
RELIABLE INTERCONNECTION BACKGROUND [00011The fabrication of integrated
circuits (ICs) involves the formation of features on a substrate that make
up circuit components, such as transistors, resistors and capacitors. The
devices are interconnected, enabling the IC to perform the desired
functions. Interconnections are formed by forming contacts and conductive
lines in a dielectric layer using, for example, damascene techniques. A
damascene structure,for example, includes a via or contact hole in a lower
portion and a trench which is generally wider than the contact hole in an
upper portion. The via serves as a contact to a device while the trench
contains the conductive line for connecting the device to, for example,
other devices. 10002]As critical dimensions (CD) continue to shrink, RC
delay contributed by back-end-of line (BEOL) interconnect becomes re and
more significant. In the effort to introduce lower k dielectrics for BEOL
interconnect, iaterials such as porous ultra lo  k (ULK) inter level
dielectric (ILD) and lower k SiC.,Nyliz Cu barrier material have been
proposed. With the use of ULK dielectrics, UV curing is required. UV curing
is used to form pores to lower the dielectric constant of the film.
Additionally, UV entitle enhances the mechanical strength of the film,
100031However, conventional SiCxNyFI., films have been found to be unstable
when exposed to UV. For example, exposure to UV has been found to cause the
dielectric constant of the SiCxNyll, film to increase, the film stress to
convert from compressive to tensile, and cracking of the film which
negatively impacts performance and reliabilit. [0004]From the foregoing
discussion, it is desirable to provide a method for forming a Cu barrier
with low dielectric constant and high UV resistance.  



SUMMARY 100051Embodiments relate to a method for forming reliable
interconnects. The method comprises forming a device by prepasubstrate with
circuit components, forming a doped device layer on the substrate, forming
an interlevel dielectric aon the doped device layer, and exposing the
substrate with UV radiation to cure the intedevel dielectric layer, wherein
properties of the doped device layer remain stable when exposed to UV
radiation. 100061In one embodiment, the doped device layer comprises a low
k dielectric layer doped with -CH3. In one embodiment, the doped device
layer comprises (CH3)"SiC"N7ft, and the dielectric laver comprises an DLR.
layer. In one embodiment, properties of the doped device layer that remain
stable include the dielectric constant and stress of the ped device layer.
[0007]These and other objects, along with advantages and features of the
present invention herein disclosed, will become apparent through reference
to the following description and the accompanying drawings. Furthermore, it
is to be understood that the features of the various embodiments described
herein are not mutually exclusive and can exist in various combinations and
permutations. BRIEF DESCRIPTION OF THE DRAWINGS [0008]in the drawings, like
reference characters generally refer to the same parts throughout the
different views. Also, the drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the
invention. In the following description, various embodiments of the present
invention are described withte to the following 



drawings, which: 100091Fig. I shows application of an embodiment of a
device layer; 100101Figs. 2a-e show an embodiment of a process of forming a
device; and [0011]Fig. 3 shows the Fourier Transform Infrared (FTIR)
spectroscopy at pre and post UV curing condition for -CH2 doped SiC,NyH2,
DETAILED DESCRIPTION LOU!Embodiments generally relates to devices, such as
semiconductor devices or ICs. Other types of devices, such as micro
electro-mechanical systems (MEMS), liquid crystal displays, are also
useful, The [Cs can be any type of IC, for example dynamic or static random
access memories, signal processors, or system-on-chip devices. The ICs can
be incorporated into, for example, consumer electronic products, such as
computers, cell phones, and personal digital assistants (PDAs). [00131One
embodiment relates to a device layer. The device layer can serve as a
barrier or etch stop layer. For example, the device- can serve as a copper
harrier layer in ULK applications. Other applications of the device layer
may also be useful. The device layer, in one 



embodimenta dielectric material. In one embodiment, the device layer
comprises a UV resistant dielectric material. Preferably, the UV resistant
dielectric material comprises a low k material. The low k dielectric
material, for example, comprises a k which is < 4,5. Providing a tow k
dielectric material with other k values is also useful. When subjected to
UV curing, the properties of the device layer remain stable or relatively
stable. In particular, constant of the device layer remains stable or
relatively stable. Preferably, the dielectric constant of the device layer
remains at < 4.5. Additionally, the stress of the device layer remains
stable or relatively stable when exposed to UrV radiation. [00141In one
embodiment, the device layer comprises doped SiC,Nyth. Various types of
SiCxNyli, materials can be used.. The dopant in the doped SiC,INAL
stabilizes the device layer when exposed to UV radiation, such as from UV
curing. In one embodiment, the SiC'Nyll" is doped with -CH3 (methyl). in
one embodiment, the device layer comprises (C113)fiSiCxNyHz. Other types of
dopants which stabilize the device layer when exposed to UV radiation are
also usethi.  100151The amoi of dopants affects the resulting k of the
device layer. Generally, the higher the concentration, the lower the k
value and vice versa.  In one embodiment, concentration of dopants in die
device layer is sufficient to produce a k value of 5 4.5. In one
embodiment, the atomic concentration of C in the (CH3)SiCN41 is in the
range of about 15% - 40%, preferably in the range of about 20% - 35%. The
atomic concentration of 11 in the (CH3),,SiC,Ny1-1, is in the range of
about 25% - 50%, preferably in the range of about 30%- 40%. Providing
doparits in other amounts to produce a device layer with other k values is
also useful. [0016]Doping the device layer with -CH3 has been found to
stabilize the device when exposed to UV radiation. For example, the -C1-13
doped device layer maintains its dielectric constant after being subjected
to UV curing. in one embodiment, the dielectric constant of die doped
device layer remains stable or relatively stable even after exposure to UV
radiation after about 30-300 seconds at about 400 C. In another embodiment,
the dielectric constant of the doped device  layer remains stable or
relatively stable after at least 300 seconds at about 400C of exposure to
UV radiation. For example, the dielectric constant of the doped device
layer remains stable or relatively stable after 300-600 seconds at about
400C of exposure to UV radiation. 100171In one embodiment, the device layer
is formed by chemical vapor deposition (CVD). 



Preferably, the device layer is formed by plasma enhanced CAD (PECVD).
Other deposition techniques, such as plasma enhanced atomic layer
deposition CVD (PE ALD CVD) or high density plasma CVD (IMP CVD), are also
useful. 100181To form the device layer, the various precursors are provided
into the reaction chamber. For example, SiCxNyElz can be formed with 3
methyl-silane (CHASIEI or 4-methylsilane (CF13)4Si with NH3 precursors,
Carder gases may be employed in the formation of the SiCNyft, device layer.
The precursors are injected into, for example, the CVD chamber and reacted
to thrm the device layer.  [00191To dope the device layer, a dopant source
is provided. In one embodirnent the dopant source is provided in-situ.
Other techniques of providing the dopant source or dopants may also be
useful. In one embodiment, the dopant source or dopant specie -CH3 is
provided by an alkyl precursor. [00201The dopant source, in one embodiment,
can be an alkyl precursor delivered to the reaction chamber with e other
precursors and carrier gases. The following illustrates the reaction to
form the doped device layer in accordance with various embodiments:
(CH3)3SiH + NH3+ Alkyl (CH3)"SiCxNyfl" ; or CH3)4Sill + NI13 -[
Alkyl(CH3)",SiCxN,,H2. 100211Any alkyl precursor containing --CH3 speck can
be employed, Preferably, the alkyl precursor is selected from those which
arc conducive to CVD. More preferably, the alkyl precursor is selected from
those which are conducive to PECVD. For example, the alkyl precursor should
be small in molecular size in the gas phase at room temperature or have
high vapor pressure in the liquid phase at room temperature. In one
embodiment, the alkyl precursor can include FI"C(CH3)4 " (a - 0 --- 4),
H(CI-13)3.."C-CH"'(013)3..", (a = 0 3, n' = 0 - 3), or RCCR' alkyl, Other
types of alkyl precursors may also be useti.d. 100221in oneembodiment, the
doped device layer is formed. as follows: (CH3)3SIH or501000 seem; 



100-2000 seem; Alkyl precursor100-2000 seem; He or N2300-5000 scorn; RF
power50-1500W; and PressureL0-7.0 Tom [00231Not wishing to be bound by
theory, it is believed that the doping of SiCxNyHz with  SiC,NyH-, layer
caused by UV radiation. The decomposition releases H which converts to
Si-C. Si-C has a dielectric constant of about 5.57_ As such, the
decomposition of SiCahlyH, results in an increase in dielectric constant.
Furthermore, the Si-C also causes an increase in leakage. However, Si-CH3
has been found to be stable when exposed to UV radiation. [00241shows an
application of the -CH; doped barrier layer. As shown is a cross- sectional
view of a portion of device, such as an integrated circuit (IC) 100. Other
types of devices are also useful. The portion includes a substrate 105. The
substrate, for example, comprises a silicon substrate. Other types of
substrates, such as silicon gennaniurn or silicon-oninsulator (Sot), are
also useful. The substrate may include circuit components (not shown) such
as transistors, capacitors, or resistors formed thereon. Other types of
circuit components are also useful. [0025]A dielectric layer 130 may be
disposed on the substrate. The dielectric layer, For example, serves as an
interconnect dielectric (ICD) layer in which interconnects are formed. The
interconnects provide the desired interconnections for the different
circuit components_ A lower etch stop layer 120 can be provided beneath the
ICD layer. The lower etch stop layer, in one embodiment, comprises a UV
resistant device layer. For example, the lower etch stop layer comprises a
-CH3 doped device layer. In one embodiment, the device layer comprises a
-C113 doped layer, such as (CH3)"SiCxNyliz. The thickness of the lower etch
stop layer can be about 250 - 500A. Other thicknesses are also useful. 



[00261The dielectric layer, in one embodiment, comprises a low k or ultra
low k dielectric material. Various types of low k or ultra low k materials,
such as SiCOH or porous SiCOH (e. Black Diamond) or organo-silicate glass
(OSC;), can be employed. Other types of dielectric materials are also
useful. [0027]In one embodiment, the ICD includes lower and upper portions.
The lower portion serves as an inter-level dielectric (II,D) layer while
the upper portion serves as an inn-metal  dielectric ([MD) layer The
dielectric layer can be a single layer or multi-layered stack. For example,
a single layer can be used to serve as both the IUD and IMD or separate
layers can be used for the ILD and ItvID. For multi-layered ICD, the ILD
and [MD can comprise the same or different materials. In some cases, an
etch stop layer (not shown) can be disposed between the ILD and IMD. The
etch stop layer, for example, can be a UV resistant etch stop layer. In one
embodiment, the UV resistant etch stop layer comprises a -CH; doped etch
stop layer, for example, (C1-13)nSIC,NyE7. The ICD layer can represent any
interconnect level of the device. For example, the 1CD layer can be MI, M2,
etc. [00281An interconnect 150 may be formed in the 1CD layer. The IC can
include numerous interconnects. In one embodiment, the interconnect
comprises a conductive line 156 in the upper portion or [MD while a contact
154 is disposed the lower portion or ILD. The interconnect compriluctive
material.For example, the conductive material can be any metal or alloy. In
one embodiment, the interconnect can comprise copper, aluminum, tungsten,
their       or combination thereof It is understood that the contacts and
conductive line can comprise the same or different materials. The contact
connects the conductive line to a contact region below. For example,
depending on the [CD level or desiim the contact region can be another
metal line or a device, such as a diffusion region or a gate of a
transistor or a plate of a capacitor. 100291A battier 158 can be provided
to line the sidewalls and bottom of the interconnect. The harder serves to
protect the conductive line from diffusing into the dielectric layer. The
barrier, for example, can comprise titanium nitride (TiN). Other types of
barrier materials such as TaN, tantalum, ruthenium or a combination
thereof, including TIN, are also useful. 



[00301The conductive lines and/or contacts can be provided with slanted
sidetvalls. The slanted sidewall profile provides better sidewall barrier
and seed coverage during processing.  The slanted side.walls, for example,
comprise an angle of about 85-90'. Providing conductive lines and/or
contacts with on-slanted sidcwalls is also useful. 100311[none embodiment,
an upper barrier layer 170 is disposed on the surface of the ICD layer and
the interconnect. The upper barrier layer can also serve as an etch stop or
capping layer, in one embodiment, the upper barrier layer comprises a UV
resistant layer. The UV resistant layer comprises a C(13 doped layer. For
example, the LEV resistant layer comprises (C113)"SiCxNy1i The thickness of
the upper barrier layer can be about 200-500 A. Other thicknesses are also
useful. 100321Figs. 2a-e show a process for forming a portion 200 of a
device, such as an C in accordance with one embodiment. Referring to Fig.
2a, a substrate 205 is provided. The substrate, in one embodiment,
comprises a p-type silicon substrate. Other types of substrates, such as
agermanium-based, gallium arsenide, ikon-on-insulator (SOD, or sapphire
substrate, are also useful. The substrate can be prepared with circuit
components (not shown). Circuit components can include, for example,
transistors, capacitors and/or resistors. Other types of circuit components
are also useful. 100331The substrate is further prepared with a dielectric
layer 230. The dielectric layer, for example, serves as an [CD Layer. A
lower etch stop layer 220 can be provided beneath the ICD layer. The lower
etch stop layer, in one embodiment, comprises a UV resistant device laver.
For example, the lower etch stop layer comprises a -C1113 doped device
layer. in one embodiment, the device layer comprises (C1-13)11SiCxNyliz.
The thickness of the lower etch stop layer can be about 150-500 A. Other
thicknesses are also useful, 100341in one embodiment, the dielectric layer
includes an upper or IMD portion and a lower or FLD portion. The dielectric
layer can be a single layer or multi-layered stack. For example, a single
layer can be used to serve as both the ILD and MID or separate layers can
be used for the MD and [MD. In some cases, an etch stop layer (not shown)
can be disposed between the ILD  



and IMD. The etch stop layer can comprise (CH3),SiC,Nylin. Other types of
etch stop layer may also be useful. [00351In one embodiment, the dielectric
layer comprises a low k or ULK dielectric material. Various types of low k
or ULK materials, such as S1C011 or OSO, can be employed. Other types of
dielectric materials containing progens are also useful. [0036]The ICD
layer or layers can be deposited using various types of deposition
techniques. For example, chemical vapor deposition (CVD) processes such as
plasma enhanced (PECVD), high density (HDCVD), atmospheric pressure (AFCVD)
can be used. Other techniques such as spin-on processes are also useful.
The specific process, for example, can depend on the type of material used
and the application. 100371In one embodiment, the ICD layer can be cured
byExposure to UV removes the progens trapped inside the ICD layer. This
generates pores which reduces the dielectric constant of the ICD layer.
Additionally, the UV radiation increases the density of the [CD layer. The
UV curing can be performed at a temperature of about 200-500 C and
preferably about 300-400C for about 30-600 seconds. [00381Due to UV light
transparency in the LCD layer, the underlying etch stop layer will also be
cured by the UV radiation simultaneously. in accordance with one
embodiment, the underlying etch stop layer comprises a stable etch stop
layer when exposed to UV radiation, In one ernbodment, the underlying etch
stop layer comprises (043)"SiCxNyEl". 100391Referring to Fig. 2b, a mask
layer 260 is frutoed OWN dielectric layer 230. In one embodiment, the mask
layer 260 comprises multiple sub-mask layers. Providing a single mask layer
is also useful. Other types of mask configurations are also useful.
100401In one embodiment, the mask layer comprises a hard sub-mask layer and
a soft sub- 



mask layer. The hard sub-mask layer is deposited on the dielectric layer.
The hard sub-mask layer, for example., comprises silicon nitride. Other
types of hard mask materials, such as MOS,  are also useful. The hard sub
ask layer can be formed by, for example, PE CVD. Other techniques for
forming the hard sub-mask layer are also useThi, 'Die hard mask layer is
about 150-800 A thick. Other thicknesses are also useful., 100411Above the
hard sub-mask layer is a soli sub-mask layer. [none embodiment, the soft
sub-mask layer comprises photo-rests The photo-resist, for example, can be
formed by various techniques, such as spin-on. Other techniques are also
useful. The thickness of the soft sub-mask layer is, for example, about
1000-5000 A. Other thicknesses are also useful. An anti-reflective (ARC)
layer can be formed beneath the soil sub-mask layer. The thickness of the
ARC layer can be about 2004500 A. Other thicknesses are also useful.
100421In Fig. 2c, the dielectric layer is patterned using mask 260 to form
an opening 242. To pattern the dielectric layer, the soft sub-mask can be
first patterned using lithographic techniques. The pattern of the soft
sub-mask is then transferred to the hard sub-mask using, for example,
reactiveetching (RIE). The utsk is then used to patterndielectric layer.
The dielectric layer can be patterned by, for example, RTE. Other
techniques for patterning the dielectric are also useful. 100431In one
embodiment, the opening comprises a dual damascene opening. The dual
damascene opening, for example, comprises a via opening in the ILD and a
trench opening in the BAD. The dual damascene opening can be folioed using
various techniques. For example, the dual dinnascene opening can be formed
using via first or via last techniques. Alternatively, the opening can be a
damascene opening. For example, the damascene opening can be a via opening.
Providing other types of openings, such as trench openings, are also
useful. The opening may comprise slanted sidewalls. The slanted sidewalls,
for example, comprise an angle of about 85 - 90'. Providing openings with
non-slanted sidewalls as shown is also useful.  100441The opening should be
sufficiently deep to enable contact to a contact region below 



the dielectric layer. For example, the opening should be deeper than the
etch stop layer 220 to ensure exposure of the contact region. [0045]in
sotne applications, an intermediate etch stop layer (not show can be
provided between the MID and ILD. The intermediate etch stop layer
comprises, in one embodiment, a UV resistant intermediate etch stop layer.
The UV resistant intermediate etch stop layer can be, for example, a -CH;
doped etch stop layer. In one embodiment, the etch stop layer comprises
(CI-I3)",SiC,Nyllz. The thickness of the intermediate etch stop layer is
about 150-500 A. Other thicknesses are also useful. [0046]The photoresist
or soft mask layer is removed. The soft mask is removed by, for example,
as.hing. Other techniques for removing the soft sub-mask are also useful.
100471As shown in Fig. 2d, a barrier 258 can be deposited on the substrate,
lining the surface of the dielectric layer and opening. The bather,
fornaple, ca comprise TaN. Other types of batherts, such as tantalum,
titanium nitride, ruthenium, or a combination thereof, are also useful.
Providing a barrier layer having multiple layers is also useful. The
barrier can be formed by, for example, PVD, CVD or atomic layer deposition
ALD). Other techniques for fomaing the barrier are also useful, [0048]A
conductive layer 280 is deposited on the substrate covering the bather 258
and filling the dual damascene structure. The conductive material, for
example, comprises copper, aluminum, tungsten, alloys such as Al doped Cu,
Mn doped Cu, or a combination thereof. Other types of conductive materials,
including metals and alloys, are also useful. In one embodiment, the
conductive material comprises copper. The conductive material can be
deposited by electro-plating. Other techniques, such as eloless-plating,
CVD, PVD or sputtering, are also useful. The chnique employed may depend on
the material wed For  



electroplating techniques, a seed layer is first -formed on the barrier
layer. The seed layer, for example, can be formed by PVD, 100491Referring
to Fig, 2; excess material on the surface of the dielectric layer is
removed to form an interconnect 250. In one embodiment, the excess material
is removed by a plartarizing process to form a planar surface with the top
of the dielectric layer. For example, excess conductive and bather
materials on the surface of the [CD layer are removed by a polishing
process, such as chemical mechanical polishing (CMP), electro-CMP (eCMP) or
a combination thereof. Other types of planarizing or polishing processes
are also useful. The polishing process may include multiple polishing steps
to remove the different materials, such as conductive and barrier
materials. [00501After removing the excess material, a cap layer 29.5 is
formed over the substrate surface. The cap layer covers the surface of the
dielectric layer and the interconnect, in one embodiment, the cap layer
comprises a UV resistant capping layer. For example, the capping layer
comprises a -Cf13 doped device layer, in one embodiment, the device layer
comprises (Cit),,SiCxNyliz. The thickness of the capping layer can be about
150-500 A. Other thicknesses are also useful. [00511The process continues
to form the IC. For example, additional processing can include feinting
more ICD layers and interconnections, final p ssivation, dicing, assembly
and packaging. Other processes are also useful, 100521Referring to Fig. 3,
which shows -CH, (x - 1, 2) doped SiCN (using Alkene precursor CH2=C1-1.2)
pre and post UV curing FTIR. spectroscopy, The x-axis represents wave
number and the y-axis represents absorption. Curve 305 shows the FM. of(x
1, 2) doped SiCN as deposited. Curve 310 shows the FTIR of -CELL (x - 2)
doped SieN following first curing. The three circled partsservLs to
highlight the major peak changes after UV curing. For instance, the FTIR
indicates that the(where x = - or I) peaks at about  



2927eof-CH, (x- 1,2) doped SiCN. Si-C1-1, (where x = 2 or undergoes
decomposition upon UV curing to release H and convert to Si-C, which has
much higher k than the original film. However, for -CH3 doped SiCNI, its
Si-CH3 bonds remain relatively stable upon UV curing. This is illustrated
in the FTIR, which shows that the peak appearing at around 2SOcmT oeiated
with Si-CR:5, does not change after UV curing, indicating the Si-CR3 is
stable under UV curing. 100531The invention ay be embodied in other
specific forms without departing from the spirit or essential
characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather thanng die invention
described herein. Scope of the invention is thus indicated by the appended
claims, rather than by the foregoing description, and all changes that come
within the meaning and range of equivalency of the claims are intended to
be embraced therein.  What is claimed is: CLAIMS  1. A method of forming a
device comprising: providing a substrate prepared with circuit components; 



forming a doped device layer on the substrate; forming an interlevel
dielectric layer on the doped device layer; and       exposing the
substrate with UV radiation to cure die interlevel dielectric layer,
wherein properties of the doped device layer remain stable when exposed to
LW radiation.  2. The method of claim I wherein the doped device layer
comprises a low k dielectric layer,  3. The method of claim I wherein the
doped device layer comprises a low k dielectric layer doped with -CH3.  4.
The method of claim I wherein the doped device layer comprises
(CH3)11SiC"Nyfl7.  5. The method of claim 1 wherein thrd l dielectric layer
comprises an ultra low k ((iLAC) dielectric layer,  6. The method of claim
5 wherein the doped device layer comprises a low k dielectric la  7. The
method ofclaim5wherein the doped device layer comprises (C113)"SiCANyfi7.
8. The method of claim I wherein the doped device layer comprises a k of S
4.5.  9. The method of claim 8 wherein properties of the doped device layer
that remain stable include dielectric constant of the low k dielectric
layer. 



10. The method of claim 8 wherein properties of the doped device layer that
emain stable include dielectric constant and stress of the low k dielectric
layer.  11. The method of claim 8 wherein properties of the doped device
layer remain stable when exposed to UV radiation for 30-600 seconds.
The method of claim I wherein forming the doped device a supplying a dopant
source comprising an alky precursor.  13. The method of claim 12 wherein
forming the doped device layer further comprises reacting device layer
precursors with the alky precursor, wherein the device layer precursors
comprise (213)3S1H or (CH3)4Si and NH3.  14. The method of claim 12 wherein
the dopant source comprises an alky precursor selected from
R"C(CF13)4.0(n=0-4),1-1313.."C-FLACI:1313.0, (n- 1-3, n'=1-3), or RC-CR'
15. The method of claim 14 wherein forming the doped device layer further
comprises reacting device layer precursors with the alky precursor, wherein
the device layer precursors comprise (C1-13)3SiH or (CE13)4Si and NH3. A
method for forming a semiconductor device comprising: providing a
substrate; forming a doped device layer on the substrate; and
exposing the substrate to UV radiation, wherein properties of the doped
device layer are stable when exposed to the UV radiation.   17. The method
of claim 16 wherein the doped device layer comprises (CE13-)11SiCzNyEk. 



18. The method of claim 17 wherein a dopant source for forming the doped
device Layer comprises an alky precursor selected from 11"C(CF13)44n=0-4),
FI(C113)3.fiC1-19,(C113)3,, (if=n'=1-3), or RC-CR' alkyl.  19. The method
of claim 18 wherein the dopaid source comprises an alky precursor selected
from 1-1,1C(CH04.(1)=0-4), I-1,(C11313_,IC-1:10:C1-13)3,, (sr=1-3, n'=1-3),
or RC-CR' alkyl. A semiconductor device comprising: a substrate; and
a doped low k dielectric layer doped with -0-13, wherein properties of the
doped low k dielectric layer are stable when exposed to UV radiation. 


