RELIABLE INTERCONNECTION BACKGROUND [0001] The 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. InterconnectidiELEXS S ANEEHRGONWE-ddMcts and conductive

lines in a dielectric layer using, forAexamgle damascene techniques. A
damascene structure, for exampi%, (g ngnaia or contact hole in a lower
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upp € Via serves as a contact to a device while the trenc
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devices. [0002] As critical dimensions (CD) continue to shrink, RC delay
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more significant. In the effort to introduce lower k dielectrics for BEOL
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(ILD) and lower k SiCxNyHz Cu barrier material have been proposed. With
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pores to lower the dielectric constant of the film. Additionally, UV curing
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SiCxNyHz films have been found to be unstable when exposed to UV. For
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the SICxNyHz film tg increase, the film stress to convert from compressive to
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a method for orming a Cu parrier wi OW dilelectric constant an igh
liﬁ@?Winjerconnect becomes more and more significant. In the effort to introduce lower k
dielectrics for BEOL interconnect, materials such as porous ultra low k (ULK) inter level
dielectric (ILD) and lower k SiC\NyH, 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 curing enhances the mechanical strength of the film.
[0003] However, conventional SiC,NyH, 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
SiCxNyH, film to increase, the film stress to convert from compressive to tensile, and even
cracking of the film which negatively impacts performance and reliability.

[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 [0005] Embodiments relate to a method for forming reliable
interconnects. The method comprises forming a device by preparing a
substrate 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 U@VA@MA{%}’ to cure the interlevel dielectric
layer, wherein properties of the doped device Iaﬁer remain stable when
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layer that remain stable include the dielectric constant and stress of the

a Sevice el ARV hasaRAdAhRPIRciR-RICRA MR AYvANAgRH

and features of the present invention herein disclosed, will become apparent
pibpadghdeierasseal e ihe iojlawingidesaiplionragiheal @ACUMPRGAY

drawings. Furthermore, it is to be understood that the features of the various
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various combinations and permutations. BRIEF DESCRIPTION OF THE
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to the same parts throughout the different views. Also, the drawings are not
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illustrating the principles of the invention. In the following description, various
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odiment of a device ayef; a-e show an em ent of a
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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 with reference to the following
drawings, in which:
[0009] Fig. 1 shows application of an embodiment of a device layer;
[0010] Figs. 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 -CH, doped SiCNH,.



[0011] Fig. 3 shows the Fourier Transform Infrared (FTIR) spectroscopy at
pre and post UV curing condition for -CH2 doped SICXNyHZ. 2 DETAILED
DESCRIPTION [0012] Embodiments generally relates to devices, such as
semiconductor devices or ICs. Other types of devices, such as micro
electro-mechanical systemsQMEMSP RN tEPisplays, are also useful.

The ICs can be any type of IC, for example dynamic or static random access
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incorporated into, for.example, consumer electronic pr such as
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or étch stop layer. For example, the device layer can serve as a copper
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also be useful. The device layer, in one embodiment, comprises a dielectric
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dielectric material. Preferably, the UV resistant dielectric material comprises a
dilgwal kssateusdPA©.low k dielectric material, for example, comprises a k
which is < 4.5. Providing a low k dielectric material with other k values is also
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remain stable or relatively stable. In particular, the dielectric constant of the
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constant of the device layer remains at < 4.5. Additionally, the stress of the
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| Yy . rious types o | Yy materials can be used. € dopan

U E&%Q&P&Ql%%hﬁ%ﬁt@@f&%lﬁh %QW%JQYE&F[ dielectric material comprises a low
k material. The low k dielectric material, for example, comprises a k which is <4.5. Providing a
low 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, the dielectric
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 UV radiation.
[0014] In one embodiment, the device layer comprises doped SiCxNyH,. Various types of
SiCxNyH, materials can be used. The dopant in the doped SiC,NyH, stabilizes the device layer
when exposed to UV radiation, such as from UV curing. In one embodiment, the SiC,N,H, is
doped with -CH3 (methyl). In one embodiment, the device layer comprises (CH3),SiCNyH,.
Other types of dopants which stabilize the device layer when exposed to UV radiation are also

useful.



when exposed to UV radiation, such as from UV curing. In one embodiment,
the SICXNyHZ is doped with -CH3 (methyl). In one embodiment, the device
layer comprises (CH3)" SiC,NyH,. Other types of dopants which stabilize the
device layer when exposed to UV radiation are also useful. 3 [0015] The
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higher the concentration, the lower the k value and vice versa. In one
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duce a k value of < 4.5 | bodiment, the atomi tration of
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SICxNyHz is in the range of about 25% - preferably in the range of
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layer with other k values is also useful. [0016] Doping the device layer with
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For example, the -CH3 doped device layer maintains its dielectric constant
Paftelilgedogsiije otbe tonbsui pgpducondesivbbgiment; obedielalotrias also useful.

constant of the doped device layer remains stable or relatively stable even
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another embodiment, the dielectric constant of the doped device layer .
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of ex%o ure to UV radiation. For example, the dielectric con%[ant,of the dop?d
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doped device layer remains stable or relatively stable after at least 300 seconds at about 400 °C
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 400 °C of exposure to UV
radiation.

[0017] In one embodiment, the device layer is formed by chemical vapor deposition (CVD).
Preferably, the device layer is formed by plasma enhanced CVD (PECVD). Other deposition
techniques, such as plasma enhanced atomic layer deposition CVD (PE ALD CVD) or high
density plasma CVD (HDP CVD), are also useful.

[0018] To form the device layer, the various precursors are provided into the reaction
chamber. For example, SiC,NyH, can be formed with 3-methyl-silane (CH3);SiH or 4-methyl-
silane (CH3)4Si with NHj; precursors. Carrier gases may be employed in the formation of the
SiCxNyH, device layer. The precursors are injected into, for example, the CVD chamber and

reacted to form the device layer.



techniques, such as plasma enhanced atomic layer deposition CVD (PE ALD
CVD) or high density plasma CVD (HDP CVD), are also useful. [0018] To
form the device layer, the various precursors are provided into the reaction
chamber. For example, SICxNyHz can be formed with 3-methyl-silane
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may be employed in the formation of the SICxNyHz device layer. The
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form the device layer. 4(1?[90 r?ﬂ]etTo ope the device layer, a dopant source is
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one’embodiment, the dopant source or dopant specie -CH3 is provided by
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alkyl precursor delivered to the reaction chamber with the other precursors
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[0021] Any alkyl precursor containing-CH3 specie can be employed.
Preferably, thEaiRyil pRstarstkyl s2lectbon$ibrNtHosewhich are conducive to

CVD. More preferably, the alk)}/*lﬂbﬁ)recursor is selected from those which are
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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 H,C(CHj3)4, (n = 0 — 4), H,(CH3);3.,,C-CH,’(CH3)3, (n=0-3,n" =0 - 3), or RC-
CR’ alkyl. Other types of alkyl precursors may also be useful.

[0022] In one embodiment, the doped device layer is formed as follows:

(CHj3)3SiH or (CHj3)4Si : 50-1000 sccm;
NH3 : 100-2000 sccm;
Alkyl precursor : 100-2000 sccm;
He or N, : 300-5000 sccm;
RF power : 50-1500 W; and
Pressure : 1.0-7.0 Torr.

[0023] Not wishing to be bound by theory, it is believed that the doping of SiCiNyH, with

—CHjs specie instead of other species such as —CH, or —CH species reduces decomposition of the



CR' alkyl. Other types of alkyl precursors may also be useful. [0022] In one
embodiment, the doped device layer is formed as follows: (CH3)3SiH or
(CH3)4Si 50-1000 sccm; NH3 100-2000 sccm; Alkyl precursor 100-2000
sccm; He or N2 300-5000 sccm; RF power 50-1500 W; and Pressure
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Furthermore, the Si-C also causes an increase In leakage. However, Si-CH3
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shows an application of the -CH3 doped barrier layer. As shown is a cross-
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Other types of devices are also useful. The portion includes a substrate 105.
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substrates, such as silicon germanium or silicon-on- insulator (SOI), are also
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transistors, capacitors, or resistors formed thereon. Other types of circuit
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on the substrate. The dielectric Iarxer, for o
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 -CHj3
doped layer, such as (CH3),SiCiNyH,. The thickness of the lower etch stop layer can be about
250 - 500A. Other thicknesses are also useful.

[0026] The 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.g.,
Black Diamond) or organo-silicate glass (OSG), 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 (ILD) layer while the upper portion serves as an intra-metal



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
diglefpee KMR§ lapihpHsedigaoviGsistant Bedidagks/areryrasanipiecthdadivdior
etch stop layer comprises a -CH3 doped device layer. In one embodiment,

HERIEVI B P EbffipRsas°d (Tigs cdopeth figdh aeh ‘YR eHpsie g can be
The thick | h b 50 - 500A. Oth
oIS S o SIS ORNS AT Abo 320, 008 St e o

Nnesses are also use Cctric Iayer, In one em men

di‘ff%?él?l{ 8GR AWK s%En‘é'U?selQ,"MI}(eéﬂﬁ \GGH iGy LPAHET Gl W ATH SR %S%E'BXY&%QE the

ultra low k materials, such as SICOH or porous SICOH (e.g., Black Diamond)
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materials are also useful. [0027] In one embodiment, the ICD includes lower
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layer while the upper portion serves as an intra-metal 6 dielectric (IMD)
etaypte, TheldiSiectvidilayBredaidbayer simgleptayeit anynmutitidayere desthok tHealevice.

example, a single layer can be used to serve as both the ILD and IMD or

Ferpprarapte | she SR dny oecandeddr Mk ¢D and IMD. For multi-layered ICD, the
ILD and IMD can comprise the same or_different materials. In some cases,
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. The etch stop layer, for.example, can be a UV resistant etch stop layer..In
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can include numerous
alloy. In one embodiment, the interconnect can comprise copper, aluminum, tungsten, their

alloys, or a 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 ICD level or design, 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.

[0029] A barrier 158 can be provided to line the sidewalls and bottom of the interconnect.
The barrier 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.

[0030] The conductive lines and/or contacts can be provided with slanted sidewalls. The

slanted sidewall profile provides better sidewall barrier and seed coverage during processing.



interconnects. In one embodiment, the interconnect comprises a conductive
line 156 in the upper portion or IMD while a contact 154 is disposed in the
lower portion or ILD. The interconnect comprises a conductive material. For
example, the conductive material can be any metal or alloy. In one
Teinbodhmhdrt b iftercompcr eanrts ptreEecdpbert Slulfinuf Hdistenductive
_their alloys, or a combination thereof. It is understood that the contacts and
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ects the conductive line to a contact region.below. For example
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plate of a capacitor. [0029] A barrier 158 can be provided to line the
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conductive line from diffusing into the dielectric layer. The barrier, for
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such as TaN, tantalum, ruthenium or a combination thereof, including TiN,
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with slanted sidewalls. The slanted sidewall profile provides better sidewall

thixkrpeseant skediedverage during processing. 7 The slanted sidewalls, for

example, comprise an angle of about 85-90. Providing conductive lines
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embodiment, an upper. barrier layer 170 is disposed on the _surface of the ICD
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top or capping, layer. In one embodiment,,the u r barrier layer c rise
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thickness of the upper barrier layer can be about 200-500 A. Other
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.

[0033] The substrate is further prepared with a dielectric layer 230. The dielectric layer, for
example, serves as an ICD 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 layer. For
example, the lower etch stop layer comprises a -CH3; doped device layer. In one embodiment,
the device layer comprises (CH3),SiCxNyH,. The thickness of the lower etch stop layer can be
about 150-500 A. Other thicknesses are also useful.

[0034] In one embodiment, the dielectric layer includes an upper or IMD portion and a lower
or ILD 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 IMD or separate layers can be used for the

ILD and IMD. In some cases, an etch stop layer (not shown) can be disposed between the ILD



thicknesses are also useful. [0032] Figs. 2a-e show a process for forming a

portion 200 of a device, such as an IC 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,
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sapphire substrate, are also useful. The substrate can be prepared with
m&l”f@gﬁ? 86M58Hents (not shown). Circuit components can include, for
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SICNyH,. The thickness of the lower etch stop layer can be about 150-500 A.
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layer includes an upper or IMD portion and a lower or ILD portion. The
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of the ICD layer. Additionally, the UV radiation increases the density of the ICD layer. The UV

curing can be performed at a temperature of about 200-500 °C and preferably about 300-400°C

for about 30-600 seconds.

[0038] Due to UV light transparency in the ICD 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 embodiment, the underlying etch stop layer comprises (CH3),SiCNyH,.

[0039] Referring to Fig. 2b, a mask layer 260 is formed over 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.

[0040] In 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 TEOS,



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), atmosElheric
g e’ yrelth Py by ¢ arppeasis by e oiehe foempiie S5 GEpddes iR ©HD- Other

processes are also useful. The specific process, for example, can depend on

teffa s B MERMPRIS LR TR BRE ARG 00r v 1] e oGRS e
1%8—90@%%1%%”6@&5%”@% bé/ssl'ejzy.?hgé L uJO UV removes the progens

1 . .
rapped Ins ayer. This generatés pores which reduces the

[ FCrERNSIANOF (6 150 'AYEr AAHRRN, 06 Y RURIARIDGIEAR fe soft
the density of the ICD layer. The UV curing can be performed at a

sUsmREr e efRPoM AR20Q:C and pisierally RRQUARPR:400de tiehaPelarious
30-600 seconds. [0038] Due to UV light transparency in the ICD layer, the

teunggibingeteh Siaplayemaile dlsiq e gurdcbhydhe Uer@égiRbi@s of the soft sub-
simultaneously. In accordance with one embodiment, the underlying etch

mabhpagyes, foneprisek abiablo@icidioh |Qyerwheémexposedito Wefuhdiationi-
In one embodiment, the underlying etch stop layer comprises

reforB) SIRNYRyEr [0039) RefedrhegersiRiy. 2, atmbaik layer J8G ibitsnere@iober
dielectric layer 230. In one embodiment, the mask layer 260 comprises

ARfaltipre stinbrRery20re 40 dvifigrahinkprasiaskaliy/erefdlalso useful. Other

types of mask configurations are also useful. [0040] In one embodiment, th
["r%‘gék lay® b%r?cw%ﬁ‘%ee@%{eﬁﬁfﬁléﬁfif-ﬁﬁ%ﬁa%Pé\ﬂ%”&%@ﬁ@%@ﬁ‘&sﬂ? |%RP&P$§%2-

Tha%{esf“?ﬁ%“c?}éfééﬁYcefai%r‘?ﬁ%os%%?%ﬁ%Q éjil‘?l)ecfrris% Y& NA R mAsk
?ag)/er, POI’ example, cc?]mprlses SI?ICOH nitriae. 6 erl%ypes oflha ma &

tePRAIGHRIS TRE G5 TF (RS s A ASAUS UL cHE A SR MASKIBYRERARIRE for
formed by, for example, PE CVD. Other

example, reactive ion etching (RIE). The mask is then used to pattern the dielectric layer. The
dielectric layer can be patterned by, for example, RIE. Other techniques for patterning the
dielectric are also useful.

[0043] In 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
IMD. The dual damascene opening can be formed using various techniques. For example, the
dual damascene 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.
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techniques for forming the hard sub-mask layer are also useful. The hard
mask layer is about 150-800 A thick. Other thicknesses are also useful.
[0041] Above the hard sub-mask layer is a soft sub-mask layer. In one
embodiment, the soft sub-mask layer comprises photo-resist. The '
[A9Adto-reEhst opspidahie, Reatv ibis iahn SeepyOaiabls AelapiiRyl 6N @eici§Een below
spin-on. Other techniques are also useful. The thickness of the soft sub-
i digletayieTol XA AUETHE0 B0 R Jeshie tPRdRA SLLeuoR i xsd?0

useful. An ant'%- h?“flec iv§rgARC) layer can be formed beneath the soft

elgﬁbqr%xggﬁulrgyoert. e thickress of the ARC layer can be about 200-1500 A.

[0048F" INEKRGRSES ALGAIRO MSRILmIARAE LI KIG ?agﬂemﬁo‘?i&'%}{j%iﬁ%%rpix%v_ided

patterned using mask 260 to form an opening 242. To pattern the dielectric

blAVEn the1sel SHPrIRSkaNBe.fisl DAl ass IIPEIPAIaR hLRIMBIAHES:, a

The pattern of the soft sub-mask is then transferred to the hard sub-mask
Uwstagstfor iexanedieecraactivg iapeetciing (Rt kst enfeaskdiséhesh yepddger can be,
pattern the dielectric layer. The dielectric layer can be patterned by, for
feexampie, RIEHOdhprdechnigpésytor patternmigpticdlichectrib sigp &iser usefplises
[0043] In one embodiment, the opening comprises a dual damascene
(GpemingNrHe dialthicmess oé tlee opemiadiafo cehatapleyeomses A-vid) A. Other
opening in the ILD and a trench opening in the IMD. The dual damascene
thigkartses e W8¢kd using various techniques. For example, the dual

ascene opening can be formed using via first or via last techniques,
["iﬁ nati%%ﬁ}?‘ﬁ%té?r% éﬂ’ﬁf@féﬁ}?%éeaﬁe&é?ﬁ (DO &8&%@&%} 18%21‘??%5%&? Byfor
eJamascene opsping can be o‘f'%‘en?&?ﬁ“rlﬁe Eruiding gther types of ;.
openings, stich as trench openings, are also use'ful. € opening may

[@Qﬂpris%§@1%(991§iﬁ% AMIS; TG U eI QWL IS KA TG O TR S 81BN
angle of about 85 - 90. Providing openings with non-slanted sidewalls as
sutRWOrith@l§e14t88EubydPand opening. The barrier, for example, can comprise TaN. Other
types of barrier materials, 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 forming the barrier are also useful.

[0048] A conductive layer 280 is deposited on the substrate covering the barrier 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 electroless-plating, CVD, PVD or

sputtering, are also useful. The technique employed may depend on the material used. For
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[0044] The 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 some applications, an intermediate etch stop layer (not shown) can be
elpeoiabdnB &SR ¢het RORD lader fe BrsTemstbembaibteietdpystod hsyepd layer, for
comprises, in one embhaodiment, a UV resistant intermediate etch stop layer.

XA Bt it h¥Hrate etch stop layer can be, for example, a -CH3

d etch. stop layer. In one embodiment, the etch stop layer comprises
P SR B R RS e SR IR R
103 PR0 A QNG BRI SRE S AR IRt $RIWL [0946] I he RhQieresisl or soft

mask layer is removed. The soft mask is removed by, for example, aching.

piRthestechniauas forfarpRvng thecsalt auksmp arealrHseful: 004 EkAsple,

shown in Fig. 2d, a barrier 258 can be deposited on the substrate, lining the
exdsioanaidie dirleatrierlayeranthepeningactRE handE, 1i9eexamepley @by a
comprise TaN. Other types of barrier materials, such as tantalum, titanium
polithie, puttwnisumh os eheomidingtibmithbpebshaue( QNG LI skfuto RIBAdeGVEP) or a
barrier layer having multiple layers is also useful. The barrier can be formed
cqybifentioraparsiel. VDT OV orrdonidnaye pdbpottivactaie®rGise pseful. The
techniques for forming the barrier are also useful. [0048] A conductive layer
PIBOIE BEPSEEHB O TNE ST EiP P b ticiid bisreYe2Be dHarenhmaitHaltgash as

damascene structure. The conductive material, for example, comprises

CUIHERYS WA MAITFH A en, alloys such as Al doped Cu, Mn doped Cu, or a

[&%@]bi“aﬂﬁgr%?nrev% il bvpgs Qf conductive matarials ié‘EFL”v‘émﬁe”sl%e%'r%te
an alloys, are also seef\uely.(ﬁn one embod?PneX?, e conauctive materlals

ERIDPT RS GRRRRE G CORIHGHVE MALESIBCAR B ASRPFIGH BYonnect. In one

electro-plating. Other techniques, such as electroless-plating, CVD, PVD
embodiment, the cap layer comprises a UV resistant capping layer. For example, the capping

layer comprises a -CH3 doped device layer. In one embodiment, the device layer comprises
(CH3),SiC<NyH,. The thickness of the capping layer can be about 150-500 A. Other thicknesses
are also useful.

[0051] The process continues to form the IC. For example, additional processing can include
forming more ICD layers and interconnections, final passivation, dicing, assembly and
packaging. Other processes are also useful.

[0052] Referring to Fig. 3, which shows —CHy (x = 1, 2) doped SiCN (using Alkene
precursor CH,=CH,) pre and post UV curing FTIR spectroscopy. The x-axis represents wave
number and the y-axis represents absorption. Curve 305 shows the FTIR of —-CHy (x =1, 2)
doped SiCN as deposited. Curve 310 shows the FTIR of —CHy (x = 1, 2) doped SiCN following
first curing. The three circled parts of the curve serves to highlight the major peak changes after

UV curing. For instance, the FTIR indicates that the Si-CHy (where x =2 or 1) peaks at about
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sputtering, are also useful. The techniqgue employed may depend on the
material used. For 11 electro-plating techniques, a seed layer is first formed
on the barrier layer. The seed layer, for example, can be formed by PVD.
40049_]1 Referring to Fig. 2e, excess material on the surface of the dielectric

2 a%miscr%rﬁ&bé%=tb fordarsA Htd¥corniddt 08519k et hBBdrTeeRt, deremposition
excess material is removed by a planarizing %ocess to form a planar surface

URORHH SHOPeIP L iR f AL RYSH Foor Exalisie Masxpask g bictivr GRgriemal
.parrier materials an the sur. of the layer are.remaoved b polishi
e R e b T B

1. SRmRnatanmerenl. PHherIMReSALaRaTRING & %%?gﬁi{%%&%%a%o(m{

are also useful. The polishing process may include mu polishing steps
wifdieedhe Aiffarenicnatesialsosich asaeanoviclive anchRarrie umaietialsis
[0050] After removing the excess material, a cap layer 295 is formed over the
stablbsiiate (PuHage:. The cap layer covers the surface of the dielectric layer
and the interconnect. In one embodiment, the cap layer comprises a UV
[0 btantlbappvagtiey e yHer extanbpteintheaappiific fayes eohyprisgsain€ HGm the
doped device layer. In one embodiment, the device layer comprises (CH3)"
SESICONSAsen T hiiekpisrpfgieotappinigiesmencemtvdialsotst HSGH00 Ae Othrer
thicknesses are also useful. [0051] The process continues to form the IC.
congidesedript ratarid HRISHAG e Saiby R IHRiteR o NG OR dFecree sisia. afrppe
Interconnections, final passivation, dicing, assembly and packaging. Other
OlSCBYRULR S tgf?d‘t?é%ﬁﬂ Wdé%f??&fé@igncg?%hiﬁtér%& sﬁ&%&&?ﬁ? (x =
adeAhAPSASIEN, (using, plkene Bieeusor GHE-GHZ) Bre ANF RERhNor ne
curing spectroscopy. The x-axis represents wave

claims are intended to be embraced therein.
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number and the y-axis represents absorption. Curve 305 shows the FTIR
of-CH. (x = 1, 2) doped SiCN as deposited. Curve 310 shows the FTIR of
-CH. (x = 1, 2) doped SiCN following first curing. The three circled parts of
the curve serves to highlight the major peak changes after UV curing. For
Whatardainaé IETIR indicates that the Si-CH, (where x = 2 or 1) peaks at about
12 2927cm 1 of -CH. (x= 1, 2) doped_SiCN. Si-CH, (where x = 2 or 1)
undergoes decomposition upon UV o release H and convert to Si-C,
1Whic hag rggc }%herzlféhagetpg orrigina_l film. However, for -CH3 doped
'SICN, its g’l PoOnds remain rerfla{)tlvé%'stable upon UV curing. This is

ilustrated in ihe FTIRRISHSNoMS Hhakiihs Aeak appearing at around

1250cm 1, which is associated with SI-CH3, does not change after UV

curing, ingicatingdngesi:Chigivmstablgydpgier UV curing. [0053] The invention
may be embodied in other specific forms without departing from the spirit or

essensialiaharsigieristasiifiesenf lalbedoregaipedemiedimentamdherefore, are

to be considered in all respects illustrative rather than limiting the invention

descrbgdihgtbinuSaope withtbid irdéntionds thusdndicdted Bigltheriappendelttrein

claims, rather than by the foregoing description, and all changes that come
pigititiesivé iederied)danid o dvgeromaguible nde ot xnescd &irky ardiitethded to be

embraced therein. 13 What is claimed is: CLAIMS 1. A method of forming a

device comprising: providing a substrate prepared with circuit components;

forming a doped devijce layer on the substrate, _ , ,
2. Tge method OP cla{m 1 v%lere?n tLe doped 5ev1ice layer comprises a low k dielectric layer.

3. The method of claim 1 wherein the doped device layer comprises a low k dielectric layer

doped with -CHs.
4. The method of claim 1 wherein the doped device layer comprises (CH3),SiC{NyH,.

5. The method of claim 1 wherein the interlevel dielectric layer comprises an ultra low k

(ULK) dielectric layer.
6. The method of claim 5 wherein the doped device layer comprises a low k dielectric layer.
7. The method of claim 5 wherein the doped device layer comprises (CH3),SiC{NyH,.

8. The method of claim 1 wherein the doped device layer comprises a k of <4.5.
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forming an interlevel dielectric layer on the doped device layer; and exposing
the substrate with UV radiation to cure the interlevel dielectric layer, wherein
properties of the doped device layer remain stable when exposed to UV
radiation. 2. The method of claim 1 wherein the doped device layer
9-comphlseseaheshrk dpered tribersie Progeriineandednpest &xins PNAhBYRfsian stable
. doped device layer comprises a low k dielectric layer doped with -CH3. 4.
inghideihoE or At fﬁ/ﬁ?‘f’e]fé‘?’nlﬁﬂ’éla?fﬁé&a&gvice layer comprises
(CH3)"SIiC,NyHz. 5. The method of claim 1 wherein the interlevel dielectric
layer comprises an ultra low k (ULK) dielectric layer. 6. The method of claim

10 Whesgin, the, 3Ped; HEY GRIRAYELSRPARISASIR Il BISIECHIGIANE redrail \Gable

method of claim 5 wherein the doped device layer comprises

indd3disile MY Bz @nd it SARINQE E Rlaim dobeleirythe doped device layer

comprises a k of < 4.5. 14 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

1 HevicBhkayertinhof elnairs sthiten ipoipmtded ief elot rdopoinktent buydrstresis ofattie when
low k dielectric layer. 11. The method of claim 8 wherein properties of the

exiopeditel &@Wordijien fendlirhabiendhen exposed to UV radiation for 30-600
seconds. 12. The method of claim 1 wherein forming the doped device layer
comprises supplying a dopant source comprising an alky precursor. 13. The

method of claim 12 wherein forming the doped device layer further comprises
1ot GSU08 Vs b U EIS KNt &S B0 ol GBI B HBDe o
d(l)?)‘Xr?trsBIrEcCeuggr%li)srising 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 (CH3)3SiH or (CH3)4Si and NHa.

14. The method of claim 12 wherein the dopant source comprises an alky precursor selected

from H,C(CH3)4.0(n=0-4), Hy,(CH3)3.,C-H,'(CH3)3.,» (n=1-3, n’=1-3), or RC-CR’ alkyl.

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 (CH3)3SiH or (CH3)4Si and NHs.
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comprise (CH3)3SiH or (CH3)4Si and NH3. 14. The method of claim 12
wherein the dopant source comprises an alky precursor selected from H"
C(CH3)4 (n=0-4), H"(CH3)3C-H.,(CH3)3_"' (n=1-3, n'=1-3), or RC-CR' alky!.
15. The method of claim 14 wherein forming the doped device layer further
1@omphisesshed detifrgraagie ceriramprec dsyiseGRMRASIRKy precursor, wherein
the device layer precursors comprise (CH3)3SiH or (CH3)4Si and NH3. 15
16. APFRE¥IBE 36HF8Mifhg a semiconductor device comprising: providing a
subs%rate' for ing dad(ej%gg% de'\/ic<(e=1 layer; and exposing the substrate to UV

radia %ﬁn,fn ferehn propertie Gfthe doped dielectric layer are stable when

eXp_0§§€oEﬂlE}ﬁe%E(héﬁg@ﬂ?ﬂ-\g%dﬂéﬁgyf‘\%%% GHRIL L6 WREESIOSHE ISORE R yer

device layer comprises (CH3)" SICNyH,. 18. The method of claim 17 wherein

ard dORBNIRAWGR I forRing thaidened device layer comprises an alley
precursor selected from H"C(CH3)" (n=0-4), H"(CH3)3C-H.,(CH3)3 (n=1- 3,

n'=1-3), or RC-CR" alkyl. 19. The method of claim 18 wherein the dopant
source comprises an alky precursor selected from H" C(CH3)" (n=0-4),
I'H"(CHB) 3Cthbd(GHB) 31 1'6(whdrSn e Bl dateRC: QR raléyipi2@s ACH3),SiCNyH,.
semiconductor device comprising: a substrate; and a doped low k dielectric
layer doped with -CH3, wherein properties of the doped low k dielectric layer

are relatively stable when exposed to UV radiation. 16 _
18. The method of claim 17 wherein a dopant source for forming the doped device layer

comprises an alky precursor selected from H,C(CH3)4.,(n=0-4), H,(CH3)3.,C-H,(CH3)3. (n=1-

3, n’=1-3), or RC-CR’ alkyl.

19. The method of claim 18 wherein the dopant source comprises an alky precursor selected

from HyC(CH3)4n(n=0-4), Hy(CH3)3.4C-Hp(CHs)3. (n=1-3, n°=1-3), or RC-CR’ alkyl.

20. A semiconductor device comprising:
a substrate; and
a doped low k dielectric layer doped with -CHs, wherein properties of the doped low k

dielectric layer are relatively stable when exposed to UV radiation.
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