opening. 62. The nethod of claim52, wherein
the dielectric flash layer is conprised of Si XCYNZ-H,
Si~CA - Hor SixCY H 34 63. The nethod of claim52,
56. \iiner methodnhe! elaisn &, rwhereinathe figleatricy iavies is aimpeigseis dielectric
Si.CYN~ Hor SixCYO - H 64. The nethod of claim52,
layepheviagre dinlectricasanstant of froesaba 2l thas. a t hi ckness of
fromabout 5 to 20 nm the alum numlayer has a
t hi ckness of fromabout 2.0 to

57. The method of claim 52, wherein the dielectric layer is an organic dielectric

fayer having a dielectric constant of from about 2.2 to 2.6.

58. The method of claim 52, wherein the dielectric layer is comprised of a polymer

having a dielectric constant of less than about 3.0.

59. The method of claim 52, wherein the dielectric layer is comprised of SiLK,

porous SiLK or nano-glass.

60. The method of claim 52, wherein the dielectric layer is comprised of porous

SiLK.

61. The method of claim 52, wherein the damascene opening is a dual damascene

opening.

62. The method of claim 52, wherein the dielectric flash layer is comprised of

$i,C,N,-H, Si,C,0, — H or Si,C,-H.



10.0 nm and the netal barrier layer has a thickness of
fromabout 10 to 25 nm 65. The nethod of claimb52,
wherein the dielectric flash |layer has a thickness of
fromabout 10 to 20 nm the alum num | ayer has a

t hi ckness of fromabout 5 to 10 nm and the netal
barrier |layer has a thickness of from about 15 to 20
nm 66. The nmethod of claimb52, wherein the netal
barrier layer is conprised of a refractory netal or
one of their nitrides. 67. The nethod of claimb52,
wherein the netal barrier |ayer is conprised of Cr,
No, Mo, Wor Ta or one of their nitrides. 68. The

thod, of . claimB82 whereip t met rrier,lLayer is
3. e euty § Sallh 32, u8rE% e dipieghe Hash Taupran IS pomeriSed o
. im52, erein the dielectric flash layer is forned
S'x(gbg'ﬁgb"pg'&gﬁg_ hanced cheni cal vapor deposition
(PECVD) techniques. 35 70. The net hod of claim52,

wherein the dielectric flash layer is fornmed using
under the follow ng conditions: a pressure of from

64. ddwumetnasl eclging S8 Mhergingbedielestrisl flash layeinhap quthickpgss of
to 1000 watts; and a tenperature of from about 250 to

fromsipout p1to ahamdhe @ursinug) laver Has avirickenesst ofcfrom about 2.0 to

dielectric flash layer is conprised
10.0 nm and the metal barrier layer has a thickness of from about 10 to 25 nm.

65. The method of claim 52, wherein the dielectric flash layer has a thickness of
from about 10 to 20 nm, the aluminum layer has a thickness of from about 5 to 10

nm and the metal barrier layer has a thickness of from about 15 to 20 nm.

66. The method of claim 52, wherein the metal barrier layer is comprised of a

refractory metal or one of their nitrides.

67. The method of claim 52, wherein the metal barrier layer is comprised of Cr, Nb,

Mo, W or Ta or one of their nitrides.

68. The method of claim 52, wherein the metal barrier layer is comprised of Ta,

TaN or Ta/TaN.

69. The method of claim 52, wherein the dielectric flash layer is formed using

plasma enhanced chemical vapor deposition (PECVD) techniques.
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enpl oyi ng 3-nethyl silane or 4-nmethyl silane. 72. The
nmet hod of claim52, wherein the dielectric flash |ayer
is conprised enploying 3-nethyl silane or 4-nethyl
silane; and with NH3 or N20 73. The nethod of claim
52, wherein the bottomost horizontal portion of the
dielectric flash layer is renpved using a plasna
sputtering process or a plasma etching process. 74.
The met hod of claim52, wherein the bottonmost

hori zontal portion of the dielectric flash layer is
renmoved using CH2F2 or CHF3 under the foll ow ng
conditions: a pressure of fromabout 10 to 100 niorr;

d r, of from aboyt 0,25 watts: faor a fine
70. 3R mnba E bl s, wBs R e deleduis 1Al ¥y indimiae uho under
| ai m 52, erein the alumnumlayer is forned at a
the [QURWINAENAIOYE: | ess than about 250C. 76. A
sem conduct 9y devi ce havin conposite barrier |ayer
coﬁ@?ﬁ%ﬁp?gom‘ﬂa&t(}%&f%”a dielectric |ayer
formed thereover and having an opening wthin said
di a1rswerilevel i spm aboul 180 &nil AQ0 wallssand a first
portion of said substrate; a conposite barrier |ayer
| i Ritppseatdredydranh gbomead ¥ 3°E- conposite barrier

71. The method of claim 52, wherein the dielectric flash layer is comprised

employing 3-methyl silane or 4-methyl silane.

72. The method of claim 52, wherein the dielectric flash layer is comprised

employing 3-methyl silane or 4-methyl silane; and with NH, or N,O.

73. The method of claim 52, wherein the bottommost horizontal portion of the
dielectric flash layer is removed using a plasma sputtering process or a plasma

etching process.

74. The method of claim 52, wherein the bottommost horizontal portion of the
dielectric flash layer is removed using CH,F, or CHF; under the following
conditions:

a pressure of from about 10 to 100 mTorr; and

a power of from about 5 to 25 waltts;

for a time of from about 5 to 25 seconds.
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5 layer conprises: a dielectric flash layer within
said opening and |ining said opening wherein said
dielectric flash |layer does not cover said first
exposed portion of said substrate; an al um nium| ayer
over said dielectric flash |ayer and over said first
10 exposed portion of said substrate; and a barrier
netal |ayer over said alum niumlayer wherein said
dielectric flash layer, said alumniumlayer and said
barrier nmetal |ayer conprise said conposite barrier

| ayer; and a planarized netal plug within said barrier
netal |ayer Iined opening. 77. The device of claim 76,

7s. B ciptlobar cBifE 3t Whgis e Bfiidyisiusrar Rermadt etomperature
h | tch st | bet
o '%sgithairasevt?%{deﬁéﬂg Said dlelectric ayer. 79, The

device of claim76, wherein said dielectric |ayer is
an organic dielectric layer. 80. The device of claim
wherein the dielectric layer is_an organic,

76. 6‘1 S@r@ewcﬂt@tqwaaﬁéﬂcedwwa&omrasge foarrier dayas CRMPISING r om
ab%ustub%trgtet hav%ngsa dielectric layer formed thereover and having an opening
within said dielectric layer; said opening exposing a first portion of said substrate;
a composite barrier layer lining said opening wherein said composite barrier
layer comprises:

a dielectric flash layer within said opening and lining said cpening
wherein said dielectric flash layer does not cover said first exposed portion of said
substrate;

an aluminium layer over said dielectric flash layer and over said first
exposed portion of said substrate; and

a barrier metal layer over said aluminium layer wherein said dielectric
flash layer, said aluminium layer and said barrier metal layer comprise said

composite barrier layer; and

a planarized metal plug within said barrier metal layer lined opening.

77. The device of claim 76, wherein the substrate is a partially completed integrated

circuit.
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81. The device of claim 76, wherein the dielectric
| ayer is an organic dielectric |layer having a
dielectric constant of fromabout 2.2 to 2.6. 82. The
device of claim76, wherein the dielectric layer is
conprised of a polyner having a dielectric constant of
| ess than about 3.0. 83. The device of claim 76,
wherein the dielectric layer is conprised of SiLK
porous Si LK or nano-glass. 84. The device of claim 76,
wherein the dielectric layer is conprised of porous
. [ f ) : ' ' .
78. Thb Doyt of Flin A% siiet oot QIoWiSeiEh ducg BypESRAEn saic
' ] i s a dual damascene openi ng. 87.
sub$ﬁ§£§g@f%@?gﬁﬁ%ﬂg?%yé%’ wherein the dielectric flash
| ayer is conprised of SixCYN,-H Si,Cv¥Q - H SixCYy H
or SixOY. 88. The device of claim76, wherein the

79. Sricote o aiara YReres sERRielEe favesri SR preanis dilectr

wherein the dielectric flash layer 41 is conprised of
layeg; x cYN7-H or SixCYO. - H. 90. The device of claim 76,

wherein the dielectric flash |layer has a thickness of

fromabout 5 to 20 nm the alum numlayer has a

t hi ckness of fromabout 2.0 to )
80. The device of claim 76, wherein the dielectric layer is an organic dielectric layer

having a dielectric constant of from about 2.0 to 2.8.

81. The device of claim 76, wherein the dielectric layer is an organic dielectric layer

having a dielectric constant of from about 2.2 to 2.6.

82. The device of claim 76, wherein the dielectric layer is comprised of a polymer

having a dielectric constant of less than about 3.0.

83. The device of claim 76, wherein the dielectric layer is comprised of SiLK,

porous SiLK or nano-glass.

84. The device of claim 76, wherein the dielectric layer is comprised of porous

SiLK.

85. The device of claim 76, wherein the opening is a damascene opening.
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10.0 nm and the netal barrier layer has a thickness of
fromabout 10 to 25 nm 91. The device of claim76,
wherein the dielectric flash |layer has a thickness of
fromabout 10 to 20 nm the alum num | ayer has a

t hi ckness of fromabout 5 to 10 nm and the netal
barrier |layer has a thickness of from about 15 to 20
nm 92. The device of claim 76, wherein the netal
barrier layer is conprised of a refractory netal or
one of their nitrides. 39 93. The device of claim 76,
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devi ce of clai m 76, wherein the netal barrier layer is
conpri sed of Ta, TaN or Ta/TaN. 95. The devi ce of

87.. CJ 53& Wﬂ_&feﬁr‘y? heyh%:gqe:h | t;@%gfﬁ:b'lri?m aﬁﬁﬁ%ﬁ{%p comprised of
T 76
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silane or 4-nethyl silane; and with NH3 or N. O 40

88. The device of claim 76, wherein the dielectric flash layer is comprised of

SL,C,N,H, Si,C,0, — H or Si,C,-H.

89. The device of claim 76, wherein the dielectric flash layer 41 is comprised of

Si,C,N,-H or Si,C,0, — H.

90. The device of claim 76, wherein the dielectric flash layer has a thickness of
from about 5 to 20 nm, the aluminum layer has a thickness of from about 2.0 to

10.0 nm and the metal barrier layer has a thickness of from about 10 to 25 nm.
91. The device of claim 76, wherein the dielectric flash layer has a thickness of
from about 10 to 20 nm, the aluminum layer has a thickness of from about 5 to 10

nm and the metal barrier layer has a thickness of from about 15 to 20 nm.

92. The device of claim 76, wherein the metal barrier layer is comprised of a

refractory metal or one of their nitrides.
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93. The device of claim 76, wherein the metal barrier layer is comprised of Cr, Nb,

Mo, W or Ta or one of their nitrides.

94. The device of claim 76, wherein the metal barrier layer is comprised of Ta, TaN

or Ta/TaN.

95. The device of claim 76, wherein the dielectric flash layer is comprised

employing 3-methyl silane or 4-methyl silane.

96. The device of claim 76, wherein the dielectric flash layer is comprised

employing 3-methyl silane or 4-methyl silane; and with NH, or N,O.
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