STRUCTURE AND METHOD OF APPLYING STRESSES TO PFET AND
NFET TRANSISTOR CHANNELS FOR IMPROVED PERFORMANCE
BACKGROUND OF THE INVENTION The present invention relates to the
fabrication of semiconductor integrated circuits, and more specifically to
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metal oxide semiconductor (CMOS) transistors. Both theoretical and
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can be greatly increased when a stress of sufficient magnitude is applied
to the conduction channel of a transistor to create a strain therein. Stress

is defined as force per unit area. Strain is a dimensionless quantity

defined as the unitghanraerioaxEMKera PeQYMRgGEORhange, in a

particular dimension of an item, in relation to the initial dimension of that
item. An example of strain is the change in length versus the original
length, when a force is applied in the direction of that dimension of the

item: Tié exAsBBIR InientitbACiemeldisiengld. RikAchean beredbatitenviitor

or compressive. In p-type field effect transistors, the application of a
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conduction channel, creates a strain in the conduction channel which is
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compressive stress is applied to the conduction channel of an NFET, its
trafiyR tersrent

Both theoretical and empirical stﬁdies have demonsftrated that carrier
mobility in a transistor can be greatly increased when a stress of sufficient
magnitude is applied to the conduct_ion channel of a transistor to create a
strain therein. Stress is defined as force per unit area. Strain is a
dimensioniess quantity defined as the unit'change, for example a percentage
- change, in a particular dimension of an item, in relation to the initial dimension
of that item. An example of strain is the change in length versus the original
length, when a force i_s applied in fhe direction of that dimension of the item:
for example in the direction of its length. Strain can be either tensile or |
‘cbmpressive. in p-type field effect transistors, the application of a
con'ipressive longitudinal stress, i.e. in the .direction of the length of the
conduction channel, creates a strain in the conduction channel which is known
to increase the drive current of a PFET. However, if the same compressive

stress is applied to the conduction channel of an NFET, its drive current



1 decreases. However, when a tensile stress is applied to the conduction
channel of an n-type field effect transistor (NFET), the drive current of the
NFET increases. Accordingly, it has been proposed to increase the
performance of an NFET by applying a tensile longitudinal stress to the
degmagastidirviRyehenbEhe RFEE sitaRs ikcrRiad thdhsedongisitm athannel
of RIREM-typapfilthgeffecinmtpaassie IMEETlintstddsctociisrenndsfctine NFET
incegaewiel. Several ways have been proposed to impart different kinds of
stresses to different regions of a wafer that house NFET and PFET
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featingnitige cbwiprsspanitrassatdasused on introducing etch-stop layers such

as those that include silicon nitride.

SUMMARY OF THE INVENTION

According to a first aspect of the invention, there is provided a
semiconductor device structure, comprising: a p-type channel field effect
transistor (“PFET"), an n-type channel field effect transistor ("NFET"); a first
stressed film disposed over both said PFET and said NFET, said first stressed
film having a first portion imparting a first magnitude compressive stress to a
conduction channel of said PFET, said first stressed film further having a second
portion overlying said NFET, said second portion not imparting said first
magnitude compressive stress to a conduction channel of said NFET, said
second portion including an ion concenfration not present in said first portion
such that said second portion imparts one of a compressive stress having a
magnitude much lower than said first magnitude, zero stress, or a tensile stress
to said conduction channel of said NFET, a second stressed film imparting a
tensile stress to said conduction channel of said NFET; and an intermediate layer
overlying said PFET between said first and said second stressed films, said
intermediate layer not overlying said NFET.

According to an embodiment of the invention, a semiconductor device
structure is provided which includes a first semiconductor device; a second
semiconductor device;, and a unitary stressed film disposed over both the first
and second semiconductor devices. The stressed film has a first portion
overlying the first semiconductor device, the first portion imparting a first



conduction channel of said PFET, said first stressed film further having a
second portion overlying said NFET, said second portion not imparting
said first magnitude compressive stress to a conduction channel of said
NFET, said second portion including an ion concentration not present in
magaifiuis cporpicesveistieasdaid seodndtiporibaimmplarfdionéref semiconductor
devieBessivesiERSSIRAYINthar MAgREUseseeehy IQuRIcihavedthirshe second
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the conduction channel of the NFET, but not to that of the PFET, because of the
intervening intermediate layer.

According to a second aspect of the invention, there is provided a
semiconductor device structure, comprising: n-type channel field effect transistor
(*NFET"); a p-type channel field effect transistor {("PFET"); a first stressed film
disposed over both said NFET and said PFET, said first stressed film having a
first portion imparting a tensile stress having a first magnitude to a conduction
channel of said NFET, said first stressed film further having a second portion
overlying said PFET, said second portion not imparting said first magnitude
fensile stress to a conduction channel of said PFET, said second portion
including an ion concentration not preset in said first portion such that said
second portion imparts one of a tensile stress having a magnitude much lower
than said first magnitude, zero stress, or a compressive siress to said conduction
channel of said PFET; a second stressed film overlying said PFET and said
NFET, said second stressed film imparting a compressive stress to said
conduction channel of said PFET, and an intermediate layer overlying said
NFET between said first and said second stressed films, said intermediate layer
not overlying said PEET.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a structure including a PFET and an NFET according
to an embodiment of the invention.



portion such, that the second portion imparts one of a compressive stress
having a magnitude much lower than the first magnitude, zero stress, and
a tensile " stress to the conduction channel of the second semiconductor
device. In one embodiment, the first and second semiconductor devices
include a p-type field effect transistor (PFET) and an n-type field effect
transistor (NFET), respectively. In another embodiment, a second
stresEdgLit2s upesedIOvilikatiaterstagesde fammcaian @B RGBbtANd an
the PFET and NFET. An intermediate layer is provided overlying the
NPEE peraries panchadimericebing dmessiatiims but not overlying
the NFET. The second stressed film imparts a tensile stress to the
conduction channel of the NFET, but not to that of the PFET, because of
the intervening intermediate layer. According to a second aspect of the
invention, there is provideéd A k&R ddR&tdrdéide structure, comprising:
n-type channel field effect transistor ("NFET"); a p-type channel field
effect transistor ("PFET"); a first stressed film disposed over both said
NFET and said PFET, said first stressed film having a first portion
imparting a feigsife dtigss erasmgectipnahiigiitesterting amecaprbodiment of
channel of said NFET, said first stressed film further having a second
theopieaebl énangieaid AF B0 waIdsEéants pbritoiRBlcrapaiah g salgaRstucior
. magnitude tensile stress to a conduction channel of said PFET, said
regieBntftieMibainaisid dmyRishidwearieieasbiciut Ruisesipsalrfivided, such
portion such that said second portion imparts one of a tensile stress
anNing b HagnaiderRdcRbwércomplementary metal oxide semiconductor

(CMOS) circuitry. The NFET and PFET are separated bylshailow trench
isolétion (STY) region 50. As discussed earlier, an appropriate stress applied
{0 a ftransistor channel region can significantly increase carrier mobility,
resulting in improved performance. As shown in Figure 1, é unitary stressed
film 900 is disposed over both the' PFET 20 and the NFET 10 to impart

stresses to each fransistor.

in the exemplary structure shown in FIG. 1, the unitary stressed
film 900 includes two portions, a first portidn 901 that imparts a éompressive
stress having a first magnitude to the con'duction channel 81 of the PFET 20
and a second portion 902 that ove.riies the NFET 10. Although the second
portion 902 is part of the same unitary stressed film 900 as the first portion
901, the second portion does ‘not impart a compressive stress at the first

magnitude to the conduction channel 92 of the NFET 10. This is because the



than said first magnitude, zero stress, or a compressive stress to said
conduction channel of said PFET; a second stressed film overlying said
PFET and said NFET, said second stressed film imparting a compressive
stress to said conduction channel of said PFET; and an intermediate
setayet podityinglzhidcNBET aetivocrosaentiratianovdiizhsecnodmresstdh the
films, said intermediate layer not overlying said PFET. BRIEF
firdb pSCiRIP TI@NODFCTHEE IR NSSSER) the BétmchiportiostrfGiufo have a
including a PFET and an NFET according to an embodiment of the
diffaventioaghifigere2etresough e stdiffersat depia tdstoesion of caRERTle
and an NFET according to an embodiment of the invention. DETAILED
stre@ES AR THOMhEIrodidns 302rdsas seithienat vievnificesevmstees  having a
embodiment of the present invention. As shown in Figure 1, a
mainifiederysimhsemiotiductbe Tiesfionathitdiesaatediresdionh adensile stress.
semiconductor devices are provided, such as NFET 10 and PFET 20 of
Byceanp lehexeiaylen atabozi déendadicerduniidhe @GMaBipcir dbagrynithey FEIsed
and PFET are separated by shallow trench isolation (STI) region 50. As
filndi S senhgiatieesaardipihpmiate nitrits appliedstsiideansitidechadrible ion
region can significantly increase carrier mobility, resulting in improved
copeenmazrte ke smwndrpeigioe ibchidedargretassed (Ge) ions.

In a preferred embodiment, illustrated in Figure 1, a second
stressed film 990 is disbosed over the first portion 901 and the second portion
902 of the qﬂitary stressed film. The second stressed film @90 is a tensile
stressed film, imparting a te.nsiie stress to the condtjction channe! of tﬁe NFET
10. Thus, the second stressed film is disposed over both the compressive’

| stressed first portion 901 and over the second portion 802 of stressed film 900.
In order that the tensile stressed second film 990 does not affect the
compressive -sfress applied to the PFET by the underlying compressive
stressed first portion 901, an intermediate layer 550 is disposed over the
PFET 20 to space the second film at a sufficient distance from the
compressive stressed portion 901 of the underlying unitary stressed film. The
intermediate layer 550 is disposed on the first stressed film 200 but only

overlying the PFET 20 and not the overlying NFET 10.

The second stressed film 990 can be formed of a variety of



film 900 is disposed over both the" PFET 20 and the NFET 10 to impart
stresses to each transistor. In the exemplary structure shown in FIG. 1,
the unitary stressed film 900 includes two portions, a first portion 901 that

imparts a compressive stress having a first magnitude to conduction, |
D) 81 PR RE SO o B O SEE LB ensists
NFET 10. Although the second paogtion 902 |s part of the same unitary
essrElalY fin DAY neH gErtSIIC8R . N ecoll PERIGIMRRATEN, the
-, impart,a compressive stress at the first magnjtude to the condugtion
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includes an ion concentration which is not present in the first portion. The
ang iNGHREH RARHUANRES I HRCHEE SABTURN o BaYRS PaftRietifRhbntncluding
magnitude of stress, or even a different type of stress, i.e., a tensile

angpdde 4R aBligPbAIBKG2 has either a compressive stress having a

magnitude much lower than the first magnitude, zero stress, or a tensile
stress. By way of example, in one embodiment of the invention, the

unitary stressed film 900 consists essentially of a njtride such as silicon
nitride and tHeBiorS ey EER Ja8Rah tRelideRd Bodisierigngdd 1000 and
germanium (Ge) ions. In a preferred embodiment, illustrated in Figure 1, a
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second portion 902 of the unjtary stressed film. The second stressed film
drgiorraips <feof the NFET 10 and the PFET 20 and conductive vias 1102

contacting silicide regions 28 of the gate conductors of the NFET and the

PFET.

Thus, in the structure illustrated, permanent ten.sile and
compressive stresses are applied fo the NFET and the PFET, respectively, to
improve the performance of each. A high ievel of stress can be applied
because both tensile and compressive stresses are'applied to localized

regions of the wafer in which the NFET and the PFET are disposed.

The magnitudes of the stresses applied fo éach region can be
controlled by the film thickness and characteristics of an ion implantaﬁon, as
will be discussed later. An advantage of the structure 12 is that the
topography of the wafer is more even between the regions of the wafef in
which the PFET and NFETs are formed. This results because limited

processes, such as reactive ion etch (RIE) processes, are applied to the



stressed film, imparting a tensile stress to the conduction channel of the
NFET 10. Thus, the second stressed film is disposed over both the
compressive stressed first portion 901 and over the second portion 902 of
stressed film 900. In order that the tensile stressed second film 990 does
stnattaffetd foemcihe plesstesl Stess applzddiztivell ki laydreofiosialidyisgised
compressive stressed first portion 901, an intermediate layer 550 is
aglmpodedosaiatbdaRiF HE R tn dpacerieseddiingsfiim at a sufficient
distance from the compressive stressed portion 901 of the underlying
unitary stressed film. The intermediate layer 550 is disposed on the first
stressed film 900 but only overlying the PFET 20 and not the overlying

NFET 10. ThaesoiiEl $0ressbB AET 2WstmwpeifioFigereof anafmtyied fom a
materials. In a preferred embodiment, the second stressed film 990
sutsstsitts EsseTtiallguifsirattsici suely asitbiicopenitritieiitnsuisstrate or, more
embodiment, the intermediate layer 550 has a thickness measuring
prieéévatdy, 180skmitbRdictorame-inslildes asttfonten! disdéctde matsitiebn-on-
the layer 550 preferably including an oxide such as silicon dioxide. The
instiatture (BOHer inghitiese digleciuhitih 1090 apldtivehdudtive visigdlE0erystal
contacting silicide regions 32 overlying the source and drain regions 24 of
sahedshEiicid myldhd £BET Sthandreindocivéoviasd tO2r eoniastiiading layer

silicide regions 28 of the gate conductors of the NFET and the
18, as shown. When field effect transistors (FETs) are formed in such SOI
substrates, faster switching operation is often achieved than otherwise,
because junction capacitance between the channel region of the transistor
and the bulk substrate is eliminated. Preferably, a single-crystal

semiconductor region 14 of siiicon is provided as the semiconducior-on-

insulator layer.

Reference is méde_ hereih to NFET and PFET transistors having
channe! regions disposed within a single-crystal sificon region of a substrate.
However, the present invention is not limited to the fabrication of transistors in
a pure silicon crystal. In place of silicon, the single crystal semiconductor
region 14 may consist essentially of a semiconductor alloy such as that of
silicon germanium. The teachings of the present invention are also
understood fo apply fo the fabrication of fransistors in other types of
semiconductor maferials such as lil-V compound semiconductors having a

composition AlalngGacAspPeNg, wherein A, B, C, D, E and F represent the



PFET. Thus, in the structure illustrated, permanent tensile and

compressive stresses are applied to the NFET and the PFET,

respectively, to improve the performance of each. A high level of stress

can be applied because both tensile and compressive stresses are
regpprbveroRecaagee fhrRashirRiemativhith e NAET Bnandehb e the
. are disposed. The magnitudes of the stresses applied to each region can

sepaicepditeiRiChistak i ﬁﬁﬁﬁ@fé@ﬁﬁﬁé‘%ﬁhﬁ‘@cﬁg&tfég%ﬁﬁhaﬁﬁmde (GaAs),
implantation, as will be discussed later. An advantage of the structure 12

ingiumaripRspBifR rEPRY: cBaliimafaitrisiendraadVbnansiweEratar cgiongasamon

the wafer in which the PFET and NFETs are formed. This results
exXgathigscofBitel serolaestduciaiieh as reactive ion etch (RIE) processes,

are applied to the 6 structure to form the stressed films, and a relatively

thin layer of oxide is used as an intermediate layer between the stressed

films. The NFET 10 and PFET 20 shown in Figure 1 are formed from a

substrate 18Vitheéuegsa®rangeitpdriovra fulbe grigtersiyatiore of the

referably, a semiconductor-on-insulator substrate, such as a silicon-on--

N Tj|aa@\€i(§0$) dubktratBairewHieRantelbBResy & sitpiewgaipns provided

semiconductor region 14 of a semiconductor is formed over an insulating
agegehinosiadhéhviorunssions aesdedtfan sadistlpe Te)) Bastistaedlihe gate

such SOI - '
conductor of the PFET is p+ doped, e.g., using boron, while the gate
conductor of the NFET is n+ doped e.g., using phosphorus or arsenic. This is
achieved by heavily doped polysilicon lower layers 26 of the gate conductors

being preferably doped to concentrations between about 10" em™® to 102 cm™,

Each gate condubtor preferably includes a low-resistance
portion 28 disposed above the polysilicon portion 26. The low-resistance
portion 28 has much less resistance thén the polysilicon portion 26, the low-
- resistance portion preferably including a metal, a silicide of a metal, or-both. In
a preferred embodiment, the low-resistance portion 28 includes a silicide
formed by a Seif-aligned process (a "salicide™), being a conductive silicide of a
silicide precursor metal such as nickel but not limited fo tungsten, titanium and
cobalt. More preferably, the silicide is a compound of cobalt (CoSiy).
Alternafively, each gate conductor can include a metal layer in place of the
polysilicon layer 26 such as a metal [ayer formed as a replacement gate after

high temperattjre processing of the source and drain regions of the transistor



substrates, faster switching operation is often achieved than otherwise,
because junction capacitance between the channel region of the transistor
and the bulk substrate is eliminated. Preferably, a single-crystal
semiconductor region 14 of silicon is provided as the semiconductor-on-
haivs llassr toapliéteterence is made herein to NFET and PFET transistors
having channel regions disposed within a single-crystal silicon region of a
substrate. However, the present invention is not limited to the fabrication
of transistors in a pure silicon crystal. In place of silicon, the single crystal
semiconducibe MHEBH 14 nmejudassst dssentibiiggidbn S8micwhduet&FEDY20
such as that of silicon germanium. The teachings of the present.invention
inciuelatsa ehnatevstaeditm dphlpatht b snpet atigionbttmispidispimseth Gelppethe
of semiconductor materials such as IlI-V compound semiconductors
respaoiya gaienpostiactokl 28) BE aepsbREN T endienei b 2By &ie [ dleundcF27 .
represent the 7 respective percentages of each element Al, In, Ga, As, P
Thanddfa ndiktectdon 2D nsrabton sy stal tespartaysagd ssititalin giitbfidsatiion is
arsenide (GaAs), indium phosphide (InP), gallium nitride (GaN), and
thénGals Rranerchromdheesarfygesodf thechinghsicoystat toesnidbtiicetdintegion
reference to Figure 1, the gate conductors of the NFET and the PFET
i4have dopant types and concentrations provided

The NFET and the PFET further include first spacers 40
disposed on sidewalls of the gate conductors. The spacers 40 are preferably
formed of a conformably deposited dielectric material such as an oxide, e.g.,

silicon dioxide, or a nitride such as silicon nitride.

Halo and extension regions 22 are disposed adjécent to the gate
conductors 26, their locations determined by the thickness of spacers 40.
Second spacers 30 are disposed on sidewalls of the first spacers 40. Each
transistor further includes source and drain regions 24 disposed on alternate
sides of the gate conductors, the locations of the source and drain regioné
being determined by the combined thicknesses of the first and second

spacers 30 and 40.

Figures 2A through 10 illustrate stages in the fabrication of the

structure 12, according to an embodiment of the invention. Figures 2A



according to the workfunctions needed for each type of transistor. The
gate conductor of the PFET is p+ doped, e.g., using boron, while the gate
conductor of the NFET is n+ doped e.g., using phosphorus or arsenic.
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"salicide"), being a conductive silicide of g silicide precursor metal
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the silicide is a compound of cgbalt (CoSi2). Alternatively, each gate _
thryell 3 cARSn PRIYEUCATL GLaliEr prR 5 tﬁ@a%ﬁ/s%f nihiy dpsRective

~such as a metal layer formed as a replacement gate after high .
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have been completed. The NFET 10 includes a channel region 92 and the

thespiel o gravi AR AR IR S AleRrYA R TLERLI B gegion 14.

disposed below the respective gate conductor 26, as separated therefro
WB{}‘E’BS@E’BiQ%ﬁ&gﬁhg gate cgnductors, as discussed pa ove, is pre&argéaky

already provided by this stage of fabrication. Spacers 40 are also provided,
and the shallow trench isolation region 50 has aiready been provided at this

stage.

As shown in Figure 2B, extension and halo regions 22 are.
formed in both the NFET and PFET device regions 15, 17, by implantation,
using the polysilicon GC layers 26 and spacers 40 as masks determining the
edges of the implanted regions. When the ih‘xp!ants are performed to the
NFET device region 15, the PFET device region 17 is prevented from being
impianted by a mask formed over the PFET device region. When the implanis
are performed to the PFET device region 17, the NFET device region 15 is

Vprevented from being implanted by a mask formed over the NFET device

region.

Thereafter, as shown in Figure 3; second spacers 30 are

10



The gate dielectric 27 preferably includes a layer of silicon dioxide which
is thermally grown from the surface of the single-crystal semiconductor
region 14. The NFET and the PFET further include first spacers 40
disposed on sidewalls of the gate conductors. The spacers 40 are
fomnefd rablysittewalts obh thenfosh ablcaepotited ‘Hrmmﬂemamlahmmm,sare
an oxide, e.g., silicon dioxide, or a nitride such as silicon nitride. Halo and
pegicensid toedaiine 2barsadisgosed atipicersgintie Zétiorctivel INEET 261d the
their locations determined by the thickness of spacers 40. Second
PHpacirsa3miledisposed tortrsid ewatiéchf e fisdd spaterxdetBidrachplants are
transistor further includes source and drain regions 24 disposed on
pedftematk sides of the gate conductors, the locations of the source and
drain regions being determined by the combined thicknesses of the first
and second spacers 30 and 40. Figures 2A through 10 illustrate stages in
the fabrication of the structure 12, according to an embodiment of the
invention. Fijneesditer dtushatesin Biagedntywhiltlidbaayilyssie8napatS2 are
conductor (GC) layers 26 are formed to overlie an NFET device region 15
formeda dREBYimie tve gagioochdwttdhe Zingreddiystabsersicontidetin regioms of
14 of the substrate 16. For ease of illustration, the insulating layer 18 and
thehepwitdoref tRidasbilidd 6egions are preferably formed in a self-aligned

manner by depositing a silicide precursor metal, reacting it with the underlying
silicon metal and then removing any unreacted metal that remains, through a
wet cleaning process, for example. At the conclusion of this step, the NFET

10 and the PFET 20 are fully formed.

| In Figufe 5, a unitary- compressive stressed film 500 is formed
over the PFET 20 and the NFET 10. The film 500 preferably consists of a
nitride, such as silicon nitride, as illustrated ih Figure 5. Preferably, the
thickness of the film 500 and the parameters of its deposition are selected so

as to achieve a particular magnitude of stress.

Thereafter, an intermediate fitm 550, which is preferably not
stressed, is deposited over the structure. Film 550 is preferably a dielectric
layer rather than conductive or semiconductive in nature, and is preferably
conformal to the contour of the underlying topography. Preferably, film 550

includes an oxide, preferably being silicon dioxide, and such layer can be

11



underlying the insulating layer are omitted from the views shown in FIGS. -
2A through 10. The polysilicon GC layers 26 are spaced from the
respective device regions 15, 17 by a gate dielectric. 27, which is

prefergbly an oxide thermally grown on the surface of the single-crystal
foltmRe dAESHRIMAIG: Y 18 | IR RREIRH BB FRPSHIAR GHENBRIRTR tstra-

discussed above, is preferably already provided by this stage of
TR calga TR OB ar BTEIAY SPbvidBe Ol BIETSHEbyARRRRIment, the

isolation retgi_on 50 has already beeé;é)rov‘ided &; this stage. As shown in
thieipes @ BiadassishriwarNalditre D %@ Aormed in both the NFET

and PFET device regions 15, 17, by implantation, using the polysilicon
GC layers 26 and spacers 40 as masks determining the edges of the
implanted regions. When the implants are performed to the NFET device |
region 15, thB®REfetRRaheyid A 7idUsfebe EIRFIRT NG MAskRRehile
by a mask formed over the PFET device region. When the implants are
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r;‘grevented from being implanted by a mask formed over the NFET device

N rgéﬂrow—Thereafter, as shown in Figure 3, second spacers 30 are 10
formed on sidewalls of the first spacers 40. Thereafter, implantations are
performed to define the source and drain regions 24 for the NFET and the

Figure 7 illustrates the structure after the intermediate film 550 is
removed from the NFET 10. An efching technique is used which is selective fo
the underlying nitride film 500 to remove the oxide film 550 from the region -

overlying the NFET 10, as illustrated.

Thereafter, as illustrated in Figure 8, the portion of the stressed
film 500 that is exposed and overlying the NFET 10 is implanted with ions,
preferably germanium (Ge) ions, as shown by arrows 805. During this step,
the siressed film 500 that overlies the PFET 20 is protected from being

substantially altered by a mask 810.

The dose and energy of the ion implantation can be adjusted so
that the strass in the implanted film 500 is reduced to a value close to zero.
The ion imﬁlantation reduces the film sfress by breaking bonds between
silicon’ and nitrogen atoms, and causing dislocations. Experiments have

demonstrated that both fensile and compresSiQe stress can be reduced
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PFET, in a similar manner to that in which the halo and extension implants
are performed. Thereafter, as shown in Figure 4, silicide regions 28 and
32 are formed overlying the gate conductors 26 and the source and drain
regions of the transistors. These suicide regions are preferably formed in
theosglt-atignédplantatiorbjalemaistmgciosiicide zeesuser metadutearititigeit ion
with the underlying silicon metal and then removing any unreacted metal
imghlanitetitaindhéh sivegsapresededmitiyepaiitess, ditrideafinple5 @0 theerlying the
conclusion of this step, the NFET 10 and the PFET 20 are fully formed. In
NFEGUrtOSisarelaitay wdrilpribesivarst disedOilnr&@ins towoatbressivbiatress in
PFET 20 and the NFET 10. The film 500 preferably consists of a nitride,

theumteaostidgingithideP BE 1120 kot soFégu epbnRieferabinghe thkiekab sy cle
of the film 500 and the parameters of its deposition are selected so as to

suathisvarmpaliigyidrentaugpiitutiel gicstion of therfirfies0arcimdeestnierfdito a
550, which is preferably not stressed, is deposited over the structure. Fllm
tebsikisipestardifiiyra dielectric layer rather than conductive or
semiconductive in nature, and is preferably conformal to the contour of
the underlying topography. Preferably, film 550 includes an oxide,
preferably being silicon dioxide, and such layer can be 11 formed, for
example, bpabieacteenidiarzodeptsiiombuenasiingpeoeies is preferably
conducted. Due o the presence of the implanted ion concentration (Ge) in the
portion of the film 500 overlying the NFET 10, the annealing process
transforms portion of the film 500 overlying the NFET 10 fo a film having a
much lower magnitude of stress than that originally deposited. As a result of
this process, the implanted portion of the film may even be converted to a
tensile-stressed film. The portion of the stressed film 500 overlying the NFET

is referenced as 902 in FIG. 1. The remaining portion of the film which

overlies the PFET 20 is referenced as 801 in FIG. 1.

As further illustrated in Figure 9, preferably, a second stressed
film 990 is formed specifically to apply a tensile-stressed film to the NFET 10.
The second stressed film 990 is formed to overlié both the NFET 10 and the
PFET 20, as illustrated. The second layer of film 990 preférabiy includes a
tensile stressed nitride film, such as silicon nitride, for applying a tensile stress
to the NFET 10. The thickness and characteristics of this second film 990 are

selected to impart a desired level of tensile stréss to the channel region of the
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ethylorthosilicate (TEOS) precursor. In one preferred embodiment, the
thickness of this layer is between 50 A and 150 A. Thereafter, as shown in
Figure 6, the PFET 20 is masked while a step is performed to remove the
N#S%E ediate film 550 which overlies the NFET 10. Figure 7 illustrates the
ctare after the intermediate film 550 is removed from the NFET 10. An
.etching technique is used which is selective to the underlying nitride film
500 to remove the oxide film 550 from the region overlying the NFET 10,

cessed. PS80 B E B SEATE OIS Ao e
L L
_ protécte o E ubsta a alteredb a mas 810 T
s BIRER) SRR R SN GO EHA e PO SE oo 28

m lanted film 500 is reduced toga value close to zero.
ng E

BYP réftic tﬁ’é“l‘ﬂH%ﬁ’ §§’B§Pfﬁ%’§k’%&¥58ﬁﬁ¥%ﬁﬁkzé§r¢e§ff%m be

i 8 DA S7b L Sonipflssive stress can be recuced

12 through ion implantation to values close to zero. As a result of the ion

As further shown in Figure 10, a layer of dielectric material 1000
is deposited over the structure containing the NFET 10 and the .PFE_T 20. The
dielectric layer can be formed of any of a vaﬁety of insulating materials,. such
as an oxide, e.g. a TEOS deposited oxide, a doped g_!ass such as
borophosphosilicate (BPSG) glass, or a low-K dielectric such as an organic

material.

Referring to Figure 1 again, to complete the sfructure conductive
vias are formed in the jv:jielfs:citrio region to provide conductive vias 1100
contacting the silicide regions 32 disposed on the source and drain regions,
as well as conductive vias 1102 contacting the silicide regions 28 of the gate
conductors. The conductive vias are filled with a conductive material such as
a metal or metal silicide to provide electrical connections to the NFET and

PFET.

‘Many variations are contemplated within the scope of the
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implantation, the stress present in the silicon nitride film 500 overlying the
NFET 10 is relaxed while the same film 500 retains a compressive stress
in the area overlying the PFET 20. Moreover, upon conducting a thermal
cycle such as annealing, the implanted portion of the film 500 can be

ingentieneintore embitelisiesk esdriisses dhssqaenfshersidodietrtatresses to
annealing process is preferably conducted. Due to the presence of the

thenptandadtion chanealsatibdd@egsndtierthaioPBENefitNFRTY ¢slyingated
the NFET 10, the annealing process transforms portion of the film 500

diodesyisitictwe-dUFEDIER treetfilerd)arimgsaetoldb aves magniteds, of stress
than that originally deposited. As a result of this process, the implanted
portion of the film may even be converted to a tensile-stressed film. The
portion of the stressed film 500 overlying the NFET is referenced as 902

in FIG. 1. Thinremaisunh periation!, the fdemivdficepositiiesdhe PEEIAR S the
referenced as 901 in FIG. 1. As further illustrated in Figure 9, preferably, a

intertnadisteciisr VB9 O REOrprist spdoticinly tecappdpad ecilsseagragcdhe
film to the NFET 10. The second stressed film 990 is formed to overlie

sduthdheiis$sH mmmee%ﬁmnoasnlmam@l.MEsmme and
film 990 preferably includes a tensile stressed nitride film, such as silicon

thettrigettemadplyingmdenstesttfiss fotheXEETn{O0tHEN@ HECKNgssATH that
characteristics of this second film 990 are selected to impart a desired

stetietépansite steetsrtodiieathasintledgitowolttheperatures and under such

conditions which avoid altering the characteristics of the compressive stressed

portion 901 (FIG. 1) of the unitary stressed film.

In one varation of the " above-described embodiment, the
unitary-stressed film, as deposited over the NFET and the PFET, has a tensile
stress having a first -ma_gnitude. This film imparts a tensile stress having a
desirably high magnitude fo the conduction channel. 4of the NFET. After
forming the unitary stressed fiim, the NFET is masked, and ions (e.g., Ge
ions)lare implan{ed into a portion of the unitary stressed film which overlies
the PFET. After annealing, the portion of the unitary stressed film which
overlies the PFET has either a tensiié stress having a magnitude much lower
than the first magnitude, a zero stress, or a compressive stress. In such
embodiment, th_e secondstressed film overlying the PFET desirabiy has a
high magnitude compressive stress, in order to provide a desirably high

magnitude compressive stress to the conduction channel of the PFET.
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13 NFET 10. Once the second stressed film 990 is formed, the previously
formed oxide layer 550 functions to maintain the stressed film 990 at a
sufficient distance from the underlying compressive stressed PFET 20 so
as not to interfere with the amount of compressive stress which is desired
to be induced in the channel region of the PFET 20. As further shown in

Foue 1, LIRS IS AL IS SRR AULIES o coa
préfires, SRERAEN L TR YLD ITHE 25, AP Utftand e
iR TR L RE dltenf AN Eleclie SN AS Aopartin

rganic material. erring to Figure 1 again, to compléete ructu

AT, UBSAISIRIUB i G ROl EOI0R 0 PLOYIG COINEING e

vias contdcting thesilicide regions iSposed on the source-an
rai i as well as conductive vias 1102 contacting the silicide
ap?éegi%né? g%%ﬁie gate conductors. The conductive vias are filled with a

conductive material such as a metal or metal silicide to provide electrical
.connections to the NFET and PFET. Many variations are contemplated
within the scope of the '
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14 invention. In one embodiment, stressed films are formed to impart
stresses to the conduction channels of devices other than PFET and
NFETSs (e.g., gated diodes, silicon-controlled rectifiers, triacs, etc., to
name but a few). In one such variation, instead of depositing and
CLAA#Sning the intermediate film over the PFET prior to forming the second

WhatRseegHily.ithe second stressed film can be formed over both the NFET
and the PFET and then patterned to remove that film from overlying the

PFET,'provided that such steps are performed at relatively low

tempergiuges-AachHDER HacEXIERNS WipbRvaig altering the

characteristics of the compressive stressed portion 901 (FIG. 1) of the

unitarBstrésee Ghanneh e olrstitiasigterdodlé-described embodiment,
the unifarysgiiesseshilniaridanasitesheuabieNERT)and the PFET, has

a tensile stress havmég a first magnitude. This film im%arts a tensile stress

havingedITgt SirasReRiiMiispreee ayehdelhanidibh BRAnRRGIIET,
saidFirde Afiecdomming thawnliary siresssskiidn. thephitied is naaskedaghtlude

ions (e.g., Ge ions) are implanted into a portion of the unitary stressed

COMPRaGRIYA BBRRLC ACPMEUEIRRRNEA FgSRiIR BEmon thirahrikssed
filnsHeeseH Him Wi Beayatigs HhisPoliag eie NFETISEa gtasedhaviigtion

magnitude much lower than the first magnitude, a zero stress, or a

notclsmereiosh ARk B MRGHEN dent0BMIRSHY halierdify 3FRESKIFHRR channel
of SXRINPE theREEEESsI3IMiBASHciuding an ion concentration not present

in said first portion such that said second portion imparts one of a compressive
stress having a magnitude much lower than said first magnitude, zero stress,
or a tensile stress to said conduction channei of said NFET,;

a second stressed film overlying said PFET and said NFET, said
second stressed fiim imparting a tensile stress to said conduction channel of
said NFET; and

an intermediate layer overlying said PFET between said first and

said second stressed films, said intermediate layer not overlying said NFET.
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high magnitude compressive stress, in order to provide a desirably high
magnitude compressive stress to the conduction channel of the PFET. 15
While the invention has been described with reference to certain
preferred embodiments thereof, those skilled in the art will understand the
many modifications and enhancements which can be made without
departing from the true scope and spirit of the invention, which is limited
only by the appended claims. 16 CLAIMS: What is claimed is: 1. A
semicéndlibfor SRS BEeRIe JBYIAR i SHECINB-tiSe SiRiMRE flalgcar: 1.

whiRIRISiRN BESRE brassedyng channelfield effestyranaisioideNFET"); a
first stressed film disposed over both said PFET and said NFET, said first
stressed film having a first portion imparting a first magnitude

compressiye SEERSitaRiceUdianEhaangtalrsaid P Falmead firstiaim 1,

stressed film further having a second {)ortion overlying said NFET, said
WheEiBrepSbrRSGPRob HippRadigre SanrsihRRARRIRIE ahphcsdivetstgss to a
conduction channel of said NFET, said second portion including an ion

concentration not present _ _ _ )
4, The semiconductor device structure as claimed in claim 1,

wherein said intermediate layer includes a conformal dielectric material.

5. The semiconductor device structure as claimed in claim 1,

wherein said intermediate layer consists essentially of an oxide.
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in said first portion such that said second portion imparts one of a
compressive stress having a magnitude much lower than said first
magnitude, zero stress, or a tensile stress to said conduction channel of

said NFET; a second stressed film overlying said PFET and said NFET,
said $Bchhe seRiseItRRahREEEH YehYR atremeddridaina detion

channglof said N ieARdiRid M EPedidR IavsRYRBYINSr Ak S &idxide.
between said first and said second stressed films, said intermediate layer
not overlying said NFET. 17 2. The semiconductor device structure as

claimegl imlall) JicHIBHGH) SRIGSSSHEBIFE SReE SIMe PRSI RS anHalin

of a nitride. 3. The semiconductor device structure as claimed in claim 1,

a thilress Rfigaictriorairdiaia lavacenirivearcHifuRnepumorn (hitrdfad 4.50

aﬂégapoﬁggi&?nductor device structure as claimed in claim 1, wherein said
intermediate layer includes a conformal dielectric material. 5. The
semiconductor device structure as claimed in claim 1, wherein said
intermediate layer consists essentially of an oxide. 18 6. The
semiconductor device structure as claimed in claim 5, wherein said
intermediate layer consists essentially of silicon dioxide. 7. The
semiconductor device structure as claimed in claim 5, wherein
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a thickness of said intermediate layer is between 100 angstroms (A) and
150 angstroms (A). 19 8. A semiconductor device structure, comprising:
n-type channel field effect transistor ("NFET"); a p-type channel field effect
transistor ("PFET"); a first stressed film disposed over both said NFET and
said PREY se38igandtsir3ay Iarathiig a0t tHsh imparting a tensile

stress nayiag A afirstrmannisde: e meragucigrechgnnel of said NFET,

said first stressed film further having a second portion overlying said

PFET asityRecdirnpetiisia-ieish bamwigtanid Mird Magnitude tensile
stress ig;ascepauctiomrRalash ob it PEGR T AIfNLEaNIROEIN PFET,

[including an ion concentration not preset in said first portion such that
said itsbeonsasoiioraviags 6 BPEiRhENBaEEg:aHa0RH I Steagri@ideg 2
firsMHEBARYEE 1o S EHom RABKKES oF SERSNEEST 05 A dGREHUBESBEY film

stress to said conduction channel of said PFET; a second stressed film

furibgsmanieacerend aartianPxelyingsarid LBE6dd saesseernmariBaningt
imFarATRREREMR SThesh iR S8i AeMEUER ehaneplRisrid Binherod 20d

intermediate layer overlying said NFET between said first and said

PFEdosiidssrared maTtion ingliiinenauilae rapsentasihppRigrsarepRSfld
firs?-Bortion such that said second portion imparts one of a tensile stress
having a magnitude much lower than said first magnitude, zero stress, or a
compressive stress to said conduction channei of said PFET;

a second stressed fim overlying said PFET and said NFET, said
second stressed film imparting a compressive stress fo said conduction
channel of said PFET; and

an intermediate layer overlying said NFET between said first and

said second stressed films, said intermediate layer not overlying said PFET.
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9. The semiconductor device structure as claimed in claim 1, wherein

said unitary stressed film includes silicon nitride and said ion

concentration includes a concentration of implanted germanium (Ge)

ions. 21 STRUCTURE AND METHOD OF APPLYING STRESSES TO

PFET ANDEEEETICORGUGINTIRYIRTHIIINES 8Sreat Mo RGWAED 1. wherein
said GRERTMANEE R HdRAEd sifcBAMIGMEIFIATARYieR Hbnethe-dtion

provided which includes a first semiconductor device (20); a second

inClagiefca raneRn iR OTPiAHeO IREM B SEPTIRN®00) disposed
over both the first and second semiconductor devices. The stressed film
(900) has a first portion (901) overlying the first semiconductor device
(20), the first portion imparting a first magnitude compressive stress to a
conduction channel of the first semiconductor device, the stressed film
(900) further having a second portion (902) overlying the second
semiconductor device (10), the second portion (902) not imparting the
first magnitude compressive stress to a conduction channel of the second
semiconductor device, the second portion including an ion concentration
not present in the second portion such that the second portion imparts
one of a compressive stress having a magnitude much lower than the first
magnitude, zero stress, and a tensile stress to the conduction channel of
the second semiconductor
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device. Fig 1.

STRUCTURE AND METHOD OF APPLYING STRESSES TO PFET AND NFET
TRANSISTOR CHANNELS FOR IMPROVED PERFORMANCE

ABSTRACT

A semiconductor device structure is provided which includes a first semiconductor
device (20); a second semiconductor device (10); and a unitary stressed film (900)
disposed over both the first and second semiconductor devices. The stressed film
(900) has a first portion (901) overlying the first semiconductor device (20), the first
portion imparting a first magnitude compressive stress to a conduction channel of the
first semiconductor device, the stressed film (900) further having a second portion
(902) overlying the second semiconductor device (10), the second portion (902) not
imparting the first magnitude compressive stress to a conduction channel of the
second semiconductor device, the second portion inciuding an ion concentration not
present in the second portion such that the second portion imparts one of a
compressive stress having a magnitude much lower than the first magnitude, zero
stress, and a tensile stress to the conduction channel of the second semiconductor

device.

Fig 1.
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