A PROCESS OF FORM NG A COVPGCsSI TE DI FFUSI ON BARRI ER | N COPPER/ ORGANI C
LOW K DAMASCENE TECHNOLOGY FI ELD OF THE | NVENTI ON The present

I nvention relates generally to integrated circuits and specifically
to integrated circuits with copper-based damascene interconnects.
BACKGROUND OF THE I NVENTION Integrated circuits are widely used in

el ectroni c devices of many types. Conventional alum num (A) and Al
all oys have been widely used as interconnection materials for
integrated circuits. However, the downscaling of nmetal interconnect
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The present invention relates generally to integrated circuits and specifically to

integrated circuits with copper-based damascene interconnects.

BACKGROUND 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. Howsver, 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 siress-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 metat
layer to achieved improved ET results and a lower diglectric 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 betwsen a porous diglectric layer and a
1



1 netal diffusion barrier layer. The sealing dielectric |layer closes
the pores on the surface and sidewalls of the porous dielectric

| ayer. The sealing dielectric layer is a CVD deposited film having
the conposition Si XCYH . U. S. Patent Application Publication No. US
2002/ 0027286 Al to Sundararajan et el. describes a nethod of form ng
a sem conductor device (and the device so forned) by formng a netal
portion over underlying portions; depositing a single |ayer of
silicon carbon nitride (SiCN) |ayer over the netal portion; and
depositing a dielectric |ayer over the SICN | ayer. U S. Patent Nos.

6, 140, 220 ﬂﬂﬂl QirRARn /B 1a gé’r HHg SAGH %?é&?th@?’aﬁl"%losaggﬂ@éﬁ?é?m the

process and structure wth el ectric arrler tent
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copper diffusion arrl er tent App

M Gahay etggp. de%élfédfm%a@mg&ﬁ@e&n eé.t.érpsmﬁg a sem conduct or device

(and the device so forned nga osite diffusion barrier
bet ween a copper structure and an insulating |ayer wherein the
conposite diffusion barrier conprises a |ayer of dense material and a

filmof mayey iFrdteramibaiod! PhRcAlGONS, DIOSESS/HYE 288! AF td BuRdararajan et
self-limting manner in the presence of oxygen or water.
el. describes a method of forming a semiconductor device (and the device so
formed) by forming a metal portion over underlying portions; depositing a single
layer of silicon carban nitride (SiCN) layer 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 ito Lin each describe dual

damascene process and structure with dielectric barrier ltayer.

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 object of the
present invention to provide a nethod of forning a conposite barrier
| ayer for copper (Cu) netallization 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 low k materials, w thout pinholes for Cu

nmetal lization using standard conplinentary netal oxide sem conduct or
(CMOS) process steps with danascene technology. It is another object
of the invention to provide a novel conposite barrier |ayer for Cu

metal li zati on interconnecti @UMM‘Aﬁ?@ﬁ?ﬂEQﬁVﬁNﬂﬁNegrat ed circuits.
O her objects will appear h ; been di scovered
that the above and other objects of the present invention may be
acconplished in the follow ng manner. Specifically, a substrate

having a dAc?!o?cﬁﬁél{rﬁt ib%edbjéocﬁbfﬁg ﬂé’%%é;rﬁwl@ﬁtidﬁtopﬂﬂ%g%&mngﬁlﬂﬁ %fﬁoghﬂ% a

exposing a ti1rst"'portion rate i's for
dielectric
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di el ectri csé‘nltliﬁtz,{gjgi[:g,?zﬁ{te 'h%ﬁ"g@ﬁs ﬁggm ng. The bottommost hori zont al

portion of ectric er is renoved to expose a second
portion of the substrate. An

It is a further object of the invention to provide a method of forming a barrier layer
having good adhesion strength to organic low k materials, without pinholes for Cu
metallization using standard complimentary metal oxide semiconductor (CMOS)

process steps with damascene technology.

It is another object of the invention to provide a novel composite batrier 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 subsirate
having a dielectric layer formed thereover is provided. An gpening 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 horizonta! portion of

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



3 alumnum |l ayer is fornmed over the etched dielectric flash | ayer and
over the second exposed portion of the substrate. A barrier netal

| ayer is fornmed over the alum num |ayer. The etched dielectric flash
| ayer, the alum num | ayer and the barrier netal |ayer conprise the
conposite barrier layer. A planarized netal plug is formed within

the barrier netal |ayer |ined opening. BRI EF DESCRI PTI ON OF THE

DRAW NGS The present invention will be nore clearly understood from
the follow ng description taken in conjunction with the acconpanyi ng
drawings in which Iike reference nunerals designate simlar or '
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the barrier metal layer lined opening.

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 (5i,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 lllustrates 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 XCYNZ, 10 nmthick) at different tenperatures.

Fig. 15. illustrates the residual stress of barrier netal filmon
ultra-low k materials with DFL (Si CYQz, 10 nmthick) at different
tenperatures. Fig. 16 illustrates the ccunul ative distribution of

i ne-1ine | eakage current (0.1810.18 m of the sanples w th/w thout
DFL (SIiCYNZ or Si,CyQZz) (ultra low dielectric constant (k), i.e.

| ess than about 2.5 (ULK): P-SiLK). Fig. 17 illustrates the

cunmul ative distribution of line-line | eakage current (0.18/0.18 m

of the sanmples with/w thout DFL (SLCYNZ or Sij3,QZ) after annealing
at 3500C for 1 hour under N2 anmbient (ultra |ow dielectric constant
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i.e. less than about 2.5 (ULK): P-SiLK). Fig. 19 illustrates
line-1ine | eakage current vs. applied electrical field, neasured at
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Fig. 16 illusirates the ccumulative distribution of line-line leakage current (0.18/0.18
um) of the samples withjwithout DFL (Si,CN, or Si,C,O,) (ulira low dielectric

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

Fig. 17 #lustrates the cumulative distribution of line-line leakage current (0.18/0.18
um) of the samples with/without DFL (SLC 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 iliustrates the line-line leakage current vs. applied electrical field, measured
at room temperature of the samples with/without DFL. (S,C,N, or 81,C,Q,) (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,C,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
Si,CYN, or SiXCYO as DFL. The line-wi dth and space are the sane
(0.1 Bkm. 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 + SSCOH or Al + SICNH Fig. 22 illustrates
an X-ray diffraction (XRD) of Cu/barrier netal wth/w thout a Flash
Layer which is a thin layer of Al and DFL, i.e. Al + SICOHor A +
Si CN-H. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT It is noted
that the conposite barrier |ayer 66 of the present invention includes
a dielectric flash |ayer (DFL) 41 and an al um num (Al') layer 51 as
well as a barrier netal |ayer 52. For the purposes of this invention
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reliability problens, an intense research effect has been focused on
copper netallization and lowk or Cu/ultra-lowk schene due to

Fig. 21 illustrates an X-ray diffraction (XRD) of a barrier metal with and without a
Flash Layer which is a thin layer of Al and DFL, i.e. Al + 8iCO-H or Al + SICN-H.

Fig. 22 illustrates an X-ray diffraction (XRD) of Cu/barrier metal with/without a Flash

Layer which is a thin [ayer 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 inciudes a
dislectric 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 ultra-low-k is a dielectric constant of less than

about 2.5.

Problem/Information Known To The Inventors — Not To Be Considered Priar 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 Chmcm for Cu,
2.7 Omcm for Al), excellent electro-mgration resistance and high
stress voiding resistance; and b) lowk is |ess than about 3.0 or
ultra-lowk is |l ess than about 2.5. To integrate Cu into | owk or
ultra-lowk applications, a robust barrier netal layer is required
to prevent Cu diffusion. That is, robust barrier netal |ayer neans
that the barrier |layer should have good thermal stability and can
prevent copper (Cu) diffusion. However, with the integration of
organic lowk materials as inter-netal dielectrics (IMD) in the Cu
dual damascene interconnects, the traditional physical vapor

deposi tion (PVD) sidewal | diffusion barriers such as tantalum (Ta) or
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To integrate Cu into low-k or ultra-lew-k applications, a robust barrier metal layer is
required fo prevent Cu diffusion. That is, robust barrier metal layer means that the
barrier Jayer should have good thermal stability and can prevent copper (Cu)

diffusion.

However, with the integraﬁon 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
makss it difficult to completely seal the rough surfaces of organic low-k materials at
the sidewalls, especially near the viaftrench bottom. The barrier metal layers
deposited onto porous low-k dielectrics with conventional PVD processes such as
Ta or TaN are iypically found i0 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 1o



smal l er feature size, the barrier netal |ayer should be thinner.

Thus, it is necessary to reduce the Ta or TaN | ayer thickness as
much as possible to keep the Cu line resistance |ow. However, the
thinner the barrier nmetal, the nore pin holes appears. The
traditional PVD barrier netal on the sidewall is not sufficient to
seal the rough side wall of the damascene structure of the organic

|l ow k and Cu could diffuse into INMD. Another problemis, because the
t hermal expansion coefficient (CTE) is significantly different
between netal (for exanple: Ta -6 ppnic) and porous organic
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However, this change may have sone

Another problem is, because the thermal expansion cosfficient (CTE) is
significantly diffarent 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°G~400°C)

thermal cycle.

Another problem is, the moisture, oxygen, efc. 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 comosicn. It impacts on the reliability and electrical

performance of Cu interconnects.

There was reporied 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 ens on integration into current Cu dual damascene process flow
because Ta 8 al so works as adhesion pronoter between Cu and
different dielectrics, which is very inportant. The Present

I nvention In the present invention, a novel dielectrics/netal
conposite sidewall barrier layers |s proposed to inprove the
reliability and performance of Cu/organic |lowk interconnects as
well as to enhance the adhesion issue in Cu damascene processes.
More specifically, the present invention will describe a process for
formng conposite barrier layers in the fabrication of 1Cs with
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robust bar[ I with very good adhesion strength to organic

| ow k mat é{e!‘@hpo\%&ﬁ{ﬁout pi nhol es, that is particularly useful as a
barrier layer in Cu/organic integration schenes. The present

I nvention includes the steps of: 1) Depositing a |layer of SiCyOQ or

Si, CYN, , a\-@?rggé lteﬁq’ (fll;: lIle_ct ric flash layer (DFL) thin layer (from

about 5t sing plasma enhance chem cal deposition

(PECVD) technique or other deposition techniques. This DFL has a high
[n the present invention, & novel dielectrics/metal composite sidewall barrier layers
is proposed to improve the reliability and performance of Cujorganic 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 se_miconductor 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 Guforganic integration schemes,

The present invention includes the steps of:

1) Depositing a layer of Si,C,O, or 8iC,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 low k materials
and provides snooth dielectric seed which can reduce pinhole of thin
barrier netal layer in 9 danmascene structures. This DFL al so acts as
an additional barrier against Cu diffusion. 2) Etching back, using
pl asma sputtering or other etching- processes, to strip the DFL at
the bottom of trenches and/or vias in the damascene structure. 3) The
deposition of a thin alum num (A) layer (fromabout 2 to 10 nm
thick) wusing PVD techniques or other deposition technique at |ow
tenperature (below 250C). This Iayer may act as gettering |ayer

whi ch can sorb ox g n erial an
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corr05| ondf_ﬁ_kaepom tion of a thin barrier netal |ayer (preferably
, Nb, Ti W or Ta, or one of their nitrides) (fromabout 2 to

15 nmthick) and a Cu seed | ayer using standard.PVD technique at a
| ow t enperature of bel ow 250C, respectively. 5) Followed by a

%?Pdiédsféﬁﬁé?ﬁﬁﬁﬁﬁﬁac@acrp@ e SehBtod bt on B Ry ARREEA O ot

the specifyc 'FL l%‘tfo?rpo r{clﬂgs Eu?ﬁ?@itas Eﬂﬁ%rﬁdﬂécéﬁe Lfudlrd.

appllcatlonln ormn sion barrier Tayers, one skilled
in the art would recogni ze that t he

3) The deposition of a thin aluminum (Al) layer (from about 2 to 10 nm thick)
using PVD techniques or other deposition technique at low temperature {below
250°C). This layer may act as geiiering 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.
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present invention is nore general than this and may be applied to
barrier layers in other filmcoatings on organic materials. 10 The
conposite barrier layer 66 includes: DFL 41", Al |ayer 51 and netal
barrier layer 52'. Initial Structure - Fig. 1 Fig. 1 illustrates the
initial structure of the present invention. A |lower etch stop |ayer
11 is forned over substrate 10, which is preferably a transistor
built in silicon substrate. Lower etch stop layer 11 is preferably
silicon carbide (SICOH or BloK (SiCNH, SiCH). An organic
dielectric layer 13 is fornmed over lower etch stop layer 11 to a

t hi ckness of preferably from about 350 nmto 1250 nm and nore
preferably fromabout 350 nmto 950 nm Organic dielectric | ayer 13

is preferably conprised, of a |owk trl,,c h as Sl L
(mmhuf act Jﬁ@&%@p@ﬁ@%ﬁmrdﬂ&% Sinsfesa Ry 4 T8 G metal barrer
nano- gl as g J's nore preferably porous SI LK and has a dielectric
const ant j £ preferably fromabout 2.0 to 2.8 and nore preferably
fromabout 2.2 to 2.6. An upper etch stop layer 12 is forned over
organic dielectric layer 13 to a thickness of preferably from about

30 to 70”%%&%’:@ ureereé erably from about 40 to 60nm

Fig. 1 illustrates the initial structure of the present invention. A lower 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 (SiCO-H) or BloK
(SICN-H, SiC-H).

An organic dielectric layer 13 is formed over lower etch stop layer i1 toa thickﬁess
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 {o 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 BioK (SICN-H,
SIC-H).

11



Upper etch stop layer 12 is preferably silicon carbide (SiCOH) or
BloK (SSCN-H, SICH). 11 An upper dielectric layer 14 is forned over
upper etch stop layer 12 to a thickness of preferably from about 100
to 200 nmand nore preferably from about 150 to 200nm Upper
dielectric layer 14 is preferably conprised of SiO2, a chem cal vapor
deposited filmor undoped silicate glass materials and is nore
preferably SiQ2. Formation of First Dummy Trench 22 - Fig. 2 As
shown in Fig. 2, a first patterned photoresist |ayer 21 is forned
over upper dielectric | ayer 14 and upper dielectric layer 14 is
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patterned photoresist layer 31 is fornmed over patterned upper
dielectric layer 14' and a portion of the exposed 50 upper etch stop

Formation of First Dummy Trench 22 — Fig. 2

As shown in Fig. 2, a first patterned photoresist layer 21 is formed over upper
dielectric layer 14 and upper 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 160 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 [ayer 21 is then stripped and removed and the structure

is cleaned as necessary.

Patterning Of Upper Eich Stob Layer 12 — Fig. 3

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

expose & portion 53 of the underlying organic dielectric [ayer 13.

12



| ayer 12 and the remai ni ng exposed upper etch stop layer 12 is
patterned to expose a portion 53 of the underlying organic
dielectric layer 13. 12 Second patterned photoresist |ayer 31 has a

t hi ckness of preferably fromabout 3500 to 7000A and nore preferably
from about 4500 to 6000A. Formation of Second Dunmy Trench 33 and
Initial Via 32 - Fig.4 As shown in Fig. 4, using the second patterned
phot oresi st layer 31 and the patterned upper etch stop |ayer 12' as
masks, the exposed portion 53 of organic dielectric layer 13 is
patterned down to, and may be Into, |ower etch stop |layer 11 by

- et chi to f ipnitial via 32 d dd 33), Th
over - ot oS PROAMEY o FesEt Buben J5o Taaresy F Relorabh Aoekhbed -
f f bout 75 00A and bly f bout
100 Fo 156800 lstBR AREor Retetairrearedl B B EOEATS {nen”st i pped
and the structure is cleaned as necessary. This clearly shows second

dummy trench 33 that exposes portions 54 of patterned organic
dielectri ]f onpl etian o Openi ng 58 -Fig.

gAls sho DI r- , e =a->—a'aa"'a"" Fef ned organic
i i 13' . . - i . of |
Stop ) ayers i 1Y Fig. AEGubRE ¥ HeoBha HEeRd RifoRRis? davel "§{ sRiyclhe

conpri si n%a&gvﬂ%h )upﬁ’&‘P‘éFc%eé}Sp ?a%%pi@gag E?nasks, the exposed portion 53 of organic

dielectric layer 13 is patterned down to, and may be into, lower eich stop layer 11

by over-etching to form initial via 32 (and second dummy trench 33).

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 pattemed 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 paitemned organic dielectric layer 13’
and the over-etched portion 56 of lower etch stop layer 11° are eiched to form

trench 34 and completed via 35 comprising (dual) damascene opening 58.

13



13 Trench 34 has a depth of preferably fromabout 0.40 to 0.80

m crons and nore preferably fromabout 0.4 to 0.6 mcrons and a

wi dth of preferably fromabout 0.10 and 0.30 m crons and nore
preferably fromabout 0.13 to 0.22 mcrons. Via 35 has a depth of
preferably fromabout 0.60 to 1.50 mcrons and nore preferably from
about 0.60 to 1.20 mcrons and a size in dianeter of preferably from
about 0.10 and 0.30 mcrons and nore preferably fromabout 0.13 to
0.22 mcrons. Plasma and/or chem cal treatnents nmay then be used to
strip any polyner residues. Wile the formation of a dual damascene

damascene '%H“hra%%ﬁhcpﬁre'f‘éf% il sHP89 & DAY o ?Hszéﬁlgﬂ%?@r
Iﬁti iz bgefs’a%Pw;fgoTrwﬁﬁnvﬁg 43R ety Salbfaree e .60
or of or abl #18 Pa bt AR Harer R Brawei a8 adaiay MERTR about 10

to 20nm DFL 41 is a dielectric material and is preferably conprised
of SiXCYNZ H, Si, CYO, - H Si,CYH Si"NYor SiQ2, is nore preferably

o oY oYk ¥ pR K O Bleréadly fbANEbdit 018 toPf.85 HhiZRne Bhd Wbk -

H or SixC
preferably from about 0.60 to 1.20 microns and a size in diameter of preferably

from about 0.10 and 0.30 micrens and more preferably from about 0.13 te 0.22

microns.

Plasma andfor chemical treatrnents 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 Layer {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 preferably
from about 10 to 20nm. DFL 41 is a dielectric material and is preferably comprised
of SLC,N,-H, 8i,C,0, - H, Si,C,-H, Si,N, or SiQ,, is more preferably SiCN, - H or
8i,C,0,— H or Si,G,-H and is most preferably 8i,G,N, - H or §i,C,0, — H.

14



14 DFL 41 includes a bottommopst portion 60 overlying substrate 10.
DFL 41 is forned preferably using plasm enhanced chem cal vapor
deposition (PECVD) techniques or other deposition techni ques.

Exanpl es of suitable gases wused to form DFL 41 include, but are not
limted to, 3-nmethyl silane (3M5) or 4- nethyl silane (4MS5) with NH3
or N20. DFL 41 is forned under the followng conditions: a pressure
of preferably fromabout 1.0 to 5.0 Torr and nore preferably from
about 1.5 to 4.0 Torr; a power |level of preferably fromabout 150 to
1000 watts and nore preferably fromabout 300 to 800 watts; and a

t enper at ure. of, preferabl fraom about. 150 to 400 ng, nore preferably
1 om abouPret 046 EBpHemioRhARGH 6o BT iF TR M -about 1.0t o
5.0 seconds and nore preferably fromabout 2.0 to 4.0 seconds. DFL
41 is of a high density and has good adhesion strength to the

G el oot 11 DFEeRh R TprrRd et g ling s arbing SnRiBRL E850r aS Rt
e Very. rSrenV BT EmiohgS o i spobiiobrBonridhEE: ERETRRR A el Goetic
bar i or mevat T DAL R BEREE: ARERIRAT S RER, Ss, M) or «
2L OV oY U, gf o B A0K Rl ShdPR i
conditions: a pressure of preferably from about 1.0 to 5.0 Torr and more preferably
from about 1.5 to 4.0 Torr; a power level of preferably from about 150 to 1000 watts
and more preferably from about 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 to 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 Bottornmost Portion 60 Of DFL. 41 — Fig. 7

15



Renoval OF The Bottommobst Portion 60 O DFL 41 - Fig. 7 15 As shown
in Fig. 7, the bottomost portion 60 of DFL 41 is renoved to expose a
portion 62 of underlying substrate 10. Portion 60 of DFL 41 is
preferably renmoved by a plasna sputtering process or a plasm
etching process 42 which is preferably a fluorine based gas such as
CH2F2 or CHF9 and nore preferably CH2F2 at: a pressure of preferably
fromabout 10 to 100 mlorr and nore preferably fromabout 25 to 60
mrorr; and a power |evel of preferably fromabout 100 to 1000 watts
and nore preferably from about 200 to 600 watts for preferably from

e b St A0l B
cver e duRftonRt inderning SheRetéC) dEn b of HR L8 s relabEy semoey
ot of or abl 8 HebRewE8gd PRed 8 mesini sl plodely 4B b aerambin
fﬁg etr::S i:ﬁgyﬂéﬁq‘és Bk bASREA qg!?g?faiﬁﬂ" ?ﬁ**?iﬁvdﬁ@is@i 5%3%{?5?25%@%? % fom
osult§ ng Hreeef® ol bl Hon Bo BB oo WA Bnd plork PltBrebl forh 2ot
52 may be 550{0r’§‘dim%ﬁ,5 af% al Wr Igﬂel E\o pl%férgi)lﬁ iﬁ%?r? ab&h 100 to 1000 watts and
more preferably from about 200 to 600 watts for preferably from about 5 to 25

seconds and more preferably from about 5 to 20 seconds.

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

As shown in Fig. 8, an aluminum {Al) layer 51 is then formed over the eiched 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 sténdard PVD technigues, or other technigues. Al
layer 51 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.

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 niirides (such as Ta/TaN for example), is more preferably Ta, TaN or

16



preferably fromabout 10 to 25 nmand nore preferably from about 15
to 20 nm Barrier netal layer 52 is preferably conprised of a
refractor nmetal 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 |ayer 52 acts as
diffusion barrier against Cu diffusion, also provide nucleation

| ayer for Cu seed. By using DFL and Al as well as barrier netal
(Ta(N)), good interface better adhesi on between Cu, barrier and ULK

L e Y i
metal | ay oSt tf“t'éfas%'sq pleVER A aveai%étéﬁs&%@wﬂgﬁésand
ZZ' A StZy@aé%dwety 38 vl wt&faiwt@@’ergoel 'lﬁj‘s%rgae%%g %%Ftﬁgttlét{e?ﬁ‘?%?

52 and Ou DB HRURE0 At . (e S anari zed, preferably by

chem cal mechanical polishing (CW), to renove the excess thereof,
and patterned upper dielectric layer 14', fromover patterned upper

etch stop ¢avefiod & cu'Shed [ YePEnd CAHM L4570 554 BLYY

As shown in Fig. 9, a copper (Cu) seed layer and a Cu fill layer (collectively 53) are

then deposited in turn upon barrier metal layer 52 to at least fill lined dual

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 compesite barrier fayer 66 includes Al layer 517,

DFL 41" and metal barrier layer 52'.

Resutis And Discussioch

Surface roughness of barrier metal layer 52° with/without DFL 41”
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53" within lined dual damascene opening 58 and conpletes fornmation of
the conposite barrier layer 66. The conposite barrier |ayer 66

I ncl udes Al |ayer 51', DFL 41" and netal barrier layer 52'. Results
And Di scussion Surface roughness of barrier netal |ayer 52
with/without DFL 41 17 Film Stacked RVS (nm) Ta (25nm)/P-Si LK 5. 42
to 5.61 TaN(25nm)/p-SiLK 4.445 to 5.01 Ta/TaN (25nn)/P-SILK 5.76 to
7.65 Ta(25nm/10DA Si CN P-SILK 0.346 TaN (25nm)/ 100A Si CN P- Sl LK
0.319 TaN-Ta (25nm)/100A Si CN/ P-SILK 0.409 Ta(25nm 11 ODA

SICO P-Si LK 0.305 TaN (25nm/1 ODA Si CO P-Si LK 0. 271 Based on the
above At om c For ce=-M-croscopy—(AFM—results—the surface—roughness

of barrier metal 5%?3%3%(9& (i. e. Ta v‘ul';N off HM‘%( have gi gnifilcant
A" and barrier mE 2676 SE% “oposi t1on. | BEEBHE hel p (o reduce
pinhole of barrie Tal\T(ZSnm)/p—SlLK 4.445 1o 5.01

Ta/TaN {25nm)/P-SiLK 5.76 10 7.65

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

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

TaN-1a (25nm)/100A SICN/P-SILK | 0.409

Ta(25nm)/100A SICO/P-SIiLK 0.305

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

Based on the above Atomic Force Microscopy (AFM) resuits, the surface
roughness of barrier metat 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. 8i,C,0,
—H and Si,CN,-H. The respective compositions of the DFL 41" are shown in the
Auger Spectra of Fig. 11 and Fig. 12. The top spectra in sach Fig. 11 and 12 are as
recelved 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 line. Auger Spectra of DFL 41" - Figs 11 and 12 In this

I nvention, two nore preferable DFL 41" are proposed and used, i.e.
SixCy2 -H and Si.CyN -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 Residual stress of netal barrier layer 52' on organic dielectric
materials of organic dielectric layer 13" - Figs. 13.14 and 15 Figs.
13, 14 and 15 | Iustr te the residua stress of.

barri er : etal.batyier laver el ‘

: X " AR
flash layer (FL 2 th |l.ayer 51 and, a DFL 41 ") at
different%@%&ﬁ%@%g. 13 is a plot shovmngthat
the b [ L (T . h
t emper at L?Eg ”%ha%ﬁerf‘sfga%'a;u"lrﬁter Fecreatlif SBae % pvbicel TRRAPETET PikiAl
is b f th fi f_th
ECTEN BBt 5By op ple-EMER Py Vi A Mﬁ?‘?qﬁfﬁ a giﬁﬁ%’?gh”@%@f A"

N rea an : e stress
cggl d cau efﬁﬁe’sﬁ?ﬁeﬁj‘ lﬁ%?gfdlﬁgrlegt{én}ﬂs le’ ovi de a pat hvvay for Cu

di f f usi on.

For example Fig. 13 is a plot showing that the barrier metal (Ta) film stress
increases with the increase of temperature. The change of the residual stress of Ta
oh 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 residuat stress of Ta on ulira-low k
is because of the difference of the coefiicient of thermal expansion (CTE) of barrier
(Ta) and organic ulira-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 io
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Further, Fig. 14 is a plot showing that the barrier nmetal (Ta) film
stress increases wth 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 residual stress of
nmetal barrier layer 52' shows no obvious difference for the sanples
with and without FL at the different tenperatures. However, the

resi dual tr tal barrier |ayer. 32" [ncgreases abrupt when
he t emperBPlf 280, yiffehemBaiisB noss e Wratm EmBB R AeE sue AR
to roomte rature after the thermal cycle, the residual stress has
no obvi ouscgglﬁaﬁﬁé‘gs'%?l fé’gﬁFﬁSB OEYI%LI? Bh%lr}%‘ FL does not have nuch

I npact on the residual stress, it could be too thin to show the
effect of this layer on the stress. However, the standard scotch

e oot M e LY Ao B e BBl B RO S8

66 al so r SAURLBE i thh 1w BT g BrREE L Mg 13T4ICon [ fted Fowedf e,

the Fi. af PBM KR bl Bt 4t PSR ol B DT BRIl gfoo B
interface of metal barrier layer 52" and ultra-low-k material in layer 13" and helps to
solve the peeling issues during CMP. The FL €6 also reduces the “cracking” of
metal barrier layer 52', resulting from stress induced due to the change of the
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 ireated many thermal cycles, if CTE of matetial is

different, the film expansion could result in higher stress and film cracking, and aiso

may affect profile of damascene structure.

ET results: Cu/organic Ultra-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 pm)
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 [eakage 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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t hermal expansion (CTE) (for exanple: CTE of SiLK is about 65, Ta is
about 6.6). To build devices, wafers shall be treated nmany thernal
cycles, if CITE of material is different, the filmexpansion could
result in higher stress and filmcracking, and also nmay affect
profil e of damascene structure. ET results: Cu/organic U tra-Lowk
(ULK) (P-SILK) - Figs. 16. 17, 18, 19 and 20 Fig. 16 illustrates
cunul ative distribution of line-line | eakage current (0.18/0.18 pm
of the sanples with/without FL 66 for organic (ultra |low dielectric
constant (k), i.e. less than about 2.5 (ULK) : P-SiLK Fig. 17

FL"ai tor PasDRISREEs 1EIRETRRESe Rl BhalelfpBRRRa TR mokted 2t
P-SiLK). 20 Fig. 18 ill | ine-] i | eak .
ol o0 cIfBeTrpRRprat ot eliies o B FRATRRGUASEE 17,

sanples with/w thout FL. (average of 12 die). Figs. 19 and 20
Illustrate line-line | eakage current vs. applied electrical field,

win rr (gl s Msee fneine BRI R i, il e pal B
| cakage. cubpakpodas dhpHRn At ¥ e AR et trt .0 2
ncreasi ng LRON Y il BB RO e AR a2

It was found that the line-line (C.18/0.18 um) leakage current measured at 5 V at
room temperature of the samples with/without DFL 41 has no obvious difference.
However, by increasing the applied electrical field to the samples, the leakage
currént did not change significantly til 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 417, 42 V (2.3
MV/cm) for samples with Al layer 51’ and SiCN-H DFL 41" or Al layer 51" + SiCO-H
DFL 41", 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 1o identify the
fexture structure of metal barrier layer 52° and Cu seed layer with/without DFL
(SICO-H or SiCN-H) on organic low kfulira-low k materials of organic dielectric layer

13",
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current did not change significantly till about 22 V, which
corresponds to an electrical field of 1.4 M/ cm for sanples w thout
DFL 41", 7 V (0.4 W/cm for sanples with SSONDFL, 9 V (0.5 MW/ cn
for sanples with SINDFL 41 ", 42 V (2.3 MWW/ cm for sanples with At
| ayer 51' and SiCN-H DFL 41" or Al layer 51' + SSCOH DFL 41 ",
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

ZE(V)VME? ?L 2 Forkee <t i 6o B 3?558'28 B 19P) tisep 10 beBSeibhatRer °
eposi t | bAvReLRver AT R i B et T ad B4 TR ot v Kiffrauiy-
arai h ot r QeI B R 5?%&%%@%@%9@9 qwréﬁé}ﬁqg%s? i g Fﬁe
bar i er T ITRPGYSEHGE SECRd Pt BmototouE sl JER RS ﬁéﬁ%%gq%%&a‘?b B
m o ost rudbid i ddtingt St sS4y °°mﬁ%%dﬁé§ﬂa% Bl TS B egihirabin
(Al layer k?l?ltr?t—%—PFlayéll 1)3,' Yhe SIP TaN/Ta forms a crystal microstructure with
amorphous matrix TaN layer, respectively. The FL {Al layer 51 and DFL 417) is
about 10 to 20 nm thick and it obviously affects texture structure of metal barrier

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 41"). It indicates that a
strong Cu (111) texture can be achieved for the samples with FL (Al layer 51 and

DFL 417). 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 Kk/ulira-low-k dieleciric layer 13”. DFL 41” plays a more

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



about 10 to 20 nmthick and it obviously affects texture structure of

metal barrier layer 52'. It could be due to the different nucleation
and surface nobility of netal barrier layer 52' on a different
substrate. Fig. 22 illustrates the texture structure of

el ectrochem cal plated (ECP) Cu on netal barrier |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

| ayer 51 and DFL 41"). It could provide a better performance of
device in terns of reliability. The electrical tests and burn-in and
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3) this invention is to integrate Cu into all organic low k or ultra-low k in 80
or 65 nm technology node below using standard processes; and

4) this invention is to allow a barrier layer having good adhesion strength to
organic low k or ulira-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.



3) this invention is to integrate Cu into all organic |ow k or
ultra-low k in 90 or 65 nmtechnol ogy node bel ow using standard
processes; and 4) this inventionis to allow a barrier |ayer having
good adhesion strength to organic low k or ultra-low k nmaterial s,
help to solve Cu/barrier delamnation issue during chem cal
mechani cal polish (CWP) process in Cu/organic |low k or Cu/organic
ultra-low k integration. Wile partigﬁéﬂﬁsgnbodinents of the present

i nvention have been illustrated and bed, it is not intended to
limt the,j,nvention, except as defined by the followng clains. 23
CLAI M5 BFE™ 1. A method of forming a conposite barrier |ayer,

conprising the steps of: providing a substrate having a dielectric
| ayer forned thereover; formng an opening within the dielectric
| ayer; the openi ng exposing a first portion of the substrate,
forning a ldAdneibediof farmirg alceymosite barierdayeroprmphgnae sees of:he
first exposed portion of the substrate; the dielectric flash |ayer
| i ni ng the opepraviding arsuibstngtet ayirgpa dieleaide ldyer faroeddhengorei; on of t he
dielectric flash layer to
forming an opening within the dielectric layer; the opening exposing 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;
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.

3. The method of claim 1, including the formation of a lower etch stop layer between

the substrate and the dielectric layer.

24



expose a second portion of the substrate; form ng an al um nium | ayer
over the etched dielectric flash | ayer and over the second exposed
portion of the substrate; formng a barrier netal |ayer over the
alum nium | ayer; the etched dielectric flash layer, alum niumlayer
and the barrier netal |ayer conprising the conposite barrier |ayer;
and formng a planarized netal plug within the barrier netal |ayer

Ui ned : _ o . _ .
partial 1y Eonsrugingd 8FeEh 1y WhReif il Meleoy ¥ Bhe! @ o Foalip gl e
including the formation of a | ower etch stop | ayer between the

substrate and the dielectric layer. 24 4. The nethod of claim1,

wherein the_dielectric¢c layer is an organic. dielectric layer. 5. The
met hod of ITgPrW%t, O%’gP'@f Ty w@em'@m&re?e@trrcgw?r 'P@“a?fgﬁ'ﬁ'éé#ﬁ’%"t”c layer
dielectric layer having a dielectric constant of from about 2.0 to
2.8. 6. Thavingthdiglestriceanstant of fieet abeuti@tu2St ectric layer is an
organic dielectric layer having a dielectric constant of from about
2.2 to 2.6. 7. The nmethod of claim 1, wherein the dielectric layer is
conprised of a polynmer having a dielectric constant of |ess than
about 3. 0.8. The method of claim 1, wherein the dieleciric 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.

12. The method of claim 1, wherein the dielectric flash layer is comprised of SixCyN—

H, SGCyOZ——H or SGCy’-H
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8. The method of claim1l1l, wherein the dielectric layer is conprised
of SiLK, porous SiLK or nano-glass. 9. The nmethod of claiml,
wherein the dielectric layer is conprised of porous SiLK 10. The
nmet hod of claim 1, wherein the opening is a danascene opening. 11.
The nethod of claim1, wherein the opening is a dual danmascene
opening. 12. The nmethod of claim1, wherein the dielectric flash

layer is ggrpund ﬁ%%%of%lé]mwwhge lﬁﬁé%fé?’ecﬂﬁc(ﬁaﬁﬁilﬁé%lﬁjgémﬂal?isedr

met hod of claim1 erein the ctric flas conpri sed
of Sl XCy 14. The method of claim 1 wherein the
dielectri g"b?@?llﬂ) %&%‘5‘ a thickness of from about 5to 20 nm the
al um num | ayer has a thickness of fromabout 2.0 to 10.0 nm and the
nmetal barrier |ayer has a t hi ckness of from about 10 to 25 nm 15.
The rrethod of cl ai m erein the dlelectrlcflashlayer
t hi ckness 16¢The B’tﬂth%‘éﬁﬁ[a@b“i‘@h@@'mﬂi‘ﬁ qlﬁ'@"‘é'lcﬁﬁﬁhﬁﬁelrﬁ'%la th%%”%ss of from
t hi ckness of fromabout 5 to 10 nmand the netal barrier |ayer has a
t hi cknessabsutts ton2Gimuthelgdumin@o layer has a thisknass ploliorsfabebb? fhte 10.0 nm
wherein the nmetal barrier layer is conprised of a refractory netal
or one of anthéhe metdl bades layier. hashethidknkesl obfroml about 10 toB8men.n t he
netal barrier layer is conprised of Cr, Nb,

15. 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 to 10 nm and

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

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

refractory metal or one of their nitrides.

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

Mo, W or Ta or one of their nitrides.

18. The method of claim 1, wherein the metal barrier layer is comprised of Ta, TaN

or Ta/TaN.

19. The method of claim 1, wherein the dielectric flash layer is formed using plasma

enhanced chemical vapor deposition (PECVD) techniques.
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Mo, Wor Ta or one of their nitrides. 18. The nethod of claim1,
wherein the nmetal barrier layer is conprised of Ta, TaN or Ta/ TaN.
19. The nmethod of claiml1l, wherein the dielectric flash layer is
formed using plasnma enhanced chem cal vapor deposition (PECVD)
techni ques. 26 20. The nethod of claim1l1l, wherein the dielectric
flash layer is formed using under the follow ng conditions: a

pressure o} . " I l: f

150"t o 1008 wof TRARGRES diafy 1w Relbirl M dipRoRHien 16 B U BB fler
The net hod o laim1 .wherein the dielectric flash layer is

conpri sed%ee{%(ﬁ‘gmgn%or@t%'ghyl silane or 4-nethyl silane. 22. The

met hod of claiml, wherein the dielectric flash [ayer is conprised
enpl oyi ng 3- W?W?S%r?ﬁﬁﬁ'o'@rm%"ﬁétdﬁﬂ é'Qi-lf:‘%'i'f'le; and with NH3 or N20.
23. The nethod of claim1, wherein the bottonmmopst horizontal portion
of the diel ecemowerieuehof igmrahaut 15Ade 00 ¥AHS: @l asma sputtering

process or a plasma etching process. 24. The nethod of claim1,
wher ei n t he bosattemperatuienfiftaomakbuipeh( 1oc3bB5E. t he

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

employing 3-methyl silane or 4-methyl silane.

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

employing 3-methyl silane or 4-methyl silane; and with NH3 or N2O.

23. The method of claim 1, wherein the bofttommost horizontal portion of the
dielectric flash layer is removed using a plasma sputtering process or a plasma

etching process.

24. The method of claim 1, wherein the bottommost horizontal portion of the
dielectric flash layer is removed using CHsF» or CHF3 under the following
conditions:

a pressure of from about 10 to 100 mTorr; and

a power of from about 100 to 1000 watts;

for a time of from about 5 to 25 seconds.
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dielectric flash layer is removed using CH2F2 or CHF3 under the
following conditions: a pressure of fromabout 10 to 100 mforr; and
a power of fromabout 100 to 1000 watts; for a tine of from about 5
to 25 seconds. 27 25. The nethod of claim1, wherein the al um num

| ayer is fornmed at a tenperature of |ess than about 250C. 26. The
met hod of claim11, wherein the dielectric flash layer is silicon

nitride 05 ?hé h‘?ﬁﬁg@é?f (?lgim %7whg|tk?n e gﬁﬂﬂli% (F%ﬁ'rrnﬁ;% fk&rg\é’g%‘i ?g%nnbﬁgat%re

dielectric flas sificon oxl de.

conposite rrier | lerGRAMPrising the steps of: providing a
substrateoﬁg%?ﬁéa'baﬁ%@lzes&@ic | ayer forned thereover; formng a
damascene opening within the dielectric |ayer; the danascene opening

exposing a first portion of the substrate; formng a dielectric flash
| ayer within_the damascene opening and over the first exposed
portion of26t hee matked af elaing dewhpeaiethe diglectriefiashdgyar is piieemnittide or
openi ng; renoving the bottommobst horizontal portion of the

di el ectri silitbashideayer to expose a second portion of the substrate;

27. The method of claim 1, wherein the dielectric flash layer is silicon oxide.

28. A method of forming a composite barrier layer, 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 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;

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.
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formng an alum nium | ayer over the etched dielectric flash | ayer and
over the second exposed portion of the substrate; formng a barrier
nmetal |ayer over the alum niumlayer; the etched dielectric flash

| ayer, alum niumlayer and the barrier netal |ayer conprising the
conposite barrier layer; and formng a planarized netal plug within
the barrier nmetal layer lined damascene opening. 28 29. The net hod

of claim t l jalkl

i ntegrat eggm rcuﬁqhé%épaﬁng% %’ o&eg?%%?{]%eg],g %y%%ﬁﬁiﬂ ﬁ%rﬁ@ﬁ%ed
formation etch stop |l ayer between the substrate and the
di el ectri énq?%r%égd)c:ﬁ[t The met hod of claim 28, wherein the dielectric

| ayer is an organic dielectric layer. 32. The nethod of claim 28,
wherein the dielectric layer is an organic dielectric |ayer having a
dielectric constant of fromabout 2.0 to 2.8, 33. The nmethod of claim
28, wher ef- The mateedet ¢laen R8ylaeludingdhe dergration ofiadpwer pich storlayer
having a dielectric constant of fromabout 2.2 to 2.6. 34. The nethod
of cl ai m Reiwedretheisubstiatechns] tetdi¢lectrigyayeri s conpri sed of a pol yner

31. The method of claim 28, wherein the dielectric layer is an organic dielectric

layer.

32. The method of claim 28, wherein the dielectric layer is an organic dielectric

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

33. The method of claim 28, wherein the dielectric layer is an organic dielectric

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

34. The method of claim 28, wherein the dielectric layer is comprised of a polymer

having a dielectric constant of less than about 3.0.

35. The method of claim 28, wherein the dielectric layer is comprised of SiLK,

porous SiLK or nano-glass.

36. The method of claim 28, wherein the dielectric layer is comprised of porous

SiLK.
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having a dielectric constant of |ess than about 3.0. 35. The nethod
of claim 28, wherein the dielectric layer is conprised of SilLK,
porous Si LK or nano-glass. 36. The nethod of claim 28, wherein the
dielectric layer is conprised of porous SILK 29 37. The nethod of
claim 28, wherein the damascene opening is a dual. danmascene
opening. 38. The nethod of claim 28, wherein the dielectric flash

layer 1s gomppl ﬁ?e‘ih(ﬂcle of §5@?{rﬁher§?%ﬂeﬂﬁ%§eﬁ?ﬁp@nin 9s a QiR Hglgl‘ulégger%f

claim 28, "whereint die ric ash I's conprised o

Si XCyNrH or Si XCyOrH. 40. The nethod of claim 28, wherein the

di el ectri EPFI"89n | ayer has a thickness of fromabout 5to 20 nm the
al um num | ayer has a thickness of fromabout 2.0 to 10.0 nmand the
netal barrier layer has a thickness of fromabout 10 to 25 nm 41.
The met hod of claim 28, wherein the dielectric flash |ayer has a

t hi ckness 38f The mathashet elaitn 28 owbereihiherdigleslrigfiast layeajrpomarses of

t hi ckness of fromabout 5 to 10 rimand the netal barrier |ayer has
a t hi ckneS&ColN1H,dMCGpdwr SigCw-bl. 20 nm 42. The net hod of cl ai m 28,
wherein the nmetal barrier layer is conprised of a

39. The method of claim 28, wherein the dielectric flash layer 41 is comprised of

SiyC,NH or Si,CyOH.

40. The method of claim 28, 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.
41. The method of claim 28, 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

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

42. The method of claim 28, wherein the metal barrier [ayer is comprised of a

refractory metal or one of their nitrides.

43. The method of claim 28, wherein the metal barrier layer is comprised of Cr, Nb,

Mo, W or Ta or one of their nitrides.
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refractory nmetal or one of their nitrides. 43. The nethod of claim
28, wherein the netal barrier layer is conprised of C, Nbo, M, Wor
Ta or one of their nitrides. 30 44. The nmethod of claim 28, wherein
the netal barrier layer is conprised of Ta, TaN or Ta/TaN. 45. The
met hod of claim 28, wherein the dielectric flash layer is fornmed
using plasma enhanced chem cal vapor deposition (PECVD) techniques.

46. The eyl j . ' ' TN CI N Mok
f or ned ursri2 I?'1'9 uﬁT ét?dcf%@l%ﬁ" ?wﬁﬁe@oﬂﬂgﬁ%ﬁéﬁﬁy 'S&ggssure ;%)r%\é? rotm?"
about 1.0 tﬂ S.ngr; a power |evel of from about 150 to 1000 watts;
and a te;l;ﬁeroét @8f from about 250 to 350C. 47. The method of claim
28, wherein the dielectric flash layer is conprised enploying
3-nmethyl silane or 4-nethyl silane. 48. The method of claim 28,
wherein the dielectric flash layer is conprised enploying 3-nethyl

si | ane or 42- T mathad eigiaim 33avierein Resligecttio daal layenis iepnAd ysing
claim 28, wherein the bottommost horizontal portion of the
di el ect ri plashmas¢nhanged chemicaiwaper deposiion (FE&SMRY) teghnigees.ng process
or a plasma
48. The method of claim 28, 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 o 350°C.

47. The method of claim 28, wherein the dielectric flash layer is comprised

employing 3-methyl silane or 4-methyl silane.

48. The method of claim 28, wherein the dielectric flash layer is comprised

employing 3-methyl silane or 4-methyl silane; and with NH; or N,O.
49. The method of claim 28, wherein the bottommost horizontal portion of the

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

etching process.

31



etching process. 31 50. The nethod of claim 28, wherein the

bott ormost hori zontal portion of the dielectric flash |ayer is
renoved using CH2F2 or CHF3 under the following conditions: a
pressure of from about 10 to 100 mflorr; and a power of from about
100 to 1000 watts; for a time of fromabout 5 to 25 seconds. 51. The
met hod of claim 28, wherein the alumnumlayer is forned at a

7728 Bl R S

wherein t tri layer 1s silicon ni

% O A S ot

conprising tpe steps of: providing a substrate having a dielectric
| ayer for HPRS eover; forming a damascene opening within the
dielectric layer; the damascene opening exposing a first portion of
t he subst r at e; aiP6RsHURg ohiframeabsek A0 do APBSMIorEyasnd wi t hi n t he damascene
openi ng and over the first exposed portion of the substrate; the

di el ectric fl ashpolwsyef froimabmayt 166 toP B8R0 maits;

for a time of from about 5 to 25 seconds.

51. The method of claim 28, wherein the aluminum layer is formed at a

temperature of less than about 250°C.

52. The method of claim 28, wherein the dielectric flash layer is silicon nitride or

silicon oxide.
53. The method of claim 28, wherein the dielectric flash layer is silicon oxide.

54. A method of forming a composite barrier layer, 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 dielectric flash layer lining the opening;

the dielectric flash layer being comprised of SixOy;
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the dielectric flash | ayer being conprised of Si,Oy; 32 renoving the
bot t ormost hori zontal portion of the dielectric flash layer to
expose a second portion of the substrate; form ng an alum nium | ayer
over the etched dielectric flash |ayer and over the second exposed
portion of the substrate; formng a barrier netal |ayer over the
alum nium | ayer; the etched dielectric flash layer, alum nium]layer

and the barrie : S j ] :
2hd forning o KrBuRG HEBERoRRFRE i MorFRIBIRL uelodft R |dyey &
| i ned damascene openin i 55, tThe m%t hod of claim54, wherein the
Subst r at o XBO%e B 2REPI] POrtioR B the SuPStialte o at od of rouit. 56, The

net hod of claimb54, includin he fornmati of .a | o) ch st

ayer bet weon (NG ABAYIALIM JaYe; periheiedthed diSlegiigias Javer aodmyer o
of claimb54, wherein the dielectric |layer is an organic dielectric

| ayer. 58 therpecansk exp@sed pertanefdhe sypetfaleh the dielectric layer is an

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

55. The method of claim 54, wherein the substrate is a partially completed

integrated circuit.

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

between the substrate and the dielectric layer.

57. The method of claim 54, wherein the dielectric layer is an organic dielectric

layer.

58. The method of claim 54, wherein the dielectric layer is an organic dielectric

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

33



33 59. The nethod of claim54, wherein the dielectric layer is an
organic dielectric layer having a dielectric constant of from about
2.2 to 2.6. 60. The nethod of claimb54, wherein the dielectric |ayer
is conprised of a polynmer having a dielectric constant of |ess than
about 3.0. 61. The nethod of claimb54, wherein the dielectric |ayer
is conprised of SiLK, porous SiLK or nano-glass. 62. The nethod of

cl ai m 54, s@hep SLth G ofLIBF 84! WheledY fle diSleERTRAYE 58 aRordiOHRIechid K-
rambcalméf @he(éil ual

63. The nmetho wher ei n amascene openi glls a

damascene ni.ng.. 64, The h f clai erein the
i e ect 1 lVBF BRHNE 2 APest L Bl B B e Aot 5 10 20 nm the
al um num | ayer has a thickness of fromabout 2.0 to 10.0 nmand the
netal barrier layer has a thickness of fromabout 10 to 25 nm  65.
The met hod of claim 54, wherein the dielectric flash |ayer has a
t hi ckness 68f The msthedh et glainy 5S¢ owbereimiherdialeglrigdayaiis FarpaFisemaf a polymer
t hi ckness of fromabout 5 to 10 nmand the netal barrier |ayer has a
t hi ckness havingreotietgistrist corstans op ®satharsab®@d.3.0he nmet hod of cl ai m 54,
wherein the nmetal barrier layer is conprised of a

61. The method of claim 54, wherein the dielectric layer is comprised of SiLK,

porous SiLK or nano-glass.

62. The method of claim 54, wherein the dielectric layer is comprised of porous

SiLK.

63. The method of claim 54, wherein the damascene opening is a dual damascene

opening.

64. The method of claim 54, 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.
65. The method of claim 54, 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.
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refractory nmetal or one of their nitrides. 67. The nethod of claim
54, wherein the nmetal barrier layer is conprised of C, Nb, M, Wor
Ta or one of their nitrides. 68. The nethod of claim54, wherein the
nmetal barrier layer is conprised of Ta, TaN or Ta/TaN. 69. The

met hod of claim54, wherein the dielectric flash layer is fornmed
using plasma enhanced chem cal vapor deposition (PECVD) techniques.

70. The ”Bbh?ﬁe tﬁé@hf%l?‘r’h FWH&HeEh fh%‘ﬁwé‘fa?b&r‘ﬁbFl ef I3t rof'aS

formed using oMnng con IONsS: a pressure o

about 1.0 . of from about 150 to 1000 matts;
and a te#%%%%?&#@&E °?$@%$§@8E{ﬁﬂ§6-to 350C. 71. The nethod of claim
54, wherein the dielectric flash layer is conprised enploying

3-nmethyl silane or 4-nethyl silane. 72. The method of clain154
wherein the dielectric flash layer_ is conprised enploying, 3-nethyl

silane or 64 he Ayathad phelaim aaawbierein Kiegnelal herer tayenis comrisesiqtSd bb.

claimb54, wherein the bottomobst horizontal portion of the
di el ect ri dIcf, Vdoh Teayeneiaf thejnoilidesusi ng a pl asma sputtering process
or a plasma

68. The method of claim 54, wherein the metal barrier layer is comprised of Ta,

TaN or TafTaN.

69. The method of claim 54, wherein the dielectric flash layer is formed using

plasma enhanced chemical vapor deposition (PECVD) techniques.

70. The method of claim 54, 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 watis; and

a temperature of from about 250 to 350°C.

71. The method of claim 54, wherein the dielectric flash layer is comprised

employing 3-methyl silane or 4-methyl silane.

72. The method of claim 54, wherein the dielectric flash layer is comprised

employing 3-methyl silane or 4-methyl silane; and with NHs or N2O.
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etching process. 74. The nethod of claim54, wherein the bottommost
hori zontal portion of the dielectric flash layer is renoved using
CH2F2 or CHF3 under the followng conditions: a pressure of from
about 10 to 100 niforr; and a power of from about 100 to 1000 watts.
75. The nethod of claimb54, wherein the alum numlayer is forned at a
tenperature of |ess than about 250C. 36

73. The method of claim 54, 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 54, wherein the bottommost horizontal portion of the
dielectric flash layer is removed using CH>F2 or CHF 3 under the following
conditions:

a pressure of from about 10 to 100 mTorr; and

a power of from about 100 to 1000 watts.

75. The method of claim 54, wherein the aluminum layer is formed at a

temperature of less than about 250°C.
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