Silicon Oxycarbide and Silicon Carbonitride Based Materials for MOS

Devi ces [0001] This applications clainms priority to provisional patent
application serial nunber 60/565,630, filed April 27, 2004, and entitled
"Silicon Oxycarbide and Silicon Carbonitride Based Materials for MOS

Devi ces, " which application is incorporated herein by reference. FIELD OF
| NVENTI ON [ 0002] This invention relates generally to sem conductor devices,
and nore specifically to contact etch stop |ayers. BACKGROUND [0003] In
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| ayer so that the underlying layer is exposed. [0004] The conventionally
used sili itri stop | ayer has several disadvantages. It has a
hi gh dielégﬁ#?9%é§ﬁ§?§ﬁﬁﬂbalue (al so known as k value), typically about 7.5
to 8. The high k value increases high parasitic capacitance, which
degrades {duozdeVvi s RREARITBRALS sy to@BRldoMductor 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,



-1 the deposition rate of the silicon nitride filmis |ow and the
deposition tenperature is high, which are not desirable process
characteristics. -2 SUMVARY OF THE | NVENTI ON [ 0005] The preferred

enbodi nents of the present invention use silicon oxycarbide (SiCO (also
called Silicon, Carbon containing based oxide) and silicon carbonitride
(SICN) (also called Silicon, Carbon containing based nitride) based
materials, such as carbon doped oxide (CDO and nitride doped silicon
car bi de ( . . . i . Si CN
based mat Jgglﬁ : OESSR Oggég Iog?\lgrSﬁﬁ%gﬁ%%egﬁlﬁﬂgz&gﬁﬂ @%?E?ﬁspr [ 3%1“8 %lg%se.% %’a‘gﬁ(ﬁ
addition,_ they,my.be deposited.at higher deposition rates and at | ower
depositioﬂen?%ﬁﬁ%%%?ﬁ?gggcé@a%§$ﬁ6&the Si CO and Si CN based materials in the
MOS device, the characteristics of the device such as the outer fringing
capaci tance, contact resistance, sheet resistance, threshold voltage, and
| eakage current are either inproved or conparable to the prior art. [0007]
In the preferred enbodiment, a gate dielectric and a gate el ectrode are
formed on a substrate. A pair of spacers is forned al ong opposite
sidewal I s of the gate electrode and gate dielectric. The source and drain
are formed. A contact etch stop (CES) layer is forned on the source/drain
regi ons and spacers. The CES | ayer is preferably formed of Si CO based
material or SiCN based material. An inter-level dielectric (ILD) is forned
on the CES | ayer. The contact openings are then forned and contact plugs
are formed in the contact openings.



[ 0008] Si CO and Si CN based materials nmay al so be used to formother parts
of the MOS device, such as spacers, gate step features and the ILD. -3
BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009] For a nore conpl ete understandi ng
of the present invention, and the advantages thereof, reference is now
made to the follow ng descriptions taken in conjunction with the
acconpanyi ng drawi ngs, in which: [0010] Figures 1 through 7 are
cross-sectional views of internediate stages in the manufacture of a
preferred MOS transi stor enbodi nent; [0011] Figures 8a and 8b illustrate
nodel s foSUMMARMQETh@%\@&T@ﬁce [0012] Figure 9 illustrates the

fringi ng capaci tances as a function of the spacing between poly and
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enbodi ments are discussed in detail below It should be appreciat ed

hovever , aidatitrids dopadesiénon cexider(NISR tp okt thesontastyetdpiton lestsl e i nventive

concepts that can be enbodied in a wide variety of specific contexts. The
specific [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.



enbodi nents di scussed are nerely illustrative of specific ways to nake and
use the invention, and do not |imt the scope of the invention. [0016] The
preferred enbodi nents of the present invention use silicon oxycarbide
(SICO and silicon carbonitride (SiCN) based material, such as

car bon-doped oxide (CDO and nitride- doped silicon carbide (NDC) to nake
MOS devices. The details of making the preferred enbodinents are

di scussed. The test results of the MOS devices are then discussed. [0017]
Figures 1 through 7 illustrate the preferred enbodi nents of the present

i nvent i onBRIEF BESERIPTION, OF IFEEDRAWINGS nati on of a gate. In an
illustrative enbodi nent, the substrate 2is a silicon substrate. In other

enbodi nen ili i gu Fl eni condu tor
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as the suBSPHRMYIDE dAYINES, IRAGYH i n the art, portions of the substrate, such
as channel areas, wll be lightly doped with n or p type dopant. [0018] A
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since it is an effective barrler to inmpurity diffusion. The silicon nitride
film -5 [@1py ef eFighiley 34 adsdilloytratdv@boad fonithe fridgihg @fpadftarl] i con. It can
al so be prepared by plasnma anodic nitridation using nitrogen-hydrogen. The

silicon nitride filmnay al so be fornmed by therma
[0012] Figure 9 i}/lustrates the fringing capac%{tances asa J:unctlon 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.



nitridation of Si@2. In other enbodinents, the gate dielectric may al so be
an oxy-nitride, an oxygen-containing dielectric, a nitrogen-containing
dielectric or any conbination thereof. [0019] Figure 1 also shows a gate

el ectrode 6 fornmed on gate dielectric 4. Gate electrode 6 is preferably
polysilicon, although it may be formed of netal, or a conpound structure
conprised of netal, sem conductor, netal oxide and silicide. A preferred
nmet hod of formation is chem cal vapor deposition (CVD). The polysilicon
has the ability of being used as a mask to achi eve m ninum

gat e- t 0- sBbT ALk A5 TN OFHLSTRATIVE EMBSHIBEXRe devi ce perfor mance.
The polysilicon is then doped to reduce the sheet resistance. O her
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forma gate. [0020] Figure 2 illustrates a gate with spacers. A pair of
spacers 81f’1V§nt¥V6|Cﬁ%°&P§Itg€ﬁ§a% hreembqdigd ig (o vade yarighpokppeaiis partesds. (fhe specifid gat e
el ectrode 6. Spacers 8 serve as self-aligning masks for a subsequent
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silicon nitride, oxy-nitride or any conbination thereof. The spacers 8 may
be f or medaralydomedt lisktrtbewscoperef thedsestimh as bl anket depositing a dielectric

| ayer over the entire region including substrate 2 and gate el ectrode 6,
then anisgtropically etching to renoye the dielectric layer fr har i zont al
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spacer material can be Si CO based, such as carbon- doped oxide (CDO),
carbon i newrsHoaca@oBitideSH Mg majen) sush aspsPeioRsdgeide 5B 1284 aitrideenc) .
I n anot her preferred enbodi nent, the spacer material can be Si CN based,
such as 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-SiGeO]),
silicon germanium on insulator (SiGeOl), 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



-6 nitrogen-doped silicon carbide (NDC). The details of formng the Si CO
and Si CN based | ayer are provided below with the introduction of the
formation of the CES. The k value of the SiCO and SiCN based material is
preferably smaller than about 5.0. Since the typical integrated circuit
size is decreasing, the typical distance between the contact plugs (i.e.,
the conductive contacts to the source and drain, respectively) and poly is
al so decreasing, so that the outer fringing capacitance (the capacitance
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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.

[00620] 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 (CDQ), carbon incorporated silicon oxide (SiOC) or Omithine decarboxylase

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

-6-



materials are desired to be used as the CESL. [0023] Figure 3 illustrates
the formation of the source and drain. A sem conductor material 10, which
defines the regions of the source and drain, is epitaxially deposited. A
preferred -7 method of form ng sem conductor material 10 is selective
epitaxy. A SiQ2 layer (not shown) is fornmed to cover substrate 2. Openings
are then forned through the SiQ2 to expose source/drain regions.

Sem conductor material 10 is then epitaxially grown. Sem conductor naterial

10 is prﬁirt‘ééégﬁééb fiQiﬁi@&gcalfﬁiidé‘giﬂﬁﬁﬁ.%E'd@(ail%’&@fg}gggﬂg?Z@SQ&C@@@SKE%{%%M%(@{‘rél{aeher

deposi tion ni Sues, I ncluding” chem ca osition

hi gh vacuum chem.cal . or .d si ti.gn UHVCVI ¢, |l ayer .chem.cal
Vapor - deptoy ERERBRERRE by B o 15 aretionintie S Tad i SRS B na
(MOCVD) c | so, be used. |I.n the region er .single crystal substrate is
exposed, Sicalbsehmatcrial s ff?f?rgblgﬁ@aﬁeré%nt%gwaﬁ%n & iyaica)) ipjpeyaRpeirculy size
pol y-crystal is_forned. The poly- crystal and Si Q2 are then etched, |eaving
only seni ¢daereeing thedyrial distancy bewhert the gergait whigs §i.., thoeandactyegaataglp i e 11
can be forned of materials that are epitaxially grown in recesses forned in
subst r at esoRyceiand vikviig espestirehyh endspaly tseal® deartasingisn that theromite dirimgigk; capacitance
substantially within substrate 2 (as opposed to on substrate 2). In yet

ot her enbgkl apaditncsiawesm tRe gnepelyahd thtkot@edian)becsrrs hyte sidafficag. Tied ect
regions of substrate 2. [0024] Gate el ectrode 6 and source 9 and drain 11

regi ons agfudtRanf eelost Helbs iRdiredhdiidh df tHRIJudSR frindind Sapd@tantaOherctdiationia
source 9 and drain 11 regions fornmed from sem conductor material 10 be

highly d Mﬁt%ﬁ%}pafy réFel ¥ & gl@% rredTQI?onﬁﬁérﬁt\ij{énttMe ﬁjacé atB‘?AIYSSéhIah nis
reduced through dopi r?g. An ‘annealing step 1s then perforned to restore
lattice spruchire %94 BRidh18s 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 3004, 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



i npl anted state. The annealing process is carefully controlled. In one
enbodi nent, the dopant is diffused vertically beyond the inplant-danaged
region. In another enbodinment, a rapid thermal process (RTP) is adopted to
m nim ze dopant redistribution. It is to be appreciated that |ateral

di stribution may cause dopant to diffuse into the region under the spacers,
but may not be diffused to the region under the gate dielectric. -8 [0025]
Al so shown in Figure 3, silicide regions 13 are formed through a
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and drain regions coated wth a transitiona
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silicide, SiQ2 and silicon substrate, as is well known in the art. [0026]

Pr et r eat nifefasably formed sping aekacriar peant enritesy (MRE).rafthpyghy qtles depesitiondgehniques,
preferably be conducted in a chanber. One exanple of the treatnent

condi t i oninichidiiifvhetiRal vapar depositivs (QYDYultrOlEgD sawmm dhhmicehwapoedeposiissure i s
kept at about 2.3torr, the tenperature is about 400C and the treatnent

time i s atigHVCVD)sacoidsyer[cB8REA vApoNdBogitiet (AT vViPnbr meyl @batic Henfied vasored
optionally under the following conditions. The chanber is filled with
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N2 flow rate is about 2800sccm The chanber pressure is kept at about
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seconds. 00581 Flguregﬁ i?f@strayes t he %rgﬁflgn§b a é%ue ayerpl . To

| prove agrr}lfgt%i M Szi{agare 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 ¢ 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.



prevent the CES | ayer frompeeling, a thin glue layer 14 of Si C may
optionally be forned on the whole device including source 9 and drain 11
regions, gate spacer 8 and poly 6. The glue l|ayer 14 may be forned by

pl asma enhanced chem cal vapor deposition (PECVD), or other nethods such
as atom c | ayer deposition (also known as atomi c | ayer chem cal vapor
deposition or ALD), |low pressure CVD (LPCVD). Preferably, PECVD is used.
One exanpl e of the deposition conditions is: the precursor is Si(CH3)4
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| ayer 16 is carbon-doped oxide such as CDO, Si OC, and ODC. CES | ayer 16 is
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preferably about 300A. The form ng gas nmay be any carbon contai ning
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or tetranethylsilane) and carbon di oxi de (CIE) In a preferred enbodi nent

where a CDO filmis deposited the be filled with S
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1060sccm to about 3860sccm The chanber pressure is naintai ned at about
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a 300A to 500A CDO fil mtakes about 10 seconds to about 50 seconds to
9500scem, 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 NI, pretreatment may also be performed optionally under the following
conditions. The chamber is filled with combined gases of NH; and N, the NH; flow rate is about
9500scem, 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(CHjs), (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



be deposited. [00301 In another preferred enbodi ment of form ng the CES

| ayer 16, the material of CES |layer 16 is nitrogen-doped oxi de such as NDC
and SiCN. The CES layer 16 is preferably deposited to a thickness of about
100A to about 1000A, and nore preferably about 300A. The form ng gas may
be any carbon containing precursor, preferably gases conprising 4M5 or
(CH3)3SiH (al so known as 3Ms or tetranethylsilane), NH3 and N2. In a
preferred enbodi nent where an NDC filmis deposited, the gas chanber may
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based nmatj@oigl s iss showkhin Figare 4, BRoktastatdietadf (CES) ldyeo16 8 blankéelelepdsytpd 6@kiuy
7.5 to 8), and the actual k value varies fromone process to another. The

k val ue nayerhg. @g§ }a%leﬂs 1@¥)r&é1§ﬂ9'f&%eﬁhb% ﬁwmrwo%pﬁiemoeyﬁmﬁlag R1&Soit he
deposition pressure, and "the k”value of the resultlng n1typ|cally
(r::lrjlgg: |an relﬁtﬂ)lsoft;n(r8 gels}&?ér? e?hb%dl e%?gﬁior%ﬁ%'tﬂgg W Eé tﬁaﬁ e St rfga\(ségﬁElsﬁGt he
devi h

por f or marteT 1P b LR REe 1 F Dot ORETE E%%E%Lé‘%@ﬁ%?m&@& ress
[ f d wh t th

Ip(ranr) 1[ 8?%&@@0% 33 i a@‘éﬂfeéout%ﬂ%xos 'ehogtv'lﬁ?q%f% gﬁ&%@%ﬁ%ﬁﬂ@ﬁtﬁaﬁt 1908 Tb¢ ess
caused by the CES | ayer 16 be adjustable in order to nake use of the

benef i ci dbrreing gas may be #y crhoagentajning pecyssoaf eieed egasercromamising S et r ess

maybe adj usted by
(CH3)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 dep_osited.

[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 10004, 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), NH; and N». In a preferred embodiment
where an NDC film is deposited, the gas chamber may be filled with gas precursor of 4MS, NH;
and N,. The flow rate of the gas precursor is about 1120scem to about 1700scem. 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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adj usting the deposition conditions such as the deposition tenperature. 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
conpressive stress. [0033] Next, as shown in Figure 6, an inter-Ievel
dielectric (ILD) layer 18, also sonetinmes known as a pre-netal dielectric
(PMD) or an inter-netal dielectric (IMD) layer is deposited on the surface
of CES layer 16. In a preferred enbodinent, ILD layer 18 is a SiCO or SiCN

based ”ago%%]:” eth%@ahife f""ciaé‘&cﬁ*grld %EI\{( BQ@HLI {s lgwe}\@%fBBrk"\faﬁfe ly, the

k val ue i an a out nown 1N the art Iayer

provi des i.nsul ati bet o nsi st nd the. overl

Phat are TUriN Efgd%E SRR g0 Opabd PR ALy oS o G ihuld h%f Thes
sour ce/ dr and ) met al formed.qon ILD | ayer, 18,. and t he

par asi ti cﬁé’%ﬁsw fé vstagbwfal&élgmﬁﬁ EDIESOPRPRY A ELhe dEARSitiongresHSand
val ue of the ILD | ayer 18 nakes the parasitic capacitance smaller,

t her ef or ethedyadiziol gha maldpg filaxtypepllvrapasscedouts. G osabguchPaci t ance i s
proportional to the k value of the dielectric material used, the reduction

of the pay (,?gk]tl Cr dﬁ%{%ﬁ%&r%’tﬁ?s %.?éﬁbl% dp%h&g'dﬁe&%?gt st h L B&ﬁceeﬂ%% ) rae?thyl

| LD | ayer may a be silicon oxXI &posit ed usi ng
eposi tion

Othosili at ) CVD, PECVD,

Cethor quol®sfet i %S&eglse ST e I%O%lléwatﬁﬁﬁ%f{f%m}hég?&% W&PF al 20
formed and atternﬁ qn | LD er 18 in order tq form.contact openings 24
to the sobfffsmapss Bisalsp lffé)gwdﬁ SHtthatge ahleléne igpsiestressimpraygethe p %fﬁti‘n?zs
| ayer 16 are different materials that can be selectively etched, the
etching PEaMQS drvipeiwhileiislegradpsthe prifemanemef 3 FMOSAlgsice. (Fheraforst it e d

stopping at CES | ayer 16. Second, the
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 mn 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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CES |l ayer 16 is etched through to expose the underlying | ayer. Since CES

| ayer 16 is thin conpared to ILD |layer 18, etching can be controlled nore
precisely to prevent over etching. Although the nmaterials of CES | ayer 16
and ILD | ayer 18 may both be Si CO and Si CN based, they nust be different
so that selective etching can be perfornmed. In one enbodinent, ILD I|ayer
18 is SICO and CES layer 16 is SICN, so that when etching ILD | ayer 18
using C4F6 + 02 +CO + Ar, the etching stops at CES |layer 16. CES | ayer 16

can then Bgaehehedl sl 80 BHaT e ulPoh RRL ST SNONR 155 AU fTicol LR

plugs 24 are forned i e contact openi ngs. ntact

Cont act  piUHS S hey 7 Tl L SRR ey EEE BT AR SR YEE: o0

and adhesion]ggéets, uch as titanium/ titaniumnitride or tantal um
nitride, GRYTGERSHIILEEINIUSS wel | . [0036] The preferred enbodi ments of the
present invention are conpared to the prior art in several aspects such as

the k val @g34jpar agid iHoveBRICHEEH & pHIEPR ST hARrif130Fornt A phitdrRS SRS E,
sheet resistance, etc. Each of the ‘aspects is discussed briefly below The

Condi t 1 ori2/ e i8S & LA BhormS b Bl BOEL AR ARnt HREhe Bl il
0037] T 1 f ' . ter | ts. t i als,
SN, | COC e SR S g P e R R et ap Fe TR ek o it Seing” oo

d NDC a terial d_by _th ferred, enbodi nent f th
[ nvent i on's PYREISHRR PO i Pt e P fRyaT (18 ciahBpPin o GBIy 9. BF-eedr bor

SiH4, NH3 and N2. The deposition tenperature is about 480C and the chanber
pressure ¢BS leypt 16Gis ctebed @b te 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 C4Fg + 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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TABLE 1 Material SiN ODC NDC Deposition tinme (Second) 176 54 31 Thickness
(A) 1207 1171 1104 Deposition rate (AMnute) 411 1301 2137 Kk Value 7.5 -
8 4-5 4-5 Deposition tenperature (C) 480 400 400 [0038] It is noticed that
in the preferred enbodi mnents of the present invention, the deposition of
the CES |ayer 16 is faster and may be perfornmed at | ower tenperatures. The
deposition rate of ODC and NDC is about 4 to 5 tines the deposition rate of
SiN and the deposition tenperature of ODC and NDC i s 400C, which is | ower

t han t he for T out
110 5. o] owel tna (Rl Gty Rt e i GG A
7.5 to 8. 3 T er fringin acitan c.cap tan

et ween PR STk g et g Ry ki BETRE NP e BRRRRLs FETEy
preferred enbodi nent of the esent inventiop. gures 8a and 8b

I 1 ust r at WepfReHRHaTodagts ?fcp}L%R’(iP%{’it VRO Fﬁﬁaﬁ%gﬁwﬁa’aﬁl%ﬁe@% ghambes

Each of the figures contains spacers of two nei ghboring MOS devices. In

Fi gure 8afilleBwighireserserSts.dcandd>. dheldepositian srspepitrg isDors4&hanetthed to a
source or drain 54. Distance dl is the distance between poly 42 and

cont act pthantedpreBatawsdeptpobloud2toand cont act plug 60, there exists flinging
capacitance 30. Figure 8b is simlar to Figure 8a except contact plug 60 is
renmoved. Di stance d2

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.

[6039] 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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is the distance between poly 62 of one device and poly 73 of another

devi ce. Between poly 62 and poly 73, there exists fringing capacitance 80.

There are al so outer fringing capacitances (the parasitic capacitance

bet ween poly and source/drain) 32 between poly and source/drain. [0040] The

capaci tances neasured are illustrated in Figure 9, which shows the fringing

capaci tance as a function of the spacing between source/drain/poly and

poly. (The spacing is dl in Figure 8a and d2 in Figure 8b.) Line 1 and

line 2 ar I [ ' FOUES - i, ngi ng
R A b e P Ll I R A

capaci tanc _ ( ( ( _
CES | ayer PGB hraePEepar REa ot by MEstac s dn Ty sE M@0 frene 3°and

line 4 are the fringin apaci tances shown in Figyre 8b, and the fringing
capaci t arDECTS 4pha SO P G0 COHeEab it THReaE BN ShaPigghosths e st of
CES | ayer 46, which is fornmed of SiN, is 7.5 for line 3, and the k val ue of
CES | ayerbepgeen phy thandscontiehilae 69 RebrsasrPolpE andscontagt glag 69,jthase gxistp fringing
observed that CES | ayer 46 contributes to the capacitance 30, so that

| ower i ng tapecitaneeadlyFigufe §ES sinalea ito AiGurecdiesespt tordact apediOtiaramved. Distance d;
Therefore, line 2 is lower than line 1 since the k value of CES | ayer 46
for |ine idthesdistowebetwidee poldi Rfcfbandevidetmdpely 13he abagphacddvitecBaween polnés 1
and 2 is about 4%to about 5% Also, line 4is |lower than |line 3 because

the k val 4 iy BESdra¥gsts Bl capadindk 405 Th&wafe ddtedutdrF8ndiny sdpdsitptesCie

| ayer 66 for line 3. Wien the spacing increases, the capacitance of 30 and

80 decr easesiRa, 8w &R THRR} ardfsohRE/dE 3R ech DolySMHGEtce/Aains OME

poi nt, the séacfkg%%ﬁ%reasesF%ﬁgﬁ@ffcant y enoughﬁ3e §Of%ﬂthat0% eléffects of
capacitance 30 and 80 di m ni sh and capacitance 32 becones the mgj or portion
of the friofdfiing cBsaepicitness mEhwrefae dlustritadm Rigurg 9, ®higshdhavatbe 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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[0041] It is known in the art that CES | ayer 16 affects the contact

resi stance between its underlying |layers 6, 10 and the contact plugs 24,
possi bly because it affects the contact surface characteristics, the
contact shape and the over-etch behavior. The contact resistance between
the contact plugs 24 and the source/drain 9, 11 are also conpared to the
prior art. The result is shown in Figures 10 and 11. Figure 10 illustrates
the cunul ative probability as a function of the contact resistance between

a contact tth! tH? Fi%é&ts%}%a (iat "'ce%%%'ﬁg 88 9&{11}5%%5@!: 2 éﬁ)e%nhg_ ?5’?% %ﬁlléls E z%igra}."?o?'gono n

794,475 serial 'y conne contacts. I'S no e COI’]

resi stanc ODC (shown ine 8 o shown as |ine 82) as the
CES | ayergflt)éé ﬁ?ggﬁo‘:ﬁﬁac&%ﬁ%ﬁ’l ?flofehﬁﬂest]]%‘lg’ %SYFNH%E’%@GE' esistance with Si N
(shown as line 83) as the CES layer 16. [0042] Figure 11 illustrates the
cunul at i vogrjobaldi lsiknywasn e fakinigdt iCHS 10¥er (0RffaAE tHe@ShiEEEBERancB BEMNREN ite
contact plug 24 and a p+ doped source/drain 9, 11. The result is also based

on 794, 475,4.38% gi’slylebé 690 &%Pﬂl@@oﬁ%rpﬁ@s%q- @aﬁbgy@g&a@& it B34S 126 R W T dC

(shown as Tine (shown"as [ine 92 s the l'ayer 16 is

1 T SR BRI 2 S S S B0
Vel age. L$°%ﬂﬁde%i‘f@ﬁ3§%ﬁw2im : Lhireaoeprpted o BEGrPLAR dhe Ry w&%e%?
R e T dbirt ) Se SRk ST SR bR g

silicon is at |east conparable to the prior art. [0044] The test al so

shows t haesisipras bereceratcentagt plegt 24 andl a0ms dopgd poures/dreindifa Baeresult ishrgidNn t o

ODC or NDC, the sheet resistances of the underlying materials are not

af f ect ed. 7MEHS sematbrognected 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 i6 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
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-15 have been conducted on n+ source/drain, p+ source/drain, n+ doped poly
silicon and p+ doped poly silicon. Their sheet resistances do not change
regardl ess of the materials of the overlaying CES |ayer. [0045] O her
characteristics, such as the threshold voltage and the | eakage current of
the resulting MOS transistor were also tested. No substantial difference
was found between different CES |ayer materials, such as ODC, NDC and Si N.
[ 0046] Besi des the advantages nentioned above, the preferred enbodi nents of

the pr esqﬂt«e b daa C%H&Lkz?é?i Gl %uwemrﬁg RakLRE %]rml th e g;';]lg, sﬁl%;g, gﬁa felsde at ion

processes, can exi sting tools an SO 't

there is n ost, i nvalyved 004 Altho nvention and
its advar® Evg%ﬁcqﬁ S s f&%&fﬁceﬁgén?fc PP Jrgf REERETbe agy%iaagﬁ hat
vari ous changes, substitutions and alterations can be nmade herein w t hout
depar ti nd%% % he spirit and scope of the invention as defined by the
appended claims. Mreover, the scope of the present application is not

i nt ended pesspe | 'dﬂlér%ﬁalra&eﬁshﬁcsﬁﬁéﬁ homb aﬁesh@m@ﬂhg@m&h@ﬁeaga%@ kAR 8Bfhe
machi ne, nanufacture and conposition of matter, neans, nethods and steps

described.i i Lglh\q HFH?AEIEIIOP %fe%zso et NG sﬂf:)?tgx{t%l Hiaf eyengé({vhé fohfld B&@ea{ diftdfehd

readily appre m t he disclosure o present 1 nvent

processes, chi nes, .manuf a i.itions of matter, neans nmet hods,
or steps,® §@HP¥9ﬁ%&P§%*ﬁ35@¢gNQ§€P S@qbe devel oped, that perform
substantially the same function or achieve substantially the sane result as

the corrqepmpdi NBesidbPBe biRitage RS Ridnbe thdie] Bk Prof@edRenbatinkdnzesd tacsiededt Ng
to the present invention. Accordingly, the appended clains are intended to

i nclude whidibn bRy SERARELRUGHR RIRALESER fabBaRbAE R cesses, 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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manuf acture, conpositions of matter, nmeans, nethods, or steps. -16 WHAT IS
CLAIMED IS: 1 1. An integrated circuit device conprising: 2 a substrate
having a surface; 3 a gate dielectric formed on the surface of the
substrate; 4 a gate electrode forned on the gate dielectric; 5 a pair of
spacers formed al ong opposite 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) |ayer blanket formed on the
source a rrlajsr?][g iPpgsand the 9 spacers wherein the CES |ayer is forned
of a material selected fromthe group consisting 10 essentially of a
silicqn ycar i d i sed material and a silicon carbonitride (SiCN)
basedq 1c1)1>'(rrat lgfe:gl(afﬁ%uﬁﬁﬁ‘élﬁ?oél\%}sm&eI ectric (ILD) formed on the CES
| ayer; and 13 apcon uctive plug forned in the inter-level dielectric. 1 2.
The i it egr at ed SEPTER 1AVIGA REASF claim 1 wherein the spacer material is a
material selected 2 fromthe group consisting essentially of a Silicon,
Car boR cont ai rfi g8t Helsadc &rmge op Hip sirfagq ofdlmsubstmatesar bon cont ai ni ng based
nitride and having a dielectric constant (k value) smaller than about 5.0.
1 3. Fhe i nt egrg@atesdectiode frirmed e theezatsfdigdeaiion 1 f urt her conprising a gl ue
| ayer fornmed 2 underlying the CES | ayer.

5 a pair of spacers formed along opposite 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

2 underlying the CES layer.

1 4 The integrated circuit device of claim 3 wherein the glue layer material is SiC.
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1 4. The integrated circuit device of claim3 wherein the glue |ayer
material is SIC. 17 1 5. The integrated circuit device of claim3 wherein
the glue layer has a thickness of about 2 20A to about 50A. 1 6. The
integrated circuit device of claim1l wherein the CES | ayer has a k val ue

|l ess than 2 about 7.0. 1 7. The integrated circuit device of claiml
wherein the thickness of the CES |ayer is 2 between about 100.E to about
1000A. 1 8. The integrated circuit device of claim1l wherein the CES | ayer

has an i gg(;er e“f’he%{e rafed cfnp c%'bf%i%%ﬂ% IRTER g ;bt‘i’uél@}f ada Hhickhl& drb&Ar at ed

circuit vi ce of c arm er conprising a ure conprising a
mat eri.al ec%e 5.f)[g)omthe group consi sting essentlally of a Silicon,
Carboﬁ C ed 3 oxide and a Silicon, Carbon containing based
nitride and having a k value |l ess than about 5.0, 4 wherein the step
feature is between two gate polys or between a gate poly and a contact
plug. 11 14). Theheiittegaredichtuicldgvias df cthémiloeheddin ealES Rywiiag eikvatuadess tiep
feature has a height greater than 2 about 300A. 1 11. The integrated
circuist dgwiceoof claim9 wherein the step feature has an aspect ratio 2
greater than about 2. 1 12. The integrated circuit device of claiml
further conprising: 2 a second gate el ectrode forned over a second gate
di el ectric and having a second pair of 3 spacers. forned along opposite
f

si dewdl | s7-of tHw iptggated cheult dryiceh glamd vieran fiedhiskagss of thaAESIaYST Bne
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 9 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,

4 wherein the step feature is between two gate polys or between a gate poly and a contact plug.

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

2 about 300A.

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

2 greater than about 2.

I 12, The integrated circuit device of claim 1 further comprising:
2 a second gate clectrode 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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18 4 of the spacers of the second pair of spacers is spaced apart from one
of said pair of spacers by at 5 nost 300A. 1 13. The integrated circuit
device of claim1l wherein the ILD naterial conprises a material 2 selected
fromthe group consisting essentially of a Silicon, Carbon containing based
oxide and a 3 Silicon, Carbon containing based nitride. 1 14. An
integrated circuit device conprising: 2 a gate dielectric on a surface of a
substrate; 3 a gate electrode on the gate dielectric; 4 a spacer along a

si dewal | t in
oo LT AR SO AP BR 8 ALl SRLEL il SOHRSE 4,0
sourc%/draln @ﬁglon and the spacer wherein the 7 CES | ayer conprises a
mat er i"al 8 8 'd fromthe group consisting essentially of a silicon 8
oxycarbide (Si CO based material and a silicon carbonitride (Si CN) based
material; 9 an inter-level dielectric (ILD) on the CES |ayer; and 10 a
contadt pl3ug iThetiftegratetl elrediedicedif €lafa tl vtereid theILD Thateridl Cogpades d nedtdrialli t
device of claim 14 further conprising a SiC glue |ayer underlying 2 the

CES | gyerseledted Bromthe ghoih REAARE eSdehGdllylofd8NIi R, Ofrb6h %ﬂmla&g\a@&e%kmetah@aCES
| ayer has an inherent stress bet weén about -3GPa to abolut 3GPa. 19

3 Silicon, Carbon containing based nitride.

1 14,  Anintegrated circuit device comprising:

2 a gate dielectric on a surface of a substrate;

3 a gate electrode on the gate dielectric;

4 a spacer along a sidewall of the gate electrode and the gate dielectric;

5 a source/drain region adjacent to the spacer;

6 a contact etch stop (CES) layer over the source/drain region and the spacer wherein the

7  CES layer comprises a material selected from the group consisting essentially of a silicon
8  oxycarbide (SiCO) based material and a silicon carbonitride (SiCN) based material;
9 an inter-level dielectric {ILD) on the CES layer; and

10 a contact plug in the inter-level dielectric.

1 15.  The integrated circuit device of claim 14 further comprising a SiC glue layer underlying

2 the CES layer.

1 16.  The integrated circuit device of claim 14 wherein the CES layer has an inherent stress

2 between about -3GPa to about 3GPa.
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1 17. The integrated circuit device of claim 14 wherein the spacer materi al
is a mterial 2 selected fromthe group consisting essentially of a Si CO
based material and a SiCN based 3 material and wherein the spacer naterial
has a k value less than about 5.0. 1 18. The integrated circuit device of
claim14 further conprising step features wherein the 2 step features
conprise a SiCO or SiCN based material having a k value | ess than about
5.0. 1 19. The integrated circuit device of claim14 further conprising: 2

at |egst fno tfhg'ﬁffh%rﬁtgﬁ cﬂf‘&{{ c?e%?ce.*b?‘éiaﬂﬂ 2 RACHEE P g@ﬁ:@f Bat08 1§£’fn%'te gy bet ween

t he spacer of I'rs ransi st or eV|ce an pacer o € second

tr anSI st Os'é:lecteg Ifr%%l g grso%lchr?srlsulng aere%llaacfH/ ofa 8?’88 based ma%enal and a SiCN based

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

1 18.  The integrated circuit device of claim 14 further comprising step features wherein the

2 step features comprise a SiCO or SiCN based material having a k value less than about 5.0.

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

4 300A.
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