
A METHOD TO IMPROVE ADHESION OF DIELECTRIC FILMS IN
DANIIASCENE,  INTERCONNECTS BACKGROUND OF TIME
INVENTION  (I) Field of the. Invention The invention
relates to a method of metallization in the
fabrication of integrated circuits,  and more
particularly, to a method of improving adhesion of low
dielectric constant materials to  other materials
during metallization in the manufacture of integrated
circuits. (2) Description of the Prior Art The
damascene or dual damascene process has become a
future trend in integrated circuit  manufacturing,
especially in the copper metallization process. In a
typical copper damascene  scheme, dielectric layers
are for-Wed over a passivation layer on a substrate.
An etch stop layer may  be formed between two
dielectric layers and a cap layer may be formed over
the topmost dielectric  layer. A via and trench are
patterned into the dielectric layers to the
passivation layer. Then a  barrier metal layer is
deposited within the trench and via, followed by
deposition of a copper layer  to till the damascene
opening. Low dielectric constant materials are
preferably used to reduce capacitance. An integration
challenge facing damascene interconnects incorporating
lows dielectric constant materials and  copper is the
adhesion of these low dielectric constant materials to
other damascene films. Poor  adhesion is a cause for
reliability concerns. In recent experiments, the
inventors have determined 



that tetraetboxysilane (TEOS)-based silicon oxide did
not adhere well on carbon-doped silicon  oxide
materials such as alkyl silsesquioxanes and
perhydrosilazanes. It is desired to find a method  to
improve adhesion of low dielectric constant materials
with other dielectric materials. U.S. Patent 6,184,123
to Ge et al discloses a silicon lien implantation into
spin-on-glass to  improve adhesion to an overlying
silicon nitride layer. U.S. Patent 6,143,670 to Chem
et al shores  a nitro-en ion implantation into a
polyiner layer to improve adhesion to an overlying
layer  containing silicon, oxygen, and nitrogen. U.S.
Patent Q355,750 to Oda implants silicon ions into a
BPSG layer to form a damage layer before depositing a
fluorine amorphous carbon layer. U.S.  Patents 6,117,
793 to Fang; et at and 5,459,086 to Yang teach an ion
implantation into spin-on-glass  to prevent moisture
absorption. U.S. Patent 5,192,697 to Leong teaches
curing of spin-on-glass  lasing ion implantation. U.S.
Patent 4,849,248 to Hashimoto discloses silicon ion
implantation into  silicon dioxide to control grain
size. U.S. Patent 6,153,523 to Vain Ngo et al shows
the use of an  ammonia-containing plasma to roughen a
copper surface to improve adhesion of an overlying
silicon nitride capping layer. SUMMARY OF THE
INVENTION A principal object of the present invention
is to provide an effective and very  manufacturable
method of improving adhesion of dielectric flans in
the fabrication of integrated  circuit devices. 



Another object of the invention is to provide a method
of improving adhesion o dielectric  films in a
darnascene metallization process. Yet another object
of the invention is to a method of improving adhesion
of low dielectric  constant films to other dielectric
films in a damascene process. Ira accordance with the
objects of this invention a method of improving
adhesion of low  dielectric constant films to other
dielectric films in a damascene process is achieved. A
low  dielectric constant material layer is deposited
on a substrate. Silicon ions are implanted into the
low dielectric constant material layer. Thereafter, a
TEOS-based silicon oxide layer is deposited  overlying
the low dielectric constant material whereby there is
good adhesion between low  dielectric constant
material laver and the TEOS-based silicon oxide layer.
Also, in accordance with the objects of the invention,
another method of improving  adhesion of low
dielectric constant films to other dielectric films in
a damascene process is  achieved. A low dielectric
constant material layer' is deposited on a substrate.
A silicon-baser  dielectric layer is deposited
overlying the lots dielectric constant-, material
wherein the silicon-based  dielectric layer not
silicon oxide whereby there is good adhesion between
the low dielectric  constant material layer and the
silicon-based dielectric layer. BRIEF DESCRIPTION OF
THE DRAWINGS In the accompanying drawings forming a
material part of this description, there is shown:
Fibs. I through 9 schematically illustrate; in
cross-sectional representation a first preferred  



embodiment of the present invention. Figs. 10 through
13 schematically illustrate in cross-sectional
representation a second  preferred embodiment of the
present invention. DESCRIPTION OF THE. PREFERRED
EMBODIMENTS The present invention proposes two
alternative methods of improving adhesion of low
dielectric constant ulnas to other dielectric films
and barrier rnetals in a damascene process. It will
be understood by those skilled in the art that the
present invention should not be Iimited to the dual
damascene application illustrated in the drawings, but
can be extended and applied to any application in
which improved adhesion of dielectric films is
desired. The first embodiment of the present invention
comprises a pre-treatment of a low dielectric
constant film before depositing a silicon oxide film.
The first embodiment will be described with  reference
to Figs. I through 9. The second embodiment of the
invention comprises using a silicon- based dielectric
film other than silicon oxide over a low dielectric
constant film. The second 4 embodiment will be
described with reference to Figs. 10 through 13. The
first embodiment of the present invention now will be
described with reference to Figs.  I through y.
Deferring now more particularly to Fig. 1, there is
illustrated a portion of a partially  completed
integrated circuit device. There is shown a substrate:
10, preferably composed of  monocaystalline silicon.
Device structures, such as gate electrodes, source and
drain regions, and  



metal interconnects, not shown, are formed in and on
the substrate and covered with an insulating  layer. A
passivation or barrier layer 12 may be formed over the
device structures to a thickness of  between about 50
and 5000 Angstroms, The passivation layer may comprise
silicon nitride, silicon  carbide, silicon oxynitride,
silicon dioxide, boron nitride, or BLOK (from Applied
Materials), for  example. Referring to Fig. 2, a first
low dielectric constant (k) material layer 18 is
deposited over the  passivation layer 12 to a
thickness of between about 500 and 50,000 Angstroms.
The first low  dielectric constant material may be a
porous or non-porous carbon-doped silicon oxide. (such
as  alkyl silsesquioxanes), a porous or non-porous
doped silicon oxide film (such as fluorosilicate glass
(FSG) and phosphosilicate glass (PSG)), porous or
non-porous organic polymers, or porous or non- porous
inorganic polymers. Now, an etch stop layer or cap
layer is to be deposited over the low-k material layer
18. For  example, in a dual-damascene process, there
is often an etch stop layer interposed between two
low-k material layers. In a single damascene process,
or in some cases in a dual damascene  process, there
may be no etch strap layer, but a capping layer over
the topmost lows-k material layer. 5 Preferably in
this embodiment, the etch stop or capping layer will
be a TEOS-based silicon oxide  layer. It has been
found that for a TEOS-based silicon oxide layer having
a thickness greater than  2000 Angstroms, poor
adhesion to the underlying low-k material layer's
experienced. 



The inventors have experimented with various
pre-treatments of the low -k Material layer  before
deposition of the etch stop or capping layer. These
pre-treatments included nitrogen plasma,  argon
implantation, silicon implantation, and phosphorus
iniplantalion. Only the silicon  implantation resulted
in non-peeling of the overlying TEOS-based oxide from
tine low-k material  layer. A dramatic improvement in
adhesion strength was observed. Further, the shallow
implantation of the invention does not change the
dielectric constant of the dielectric filin, thus
maintaining its integrity. Fig. 2 illustrates the
silicon implantation pre-treatment of the present
invention. Silicon  ions are implanted into the low-k
material layer at as energy of between about c and 30
KeV with a  dosage of between about 1 E 12 and I E 16
ions/cm2. The targeted mean depth of implantation is
between about 50 and 600 Angstroms. Fig. 3 illustrates
the roughened silicon-implanted surface 21  of the
low-k material laver IS. Referring now to Fig. 4,
alter pre-treatment of the low-k material layer 18,
the etch stop or  capping layer 22 is deposited to a
thickness of between about 50 and 5000 .angstroms. The
etch  stop or capping layer 22 comprises TEOS-based
silicon oxide. 6 If layer 22 is an etch step layer, a
second low-k material laver 24 is deposited over the
etch  stop laver 22, as shown in Fig. 5. Silicon ion
implantation 25 is again performed as a pre-treatment
of the second low o-k material layer 24, its shown in
Fig. ti. 



The roughened surface 27 of the low-k material layer
24 is shown in Fig. 7. Now, a  capping laver 30 is
deposited over the treated low-k material layer 24 to
a thickness of between  about 50 and 5000 Angstroms,
as illustrated in Fig. 4. The second ion implantation
is necessary  only if the optional capping laver 30 is
to be deposited. Now, as shown in Fig. 9, a dual
damascene opening is etched through the first and
second  dielectric lavers, the capping layer and the
etch stop layer, easing one of the various schemes
such as  trench-first, via--first, or embedded visa.
The dual damascene opening is then tilled with a
barrier  metal layer 34 and a capper laver 36 by any
of the conventional means, including physical or
chemical vapor deposition and etchback or polishing or
electroless plating, and so on. The pre-treatment
process of the present invention can be used in the
presence or an etch  stop layer, in the presence of a
capping layer, or in the presence of both an etch stop
layer and a  capping layer. For example, in a single
damascene process with no etch stop layer, the pre-
treatment of the present invention can be used if a
capping layer is present. The second embodiment of the
present invention will be described with reference to
Figs.  10 through 13. Deferring now more particularly
to Fig. 10, there is illustrated a portion of a
partially completed integrated circuit device. There
is shown a substrate 10, preferably composed of
monocrystalline silicon. Device structures, such as
gate electrodes, source and drain regions,  and metal
interconnects, not shoran, are formed in and on the
substrate and covered with an  insulating layer. 



A passivatk)n or barrier layer 12 may be formed over
the device structures to a thickness of  between about
50 and 5000 Angstroms. The passivation layer may
comprise silicon nitride, silicon  carbide, silicon
oxymitride, silicon dioxide, boron nitride, or BLOK
(from At) lied Materials), for  example. A first low
dielectric constant (k') material layer 18 is
deposited over the passivation layer  12 to a
thickness of between about 5000 and 50,000 angstroms.
The first low dielectric constant  material inay be a
porous or non-porous carbon-doped silicon oxide (such
as alley: silsesduioxanes ),  a porous or non-porous
doped silicon oxide film (such as fluorosilicate glass
(FSG) or phosphosilicate -;lass (PSCl)), porous or
non-porous organic polymers, or porous or non-porous
inorganic polymers. Now, art etch stop layer or cap
layer is to be deposited over the loran-k material
layer 18. For  example, in a dual-damascene process,
there is often an etch stop layer interposed between
two  low-k material layers. In a single damascene
process, or in some cases in a dual damascene
process, there may be no etch stop layer, but a
capping layer over the topmost low-k material layer.
It has been found by the inventors that an improvement
in adhesion can be obtained without  the pre-treatment
of the first embodiment if the etch stop or capping
laver comprises a silicon-based  dielectric film that
is not silicon oxide. That is, silicon nitride,
silicon carbide, silicon oxynitride,  silsesquioxanes,
or dither silicon-based material that. is net silicon
oxide can be used. If silicon 8 oxynatride is used,
silicon-rich silicon oxynitride is preferred. The
silicon-based film 23, illustrated  



in Fig. 11, can be deposited by chernical vapor
deposition or spin-coating followed by baking  and/or
curing. The etch stop or capping layer 2' is deposited
to a thickness of between about 50  and 5000
Angstroms, if layer 23 is an etch stop layer, a second
low-k material layer 24 is deposited over the etch
stop layer 23, as shown in Fig. 12. Now, a. capping
layer 26 is deposited over the low-k material  layer
24 to a thickness of between about 50 and 5000
Angstroms. Again, silicon nitride, silicon  carbide,
silsesquioxatxes, silicon oxynitride, or other
silicon-based material that is not silicon oxide  can
he used as the capping layer. If silicon oxynitride is
used, silicon-rich silicon oxynitride is  preferred.
Now, as shovvn in Fig. 13, dual damascene opening is
etched through the first and second  dielectric
layers, the capping layer and the etch stop layer,
using one. of he various schemes such as
trench-first, via-first, or embedded via. The dual
damascene opening is then filled with a barrier  metal
layer 34 and a copper layer 35 by any of the
conventional means, including physical or  chemical
vapor deposition and etchback or polishing or
electoless plating, and so on. The process of the
present invention, using a silicon-based dielectric
film, with the  exception of silicon oxide, over the
low-k material film provides improved adhesion of the
etch  stop and/or capping layer.  The process of the
present invention, rising pre-treatment of a low-k
dielectric material film  



before depositing a TEOS laser thercover or using a
silicon-hawed dielectric film, with the  exception of
silicon oxide, over the low-k material film provides
dramatic adhesion improvement  over the prior an. 'rhe
adhesion improvernent has been shown with a peel test
and with a modified  tape test (described in
co-pending U.S. Patent Application serial number
09I771,512 filed on  January 25, 2001). While the
invention has been particularly shown and described
with reference to file  preferred embodiments thereof,
it wilt be understood by those skilled in the ark that
various changes  in form and details may be made
without departing from the spirit and scope of the
invention.  What is claimed is: 10 1. A method of
forming a dielectric material layer comprising:
depositing a lino dielectric constant material layer
on a substrate, wherein said low  dielectric constant
material laver is selected from the group consisting
of, alkyl silsesquioxancs,  porous and non-porous
doped silicon oxides, porous and nor-porous organic
polymers, and  porous and non-porous inorganic
polymers; and depositing a silicon-based dielectric
layer which is not silicon oxide overlying said low
dielectric constant material whereby there is good
adhesion between said low dielectric constant
material laver and said silicon-based dielectric
layer. 2. The method according to Claim 1 wherein said
low dielectric constant material lager has a  



thickness of between about 500 and 50,000 Angstroms.
3. The method according; to Claim t wherein said
silicon-based dielectric layer is selected From  the
group consisting of. silicon nitride; silicon carbide,
silicon oxynitride, silsesquioxanes, and  silicon-rich
silicon oxynitride. 4. The method according to Maim I
wherein said silicon-based dielectric layer It a
thickness  of between about 50 and 5000 Angstroms. 5.
A method of dual damascene copper metallization in the
Fabrication of an irnegrated circuit  device
comprising: depositing; a first low dielectric
constant material layer over a substrate, wherein said
first lore dielectric constant material layer is
selected front the group consisting of: alkyl II
silsesquioxanes, porous and nonporous doped silicon
oxides, porous and non-porous organic  polymers, and
porous and non-porous inorganic polymers, depositing a
silicon-based dielectric etch stop layer which is not
silicon oxide overlying  said first hew dielectric
constant material whereby there is good adhesion
between said first loan  dielectric constant material
layer and said silicon-based dielectric etch stop
layer; depositing a second low dielectric constant
material layer overlying said etch stop layer,
wherein said second low dielectric constant material
layer is selected from the group consisting  of alkyl
silsesquioxanes, porous and non-porous doped silicon
oxides, porous and Egon-porous  



organic polymers, and porous and nonporous inorganic
polymers; depositing a silicon-based dielectric
capping layer which is not silicon oxide overlying
said second low dielectric constant material whereby
there is good adhesion between said  second lose
dielectric constant material layer and said
silicon-based dielectric sapping layer; banning a dual
damascene opening through said capping layer, said
second loin  dielectric constant material layer, said
etch stop layer, and said first loan dielectric
constant  material layer; and forming a barrier metal
layer and a copper layer within said dual damascene
opening to  complete said copper metallization in the
fabrication: of said integrated circuit device. d. The
method according to Claim 5 wherein said first and
second low dielectric constant  material layers have a
thickness of betiveen about 50..1(c) and 50.000
angstroms. 12 7. The method according to Claim 5
wherein said silicon-based dielectric layer is
selected from  the group consisting of. silicon
nitride, silicon carbide, silicon oxynitride,
silsesquioxanes, and  silicon-rich silicon oxynitride.
4. The method according to Omni 5 wherein said
silicon-based dielectric layers have a  thickness of
between about 50 and 5000 Angstroms. 9. A method of
forming a dielectric material layer comprising;
depositing a low dielectric constant material layer on
a substrate wherein said low  



dielectric constant material is selected from the
group consisting of: alkyl silsesquioxanes,  porous
and non-porous doped silicon oxides, porous and
non-porous organic polymers, and  porous and
iron-porous inorganic polymers; and depositing a
silicon-basest dielectric layer overlying said low
dielectric constant material  wherein said
silicon-based dielectric layer is selected from the
group consisting of. silicon  nitride, silicon
oxynitride, silsesquioxanes, and silicon-rich silicon
oxynitride whereby there is good adhesion behveen said
low dielectric constant material layer and said
silicon-based dielectric layer. 10. The method
according to Claim 9 wherein said low dielectric
constant material laver has a  thickness of between
about 500 and 50,000 Angstroms. 11. The method
according to Claim g wherein said silicon-based
dielectric layer has a thickness  of between about 50
and 5000 Angstroms. 13 


