Silicon Oxycarbide and Silicon Carbonitride Based Materials for MOS Devices [0001] This applications
claims priority to provisional patent application serial number 60/565,630, filed April 27, 2004, and
entitled "Silicon Oxycarbide and Silicon Carbonitride Based Materials for MOS Devices," which
application is incorporated herein by reference. FIELD OF INVENTION [0002] This invention relates

generally to semigARAFIORARATHT R UHASARRAF (G IRAIRCBASOF PR RYGATs FANTGIROUND

[0003] In deep sub micron niicroelectronic manufactlﬁin‘gi,cseilicon nitride films are widely employed as
stop layers during contact etching. As is well known inthe arst, the inter-level dielectric (ILD) is formed to
provide insulation between the MOS devices and overlying metal lines that will be formed subsequently.
The contact $19¥dihgs aFbifmapdicationg s ey PDsYE Fadreves soatdat o rlisatipse TN ¢y er is
relatively thick, and it is hard to control the etching process in order to not over etch. The contact etch
stop layer is §888ep pRidiles thartberhatiid omdrntitbdayelicanfPsykmghigesardcrilis ardrmpntedaducted to
etch the ILD layer and stop at the etch stop layer. A second selective etching is conducted to etch the
stop layer sdae tiateiide iR Py Berdssposbishiapplnating soRcemBashhesan Rlkderengide etch stop
layer has several disadvantages. It has a high dielectric constant value (also known as k value), typically

about 7.5 to 8. The high k
FIELD OF INVENTION

[0002] This invention relates generally to semiconductor devices, and more specifically to

contact etch stop layers.

BACKGROUND

[0003] In deep sub micron microelectronic manufacturing, silicon nitride films are widely
employed as stop layers during contact etching. As is well known in the art, the inter-level
dielectric (ILD) is formed to provide insulation between the MOS devices and overlying metal
lines that will be formed subsequently. The contact openings are made through the ILD layer to
the source, drain and gate. The ILD layer is relatively thick, and it is hard to control the etching
process in order to not over etch. The contact etch stop layer is formed prior to the formation of
the ILD layer. A first highly selective etching is conducted to etch the ILD layer and stop at the
etch stop layer. A second selective etching is conducted to etch the stop layer so that the

underlying layer is exposed.

[0004] The conventionally used silicon nitride etch stop layer has several disadvantages. It
has a high dielectric constant value (also known as k value), typically about 7.5 to 8. The high k

value increases high parasitic capacitance, which degrades the device performance. Additionally,



value increases high parasitic capacitance, which degrades the device performance. Additionally, the
deposition rate of the silicon nitride film is low and the deposition temperature is high, which are not
desirable process characteristics. 2 SUMMARY OF THE INVENTION [0005] The preferred embodiments
of the present invention use silicon oxycarbide (SiCO) (also called Silicon, Carbon containing based
oxide) and siligersapBRiHA(SHe NlitisaitadediailicRiv Galanepotainne:hpsed iride)dasatch
materials, such as carbon doped oxide (CDO) and nitride doped silicon carbide (NDC) to make the
contact etch gtopolayeir{0RGRbIde SR @A RICN based materials have lower k values than silicon
nitride (SIiN). In addition, they may be deposited at higher deposition rates and at lower deposition
temperatures. By using the SiCO and SICN based materials in the MOS device, the characteristics of the
device such as the outer fringing capacitance, contact resistance, sheet resistance, threshold voltage,
and leakage current are either improved or comparable to the prior art. [0007] In the preferred
embodiment, a gate dielectric and a gate electrode are formed on a substrate. A pair of spacers is
formed along opposite sidewalls of the gate electrode and gate dielectric. The source and drain are
formed. A contact etch stop (CES) layer is formed on the source/drain regions and spacers. The CES
layer is preferably formed of SiCO based material or SiCN based material. An inter-level dielectric (ILD)
is formed on the CES layer. The contact



openings are then formed and contact plugs are formed in the contact openings. [0008] SiCO and SiCN
based materials may also be used to form other parts of the MOS device, such as spacers, gate step
features and the ILD. 3 BRIEF DESCRIPTION OF THE DRAWINGS [0009] For a more complete
understanding of the present invention, and the advantages thereof, reference is now made to the
following descriﬁions taken in co\ﬁ'gunction with the accompanying drawings, in which: [0010] Figures 1

through 7 ard CrOMAR SR M S VeIt diate stages in the manufacture of a preferred MOS

transistor embodiment; [0011] Figures 8a and 8b illustrate models for the fringing capacitance; [0012]
Figure 9 illug0aess the flingprgfeapaeitdhicEmas aoimetionsehthevspacingbdeilicearoxyehtsade (SiCO)
source/drain/poly; [0013] Figure 10 illustrates the cumulative probability as a function of the contact
resistance bétiveenlliad Sitictapethdou cefdaaiimandsadoxidot pidgilmod fatdeHifrigenSiCNillustrataldtie
cumulative probability as a function of the contact resistance between a p+ doped source/drain and a
contact plug SDEJACEBoD ESTRIAE IRBEOfithidd) Sadd il ik Bia b Hyl EdAdm [Q{kS]okive @Ry and
using of the presently preferred embodiments are discussed in detail below. It should be appreciated,
however, thaintheipidsdnpédvelition qarbidd € Danto apgiicdieleontact etch stop layer.

[0006] The SiCO and SiCN based materials have lower k values than silicon nitride (SiN).
In addition, they may be deposited at higher deposition rates and at lower deposition
temperatures. By using the SiCO and SiCN based materials in the MOS device, the
characteristics of the device such as the outer fringing capacitance, contact resistance, sheet
resistance, threshold voltage, and leakage current are either improved or comparable to the prior

art.

[0007] In the preferred embodiment, a gate dielectric and a gate electrode are formed on a
substrate. A pair of spacers is formed along opposite sidewalls of the gate electrode and gate
dielectric. The source and drain are formed. A contact etch stop (CES) layer is formed on the
source/drain regions and spacers. The CES layer is preferably formed of SiCO based material or
SiCN based material. An inter-level dielectric (ILD) is formed on the CES layer. The contact

openings are then formed and contact plugs are formed in the contact openings.

[0008] SiCO and SiCN based materials may also be used to form other parts of the MOS

device, such as spacers, gate step features and the ILD.



inventive concepts that can be embodied in a wide variety of specific contexts. The specific embodiments
discussed are merely illustrative of specific ways to make and use the invention, and do not limit the
scope of the invention. [0016] The preferred embodiments of the present invention use silicon oxycarbide
(SiCO) and silicon carbonitride (SiCN) based material, such as carbon-doped oxide (CDO) and nitride-
doped silicon carbide %NDC%to make MOS devices. The details of making the preferred embodiments are
discussed. THEteSPESGRIBHAE WY HEIBS B ENHEN discussed. [0017] Figures 1 through 7 illustrate
the preferred embodiments of the present invention. Figure 1 illustrates the formation of a gate. In an
illustrative ef@igodimentFihie substtaiaples anddiseindiupsifake. greetiteinesntiodjmehtse aliconagesmanium
(SiGe), bulk semiconductor, strained semiconductor, compound semiconductor, multi-layer
semiconductheen§iliefenec ace iisuatanads @ xhstfallved silidarriniinsutdiar (S&Qjnstiainedisilieon
germanium on insulator (S-SiGeOl), silicon germanium on insulator (SiGeOl), germanium on insulator
(GeOl) and sitndatpaatealsawaghenusadtixs the substrate 2. As is known in the art, portions of the
substrate, such as channel areas, will be lightly doped with n or p type dopant. [0018] A gate dielectric 4
is deposited surtﬁce of strate 2. The gate dielectric may. preferably be oxide. The forming
method can B0 LD of (o B D s S T B S i el vapor
deposition (GYRl el I, pQE, RRABEE Nk SliaRKIiSE p used since itis an effective barrer to
impurity diffusion. The SI?ICO nitride film

[0011] Figures 8a and 8b illustrate models for the fringing capacitance;

[0012] Figure 9 illustrates the fringing capacitances as a function of the spacing between

poly and source/drain/poly;

[0013] Figure 10 illustrates the cumulative probability as a function of the contact resistance

between an n+ doped source/drain and a contact plug; and

[0014] Figure 11 illustrates the cumulative probability as a function of the contact resistance

between a p+ doped source/drain and a contact plug.



is preferably formed by thermal nitridation of silicon. It can also be prepared by plasma anodic nitridation
using nitrogen-hydrogen. The silicon nitride film may also be formed by thermal nitridation of SiO2. In
other embodiments, the gate dielectric may also be an oxy-nitride, an oxygen-containing dielectric, a
nitrogen-containing dielectric or any combination thereof. [0019] Figure 1 also shows a gate electrode 6
formed on gate dielectric 4. Gate electrode 6 is lgreferﬁﬁ%pol silicon, although it may be formed of

metal, or a CBEB%E%M&%IEJWS%E THHY HT“AS Q&I,%]t\g%xide and silicide. A preferred

method of formation is chemical vapor deposition (CVD). The polysilicon has the ability of being used as
a mask to ado&d minithemdate-tordasirge (drdie pessialy. proisrirdwintedhansssatbelidawsal s detiilance.
The polysilicon is then doped to reduce the sheet resistance. Other embodiments may use amorphous
silicon, elemisital niethts: ithdt argpeeoidudiiveyallayshat diemerntat imetatsoihpicaidesanductipplicaitizides or
nitrides of elemental metals that are conductive or any combination thereof. The gate polysilicon 6 and

gate dielectriavestieepatterpedtbatfoamba gatexdRd20jaRigdee Z-ithystfaies: Higatemwils. Spacgyscifipair of
spacers 8 is formed along the sidewalls of the gate dielectric 4 and gate electrode 6. Spacers 8 serve as

self-aligning endsiisriient adisthseeil eret isatidig dlionrpioc esspasifie serisad halaandhsesthacarendterial can
be oxide, silicon nitride, oxy-nitride or any combination thereof. The spacers 8 may be formed by
well-known méthodstdiroh g btapkeifdbpasitindoa.dielectric layer over the entire region including
substrate 2 and gate electrode 6, then anisotropically etching to remove the dielectric layer from

horizontal St’(ﬂﬁ%ﬁs anqqh%a&j%r%g gg%gﬁ{%gﬂts of the present invention use silicon oxycarbide (SiCO)

and silicon carbonitride (SiCN) based material, such as carbon-doped oxide (CDO) and nitride-
doped silicon carbide (NDC) to make MOS devices. The details of making the preferred

embodiments are discussed. The test results of the MOS devices are then discussed.

[0017] Figures 1 through 7 illustrate the preferred embodiments of the present invention.
Figure 1 illustrates the formation of a gate. In an illustrative embodiment, the substrate 2 is a
silicon substrate. In other embodiments, silicon germanium (SiGe), bulk semiconductor, strained
semiconductor, compound semiconductor, multi-layer semiconductor or silicon-on-insulator
(SOI), strained silicon-on-insulator (SSOI), strained silicon germanium on insulator (S-SiGeOl),
silicon germanium on insulator (SiGeOI), germanium on insulator (GeOl) and similar materials
can be used as the substrate 2. As is known in the art, portions of the substrate, such as channel

areas, will be lightly doped with n or p type dopant.

[0018] A gate dielectric 4 is deposited on the surface of substrate 2. The gate dielectric may
preferably be oxide. The forming method can be any of the known methods, such as local
oxidation of silicon (LOCOS), chemical vapor deposition (CVD), etc. In another embodiment,

silicon nitride is used since it is an effective barrier to impurity diffusion. The silicon nitride film



[0021] In the preferred embodiment, the spacer material can be SiCO based, such as carbon- doped
oxide (CDO), carbon incorporated silicon oxide (SiOC) or Ornithine decarboxylase (ODC). In another
preferred embodiment, the spacer material can be SiCN based, such as 6 nitrogen-doped silicon carbide
(NDC). The details of forming the SiCO and SiCN based layer are provided below with the introduction of

the formation ¢fgh& bl SothedkoyaheeRAthR RISt RIGA Ipaag d1saale pad parbnedoraabnemadaicthan

about 5.0. Since the typical integrated circuit size is decreasing, the typical distance between the contact

plugs (i.e., thecaRICHIVR COMIRESIM AR SAUTGR SINSH Altsid8 TNBCHYEIVIRN: Fehnisi s erps@asing, so

that the outer fringing capacitance (the capacitance between the gate poly and the source/drain)

becomes maygRigHicSidhanretuctinmalithenksvalt e iekmsitakeaustion oethe ouiatifriaging

capacitance. Therefore, lower k value materials are preferred. In the preferred embodiment, when the

spacer mategigy) d&r-bamnaatn framisiicornifiidgenbiahinscadic iR 6f £n3, dOngbRistarhaioN based

material with a k value of 4.0, the outer fringing capacitance is reduced by about 4% to about 5%. [0022]

The SiCO a N based m terial are not limited to th pac rs. Ifthe str ciure of the ice has
2 chetectric 00 Hlaturd SEH 1o G BB BA FESBIgc P AR AT )y brCBIRUARERIE & foly

d a contact plug, then it is d t th ftbdeCOSCNbdtIA
Ctop eature RARR 1@@!% s Pé?réjﬁfiﬁl‘%‘?&@ ARSI R

materials mag/ be used if. the acm betwe: nths\l sRac rs of th hb r| grj?wces IS sm Iler.thfm
about 300A, (}Crrﬂ%a t%eﬁl?gg CW&S arié) ?% n ICI Apre rre met 0 rmation 1s ¢ emlca

vapor deposition (CVD). The polysilicon has the ability of being used as a mask to achieve
minimum gate-to-source/drain overlap. This in turn enhances the device performance. The
polysilicon is then doped to reduce the sheet resistance. Other embodiments may use amorphous
silicon, elemental metals that are conductive, alloys of elemental metals that are conductive,
silicides or nitrides of elemental metals that are conductive or any combination thereof. The gate

polysilicon 6 and gate dielectric 4 are patterned to form a gate.

[0020] Figure 2 illustrates a gate with spacers. A pair of spacers 8 is formed along the
sidewalls of the gate dielectric 4 and gate electrode 6. Spacers 8 serve as self-aligning masks for
a subsequent salicidation process, as described below. The spacer material can be oxide, silicon
nitride, oxy-nitride or any combination thereof. The spacers 8 may be formed by well-known
methods such as blanket depositing a dielectric layer over the entire region including substrate 2
and gate electrode 6, then anisotropically etching to remove the dielectric layer from horizontal

surfaces and leaving the spacers 8.

[0021] In the preferred embodiment, the spacer material can be SiCO based, such as carbon-
doped oxide (CDO), carbon incorporated silicon oxide (SiOC) or Ornithine decarboxylase

(ODC). In another preferred embodiment, the spacer material can be SiCN based, such as



ratio (the ratio of step height to step length) larger than about 2, or the step height is larger than about
300A. In a typical case, a step feature may have a height of greater than about 1000A. Also when a
CESL is deposited on polysilicon gates that do no have spacers formed, the CESL deposited at the
sidewall of the poly becomes the step feature and SiCO and SICN based materials are desired to be

used as the GEStenMOP3l kiGtts ilbisiratesCnerfRrmatianeihfingurResaNd draigiENSBRICORJHCHRE

material 10, which defines the regions of the source and drain, is epitaxially deposited. A preferred 7

method of fosravigeserpicandiisttiematedatdéhisraale v apHINhAGHO 2Ry RvNE shawricofgrmed to
cover substrate 2. Openings are then formed through the SiO2 to expose source/drain regions.

SemiconductaC NateEdQdsihRHRIEANEI e fhpepie rl daicanaieriglidd inwddetesahhniprned
using molecular beam epitaxy (MBE), although other deposition techniques, including chemical vapor

deposition (GMrédtiadligh wasLMMishasiealwanPhdepasitopludd Ii\C W alanis layskehe iieat vapor
deposition (ALCVD) or metal organic chemical vapor deposition (MOCVD) can also be used. In the

region whergausipgale Cliyshak SifRstiadeyiSaBIRRILH aSRAEBEMISE0kd this BrOvRERiaXialepiiRaRi02

layer, a poly-crystal is formed. The poly- crystal and SiO2 are then etched, leaving only semiconductor

layer 10. In othecgmbiagisaanisesouiee Reanslydiainid scarcbafgn)petohmnatasialsithataig epitaxially
grown in recesses formed in substrate 2, in which case the source 9 and drain 11 are formed

substantiallyrydtiifosurstiate Al ahepp aeet o @ s v sheadard) fihyRicat hel e drierivrs odieer & and
drain 11 can be formed by
value materials are preferred. In the preferred embodiment, when the spacer material is changed

from silicon nitride, which has a k value of 7.5, to a SiCO or SiCN based material with a k value

of 4.0, the outer fringing capacitance is reduced by about 4% to about 5%.

[0022] The SiCO and SiCN based materials are not limited to the spacers. If the gate
structure of the device has a dielectric step feature that is either between one poly layer and
another poly layer, or between a poly and a contact plug, then it is desirable that the step feature
be made of SiCO or SiCN based materials. A step feature is a feature that rises above the silicon
substrate. Preferably, SiCO and SiCN based materials may be used if the spacing between the
spacers of the neighboring devices is smaller than about 300A, or the step feature has an aspect
ratio (the ratio of step height to step length) larger than about 2, or the step height is larger than
about 300A. In a typical case, a step feature may have a height of greater than about 1000A. Also
when a CESL is deposited on polysilicon gates that do no have spacers formed, the CESL
deposited at the sidewall of the poly becomes the step feature and SiCO and SiCN based

materials are desired to be used as the CESL.

[0023] Figure 3 illustrates the formation of the source and drain. A semiconductor material

10, which defines the regions of the source and drain, is epitaxially deposited. A preferred



doping select regions of substrate 2. [0024] Gate electrode 6 and source 9 and drain 11 regions are then
exposed to ion- implantation. It is desirable that the source 9 and drain 11 regions formed from
semiconductor material 10 be highly doped with p or n type dopant. The resistivity of the polysilicon is
reduced through doping. An annealing step is then performed to restore lattice structure to the pre-

implanted staighbBe PoneRis deRiReRIB dRr igfetil GOy olRd:ilR epraeMbodinenlydhendoRantis idiffused
vertically beyond the implant-damaged region. In another embodiment, a rapid thermal process (RTP) is

adopted to npgpiRd eodRRAPLEBSHSHADUIR S d thap psaciaier:- thahlaie D JistaptiRn sade aHSEe
dopant to diffuse into the region under the spacers, but may not be diffused to the region under the gate

dielectric. [0@ZhbMNsOeshievHuiRbidHiGRa Bl idenegipnaxtdigre-ivmer ticodatictosaitligned silicide

(salicide) process. The gate electrode and source and drain regions are coated with a transitional metal,

such as CobgléfritBRiwnmNickahOmbIedie: baaine pralsrSuBINhogisaentoMNckRipssHsate AR deyice is

then heated, which causes the metal to react with the underlying silicon and form a silicide. The

un-reacted metrlds selecti@lyEHRoNgshinien gt VD useohan eichant thakalags 4o atiaskdbe silicide,

SiO2 and silicon substrate, as is well known in the art. [0026] Pretreatments may be optionally performed.

An H2 pretreiare vy aasaiRr allyr kac eandusiag poshambaLOMB)exanple abthectcaatmentapogition
is: The H2 flow rate is about 9500sccm, the chamber pressure is kept at about 2.3torr, the temperature is
about 400C agsbieofreatenbling g et skd Seadedsgion where a single crystal substrate is exposed,
semiconductor 10 is grown epitaxially. On the SiO; layer, a poly-crystal is formed. The poly-
crystal and SiO; are then etched, leaving only semiconductor layer 10. In other embodiments,
source 9 and drain 11 can be formed of materials that are epitaxially grown in recesses formed in
substrate 2, in which case the source 9 and drain 11 are formed substantially within substrate 2

(as opposed to on substrate 2). In yet other embodiments, source 9 and drain 11 can be formed by

doping select regions of substrate 2.

[0024] Gate electrode 6 and source 9 and drain 11 regions are then exposed to ion-
implantation. It is desirable that the source 9 and drain 11 regions formed from semiconductor
material 10 be highly doped with p or n type dopant. The resistivity of the polysilicon is reduced
through doping. An annealing step is then performed to restore lattice structure to the pre-
implanted state. The annealing process is carefully controlled. In one embodiment, the dopant is
diffused vertically beyond the implant-damaged region. In another embodiment, a rapid thermal
process (RTP) is adopted to minimize dopant redistribution. It is to be appreciated that lateral
distribution may cause dopant to diffuse into the region under the spacers, but may not be

diffused to the region under the gate dielectric.



[0027] An NH3 pretreatment may also be performed optionally under the following conditions. The
chamber is filled with combined gases of NH3 and N2, the NH3 flow rate is about 9500sccm, and the N2
flow rate is about 2800sccm. The chamber pressure is kept at about 4.8torr. The temperature is about
400C and the treatment time is about 10 seconds. [0028] Figure 4 illustrates the formation of a glue layer

14. To imprqeazsihesionanshdrava it taeeCESIaxR HaBhP e ing fathin aikim iy telt Ofonid Madlde
optionally be formed on the whole device including source 9 and drain 11 regions, gate spacer 8 and poly

6. The glue layatidd prayebe forNestdYIRIasmaanRaRRRhANAMIGaLYRRRAE POSIIN IR E GYR)iienather
methods such as atomic layer deposition (also known as atomic layer chemical vapor deposition or ALD),

low pressurafeMb dkdtGY BdbEkeEiaRiymPRieNdD, isrvgedkOne @xaripierad HisrdeRasiioNi¢endtges. is:

the precursor is Si(CH3)4 (also known as 4MS or tetramethysilane), the flow rate of 4MS is about

1350sccm, argk e chaminen Reasslrelisckeph aisahoutctabtorfedon e ienRenativigyim © ahet 4Q0fand the
treatment time is about 20 seconds. The thickness of the glue layer 14 is preferably 20A to about 50 A,

and more prefigsialyTabau- 2O [0RRAI Asssheviwtin figigke Siasanast elelh siar (RS )iy aodsnis
blanket deposited on glue layer 14. CES layer 16 is preferably formed by PECVD, or other methods such

as ALD or LRGMOhssDReIprsieradEimhoditiest-oflfanmingenedoa iayes 46, the material of the CES
layer 16 is carbon-doped oxide such as CDO, SiOC, and ODC. CES layer 16 is preferably deposited to a

thickness of [%%ggi 100%581%&%%11%9 %%@'b%no%t%%ﬁly {o%fr%?%'é/dag%%f’ 8pe®eg_trrlr?ent may preferably be

conducted in a chamber. One example of the treatment condition is: The H, flow rate is about
9500sccm, the chamber pressure is kept at about 2.3torr, the temperature is about 400°C and the

treatment time is about 10 seconds.

[0027] An NHj pretreatment may also be performed optionally under the following
conditions. The chamber is filled with combined gases of NH3 and N, the NH; flow rate is about
9500sccm, and the N, flow rate is about 2800sccm. The chamber pressure is kept at about

4.8torr. The temperature is about 400°C and the treatment time is about 10 seconds.

[0028] Figure 4 illustrates the formation of a glue layer 14. To improve adhesion and
prevent the CES layer from peeling, a thin glue layer 14 of SiC may optionally be formed on the
whole device including source 9 and drain 11 regions, gate spacer 8 and poly 6. The glue layer
14 may be formed by plasma enhanced chemical vapor deposition (PECVD), or other methods
such as atomic layer deposition (also known as atomic layer chemical vapor deposition or ALD),
low pressure CVD (LPCVD). Preferably, PECVD is used. One example of the deposition
conditions is: the precursor is Si(CH3)4 (also known as 4MS or tetramethysilane), the flow rate of

4MS is about 1350sccm, and the chamber pressure is kept at about 1.6torr. The temperature is



forming gas may be any carbon containing precursor, preferably gases comprising 4MS or (CH3)3SiH
(also known as 3MS or tetramethylsilane) and carbon dioxide (COZ2). In a preferred embodiment where a
CDO film is deposited, the gas chamber may be filled with gas precursor of 4MS and CO2. The flow rate
of the gas precursor is about 1060sccm to about 3860sccm. The chamber pressure is maintained at

about 1.5torpbbie4dePOSHE thiempaRIHENR APMEA00GechindeTiRaseranditons AROMAI01309A CDO

film takes about 10 seconds to about 50 seconds to be deposited. [0030] In another preferred

embodimentpéfaapingcieibadayeril anthgeraiatrhiG EsydeyeA 16 is nitrogen-doped oxide such as
NDC and SiCN. The CES layer 16 is preferably deposited to a thickness of about 100A to about 1000A,

e R R P R RN
o1 AMS, N RS e ) Pt PR ERERLISh C St EAECET 0 ABOLE A RORSm The
condtions, & ThOAelSOUA R 1 BB 10F LB B “é?g’ﬁ’%%%% & Sﬁéf?% 1) The.
e G AT L R o
the forming cpndiions suc s e e o QLSRRG Shmpicely

forming gas may be any carbon containing precursor, preferably gases comprising 4MS or

(CHj3)3SiH (also known as 3MS or tetramethylsilane) and carbon dioxide (CO,). In a preferred

embodiment where a CDO film is deposited, the gas chamber may be filled with gas precursor of

4MS and CO,. The flow rate of the gas precursor is about 1060sccm to about 3860sccm. The

chamber pressure is maintained at about 1.5torr. The deposition temperature is about 400°C.

Under these conditions, a 300A to 500A CDO film takes about 10 seconds to about 50 seconds to

be deposited.

[0030] In another preferred embodiment of forming the CES layer 16, the material of CES
layer 16 is nitrogen-doped oxide such as NDC and SiCN. The CES layer 16 is preferably
deposited to a thickness of about 100A to about 1000A, and more preferably about 300A. The
forming gas may be any carbon containing precursor, preferably gases comprising 4MS or
(CH3)3SiH (also known as 3MS or tetramethylsilane), NH3 and N,. In a preferred embodiment
where an NDC film is deposited, the gas chamber may be filled with gas precursor of 4MS, NHj3
and N,. The flow rate of the gas precursor is about 1120sccm to about 1700sccm. The chamber
pressure is maintained at about 3.9torr. The deposition temperature is about 400°C. Under these

conditions, a 300A to 500A NDC film takes about 10 seconds to about 50 seconds to deposit.
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[0032] The addition of the CES layer 16 causes inherent stress in the device. It is known that the stress
in the device can enhance the carrier mobility, therefore enhancing the device performance. It is also
known in the art that the in-plane tensile stress improves the performance of an NMOS device while it
degrades the performance of a PMOS device. Therefore, it is desirable that the stress caused by the

CES layer 1fobs gdjustahledn Aidesridpamkous Sidhe herehipidtaliastonthersiiess KR preferred

embodiment, the stress may be adjusted by adjusting the deposition conditions such as the deposition

temperaturesifipgnSHifsseq@yb RAIBANISIRAR JNaad e Al Rud CRR{GBRPYASEREe W RS I dhR D a%itive
value indicates tensile stress and the negative value indicates compressive stress. [0033] Next, as

shown in Figukgife amhintRralgveldisicetiadibOmlayandife AlsRISRMEe o ss kAo wpasi@RsaRER) diglectric
(PMD) or an inter-metal dielectric (IMD) layer is deposited on the surface of CES layer 16. In a preferred

embodimenthd R JaerokdHe @itk onRiGPikasadnsatesinl witha kovatugesmaller than about 7.0. More
preferably, the k value is smaller than about 4.0. As known in the art, ILD layer 18 provides insulation

bet the t lyi li hat f d subse P t
exist botwed NEY sour kLTt A Ay G HATEI G By ré‘r‘sew i‘%s%&ﬁsé%wé‘i g
capacitance de radest[’E rﬁie\nce erformance. Lowerin 812) ﬂ of th ILD Iay({311 8 makes the
parasitic cacREREdSHRMEY TH& Sp&?ﬂﬁgr r‘fﬁrfheé W gypé 5?183 Birfbe Bt apititance is

proportional to e k value of Tsr? ielectric materi ed, th reductl%n of the 8Para5|t| c%pqpltance may

be significart TP BIHEF BrmbSdinteENE B! Byt % B Lifedls eHsRifgiproves the perlormance

of an NMOS device while it degrades the performance of a PMOS device. Therefore, it is
desirable that the stress caused by the CES layer 16 be adjustable in order to make use of the
beneficial effect of the stress. In the preferred embodiment, the stress may be adjusted by
adjusting the deposition conditions such as the deposition temperature. The stress can be adjusted
in a range of about —3Gpa to about 3Gpa, where the positive value indicates tensile stress and the

negative value indicates compressive stress.

[0033] Next, as shown in Figure 6, an inter-level dielectric (ILD) layer 18, also sometimes
known as a pre-metal dielectric (PMD) or an inter-metal dielectric (IMD) layer is deposited on
the surface of CES layer 16. In a preferred embodiment, ILD layer 18 is a SiCO or SiCN based
material with a k value smaller than about 7.0. More preferably, the k value is smaller than about
4.0. As known in the art, ILD layer 18 provides insulation between the transistor and the
overlying metal lines that are formed subsequently. Parasitic capacitors exist between the
source/drain and poly and metal lines formed on ILD layer 18, and the parasitic capacitance
degrades the device performance. Lowering the k value of the ILD layer 18 makes the parasitic
capacitance smaller, therefore improving the device performance. Since a capacitance is

proportional to the k value of the dielectric material used, the reduction of the parasitic
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deposited using, e.g., Tetraethyl Orthosilicate (TEOS), CVD, PECVD, LPCVD, or other well- known
deposition techniques. [0034] Also shown in Figure 6 is a photo resist material 20 formed and patterned
on ILD layer 18 in order to form contact openings 24 to the source and drain regions and the gate. Since
ILD layer 18 and CES layer 16 are different materials that can be selectively etched, the etching is

performed inchyR:fteRS iisbetiig ki dayan bis etabssiSaRrRINIRICES dayay hRoIRcREh o GdeS layer
16 is etched through to expose the underlying layer. Since CES layer 16 is thin compared to ILD layer

18, etching cRpOR&PBLRIEE More REeRIs ey H ARYENTTIVES gteiving PAtRMAIPhe M atestals QGES layer
16 and ILD layer 18 may both be SiCO and SiCN based, they must be different so that selective etching

can be perfogmaeh Hepnaemkedinget. ILD layer 18 is SiICO and CES layer 16 is SIiCN, so that when
etching ILD layer 18 using C4F6 + 02 +CO + Ar, the etching stops at CES layer 16. CES layer 16 can

then be etc ng CH2F2 + 02..]0035 shown in Figure 7, contact are for

contact ope %;JﬂCont 1o syt éﬁ?ﬁﬁ}lﬁg téfrﬁ% gé?é‘FF% fﬁ‘ﬂ%’? %&5‘3 tb?g?rﬁ&\ﬁ:( “known
alternatives.. Contact plugs 24 may also be ¢ t t d b d adh
ayers, SacH SSRGS YIS v BB TRA

L
sopecs o T s el The P SReeh e e AU s
CES layer 16 is etched through to expose the underlying layer. Since CES layer 16 is thin
compared to ILD layer 18, etching can be controlled more precisely to prevent over etching.
Although the materials of CES layer 16 and ILD layer 18 may both be SiCO and SiCN based,
they must be different so that selective etching can be performed. In one embodiment, ILD layer
18 is SiCO and CES layer 16 is SiCN, so that when etching ILD layer 18 using C4Fs + O, +CO +

Ar, the etching stops at CES layer 16. CES layer 16 can then be etched using CH,F; + O,.

[0035] As shown in Figure 7, contact plugs 24 are formed in the contact openings. Contact
plugs 24 may be formed of tungsten, aluminum, copper, or other well-known alternatives.
Contact plugs 24 may also be composite structures, including, e.g., barrier and adhesion layers,

such as titanium / titanium nitride or tantalum nitride, and other layers as well.

[0036] The preferred embodiments of the present invention are compared to the prior art in
several aspects such as the k value, parasitic capacitance, deposition rate, contact resistance,
sheet resistance, etc. Each of the aspects is discussed briefly below. The prior art devices are
formed with similar structures and under similar conditions as the preferred embodiments unless

specified otherwise.
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specified otherwise. [0037] Table 1 shows the forming parameters and results of three materials, SiN,
ODC and NDC, where SiN is the material used in the prior art, and ODC and NDC are materials used by
the preferred embodiments of the present invention. The SiN film is formed in a gas chamber filled with
precursor SiH4, NH3 and N2. The deposition temperature is about 480C and the chamber pressure is

kept at aboufy®ry. TABlabEId Matsiial NG R Bz RRRAS iR HENA { SeRBE MACH4R L STRICWIRS Snd
(A)120711711104 Deposition rate (A/Minute)41113012137 k Value7.5-84-54-5 Deposition temperature

(C)48040040¢HO003BEH isiNotiaas thatints-RrafereasismbpodinantscofiiapreseBthiRvantionsdhey
deposition of the CES layer 16 is faster and may be performed at lower temperatures. The deposition

rate of ODC @pehifofrets ahvstithéard dMmes phaderositiandataos Siimc thenldenesitian ieampesiature of
ODC and NDC is 400C, which is lower than the 480C for SiN. The k value of ODC and NDC is in the

range of abo4it@h proeirdensiHharHhenk valuehefdspysitvietnipdruthr iaaseueiabatitidane 8. [0039]
The outer fringing capacitance (parasitic capacitance between poly 6 and

chamber pressure is kept at about 3torr.

TABLE 1
Material SiN ODC NDC
Deposition time (Second) 176 54 31
Thickness (A) 1207 1171 1104
Deposition rate (A/Minute) 411 1301 2137
k Value 7.5~8 4~5 4~5
Deposition temperature (°C) 480 400 400
[0038] It is noticed that in the preferred embodiments of the present invention, the

deposition of the CES layer 16 is faster and may be performed at lower temperatures. The
deposition rate of ODC and NDC is about 4 to 5 times the deposition rate of SiN and the
deposition temperature of ODC and NDC is 400°C, which is lower than the 480°C for SiN. The k
value of ODC and NDC is in the range of about 4 to 5, much lower than the k value of SiN,

which is in the range of about 7.5 to 8.

[0039] The outer fringing capacitance (parasitic capacitance between poly 6 and

source/drain 10) of the device is reduced in the preferred embodiment of the present invention.
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source/drain 10) of the device is reduced in the preferred embodiment of the present invention. Figures
8a and 8b illustrate the models used to explain the fringing capacitance results. Each of the figures
contains spacers of two neighboring MOS devices. In Figure 8a, 48 and 50 are spacers, and a contact
plug 60 is connected to a source or drain 54. Distance dl is the distance between poly 42 and contact

plug 60. Betwparpsly fd 854 kRHASHRIUARRINSEE OKINLINGNG i ¢ARBCiRRCRAE: Rigure BAds similar to
Figure 8a except contact plug 60 is removed. Distance d2 is the distance between poly 62 of one device

and poly 73 gfcamathercdavias. BebuteT RRYNEEMBAROM (38, dbateexstsdiRangsanacianse 80. There
are also outer fringing capacitances (the parasitic capacitance between poly and source/drain) 32

between polypapétsaucechminet[PREHITIR GiaRratitaR e soneav@diarssliDsirated dp kg réifambich
shows the fringing capacitance as a function of the spacing between source/drain/poly and poly. (The

spacing is dibdpweigipeIga2agddeb Hiakiginie 80. Bette:dnaidyle 2@t AR (NG MY CABACKARCESISHRWN I

Figure 8a, and the fringing capacitance is the combination of capacitances 30 and 32. The k value of

CES layer 46apibigthis Bunmaehef &N isnfilarfey Fred, sinsktbptkvalue pheBSilaxaidedwbistiise igrmed

of CDO or NDC, is 4.0 for line 2. Line 3 and line 4 are the fringing capacitances shown in Figure 8b, and

the fringing GapRCHRNGR IHHIR LAPBINBROSY ohe AR ARIEANLESBP B 6 330 thBe de el UB lvednD iy 60 46,
which is formed of SiN, is 7.5 for line 3, and the k value of CES layer 46, which is formed of CDO or

NDC, is 4.0 fexilingy?73t inabaivedrinatfc EfHlryandsgoonrikyias sshricapasitancaplisadbattiawering

the k value of CES layer 46 reduces the capacitance 30. Therefore, line 2 is lower than line 1 since the k
value of CEpdaystidénfaciingce ist@adr pdlieand source/drain) 32 between poly and source/drain.

[0040] The capacitances measured are illustrated in Figure 9, which shows the fringing
capacitance as a function of the spacing between source/drain/poly and poly. (The spacing is d;
in Figure 8a and d; in Figure 8b.) Line 1 and line 2 are the fringing capacitances shown in Figure
8a, and the fringing capacitance is the combination of capacitances 30 and 32. The k value of
CES layer 46, which is formed of SiN, is 7.5 for line 1, and the k value of CES layer 46, which is
formed of CDO or NDC, is 4.0 for line 2. Line 3 and line 4 are the fringing capacitances shown
in Figure 8b, and the fringing capacitance is the combination of capacitances 80 and 32. The k
value of CES layer 46, which is formed of SiN, is 7.5 for line 3, and the k value of CES layer 46,
which is formed of CDO or NDC, is 4.0 for line 4. It is observed that CES layer 46 contributes to
the capacitance 30, so that lowering the k value of CES layer 46 reduces the capacitance 30.
Therefore, line 2 is lower than line 1 since the k value of CES layer 46 for line 2 is lower. The
difference between the capacitances in lines 1 and 2 is about 4% to about 5%. Also, line 4 is
lower than line 3 because the k value of CES layer 66 for line 4 is lower than the k value of CES
layer 66 for line 3. When the spacing increases, the capacitance of 30 and 80 decreases so that

the effect of the CES layer is reduced. At some point, the spacing increases significantly enough
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difference between the capacitances in lines 1 and 2 is about 4% to about 5%. Also, line 4 is lower than
line 3 because the k value of CES layer 66 for line 4 is lower than the k value of CES layer 66 for line 3.
When the spacing increases, the capacitance of 30 and 80 decreases so that the effect of the CES layer
is reduced. At some point, the spacing increases significantly enough that the effects of capacitance 30

and 80 diminigh @edgaRadianpecidleeavnag Socimainspaitieantthadingisscearaciantgod pergiare,
lines 1, 2, 3 and 4 merge. [0041] It is known in the art that CES layer 16 affects the contact resistance

between its gindenyingrayapadiahoantdhedszentast RlUYS 244 Posiily. because it affects the contact
surface characteristics, the contact shape and the over-etch behavior. The contact resistance between

the contact 24 and.the source/drain 9, 1 e also compared to the rlor art. The result js shown in
Ficuron 10 AL Fiodbd TO MRt Mmool ity 16 SORARGH SrEEe BER oaiatamce
between a conta ct pIu 24 a n n+é1‘ ped sour e/ n 10..The result is based on 794,475 serially
anmocted COTAEALR s Lt e AL B T o B T EC TS 607 5 RS E i
as line 82) as the CES Iasyer 16 is about 10% lower than%[sJ ontact,_resistance with SlNigshown s line
53 s e CESIIEME it kBt PRTRA0E BRSNS S RHRSEASHSFdRiact

t betw t 24 +d d /d 9,11.Th Isq based
704,475 <Al EoP NNl B CHLIEHI el | ACRECRLEARA I (et S 11 S8 DD

(shown as line %@E%Stlti‘ﬁ (Ff %er 161 bs otltcetablt){] smaller %han thg %olnttact re |stf€1nce P];hSIN shpwn

as line 93) il 1@ % 1gure 10 illustrates the cumulative probability as a function of the contac
resistance between a contact plug 24 and an n+ doped source/drain 10. The result is based on
794,475 serially connected contacts. It is noted that the contact resistance with ODC (shown as

line 81) or NDC (shown as line 82) as the CES layer 16 is about 10% lower than the contact

resistance with SiN (shown as line 83) as the CES layer 16.

[0042] Figure 11 illustrates the cumulative probability as a function of contact resistance
between a contact plug 24 and a p+ doped source/drain 9, 11. The result is also based on 794,475
serially connected contacts. The contact resistance with NDC (shown as line 91) and ODC
(shown as line 92) as the CES layer 16 is noticeably smaller than the contact resistance of SiN

(shown as line 93) as the CES layer 16.

[0043] Contact resistance also exists between n+ doped poly silicon and the metal contact.
From the test performed based on the average of 794,475 contacts connected in series, it is found
that the resistance of NDC and ODC is a little better than the contact resistance of SiN, so that
the contact resistance between metal and p+ and n+ poly silicon is at least comparable to the

prior art.

[0044] The test also shows that when the material of the CES layer 16 is changed from SiN

to ODC or NDC, the sheet resistances of the underlying materials are not affected. Measurements

- 15-



[0043] Contact resistance also exists between n+ doped poly silicon and the metal contact. From the test
performed based on the average of 794,475 contacts connected in series, it is found that the resistance
of NDC and ODC is a little better than the contact resistance of SiN, so that the contact resistance
between metal and p+ and n+ poly silicon is at least comparable to the prior art. [0044] The test also

shows that viies shensaiaiakaldhe Cloartay@nib s coanara {iem-SiygaIBRG QMR endhe- opel

resistances of the underlying materials are not affected. Measurements -15 have been conducted on n+

source/drainpfry SGEFEHRRIN sMstGRPREARQAY &iligON RO fed Mgt s PP S GRS B thReREFRSIR@Nces
do not change regardless of the materials of the overlaying CES layer. [0045] Other characteristics, such

as the threshgig yjtage and the leakage current of the resulting MOS transistor were also tested. No
substantial difference was found between different CES layer materials, such as ODC, NDC and SiN.

[0046] Besi advantages mentioned abqve, the preferred embodiments of the present invention
are fuly comRiBle it L ST AR i O [ DL RIS ARIFER L oAy SHETT OB, and
known methods, so t ere is no extra }cost invcﬁlﬁ]ed.‘%)OMM\OI%ﬁu%q the grﬁen invention.and its
advantages Fesylipe LRSI GEEA 'St gtia ETREE THATHBUL BRARGRESS ns
and alteratio n be made herein wi t rting frgm the spirit and scope of the invention as
Gefineo by Ay PETHER B och & OC, NSEGRESIN:

[0046] Besides the advantages mentioned above, the preferred embodiments of the present
invention are fully compatible with current device fabrication processes, and can be made by

existing tools and known methods, so that there is no extra cost involved.

[0047] Although the present invention and its advantages have been described in detail, it
should be understood that various changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as defined by the appended claims.
Moreover, the scope of the present application is not intended to be limited to the particular
embodiments of the process, machine, manufacture, and composition of matter, means, methods
and steps described in the specification. As one of ordinary skill in the art will readily appreciate
from the disclosure of the present invention, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to be developed, that perform
substantially the same function or achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to the present invention. Accordingly,
the appended claims are intended to include within their scope such processes, machines,

manufacture, compositions of matter, means, methods, or steps.
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Moreover, the scope of the present application is not intended to be limited to the particular embodiments
of the process, machine, manufacture, and composition of matter, means, methods and steps described
in the specification. As one of ordinary skill in the art will readily appreciate from the disclosure of the
present invention, processes, machines, manufacture, compositions of matter, means, methods, or
steps, presentiy £XI$HT ATteptsbe developed, that perform substantially the same function or achieve
substantially the same result as the corresponding embodiments described herein may be utilized
according totthe pregenfiédyatidhciRidialymprRiappended claims are intended to include within their
scope such processes, machines, manufacture, compositions of matter, means, methods, or steps.
WHAT I3 CLAIMER {gbstrdcAaviiearaiedeircuit device comprising: 2 a substrate having a surface; 3 a
gate dielectric formed on the surface of the substrate; 4 a gate electrode formed on the gate dielectric; 5
a pair ofispacers fojirpgd alererappasieisidenadis pither aaie@laeitede and the gate 6 dielectric; 7
source and drain regions formed on opposite sides of the gate electrode; 8 a contact etch stop (CES)
layer blanket formeg @ietbR GRIHE G bl theegiRnsiassiibe 9 spacers wherein the CES layer is formed
of a material selected from the group consisting 10 essentially of a silicon oxycarbide (SiCO) based

materiakand a silicapgaibosphdee (Siabl) d18sedpposite sidewalls of the gate electrode and the gate
6  dielectric;
7 source and drain regions formed on opposite sides of the gate electrode;
8 a contact etch stop (CES) layer blanket formed on the source and drain regions and the
9  spacers wherein the CES layer is formed of a material selected from the group consisting
10 essentially of a silicon oxycarbide (SiCO) based material and a silicon carbonitride (SiCN) based

11  material;

12 an inter-level dielectric (ILD) formed on the CES layer; and
13 a conductive plug formed in the inter-level dielectric.
1 2 The integrated circuit device of claim 1 wherein the spacer material is a material selected

2 from the group consisting essentially of a Silicon, Carbon containing based oxide and a Silicon,

3 Carbon containing based nitride and having a dielectric constant (k value) smaller than about 5.0.

1 3. The integrated circuit device of claim 1 further comprising a glue layer formed on the
2 CES layer.
1 4 The integrated circuit device of claim 3 wherein the glue layer material is SiC.
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11 material; 12 an inter-level dielectric (ILD) formed on the CES layer; and 13 a conductive plug formed
in the inter-level dielectric. 1 2. The integrated circuit device of claim 1 wherein the spacer material is a
material selected 2 from the group consisting essentially of a Silicon, Carbon containing based oxide and
a Silicon, 3 Carbon containing based nitride and having a dielectric constant (k value) smaller than about

5.0. 1 3 Thesintegratedisiscritdevicaipticlain ok futhes Gareiising analusyavelsRimeehen traBowES
layer. 1 4. The integrated circuit device of claim 3 wherein the glue layer material is SiC. 1 5. The
integrated cipguiitidase: ahdlaim 3 wherein the glue layer has a thickness of about 2 20A to about 50A. 1
6. The integrated circuit device of claim 1 wherein the CES layer has a k value less than 2 about 7.0. 1 7.
The integrated circuit device of claim 1 wherein the thickness of the CES layer is 2 between about 100A

lo abouy 100PA. 1 8, e, inteqrated cirepil device of i 2 bretibe, CES Javar has annperent stress
2 between about -3GPa a a. 1 9. The'integrated circuit device of claim 1 further comprising a step

feature Eom%[)i(sng%% 2 material selected from the group consisting essentially of a Silicon, Carbon
containing based 3 oxide and a Silicon, Carbon containing based nitride and having a k value less than
about 5.0.

17 The integrated circuit device of claim 1 wherein the thickness of the CES layer is

2 between about 100A to about 1000A.

1 8. The integrated circuit device of claim 1 wherein the CES layer has an inherent stress

2  between about —3GPa and 3GPa.

1 o9 The integrated circuit device of claim 1 further comprising a step feature comprising a
2 material selected from the group consisting essentially of a Silicon, Carbon containing based

3 oxide and a Silicon, Carbon containing based nitride and having a k value less than about 5.0.

1 10. The integrated circuit device of claim 9 wherein the step feature has a height greater than

2 about 300A.

1 11 The integrated circuit device of claim 9 wherein the step feature has an aspect ratio

2 greater than about 2.

12 The integrated circuit device of claim 9 further comprising:
2 a second gate electrode formed over a second gate dielectric and having a second pair of

3 spacers formed along opposite sidewalls of the gate electrode and the gate dielectric, wherein one
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1 10. The integrated circuit device of claim 9 wherein the step feature has a height greater than 2 about
300A. 1 It. The integrated circuit device of claim 9 wherein the step feature has an aspect ratio 2 greater
than about 2. 1 12. The integrated circuit device of claim 9 further comprising: 2 a second gate electrode
formed over a second gate dielectric and having a second pair of 3 spacers formed along opposite
sidewalls of diergaimelectiotie andiaparis diplesyis sPRRIEIDANE hobHee SRAGYS QS hRasesasapair of
spacers is spaced apart from one of said pair of spacers by at 5 most 300A. 1 13. The integrated circuit
device of claghast vgogrein the ILD material comprises a material 2 selected from the group consisting
essentially of a Silicon, Carbon containing based oxide and a 3 Silicon, Carbon containing based nitride.
1 14. A method of forming an integrated circuit device comprising 2 forming a gate dielectric on a
surface f’f a %lbstraltﬁ orm n ate electro on the gate d eﬁj’fm for |n acer aton a

ele

sidewall of thé gate crede and e gate Vl(dee(i nc oFriﬁlrilg a source?der%idn regi rn %flaglgnetr%
spacer; 6 formin ont ot etch stop (CES) | urce n region and the pacer 7 wherein
the CE Iayer?lcogr?%nrgg% a naten éi‘%‘é (%tclz %Irligl grou%%%)nlélgﬁ%ogscsgg% ial Rgotta % ﬁ?:on nd'd

oxycarbéde (§11(:C%))] t@ar%dmrr(i:%t Qlalll I?g”i%ase%"m O dcarbonltnde (SiCN) based material;
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9 forming an inter-level dielectric (ILD) on the CES layer; and 10 forming a conductor in the inter-level
dielectric. 1 15. The method of claim 14 wherein the CES layer is formed by chemical vapor deposition 2
(CVD). 1 16. The method of claim 15 wherein the CVD method is selected from the group consisting 2 of
plasma enhanced CVD (PECVD), atomic layer deposition (ALD), and low pressure CVD 3 (LPCVD). 1 17.

The method pf claim 3@ WbeWirtna Ry inverdedepesiterd e RIRpWISAE .coMprising 2 carbon containing
materials. 1 18. The method of claim 17 wherein the precursor comprises Si(CH3)4 (4MS) and 2

SIH(CH3)3 (3MS). foifinbhegnethrtalelaim 1awbetaina {hssdaresition temperature is between about
300C to 2 about 800C. 1 20. The method of claim 14 further comprising a H2 plasma pretreatment prior to

the stepsof 2 forming thenG & Sdayaeckalk Jhddatbereeicgiaim 14 further comprising a NH3 plasma
pretreatment prior to the step 2 of forming the CES layer. 1 22. The method of claim 14 further comprising

forming 4 SiC glue faparmripsgathesiapafideleamiTa b e £ESelanste 4ndhd Reren@tiad:f; claim 14
wherein the CES layer has an inherent stress between about
5 forming a source/drain region adjacent the spacer;
6 forming a contact etch stop (CES) layer over the source/drain region and the spacer
7  wherein the CES layer comprises a material selected from the group consisting essentially of a
8  silicon oxycarbide (SiCO) based material and a silicon carbonitride (SiCN) based material;

9 forming an inter-level dielectric (ILD) on the CES layer; and

10 forming a conductor in the inter-level dielectric.

1 15. The method of claim 14 wherein the CES layer is formed by chemical vapor deposition

2 (CVD).

1 16.  The method of claim 15 wherein the CVD method is selected from the group consisting
2 of plasma enhanced CVD (PECVD), atomic layer deposition (ALD), and low pressure CVD

3 (LPCVD).

1 17.  The method of claim 16 wherein the CES layer is deposited in a precursor comprising

2 carbon containing materials.

1 18. The method of claim 17 wherein the precursor comprises Si(CH3)4 (4MS) and

2 SiH(CH3)3 (3MS).
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2 -3GPa to about 3GPa. 1 24. The method of claim 14 wherein the spacer material is a material selected
from the group 2 consisting essentially of a SICO based material and a SICN based material and wherein
the 3 spacer material has a k value less than about 5.0. 1 25. The method of claim 14 further comprising
a step of forming step features wherein the 2 step feature material is SiCO or SiCN based material having

a k valug smaljler thpR:ahaub 8 da26. 1@ BRIl Paimidit BN GRMIPHSINGe# B6MInOEEIgASt two

transistor devices having spacers wherein the spacing between the 3 spacer of the first transistor device
and the spacggbef §pe°gecond transistor device is smaller than 4 about 300A.

1 20. The method of claim 14 further comprising a H, plasma pretreatment prior to the step of

2 forming the CES layer.

1 21 The method of claim 14 further comprising a NH3 plasma pretreatment prior to the step

2 of forming the CES layer.

1 22 The method of claim 14 further comprising forming a SiC glue layer prior to the step of

2 forming the CES layer.

1 23 The method of claim 14 wherein the CES layer has an inherent stress between about

2 -3GPa to about 3GPa.

1 24 The method of claim 14 wherein the spacer material is a material selected from the group
2 consisting essentially of a SiCO based material and a SiCN based material and wherein the

3 spacer material has a k value less than about 5.0.

1 25 The method of claim 14 further comprising a step of forming step features wherein the

2 step feature material is SiCO or SiCN based material having a k value smaller than about 5.0.

1 26. The method of claim 14 further comprising:
2 forming at least two transistor devices having spacers wherein the spacing between the
3 spacer of the first transistor device and the spacer of the second transistor device is smaller than

4 about 300A.
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