SPACER AND PROCESS TO ENHANCE THE STRAIN I N THE
CHANNEL W TH STRESS LI NER DESCRI PTI ON Field of the
I nvention [0001] The present invention relates to a
spacer used to make the stress liner close tjwmmmmwmnwmmn
gate. Background Description [0002] Mechanic
stresses wthin a sem conductor device substrat e «gamox
nodul ate device performance. That is, stresses within
m conduct or_ devi ce are known to enhance
SRARERANBHRDUrstS f0 EnBiatic Btk BIATRHR e cHapmBraviTH
the characteristics of _a sem conductor device,
tensile and/ or conpresSTRESP HNERBs are created in the
channel of the NFETs and/or PFETs. [0003] It is
known, for exanple, to provide a patterned and
oxidized silicon liner in isolation regions, or
' spacers on gate sidewalls, to selectively induce the
appropriate strain in the channels of the FET
devi ces. By providi ng gsgsermerigNi di zed spacers, the
appropriate stress is applied closer to the device
than the stress applied as a result of the trench
isolation fill teChnWQQEKﬁﬁﬂgﬁﬂ%ngghle t hese net hods

provi de structures applying stresses to the devices,
t hey

[0001] The present invention relates to a spacer used to make the stress liner close to

‘the gate.

Background Description

[0002] Mechanical stresses within a semiconductor device substrate can modulate
device performance. That is, stresses within a semiconductor device are known to
enhance semiconductor device characteristics. Thus, to improve the characteristics of
a semiconductor device, tensile and/or compressive stresses are created in the channel

of the NFETs and/or PFETs.

[0003] Itis known, for example, to provide a patterned and oxidized silicon liner in
isolation regiohs, or spacers on gate sidewalls, to selectiVer induce the appropriate
strain in the chaﬁnels of the FET devices. By providing patterned oxidized spacers, the
appropriate stress is applied closer to the device than the stress applied as a result of

the trench isolation fill technique.

[0004] While these methods provide structures applying stresses to the devices, they
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may require additional materials and/or nore conpl ex
processing, and thus, result in higher cost. In
addition, in the nmethods descri bed above, for exanple,
the stresses in the channel are relatively noderate,
whi ch provide only noderate benefit in device
performance. [0005] Further, nitride stress liners
have been used to inprove devi ce performance wth

may rqqaﬁ'g?ggi%ftcar L@aiq{%@ dlgin}iqrt}gtcg% hagrggla53|r-1rg %qﬂ%ag’nresult in
is sensitive to the distance between stress |iner and
highey gasty dpadditiong i the metbeds seseribgd abayea frrexampipitbe strepses in

an effort to arrange the nitride close to the gate,
the channel perealatively modeeate, Woicbgrovwde Dhb’rmoderat% bemefitin device
the art to utilize two spacers, e.g., a first oxide
perfospana. and a second nitride spacer, "and to renove
only the second nitride spacer. However, this stil
di sadvant ageously results in an oxide spacer of 10 -

[0005?/8 FUFtHe@”ﬁtrféienélréé%tiM@@ha&é‘@e&%?e@fﬁjm{brb\r/é GSVlEé P8Hormance
reover, another th| n oxide layer is below't
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liner, ers%ghl'frﬁﬁawﬁj%ér%ltﬁlseﬁogﬁg It%rgcfe %@‘é'rsg%ggﬁmgﬂngn%@'ug§ate which is

sopalfil ¥} Ppheb  BEC B o6 SBR1S Bhodhd hiblesBbis e ate
substrat e, \@éippl ying a second spacer conposed of a

the sRAGER IRIreMPRS- and second nitride |ayer, deep inplanting
source and drain

[0006] Further, itis known in thé art to utilize two spacers, e.g., a first oxide spacer
and a second nitride spacer, and to remove only the second nitride spacer. However,
this still disadvantageously results in an oxide spacer of 10 — 20 nm remaining between
the gate and nitride liner. Moreover, another thin oxide layer is below the nitride cover

layer which can relax the strain in the channel.
SUMMARY OF THE INVENTION

[0007] The invention is_ directed to a process for enhancing strain in a channel with a
stress liner. The process includes applying a first spacer composed of an first oxide
and first nitride Iayer to a gate electrode on a substrate, applying a second spacer
composed of a second oxide and second nitride layer, deep implanting source and drain

in the substrate, and removing the second nitride, second oxide, and first nitride layers.



in the substrate, and renoving the second nitride,
second oxide, and first nitride layers. -2 [0008]
According to a feature of the present invention, the
gate electrode may be formed by a poly gate etch.
Moreover, the first oxide |ayer can be forned by gate
reoxi dation, and the first oxide |ayer can have a
thickness of 1 - 5 nm The first nitride |ayer may
have a ss of - 15 nm [0009]. tn accordance
10008]; A riads Srigaick of e ReRty t!%‘n}het grie eleRiAdegNaY be
the first —and second nitride [ayers and the second
formegldpyia Pokygate @ieh.f Miorequer. theHisplaaridslayer caphe éermed by gate
adj acent the gate el ectrode spacer, and the process
reoxigationi and ke fitsh okidedayeraaosiavienaytricksiese ©f 1cohnact The fiest nitride
over the gate and the L-shaped spacer. [0010]
layer Atapomalieng) tHickreest wf tiber 15 eat.ure of the present
" invention, the process can include formng silicide
(on the gate electrode and the source/drain region)
before the renoval of the first and second nitride

[0009] aMﬁ%%cé:%nE@%ﬁ%ﬁﬂﬂTﬁ'eﬁébfﬂﬁe o?}ffe::mv@t'\ﬁﬁ o tei\jfﬁé)\)fn%ghﬁ'\e first

process can inclu formng si I de ere
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first spacer conposed of an first oxide couplable to a

gate electrode and first nitride |ayer coupled to the

first oxide layer, and a second spacer conposed of
[0010] According to a further feature of the present invention, the process can include

forming silicide (on the gate electrode and the source/drain region) before the removal
of the first and second nitride layers and the second oxide layer. Alternatively, the
process can include forming silicide after the removal of the first and second nitride
layers and the second oxide layer. Further, the removing of the first and second nitride

layers and the second oxide layer can include one of a wet etch or a reactive ion etch.

[0011] The invention is directed to a spacér for enhancing stain in a channel. The
spacer includes a first spacer composed of an first oxide couplable to a gate electrode
and first nitride layer coupled to thé first oxide layer, and a second spacer composed of
a second oxide coupled to the first oxide layer and a second nitride layer coupled to the
second oxide layer. The first and secbnd nitride layers and the second oxide layer are

removable to form an L-shaped oxide spacer.



a second oxide coupled to the first oxide layer and a
second nitride |layer coupled to the second oxide
| ayer. The first and second nitride |ayers and the
second oxide layer are renovable to form an L-shaped
oxi de spacer. -3 [0012] The present invention is
directed to a process for formng an integrated
circuit. The process includes formng a gate
el ectrode on a substrate, form ng an L-shaped oxide
spacer adjacent the gate el ectrode, and depositing a
stress liner over the gate electrode and the L-shaped
[0014yaERe Prqseohwem&rbasalwgt%t% pEQpess dordprming gy iatagrated circuit.
invention, a vertical extent of the L- shaped oxide
The mpa@s;&m@ladeﬁ forening algatk elestrodetonse aulistrats, formingart hehaped
the L-shaped spacer can be fornmed by a first
oxidecspiatef adjacenteths mate eleatrdde, amd depbsitiiglestress linker over the gate
spacer, in which the second oxide/nitride spacer and
electiode amdtthedestdpddepdcef.st oxi de/ nitride spacer are
renmoved. [0014] In accordance with the process, the
form ng of the L-shaped oxide |ayer may i nclude
form ng an oxide layer over the gate el ectrode by

[001%]‘32%%%@ o aq‘SQfPJ?é bt 1 gf‘ﬂefs!.alrnsihve o'hr bgfartfc,aa‘( gﬁteﬂygf the L-

l'ayer orm ng an secon ce
f
o el 4 v NGBt VAR ok w%?gwte%re.th%shaped
o o N AR 3Pecd ool o
first nitride |ayers. Myreover, prior to renoving the
in which{he gesandy gmgﬁ@utpﬁg spacer and the nitride of the first oxide/nitride spacer

are removed.

[0014] In accordance with the process, the forming of the L-shaped oxide layer may
include forming an oxide layer over the gate electrode by reoxidation, depositing a-ﬁrst'
nitride layer over the oxide layer, forming an second oxide layer over the first nitride
layer by eS(tension/halo implantation, forming a second nitride layer over the second
oxide layer by extension/halo implantation, and removing the second nitride, second
oxide, and first nitride layers. Moreover, prior to removing the sécond oxide and the
first and second nitride layers, the process can include deep implanting source and
drain in the substrate. The process can also include forming silicide on the gate |
electrode after the removal of the first and second nitride layers and the second oxide

layer, or, alternatively, forming silicide before the removal of the first and Second nitride



first, and second nitride layers, the process can

i ncl ude deep inplanting source and drain in the
substrate. The process can al so include form ng
silicide on the gate electrode after the renoval of
the first and second nitride |layers and the second
oxide layer, or, alternatively, formng silicide
before the renoval of the first and second nitride -4

| ayers and the second i de | ayer. removi ng of th
layerp AhG e SACatd GBS Taer: JDeITaamnd 66 fre SDEIRAnGAItGS layers
| ayer can include one of a wet etch or a reactive ion
and the @ﬁcovp@emgrs layer sapdpelude engiof B welate or asaactive ion etake
i nvention, the gate electrode may be formed by a poly
gate etch. [0016] The present invention is directed to
an integrated circuit having a gate electrode forned
[0015]n Ia ancbedaretayitraandthehfeatde®f itheirapatien, the attgeldctrode may be
adj acent the gate electrode, and a stress liner

formétbbpaigopdgateadicthi.he gate el ectrode and the L-shaped
spacer. ?0017] According to a feature of the

invention, a vertical extent of the L-shaped oxide
spacer can have a thickness between 1 - 5 nm The

[001@biﬁﬁﬁ%ﬁ%ﬂ?ﬁ%nﬁ&ﬂﬁ%&f P%cm?)darp%t rglerdsélrc%)i'h%g/n@c% g%%

a second OXI nitride
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L-sha de | ayer can be fornmed by renoving nitride
electiign BRN S Nas8 IRPL SRS BRLOEr 16 et beEoamana s L shaped spacer.

be formed through deep inplantation in the substrate.
Further, silicide can be forned on the gate el ectrode

and source/drain after renmoving nitride
[0017] According to a feature of the invention, a vertical extent of the L-shaped oxide

spacer can have a thickness between 1 =5 nm. The L-shaped spacer can be formed
by a first oxide/nitride spacer and a second oxide/nitride spacer, in which the second |
oxide/nitride spacer and the nitride of the first oxide/nitride spacer are removed. Further,
the L-shaped oxide layer can be formed by removing nitride from an oxide/nitride spacer.
A source and drain may be formed through deep implantation in the substrate. Further,
silicide can .be formed on the gate electrode and source/drain after removing nitride

from an oxide/nitride spacer, or silicide can be formed before removing nitride from an

oxide/nitride spacer. Moreover, the gate electrode may be formed by a poly gate etch.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Figs. 1 — 9 schematically illustrate process according to a first embodiment of



from.an oxide/nitride spacer, or silicide can be
formed before renoving nitride froman oxide/nitride
spacer. Moreover, the gate el ectrode may be forned by
a poly gate etch. BRIEF DESCRI PTI ON OF THE DRAW NGS
[0018] Figs. 1 - 9 schematically illustrate process
according to a first enbodinent of -5 the invention
for forning the structure of the present invention;
- 12 schematically illustrate a
the '“&PBE@’L é@fsm.tb?gstflbctares%feaﬁ@re%%ﬂysame.%ﬁﬂ of the
i nvention. DETAI LED DESCRI PTI ON OF THE EMBODI MENTS OF
THE | NVENTI ON [ 0020] A first oxide/nitride spacer is
[0019)t i Figs.e bdR@chemalically ibusisate aspronesmptcondingto@ sesende
| ayer is formed by reoxidation and can be as thin as 1
embodirbentof the @fventibhy 1 - 2 nm The nitride | ayer can be
renoved with a second spacer and before nitride cover
| ayer deposition. In this manner, nmaxi mum stain can

b@ErrmL@BchSCRrrerldr\aorrefHECEMB@mMEwaFC?-HE INVENTION
performance. [0021] Strain in the channel of MOSFET i

sensitive to the proximty of nitride to the gate.

[OOZOIheA ﬁfs‘?%ﬁﬂe/ Mgns@'ae?r |s§1t|ﬂ c?BEI%ge He ﬁal?{é&) N ?nv%ar&th The

ress Tiner ose
OX|de/n|

oxdey fiRiE i éf %égsftéax?d"q?gn&nss XL ﬁ”&d rﬁspraeferabfw—%m-

Tho A e B8 oSS SR LB A boverayer

strain in the channel. ) ) ) )
deposition. In this manner, maximum stain can be induced in the channel to improve

device performance.

[0021]  Strain in the channel of MOSFET is sensitive to the proximity of nitride to the
gate. The present invention is directed to a disposable spacer to make the stress liner
close the gate, which includes a first spacer, e.g., oxide/nitride, of which the nitride layer
is subsequently removed. As a result, the nitride stress liner may only be a few

nanometers from the gate, which can increase the strain in the channel.

[0022] A first embodiment of the invention, illustrated in Figs. 1 — 9, enhances strain in
the channel with a stress liner. As shown in Fig. 1, a gate 10, e.g., a poly gate, is
formed on a substrate 20, e.g., silicon or other suitable material, through a poly gate
'etch. An insulating layer 15 is formed between gate 10 and substrate 20. In Fig. 2, an
oxide layer 30 is formed over gate 10 and substrate 20 to protect gate 10. Preferably,
oxide layer 30 has a thickness that generally corresponds to fhe thickness of insulating

layer 15 between gate 10 and s_ubstrate 20. Oxide layer 30, e.g., 1 —5 nm, can be



[0022] A first enbodi nent of the invention,
illustrated in Figs. 1 - 9, enhances strain in the
channel with a stress liner. As showmn in Fig. 1, a
gate 10, e.g., a poly gate, is formed on a substrate
20, e.g., silicon or other suitable material, through
a poly gate etch. An insulating |layer 15 is forned
between gate 10 and substrate 20. In Fig. 2, an oxide

I 30 is rmed . over te 10 and substrate.

form%f By efe ’&8%"96@9"- E‘H%Peﬁe&%ﬁ?t in K1g Ryior|ag eﬂd@da}ﬁ%@ paotectmg the
t hi ckness that generally corresponds to the thickness

gate Bave adhicknessef 1I%ay89 e Babsrauenyys @ nitide layes 4Bse-gatld — 15 nm,
20. Oxide layer 30, e.g., 1 - 5 nm can be -6 forned '

is depysitgdtayer Suxoxide ilayer bytnitride Wepesitiohin Fig. 3. tih&igrd, portions of the
art, oxide layers protecting the gate have a

nitride lind loxikeslagérsidre etébd)rg. Suibseadtetibl etehimy (RIEY€o faryrefirst
40, e.g., 10 - 15 nm is deposited over the oxide

spacérR)3Y oMihe$itlés BPgaePasi (hithis rbfard! the Sxidé Nayer enbath the nitride is
portions of the 'nitride and oxi de | ayers are etched,

etche® B-extéld & §a¢6 LV hrﬂggcﬁ{a r‘b@'té‘ﬁsﬁl%@ﬁ é’loﬁg ISibEirast ’O.

spacers 50 0nh the sid gat e S regar
the oxi de | ayer beneath the nitride is etched to

002 ReaEndiglo %8%3@%9%&%@&8e%ﬁﬁtg‘d?i%%@mra?15_ JiStated in
Y i N i
regard, two separate inpl antatlons are perforned. In

are pEHEMed-sin NI skmplansAion angideeiayay &9 isormediayerist spacer 50

over first spacer 50 and over substrate 20, and, in a

and ayee sulbstraig 2@nand. io secondimptantatione a réidedayerdteid foeed over
i npl ant ed oxi de | ayer 70. _

implanted oxide layer 70.

[0024] As illustrated ih Fig. 7, a deep source/drain implant is performed, as well as a
silicide formation 90 in gate 10 and the source/drain region. In Fig. 8, a
nitride/oxide/nitride removal, e.g., via wet etch or RIE, is performed. Thus, as shown in
Fig. 8, an L-shaped spacer (oxide layer) 30’ is forrﬁed at the edges of gate 10. In
accordance with the invention, L-shaped spacer 30’ is significantly thinner than tﬁat in

the prior art without loss of performance.

[0025] As shown in Fig. 9, a stress liner 100, e.g., a nitride CA (contact) liner, is
deposited over gate 10, L-shaped spacer 30’, and substrate 20. Because of the
significantly thinner construction of L-shaped spacer 30’, as compared to the prior art
oxide spacer, stress liner 100 is arranged only a few nanometers from gate 16, which

increases the strain in the channel.



[0024] As illustrated in Fig. 7, a deep source/drain
inplant is perfornmed, as well as a silicide formation
90 in gate 10 and the source/drain region. In Fig. 8,
a nitride/oxide/nitride renoval, e.g., via wet etch
or RIE, is perfornmed. Thus, as shown in Fig. 8, an

L- shaped spacer (oxide layer) 30" is fornmed at the
edges of gate 10. In accordance with the invention,

aped space nificantly thinner than t hat
IOOZ*Jﬂ t¥ s 9943 i | e Tnvenon; tn@efpfra?me@ce[s@m?cordance
' a stress liner 100,
with "ngﬁ r1 d@ le@e(feaﬁegctspbﬁe%ntly» gs shiewad Fiay 18verdegatseurce/dram
10, L-shaped spacer 30', and substrate 20. Because of
implanhis perfagmietdi ddowevert injcentrastclorthe previoumembotiins¢rtpsiticide
spacer 30', as conpared to the prior art oxide
formatjpacioes m:ttryetsecddrndn Fig0Q 1| a nitridefogield/ritnidg remioval, e.g., via wet
nanoneters fromgate 10, which increases the strain

etch 6MRIE)§s poAGIRdd. THud, @82PbwhnnFig.err g 1eghast ce?B30’ is formed
the invention, the formati on process in acco ance

at t“%&%i@i"é? 3 0: M.l © &RIVO4 gﬁ@m%ﬁﬁ&ﬁ%ﬁ% b g 1 500

deep source/drain inplant Is per or e '
. ] t
sourddhHfieg ) Fb %ﬁ%g'%sP”ﬁPé%SS"é%%%%@%;n SR i g 5 o
v HETRL IO e LTl o il 1
shapé@%;‘?%-"%ds ?ratesf@.v@ﬁ%‘égy a1 B NIl 1gaTEaReed due to

source/dral n region. Thereafter the process

the tt‘brp 5@@%a%ctlpn of Lchepsd spageh 30’ ﬁpgar@ngmm and stress liner 100.

[0027] The circuit as described above is part of the design for an integrated circuit
chip. The chip design is created in a graphical computer programming language, and
stored in a computer storage medium (such as a disk, tape, physical hard drive, or

| virtual hard drive such as in a storage access network). If the designer does not
fabricate chips or the photolithographic masks used to fabricate chips, the designer
transmits the resulting design by physical means (e.g., by providing a'copy of the

-storage medium storing the design) or electronically (e.g., through the Internet) to such
entities, directly or indirectly. The stored design is then converted into the appropriate
format (e.g., GDSII) for the fabrication of photolithographic masks, which typically |
include mulltiple copies of the chip design in question that are to be formed on a wafer.
The photolithographic masks are utilized to define areas of the wafer (and/er the layers

thereon) to be etched or otherwise processed.



that .a stress liner 100, e.g., a nitride CA (contact)
liner, is deposited over gate 10, L- shaped spacer
30", and substrate 20, whereby stain in the channel is
enhanced due to the thin construction of L-shaped
spacer 30' separating gate 10 and stress |iner 100.
[0027] The circuit as described above is part of the
design for an integrated circuit chip. The chip

esi,gn i crea ed. in raphi.cal. conput er progranmn

100213 il afe fivPkGH brS peef EoEuH indees of %&ﬂﬁ%&y fpodiments,
(su a di sk, tape, P si cal hard drlve

those, il ﬁ%ln thaiast Wil rpeodniee this theinyeation e b giseliced with
network). If the designer does not fabricate chips or

modifigrtionscins inithe §pisib ARG Saepk of theappendedistiimat e chi ps,
the designer transmts the resulting design by
physi cal neans (e.g., by providing a copy of the
storage nedium storing the design) or electronically
(e.g., through the Internet) to such entities,
directly or indirectly. The stored design is then
converted into the appropriate format (e.g., CGDSII)
for the fabrication of photolithographic masks, which
typically include nultiple copies of the chip design
in question that are to be fornmed on a wafer. The
phot ol i t hographi ¢ nmasks are utilized to define areas
of the wafer (and/or the |layers thereon) to be etched
or otherw se processed. -8 [0028] Wile the invention
has been described in terns of exenplary enbodi nents,
those skilled in the art will recognize that the
i nvention can be practiced with nodifications and in
the spirit and scope of the appended cl ai ns.



-9 WHAT IS CLAIMED: 1. A process for enhancing strain
in a channel with a stress |iner, conprising:

applying a first spacer conposed of an first oxide and
first nitride layer to a gate electrode on a
substrate; applying a second spacer conposed of a
second oxi de and second nitride |ayer; deep

i npl anting source and drain in the substrate; and

e in he second nitride, second oxide, and first
WH%'Q&%%%@QS. 2. The process in accordance wth

claim1l, wherein the gate electrode is forned by a

poly gate etch. 3. The process in accordance with

clai m A prahession enhanding straioxn decHampel witls a dtrassdidehycomprising:

gate reoxidation. 4. The process in accordance with

Clapplyirity a Vilet spacert deenfosesitof @i fikst hage and fisstaitride layer to a gate
thickness of 1 - 5 nm 5. The process in accordance

electiddelorca aubstiatewherein the first nitride layer has a
thi ckness of 10 - 15 nm 6. The process in accordance

WighBiyflcPh Sdo & @oﬁﬁgstéﬁ%?ws@gorgﬁ oii!ag gfr{drs%tconggl?tﬁge layer;

second "nitride ayers a € second oxi ayer

aQebp FHBRAING $blfe SR & ain inthe substrate: and

removing the second nitride, second oxide, and first nitride layers.

2. The process in accordance with claim 1, wherein the gate electrode is

formed by a poly gate etch.

3. The process in accordance with claim 1, wherein the first oxide layer is

formed by gate reoxidation.

4, The process in accordance with claim 3, wherein the first oxide layer has a

thickness of 1 — 5 nm.

5. The process in accordance with claim 1, wherein the first nitride layer has

a thickness of 10 -15nm.

6. The process in accordance with claim 1, wherein the removing of the first

and second nitride layers and the second oxide layer forms an L-shaped oxide spacer

-10 -



adj acent the gate el ectrode spacer, and the process

further conprises depositing a stress contact |iner

over the gate and the L-shaped spacer. 7. The process

in accordance with claim11, further conprising formng

silicide on the gate electrode and a source/drain

regi on before the renoval of the first and second

nitride layers and the second oxide |ayer. 8. The

ess .in accqordance with claim11, further conprising

adiacpf 1hedte Flacipde SPafen ABD Ja Braseas furhies campriges depositing a

source/drain region after the renoval of the first and
stress; genfant lingr oveghe gate aadine Lishaepsd spageroxi de | ayer. 9.

The process in accordance with claim1l1l, wherein the

renmoving of the first and second nitride |ayers and

the second oxide | ayer conprises one of a wet etch or

a7. r eathe peodess irtctordafce With eiater 1, fforth@rduamsrisigy forming silicide

strain in a channel, conprising: a first spacer

on thé garosieetréde and E@oﬁfcé?dﬂaﬂ‘ﬁré‘g%fpbé’f@f@tﬁeore%cﬁﬁ 8f the first and
el ectrode and first nitride |layer coupled to the

spacer corrposed of a
Secoide@ﬁddéjpgg?%eé@%tﬁgs Bﬁ%% %%q?\{rgst oxi de layer and a

second nitride |layer coupled to the second oxide
| ayer, wherein the first and second nitride Iayers and
e to form

tng hzggﬁg %{(c?cgés érb 38%9rdan<ﬁw1tﬁ cimmaP further comprlsmg forming silicide
on the gate electrode and a source/drain region after the removal of the first and second

nitride layers and the second oxide layer.

9. The process in accordance with claim 1, wherein the removing of the first
- and second nitride layers and the éecond oxide layer comprises one of a wet etch or a

reactive ion etch.

10. A épacer for enhancing strain in a channel, comprising:

a first spacer composed of an first oxide couplable to a gate electrode and first
nitride layer coupled to the first oxide layer; and

a second spacer composed of a second oxide coupled to the first oxide Iayer and
a second nitride layer coupled to the second oxide layer,

wherein the first and second nitride layers and the second oxide layer are

removable to form an L-shaped oxide spacer.

-11 -



11. The spacer in accordance with claim10, wherein
the first oxide layer is formed by gate reoxidation.
12. The spacer in accordance with claim 11, wherein
the first oxide layer has a thickness of 1 - 5 nm
13. The process in accordance with claim 10, wherein
the first nitride layer has a thickness of 10 - 15
nm 14. A process for formng an integrated circuit, '
. C rising:. formn ate el ectrode on.a _subsirate; -
£ 9 nd B Sraceh B Sare \ERLEEm A, RSN 1edTabpats laver is
el ectrode; and depositing a stress |liner over the
fo""%%P%Q@F@@PFGQQOBnd t he L-shaped spacer. 15. The
process in accordance with claim 14, wherein a
vertical extent of the L-shaped oxide spacer has a
t hi ckness between 1 - 5 nm 16. The process in
ad@or ddhespacehincdceondahte witreclainm 1t hwhérefhtheefitssmdde tayer has
is fornmed by a first oxide/nitride spacer and a
a thickaesnof oxiglamni tri de spacer, in which the second
oxide/nitride spacer and the nitride of the first
oxi de/nitride spacer are renoved. 17. The process in
"accordance with claim 14, wherein the form ng of the

L+ 3sharpd rpqgs' o) ihaavceaﬁo%ﬂeewg@e@éim 16, \Lrgér@imewsﬂmrﬂs layer

| ayer ove e gate electro y reoxli dati on;
has a thickness of 10 — 15 nm.

14. A process for forming an integrated circuit, comprising:
forming a gate electrode on a substrate;
forming an L-shaped oxide spacer adjacent the gate electrode; and

depositing a stress liner over the gate electrode and the L-shaped spacer.

15.  The process in accordance with claim 14, wherein a vertical extent of the

L-shaped oxide spacer has a thickness between 1 -5 nm.
16.  The process in accordance with claim 14, wherein the L-shaped spacer is
formed by a first oxide/nitride spacer and a second oxide/nitride spacer, in which the

second oxide/nitride spacer and the nitride of the first oxide/nitride spacer are removed.

17.  The process in accordance with claim 14, wherein the forming of the L-

shaped oxide layer comprises:
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depositing a first nitride layer over the oxide |ayer;
form ng a second oxide |ayer over the first nitride
| ayer by extension/halo inplantation; formng a
second nitride | ayer over the second oxide |ayer by
extension/halo inplantation; and renoving the second
nitride, second oxide, and first nitride |ayers. 18.
The process in accordance with claim17, wherein priog
r enovin h oxi de and the first and secon
?ﬁm'a@ Sragte ovef v tbe 88le Plseiius By shprdaidd deep
| anting source and drain in the substrate. 19. The
pesifing g fustrjirdierdarengven the axide lavers ur t her
conpr|5|ng formng silicide after the renoval of the
f ifersming adseseod wiide Inyerevar dhe fiest aifide tayes by enténsidndalo
| ayer. 20. The process in accordance with claim17,
implantatidmer conprising forming silicide before the
renmoval of the first and second nitride |ayers and the

s ¢oranifg @xdedend Inityige laydt over theesdbRE xfid |ayétqgoéﬂaﬁ§@n/halo
wth claim1l7, wherein the renoving of the first and

implav@ftnd afbt ri de | ayers and the second oxide |ayer
conprises one of a wet etch or a reactive ion etch.

}é)’movmg the second nitride, second oxide, and first nitride layers.

18.  The process in accordance with claim 17, wherein prior to removing the |
second oxide and the first and second nitride layers, the process further comprises

deep implanting source and drain in the substrate.

19.  The process in accordance with claim 17, further comprising forming
silicide after the removal of the first and second nitride layers and the second oxide

layer.

20.  The process in accordance with claim 17, further comprising forming
silicide before the removal of the first and second nitride layers and the second oxide

layer.
21.  The process in accordance with claim 17, wherein the removing of the first

and second nitride layers and the second oxide layer comprises one of a wet etch or a

reactive ion etch.
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22. The process in accordance with claim 14, wherein
the gate electrode is fornmed by a poly gate etch. 23.
An integrated circuit, conprising: a gate electrode
formed on a substrate; an L-shaped oxi de spacer
arranged adj acent the gate electrode; and a stress
i ner deposited over the gate el ectrode and the
L- shaped spacer. 24. The integrated circuit in
accordance with claim 23, wherein a vertical extent
of the L-shaped oxi de spacer has a thickness between 1
- 5 nm 25. The integrated circuit in accordance with
cRdi m 2Be prprassiim aceerdanee witbdlaigpid evhersinitbe gate plectiode is
first oxide/nitride spacer and a second oxide/nitride
formesidacapply gatewdtéleh t he second oxide/nitride spacer and
the nitride of the first oxide/nitride spacer are
renoved. 26. The integrated circuit in accordance with
claim 23, wherein the L-shaped oxide |ayer is forned

by3r enpKiimagretéd cR6uit, 'cBMpRiry<i de/ ni tride spacer. 27.
The integr a?ed circuit in accordance with claim 23,

Y\Qn‘ga?é @|e%1r§8g!f&?n%£gn a(y@g{}?%r; e formed t hrough deep

antatiron int substra -14 28. The integrated

°Gh Ukl AREEER0T St S PP A ot bid e
O)éls ree/sg IIi}urerI eepossﬁ)tgccl %rv'er the gate electrode and the L-shaped spacer.

24. The integrated circuit in accordance with claim 23, wherein a vertical

extent of the L-shaped oxide spacer has a thickness between 1 — 5 nm.

25. The integrated circuit in accordance with claim 23, wherein the L-shaped
spacer is formed by a first oxide/nitride spacer and a second oxide/nitride spacer, in
which the second oxide/nitride spacer and the nitride of the first oxide/nitride spacer are

removed.

26.  The integrated circuit in accordance with claim 23, wherein the L-shaped

oxide layer is formed by removing nitride from an oxide/nitride spacer.

27. The integrated circuit in accordance with claim 23, wherein a source and

drain are formed through deep implantation in the substrate.
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29. The integrated circuit in accordance with claim
26, wherein silicide is forned before renoving
nitride froman oxide/nitride spacer. 30. The
integrated circuit in accordance with claim 23,
wherein the gate electrode is fornmed by a poly gate
etch. -15 :

28.  The integrated circuit in accordance with claim 26, wherein silicide is

formed after removing nitride from an oxide/nitride spacer.

29. The integrated circuit in accordance with claim 26, wherein silicide is

formed before removing nitride from an oxide/nitride spacer.

30. The integrated circuit in accordance with claim 23, wherein the gate

electrode is formed by a poly gate etch.
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