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METHOD FOR IMPROVED FABRICATION OF A SEMICONDUCTOR
USING A STRESS PROXIMITY TECHNIQUE PROCESS FIELD OF THE
INVENTION [01] This invention generally relates to formation of MOSFET
devices in integrated circuit manufacturing processes and more particularly
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BACKGROUND OZéAs the demands of technolo%)require smaller and

more powerful eREEEAR PW,IT%%E@% Rfficohductors with

increased performance. Since it has become increasingly difficult to improve
MOSFETs and therefore complementary metal oxide semiconductor
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.approach for improving semiconductor performance is to increase carrier
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erf@lo SxamRles Rpiokmeivsirghanappropriate strain into the Si lattice of the
silicon (Si)- containing substrate that is used to fabricate the semiconductor

device into the finished product of an integrated circuit. [04] The application
BACHEROEINMY the channel changes the lattice dimensions of the silicon
(Si)-containing su%strgate that is used to fabrjcate the semiconductor device.
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film. The stress film_is typically a nitride liner, such as Si.sub.3N.sub.4.
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._Stressed N%tride Liners for CMOS ﬁerfo mance . . .
improving performance without scaling have become critically important.

One approach for improving semiconductor performance is to increase carrier
(electron and/or hole) mobilities. Increased carrier mobility can be obtained, for
example, by introducing an appropriate strain into the Si lattice of the silicon (Si)-
containing substrate that is used to fabricate the semiconductor device into the finished

product of an integrated circuit.

The application of stress along the channel changes the lattice dimensions of the
silicon (Si)-containing substrate that is used to fabricate the semiconductor device. By
changing the lattice dimensions, the band structure and mobility of the material are
changed as well. These stresses are induced using a stress film. The stress film is
typically a nitride liner, such as Si.sub.3N.sub.4. These stress films are known in the
semiconductor industry. For example, U.S. published patent application
US20050258515 entitled “Embedded Stressed Nitride Liners for CMOS Performance
Improvement,” which is incorporated in its entirety herein by reference, discloses such a

stress film. The stress in applied to a channel can be increased when the stress nitride is
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Improvement,” which is incorporated in its entirety herein by reference,
discloses such a stress film. The stress in applied to a channel can be
increased when the stress nitride is 1 moved close to the channel. This
technique is generally known in the industry as a "Stress Proximity

m3REhAsHas (BPTN1A5]. Comneessivadengiding) rliess alangihrabanng! of

..afield effect transistor (FET) increases drive current in p-type field effect
StsnsRierEn P EsshaitttiettEddes drive current in n-type field effect
transistors (NFET). Tensile longitudinal stress along the channel of a field
effect transistor (FET) increases drive current in NFETs and decreases drive
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closer to the device channel without etching existing films on the device
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method is to relax the stress film only on the non-targeted devices. However,
drikecrsERRreR BiEddditional lithography level and implant process.
Furthermore, it is difficult to completely relax the stress film. Furthermore,

due tq the naon- ngorm nature of the stress film (where it is thinner on,
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penetrate the film where protection is most needed, thereby degrading.the
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manufacturing complexity. 2

Another method is to relax the stress film only on the non-targeted devices.
However, this requires an additional lithography level and implant process. Furthermore,
it is difficult to completely relax the stress film. Furthermore, due to the non-uniform
nature of the stress film (where it is thinner on surfaces parallel to the direction of
deposition, and thicker on surfaces perpendicular to the direction of deposition), the
relaxing species can easily penetrate the film where protection is most needed, thereby

degrading the semiconductor device.

Therefore, what is needed is an improved method for efficiently executing an SPT

process, without adding undue manufacturing complexity.



SUMMARY OF THE INVENTION According to the present invention, there is
disclosed an integrated circuit comprising a plurality of n-type
field-effect-transistor (NFET) and p-type field-effect- transistor (PFET)
devices disposed upon a semiconductor substrate. One or more of the PFET

SURMEAR haye afirstisStoisidayvall spacers on either side of a first gate
electrode. One or more of the NFET devices having a first set of sidewall

spacers on either side of a second gate electrode and a second set of
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opposite side away from the_ second gate electrode. A compressive stress
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more NFET devices are implanted with a relaxation species_for relaxing the
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substantially free of the relaxation species. The relaxation species is

SCCRIIRALF ST BRI B AR Al CltElin BroReHOPOT AR TSt set of

sidhsallapacseling to thsppsreentdaveRtivoma B sHedDs AP Bl deStress
proximijty technjque process comprises the following steps. A sertniconﬁuct.or
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of NFHET and Pt Tdderees hdisposed thanpaisiAt laasiong:obile thi-nk or more
vices.and at Jeast one of the PFET.devices having a first set of sidewall
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the T devices. A tensile stress layer is depaosited over the at least one of
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PFET devices. At least a portion of the tensile stress layer is selectively

removed over the at least one of the NFET devices,
Also, according to the present invention, a method of applying a stress proximity

technique process comprises the following steps. A semiconductor device is formed
comprising a semiconductor substrate having a plurality of NFET and PFET devices
disposed thereon. At least one of the NFET devices and at least one of the PFET devices
having a first set of sidewall spacers and a second set of sidewall spacers, respectively.
An oxide liner is disposed over the at least one of the NFET devices and the at least one
of the PFET devices. A tensile stress layer is deposited over the at least one of the NFET
devices and the at least one of the PFET devices. At least a portion of the tensile stress
layer is removed over the at least one of the PFET devices. At least a portion of the
tensile stress layer is selectively removed over the at least one of the NFET devices,
thereby forming a third set of sidewall spacers on the at least one of the NFET devices.
The second set of sidewall spacers are selectively removed the from the at least one of the
PFET devices and the third set of sidewall spacers from the at least one of the NFET
devices with the second set of sidewall spacers of the at least one of the NFET devices

remaining substantially intact.



thereby forming a third set of sidewall spacers on the at least one of the
NFET devices. The second set of sidewall spacers are selectively removed
the from the at least one of the PFET devices and the third set of sidewall
spacers from the at least one of the NFET devices with the second set of

sidevyalapRsiS@hihR ahdgastanebiR N Rl Intlavicer §8BIIANG is deposited
substantially intact. 3 Further accordingoto the present invention, a

oves thp e QtFelsthe NFIsTadsydestornbhifer ablsast Riseioe BFHHedqiigss after

sclRViCES aoiaAie sst aesaf sheidall davdsesaiiethsatasivelid emayipgET
the second set of sidewall spacers from the at least one of the PFET devices
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of the NFET devices to reduce the compressive forces on the at least one of
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non-uniform nitride layer is applied over the semiconductor device after the
step of selectively removing at least a portion of the tensile stress layer from
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.device. Yet further according to the present invention, the application of a
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NFET devices al;tld the.at(!ieast one of the PFET devices and thicker along
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devices and the at least one of the PFET devices and thinner in the

Yet further according to the present invention, the application of a non-uniform
nitride material creates a profile where the nitride material is thicker on the upper
portions of the profile across the at least one of the NFET devices and the at least one of
the PFET devices and thicker along the bottom portions of the profile between the at least
one of the NFET devices and the at least one of the PFET devices and thinner in the
middle of the profile adjacent the sidewall portions of the at least one of the NFET
devices and the at least one of the PFET devices. The non-uniform nitride material has a

profile that has a thickness ranging from about 500 Angstroms to about 750 Angstroms.

Also according to the present invention, the non-uniform nitride layer is removed

with an isotropic etch process.

Still further according to the present invention, the step of relaxing the
compressive stress comprises implanting the compressive stress layer with a relaxation

species. The relaxation species is a material comprised of Xenon or Germanium.



middle of the profile adjacent the sidewall portions of the at least one of the
NFET devices and the at least one of the PFET devices. The non-uniform
nitride material has a profile that has a thickness ranging from about 500
Angstroms to about 750 Angstroms. Also according to the present invention,
the nANsyAHQsFA RIS eh Ay R i BNOYEsh, WHPRN ISOL 0P pRESH RY 9FeSSIaSEH
further according to the present invention, the step of relaxing the
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or Germanium. 4 Also according to the present invention, depositing a
cheghifsleBeeRestitlyer comprises depositing a nitride liner material having
a compressive internal stress state. The deposition of the compressive
stress layer is performed by plasma enhanced chemical vapor deposition.
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internal stress state. The deposition of the tensile stress layer is performed
The deResie e RSB Rt VELISPIENEREORY RESSIAIFT RITRS Prasisy
vaipeddinitibe. semiconductor device is thermal cycled after removing at least
a portion of the tensile stress layer over the at least one of the PFET devices
to activate the tensile stress layer over the at least one of the NEET devices
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cycling comprjses performing a standard dopant activation anneal Wi.tql}
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PHRRT Qeesenttinyaition (e taniso viogic ksaehveri tit etdeds vaedf the NFET devices
and induce a stress within the at least one of the NFET devices. The thermal cycling
comprises performing a standard dopant activation anneal with a temperature in excess of

about 1070 degrees Centigrade.

Also according to the present invention, an anisotropic reactive ion etch is used
for removing at least a portion of the tensile stress layer from the at least one of the NFET

devices.



for removing at least a portion of the tensile stress layer from the at least one
of the NFET devices. 5 BRIEF DESCRIPTION OF THE DRAWINGS [09]
The structure, operation, and advantages of the present invention will
become further apparent upon consideration of the following description

BIraKEDR SORIPIEND OFthHiFesRAMMBaRYing figures (FIGs.). The figures are
intended to be illustrative, not limiting. [010] Certain elements in some of the
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cross-sectional views, omlttlng%certaln background lines which would
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lidddg In the drawings accompanying the description that follows, often both
reference numerals and legends (labels, text descriptions) may be used to
identify elements. If legends are provided, they are intended merely as an
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Often, similar elements may be referred to by similar numbers in various
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draw g figyre (FIG). [013 FIGURE #%h}ﬁws a cross sectional view of an

beasiNSIgh? pliBF aFFteist b(??e\}vYﬁ‘?:W BEHBH 5t HE Bresent invention can
be applied. [014] FIGURES 2- 10 show a cross sectional view of an

exemplary integrated circuit during the vari us ot fthe od of
[011] pres éﬁﬁ%}&ﬁﬁ%ﬁg%&ccompan%ng tge gescﬁpgon that fol OWS, O tenqaoth re erence

numerals and legends (labels, text descriptions) may be used to identify elements. If
legends are provided, they are intended merely as an aid to the reader, and should not in

any way be interpreted as limiting.

[012] Often, similar elements may be referred to by similar numbers in various figures
(FIGs) of the drawing, in which case typically the last two significant digits may be the

same, the most significant digit being the number of the drawing figure (FIG).

[013] FIGURE 1 shows a cross sectional view of an exemplary prior art circuit on

which the method of the present invention can be applied.

[014] FIGURES 2 - 10 show a cross sectional view of an exemplary integrated circuit

during the various steps of the method of the present invention.
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DETAILED DESCRIPTION [015] Exemplary embodiments of the invention
are described below. In the interest of clarity, not all features of an actual
implementation are described in this specification. It will of course be
appreciated that while the methods disclosed herein might be considered

DEYRAEpaESnrgIEpIsNmMing, they are able to be understood by those of
ordinary skill in the art. [016] The words and phrases used herein should be

understood and interpreted to have a meaning consistent with the

understanging ehibesemeadsr andipuaess fy tesersliirtbin. thatelryartt of

art. No special definition of a term or phrase, i.e., a definition that is different
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herein. To the extent that a term orh{)hrase is intended to have a special
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the fpecial definition will be expressly set forth in the specification in a
definitional manner that directly and unequivocally provides the special
definition for the term or phrase. [017] FIGURE 1 shows a cross-sectional

view Phawsiak aHd piegsated cirpeitihQBoplidbe tongerissaingd e &igpe@tdhtive a
present invention. For illustrative purposes, two types of field effect transistor.
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Anvention one NEET and PFET devices are described. It js understood, .
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orth in the specification in a definitional manner that directly and unequivocally provides

the special definition for the term or phrase.

FIGURE 1 shows a cross-sectional view of a prior art integrated circuit 100, prior
to performing the steps of the present invention. For illustrative purposes, two types of
field effect transistor are shown; of n-type field-effect-transistor (NFET) 102 and p-type
field-effect-transistor (PFET) 104. Throughout the description of the present invention
one NFET and PFET devices are described. It is understood, however, that one or more
of each device can be processed according to the present invention. The integrated
circuit 100 is comprised of substrate 106, which may represent any appropriate substrate
for the formation of integrated circuits, such as a silicon substrate, a silicon-on-insulator
(SOI) substrate, any other semiconductor substrate or insulating substrate having formed

thereon a substantially crystalline semiconductor layer 108.

As shown in Figure 1, one or more NFETs 102 and PFETs 104 can be separated

by a shallow trench isolation (STI) structure 110, which defines a transistor active region
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thereon a substantially crystalline semiconductor layer 108. [018] As shown

in Figure 1, one or more NFETs 102 and PFETs 104 can be separated by a
shallow trench isolation (STI) structure 110, which defines a transistor active
region 7 in the semiconductor layer 108. Within NFET 102, a gate electrode

in HssnfRronadcanaygethesSemienRAVELor ien g AN Kate glnatraddove
120 is formed within PFET 104, Within NFET 102, the gate electrode 112 is
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are referred to as "spacer-2" spacers. Within PFET 104, the gate_electrode

T1£39 fermesktiaeATSRaMFanspatick Y tilsR dhapes) {7ar &7 1diRedilividh

spaxégde 1y, aad seiewellseaears® he24pand-223Fcaatevelasii paesr L2 and gate
120 have silicide region 117C at the top thereof. Silicidation is a well-known
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that is in contact with the metal. Some examples of commonly used metals
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least NFET 102 and PFET 104 of integrated circuit. 100. [019] It should
thefmahyYsa it FaeoBa that sV i S Hse heLY Eauish,dfdfe metal.
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.semiconductor wafer comprising a large plurality of such devices. For )
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lirk@misanideian waie NFIMY2 diaPEET oh4seviatagineidesraisapm "real life”
things are not so neat and clean, rectilinear and uniform as shown. However,
for one of ordinary skill in the art to which the invention most nearly pertains,

this anehothercfigurespiagenteddnihiFi@mtentl applicatanavidxemely small
(microscopic) portion of an integrated circuit (IC) device, let alone a semiconductor
wafer comprising a large plurality of such devices. For example, what is shown may
have a width of only a few microns (pm) of a semiconductor wafer having a diameter of
several inches. Also, in “real life” things are not so neat and clean, rectilinear and
uniform as shown. However, for one of ordinary skill in the art to which the invention
most nearly pertains, this and other figures presented in this patent application will be
very useful, when taken in context of the associated descriptive text, for understanding

the invention.

The semiconductor device or integrated circuit device 100 shown in FIG. 1 (as
well as in the other Figures) is generally fabricated utilizing conventional processing
steps well known to those skilled in the art. Except for the processing steps of the present
invention, such processing steps and techniques are well known and are not critical for
understanding the present invention. Therefore a detailed discussion of these well known

steps is not given herein. It will be understood that various steps and materials have been
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very useful, when taken in context of the associated descriptive text, for
understanding the invention. [020] The semiconductor device or integrated
circuit device 100 shown in FIG. 1 (as well as in the other Figures) is
generally fabricated utilizing conventional processing steps well known to

orti@se filladsinathe athrfexcRRh Y {hainiQeRS s SiaPR R theIRiRRRN e ps and
invention, such processing steps and techniques are well known and are not
the Jik€al for understanding the present invention. Therefore a detailed
discussion of these well known steps is not given herein. It will be
understood that various steps and materials have been 8 omitted, for
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200 (incorporating the integrated circuit 100 in Figure 1), after performing the
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Throughout the specification, it is_understood that there are a plurality of
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one of the NFET devices and on at least one of the PFET devices. The
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increases drive current in p-type field effect transistors (PFET) and .
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PFETs. Therefore, the tensile stress layer 226 must be removed from PFET 204, as will

be illustrated in upcoming steps.

Note that in each figure, reference numbers x02 and x04 are generally similar,
with the possible addition of removal of some material. For example, NFET device 202
of FIGURE 2 is the same device as NFET device 102 of FIGURE 1, with the addition of

material, namely, tensile stress layer 226.

FIGURE 3 shows a cross-sectional view of an integrated circuit 300
(incorporating the integrated circuit 200 in Figure 2), after performing a subsequent step
of the present invention. In this step, a photoresist 330 is applied over top of NFET 302
and PFET 304 of integrated circuit 300.

FIGURE 4 shows a cross-sectional view of an integrated circuit 400
(incorporating the integrated circuit 300 in Figure 3), after performing a subsequent step
of the present invention. In this step, the photoresist 330 and tensile stress layer 226 are

removed from PFET 404 and partly above shallow trench isolation (STI) structure 110
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[022] Note that in each figure, reference numbers x02 and x04 are generally
similar, with the possible addition of removal of some material. For example,
NFET device 202 of FIGURE 2 is the same device as NFET device 102 of
FIGURE 1, with the addition of material, namely, tensile stress layer 226.
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(incarporating the integrated circuit 200 in Figure Ziéafter %i;forming a

tyRisBH¥GERIY St 0% fandred dasianiiomaiients dibp lenpifotbresiaysngse may

beaRRliad @ver tapwi MEEE3N@Rd PFET 304 of integrated circuit 300. [024]
FIGURE 4 shows a cross-sectional view of an integrated circuit 400
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and tensile stress layer 226 are removed from PFET 404 and partly above
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standard lithographic methods. The tensile stress layer 226 may be remaqved

of FASRASATFS P aL R IR PRI RISE: Rt AR cl A0S Shalin00 to

abbleR)BIH AViBsubjaed e esmsiat cielnthyier actvatateoRANSdMatsshismbded
Wg%] the semiconductor. The thermal %iaclin preferably comprises a
hegeipais §6 s HREEADdwe Armams Wit efliserature in excess of 1,070

degrees Centigrade. This step also induces a stress within NFET 402. The

amount . of stress varies depending on.the application, but is typically in the

rangl K UBBLA S0 SEON S IEENER WA (S a0 Iayer 296
(insdaieraamaenechtag discursel Joerpinager theasiseperioinaiugedsidingintep
of i pres inention- T Uhis step. the PHOWReRt 11016 removed from NEET 302

using well known methods, such as standard lithographic methods.

FIGURE 6A shows a cross-sectional view of an integrated circuit 600
(incorporating the integrated circuit 500 in Figure 5), after performing a subsequent step
of the present invention. In this step, with oxide liner 118 covering and protecting PFET
device 504, a portion of the tensile stress layer 226 is selectively removed from NFET
602, for example, by anisotropic etching. In particular, the tensile stress layer 226 is
removed from the top surface of NFET device 602 (compare NFET device 502 of Figure
5). The remaining portion of tensile stress layer 226 forms additional sidewall spacers
226A and 226B. Note that the spacers 226A and 226B are thinner near the upper surface
of NFET 602 because they are subject to an anisotropic etch. Spacers 226A and 226B
are referred to as “spacer-3” spacers. This step is in marked comparison to the technique
of the prior art, in which the tensile stress layer 226 would be completely removed. The
technique used to remove tensile stress layer 226 is preferably an anisotropic reactive ion

etch (RIE) because RIE achieves anisotropic profiles, and enables fast etch rates.
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[028]

[029]

[030]

(incorporating the integrated circuit 400 in Figure 4), after performing a
subsequent step of the present invention. In this step, the photoresist 330 is
removed from NFET 502 using well known methods, such as standard
lithographic methods. [027] FIGURE 6A shows a cross-sectional view of an

integrated RE @A SRV s(neReaEatipehtassintegrpteskaiberit POR Nk Skcuit
after performing a subsequent step of the present invention. In this Steﬁq’ with

608idér tinar ifiediBgl bt b Arapratdirmgnoreef teinteesin dissiighlor the oxide
lid@nsilg istresiedayee d0ds seipetivelysienaanepfemabl blote 80RafOeXaPAIR to

by anisotropic etching. In particular, the tensile stress layer 226 is removed

silicds freqeiy SurrAKRSBIYIRE' tevite 862" REIar ' RPEYediAES Bosppins

behi@idtespakef e1®MainingapoHinsphiensiesalraas layr 226Jovens additien@bde
sidewall spacers 226A and 226B. Note that the spacers 226A and 226B are

Higrit shorea i GHREr Qlrilta ot NigerEds bbtausk/ihedpdrb! et tamss on

NBRSeUD it sithideprears PASA aTE 2r6B1 AraretorreitorBFSPaster-3'he
spacers. This step is in marked comparison to the technique of the prior art,

SR IR FdREIE S s aRgar S5BANGIR BERA Bhatelts rembvRY e the art.

Néeshniowailsed Inuarneveianiiessiress ayedLddis piafersbly ar apisetropic
reactjve jon g%éli (RIE) ?ecau.s.e RIE achi.e.\/essalfnisotropic profirlqis, and
reRioxBlel FBPEIHr RS TIE TR af ERSIOROE AR ASH PAEHTERAAL prIeYSing

deptefis paifarmed@pdriegiapeesehicivef@On First, oxide liner 118 is removed
from most of the integrated circuit 600. The oxide liner 118 is typically
removed as part of a standard pre-clean process that occurs prior to silicide

depoBIGURBUbgeguentiosthe piercledbwigcestdea@ddeadiiierdd 8 remains

. between spacers 116A and 116B, and spacers 226A and 226B, and covers
(TSR S SIS (VRIS ORE B Nk PEEa R 80 LEEN Step
of }Ad Breatitt invéatiare fasped onthtbizkb02 andsdicide preassidg b, id hétessary
to %Bglgf ]C.Zrlil&reessfgrérr;%(gsg rtloplfl%-&" 6/8ﬂ Eli‘l% compressive stress is more beneficial to
the PFET device performance when spacers 122A and 122B are removed prior to
applying a compressive stress film. However, removing the spacers 122A and 122B via
an etch process can compromise silicide regions 117A — 117F. To provide additional
protection for silicide regions 117A — 117F, a non-uniform nitride layer 740 is deposited
onto NFET 702 and PFET 704 of integrated circuit 700. The nature of the non-uniform
nitride material is that it has a profile which is thick on the upper portions 740U and the
bottom portions 740B, but thinner on the sidewall portions 740S. The thick bottom
portions 740B of the non-uniform nitride layer 740 protects the silicide regions 117A —
117C of NFET 702 and 117D — 117F of PFET 704 during an upcoming etch cycle.

During that etch cycle, the thinner sidewall portions 740S, being thinner, are
etched away first, followed by the spacers (226A, 226B, and 122A, 122B). The thicker
portions (740U and 740B) require more time to etch away, thereby providing additional
protection to silicide regions 117A — 117F. The non-uniform nitride layer 740 typically

has a thickness ranging from about 500 Angstroms to about 750 Angstroms. Note that a
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[031]

[032]

silicide areas are formed via standard deposition methods that are well
known in the art. Note that while the illustrated examples show silicide
deposition before the spacer removal, it is possible to perform silicide
deposition after spacer removal, without departing form the scope of the

prifRsepLIpYeNtPRo I0LRFGHE WiRF Y 18hawa Risiessrsiestianalddevshan 17A —
integrated circuit 700 Eincorpo,rating the integrated. circuit 600 in Figure 6),

Vgferthoporming Hasubied et Sty Grtffe!hHeSEPH IMASIRoMD S Paftcotagience

of Peeeatssamicphehig M RINCRRSIBEIONJIS NEEESSRTY 4R APPILEOMRARSSIMEapplied
stress to PFET 704. The compressive stress is more beneficial to_the PFET

aftge (e FRAGHOABRFR A & 48ers 1055 dham ihg o und QB BUEAS RS-ty ould not

provilyingch GoRPHesRlY & RIKESS ditNd Do WaYpEdSMAYINAIERE ERAERIS Hefope of
and 122B via an etch process can compromise silicide regions 117A - 117F.

the-BrpseRfidveRfiffonal protection for silicide regions 117A - 117F, a
non-uniform nitride layer 740 is deposited onto NFET 702 and PFET 704 of
integrated circuit 700. The nature of the non-uniform nitride material is that it

has d ProffebwHRATS HERSAHL BYpar Batith I essticd ety 3% om
(iRQrongidd R huidhiraeasienit®eitemalrpantians: S rmhhe thichLeiien step

portions 740B of the non-uniform nitride_layer 740 protects the silicide regions

of {he RreseRt VSRR T BYS AP 1 A9bU B SE e Ry 4 R dirabloming
refiefeayalea KRBQ}De hogdpat elghpeyetss ephbinersidanall B tiensl¢40S,

el s Sy o e mers o e
2268 pRwRl b BB RIRviding: Adelitapak eratientiongasilicide sagionspkdicé -
e ToE A B ATEe et 70 gl e p eitots ngine
bepufiptgaohnmipifesduiliid epayainédités dosiprotegissilicider seglionSHe grysent
invention, spacers 116A and 116B remain substantially intact, with no significant
degradation, since they were protected by the “sacrificial” spacers 226A and 226B. The
oxide liner 118 remains in place over NFET 802, and serves as an etch stop to protect
spacers 116A and 116B. Oxide liner 118 may optionally be removed in a following
processing step, as is illustrated in an upcoming figure. Spacers 122A and 122B are
removed from the PFET 804 during this etch process as well. This is important for the

compressive stress to have increased benefit for PFET 804.

FIGURE 9 shows a cross-sectional view of an integrated circuit 900
(incorporating the integrated circuit 800 in Figure 8), after performing a subsequent step
of the present invention. In this step, oxide liner 118 is removed from PFET 902 via an
etch process. Next, a compressive stress layer 950 is deposited onto NFET 902 and
PFET 904 of integrated circuit 900. The compressive stress layer 950 is typically
comprised of a nitride liner material similar to that used in the tensile stress layer 226.
Modifying the process conditions of the nitride liner forming method can control whether

the state of stress is tensile or compressive. Plasma enhanced chemical vapor deposition

12



[033]

[034]

[035]

117F. However, as was noted previously, there is flexibility as to where in the
sequence of processing steps that the silicide regions 117A - 117F are
applied. If they are applied after the removal of spacers 116A and 116B,
than the non-uniform nitride liner would not provide much benefit, and this

(PSIEN DY Uit beoskiRnEHiwithew Henastinedigr ke S6pRa Gl R AASeRLs. The

invention. [031] FIGURE 8 shows a cross-sectional view of an integrated
SUEHESIREED UEn Bt ARG AFROMRLPAEE CIY U Redts irPRiERIledBY Shanging the

depesiacniaghdisoRseAMeR BOR 61 dhe RECSRAT AV DESBL o ANIBSH®Br. More
non-uniform nitride layer 740 is preferably removed via a selective isotropic

SPeteHCAlEe das SEHASHS 58X dropssebniifiis HBesRRERG S RrkBRRe TRothe
deP6iToR Q3 rdukine: thishelchsProaass/N BeospeesasdZoN rid p2abR dR¥ideder,

by the present invention are "sacrificial" spacers that serve to protect
andcleet0de1 ¥R -and 1168 during this processing step. Spacers 116A and 116B

are beneficial to have in place during upcoming processing steps. As a result

of the fresent invention, spacers 116A and 116B remain substantially intact,

with hoSigRicdsP R sdatioir e ey Qlera Bforsairtioy e “Werificial

(i15R266rS 42 0Re aNd 2268 cBEit 900l Mgl A1S) reaing forhlatCav®s Mt step
802, and serves as an etch stop to protect spacers 116A and 116B. Oxide
Of|REPTEE Y BPtBhalll B PERGTREBRIT S HEIDWINY BoceSsty e Qts T ET

100psivatap] in@ip Weaing iiguressSpascersulii anth 1 226 ape ciemoged Rem
he PFET 804 during this etch pr s well. This is important for the

re H%égﬁéeéﬂ%%@&ﬂﬁéé)%%%@%@i@&ﬂﬂﬁ? RSB B0 T0R9 RS UREY 2

PHEADWSvec€r OBS-saepanay vibuli ofl ani Hiie gt 8 daCirkitite90€h i nBOFRANEITY 1He2.
integrated circuit 800 jn Figure 8), after performing a subsequent step of the

T TR RIGHTBI [ St eI T A VR O PRESRO via

SpaRe8tChaNae@ss! ABxt, NEENMUIESEMe Stiasprayer QbBrisudapasitRtheihod of

thfI:\I Il):rlf_::sgngtqglv%?lgon. This protects NFET 1002 during the step of implanting relaxation

species 1060. This relaxation step is necessary for NFET 1002 because compressive

stress caused by compressive stress layer 950 would degrade performance of NFET 1002

if it were not done.

Once the step of relaxing compressive stress layer 950 is complete, standard
semiconductor fabrication techniques known in the art can be used to complete the

manufacture of integrated circuit 1000.

As can be seen from the preceding description, the present invention provides
improved techniques for employing a stress proximity technique. It will be understood
that the present invention may have various other embodiments. Furthermore, while the
form of the invention herein shown and described constitutes a preferred embodiment of
the invention, it is not intended to illustrate all possible forms thereof. It will also be
understood that the words used are words of description rather than limitation, and that

various changes may be made without departing from the spirit and scope of the
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PFET 904 of integrated circuit 900. The compressive stress layer 950 is
typically comprised of a nitride liner material similar to that used in the tensile
stress layer 226. Modifying the process conditions of the nitride liner forming
method can control whether the state of stress is tensile or compressive.

intdagsBAdeRiaRacd shemicatypper arnASERId hdtikHécamincMigaitride

liners having a compressive or tensile internal stress. The stress state of the

apRERtRIFRRssiRed Iepan s car vabshthae sl thathgirtihgles given.
deposition conditions to alter the reaction rate within the deposition chamber.
More specifically, the stress state of the deposited nitride liner may be set by
changing the deposition conditions such as: SiH.sub.4/N.sub.2/He gas flow
rate, pressure, RF power, and electrode gap. [033] FIGURE 10 shows a
cross-sectional view of an integrated circuit 1000 (incorporating the
integrated circuit 900 in Figure 9), after performing a subsequent step of the
present invention. In this step, compressive stress layer 950 is relaxed over
NFET 1002 by implanting compressive stress layer 950 with a relaxation
species 1060. No relaxation species is implanted on PFET 1004, since
compressive stress is desirable for a PFET device. This step is symbolically
indicated via a large arrow above NFET 1002. The relaxation species 1060
is preferably a material such as Xenon or Germanium. Spacers 116A and
116B of NFET 1002 have been preserved throughout the method of the
present invention. This protects NFET 1002 during the step of implanting
relaxation species 1060. This relaxation step is necessary for NFET 1002
because compressive stress caused by compressive stress layer 950 would
degrade performance of NFET 1002 if it were not done. [034] Once the step
of relaxing compressive stress layer 950 is complete, standard
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semiconductor fabrication techniques known in the art can be used to
complete the manufacture of integrated circuit 1000. [035] As can be seen
from the preceding description, the present invention provides improved
techniques for employing a stress proximity technique. It will be understood
wihatitheapreaget invention may have various other embodiments.
Furthermore, while the form of the invention herein shown and described
constitutes a preferred embodiment of the invention, it is not intended to
illustrate all possible forms thereof. It will also be understood that the words
used are words of description rather than limitation, and that various
chandges'si0d MARRNIRS LT RSP RFAYHSHFthaIgpRIPRAE ScbssHIRg 13
comyentionglisglgsed: Thus, the scope of the invention should be determined
by the appended claims and their legal equivalents, rather than solely by the

exam BB AR RAHAL S LRYisfeddl! SerNSORAHES A TyING R StRESS

seRiR¥Mily e ChPiaUe: PEAGRSS, fhednetbe N FOMAlsFIEh eSS atplasaing@on,
semiconductor device, said semiconductor device comprising a

at Lo @b bt ie et A Ittt of N tepeeshaing adinst set of

sidisposgAdberaana Rtlersiane alithaiNifadetevispscting it aashangdefither
PFET devices having a first set of sidewall spacers and a second set of

digpasiavspisett R RAERIRE MF Ao 1RGO G5 deaverth Qe REFT

dednenf the NFET devices and over the at least one of the PFET devices;

o P PR B SO PR LR v

the at least one of the PFET devices;

removing at least a portion of the tensile stress layer over the at least one of the
PFET devices;

selectively removing at least a portion of the tensile stress layer over the at least
one of the NFET devices, thereby forming a third set of sidewall spacers on the at least
one of the NFET devices; and

selectively removing the second set of sidewall spacers from the at least one of
the PFET devices and the third set of sidewall spacers from the at least one of the NFET
devices with the second set of sidewall spacers of the at least one of the NFET devices

remaining substantially intact.

2. The method of claim 1, further comprising the step of depositing a
compressive stress layer over the at least one of the NFET devices and the at least one of
the PFET devices after selectively removing the second set of sidewall spacers from the
at least one of the PFET devices and the third set of sidewall spacers from the at least one

of the NFET devices.
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removing at least a portion of the tensile stress layer over the at least one of
the PFET devices; selectively removing at least a portion of the tensile stress
layer over the at least one of the NFET devices, thereby forming a third set
of sidewall spacers on the at least one of the NFET devices; and selectively

remoyingHh s s@eanst sriafsidawal ehapateitane theJrirastianerefcthgpressive
PFET devices and the third set of sidewall spacers from the at least one of

stighs Rk PVaRESS \nath one St iiEel deyieridanceysedhe epmmpcssidaersaon

th@htheaNbEd JeNiICRFHEManieg substantially intact. 2. The method of claim 1,
further comprising the step of depositing a compressive stress layer over the

at least one of the NFET devices and the at least one of the PFET devices

after setegdivehhrnoe vinthine pegerdsiahelisidawatepracsis yinsthen-ahiform
least one of the PFET, devices and the third set of sidewall spacers from the

nitgj g JAYes ¥ bt S RMSOPHISIRE LS Vins AMt9HESSIRRGY SIGHNR L retINRe at least

a peMpHisnadhensiep ©éJelaydngrthe GernpRsshie: SLIRSNERIT @xetdhavhtienst
one of the NFET devices to reduce the compressive forces on the at least

the, Rerb RO TIHE FideAYES ISy oy ol Sidredheisin 3 iemaLindhsoisshny ort of

siGRRIOEARRIYINGA HRNUUREOBheitrite FBIET aveictleusE MICOMIUGOsTeNISe]
after the step of selectivel B{gzatmovin&g at least a portion of the tensile stress

SPREGET FOM frelhiqad s e KiEESVf&%ices, whereby the non-uniform

nitride layer is removed during the step of removing the second set of

sidewall spacers from the at least one of the PFET devices and the third set
of sidewHIF LH O T S D BRI G e orm niride

layer comprises depositing a non-uniform nitride material across the semiconductor

device.

6. The method of claim 5, wherein the step of applying a non-uniform nitride
material creates a profile where the nitride material is thicker on the upper portions of the
profile across the at least one of the NFET devices and the at least one of the PFET
devices and thicker along the bottom portions of the profile between the at least one of
the NFET devices and the at least one of the PFET devices and thinner in the middle of
the profile adjacent the sidewall portions of the at least one of the NFET devices and the
at least one of the PFET devices.

7. The method of claim 6, wherein the step of applying a non-uniform nitride
material comprises applying a non-uniform nitride material that has a thickness ranging

from about 500 Angstroms to about 750 Angstroms.

8. The method of claim 4, wherein the non-uniform nitride layer is removed with

an isotropic etch process.
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5. The method of claim 4, wherein the step of applying a non-uniform nitride
layer comprises depositing a non-uniform nitride material across the
semiconductor device. 6. The method of claim 5, wherein the step of
applying a non-uniform nitride material creates a profile where the nitride

mategiatigeRickesosr heimpRarRestion: afdher RpiR aaiessilipatieastane
of the NFET devices and the at least one of the PFET devices and thicker

CORMBHCthEBIOREIBRHRHBRSE HE DTS ARSI thE- WX RILD TRSSIBY the NFET
devices and the at least one of the PFET devices and thinner in the middle of
the profile adjacent the sidewall portions of the at least one of the NFET )
devicks dHitf tRethadiRhstabhe’ o HEIP BT 1GEYRHEN FPagies ittt compsised

ofhgkgin the step of applying a non-uniform nitride material comprises
applying a non-uniform nitride material that has a thickness ranging from
about 500 Angstroms to about 750 Angstroms. 8. The method of claim 4,

wherein theengasifornaning layaeis reoenadivinpabidsetropiatetth
process. 16 9. The method of claim 3, wherein the step of relaxing the
COBRHSFE L G UUYE M omprises implanting the compressive stress layer with
a relaxation species. 10. The method of claim 9, wherein the relaxation
species is.a material comprised of Xenon. 11. The method of claim 10,

wherdin theSrRIERaMSH Sl3dBies G rHABRISICR SR SRISH B & EPMBRIHY Cr5ess

laydieonginest atplRiting avhei@inithe staprii depesiing @ KeRpressMa 8liasss
layer comprises depositing a nitride liner material having a compressive
SWffternal stress

13. The method of claim 12, wherein the step of depositing a compressive stress

layer is performed by plasma enhanced chemical vapor deposition.

14. The method of claim 1, wherein the step of depositing a tensile stress layer

comprises depositing a nitride liner material having a tensile internal stress state.

15. The method of claim 14, wherein the step of depositing a tensile stress layer

is performed by plasma enhanced chemical vapor deposition.

16. The method of claim 1, further including the step of thermal cycling the
semiconductor device after the step of removing at least a portion of the tensile stress
layer over the at least one of the PFET devices to activate the tensile stress layer over the
at least one of the NFET devices and induce a stress within the at least one of the NFET

devices.
17. The method of claim 16, wherein the step of thermal cycling comprises

performing a standard dopant activation anneal with a temperature in excess of about

1070 degrees Centigrade.
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state. 13. The method of claim 12, wherein the step of depositing a
compressive stress layer is performed by plasma enhanced chemical vapor
deposition. 14. The method of claim 1, wherein the step of depositing a
tensile stress layer comprises depositing a nitride liner material having a
tensile internal stress state. 15. The method of claim 14, wherein the step of
depositing a tensile stress layer is performed by plasma enhanced chemical

vapol ttep 8BS ABOTHA M tHbFBt BILIRS PRI EE dihlgatie Sresian of the
tefBREMREGYGNRE filden BRMICRAGUHObHMdceriteadbr leprRifemey g Rhieast

a portion of the tensile stress layer over the at least one of the PFET devices

ASOLGRIG IS ALV FelfGiIE Hress layer over the at least one of the NFET devices
and induce a stress within the at least one of the NFET devices. 17. The
method of claim 16, wherein the step of thermal cycling comprises
performing a standard dopant activation anneal with a temperature in excess
of about 1070 degrees Centigrade. 17 18. The method of claim 1, wherein
the step of removing at least a portion of the tensile stress layer from the at
least one of the NEET devices is performed with an anisotropic reactive ion
etch. 18
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