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
rafiyeesrent 1

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



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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as shadbéirstdtiessed lhedurtiiekibaving a second portion overlying said
NFET, said second portion not imparting said first

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



magnitude compressive stress to a conduction channel of said NFET, said

second portion including 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
maghénsiecoitpesiiveaidress ductiopnchatine| dfszieNF ETE, frsiesemetonductor
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of the first semiconductor device, the stressed film further having a
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butensileveiigsg thdherENdTREaecbaantiadbe fRcongsemicantiieletress to
th&lB¥ifRuction 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.



In one embadiment, 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 stressed film is

disposed over the first stressed film and overlying both the PFET and

NFET. An intermediate layer is provided overlying the PFET between the

first and the second stressed films but not overlying the NFET. The
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the NFET, but not to that of the PFET, because of the intervening
Nirfedripeepagingyjeran ecopamisnenk eldbsnireapienof 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 stressedfirbizad E kR Forieimparting 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 tensile

stress to a coigtitietibischarers-sestrnrFEgWSHidatinudperrsabodiment of

including an ion concentration not preset in said first portion such that said
theepoprepb iy MiRartSenehoratéhsiie $iteds ANy eaxsnadritagmisvraucior
. lower than said first magnitude, zero stress, or a compressive stress to
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said PFET and said NFET, said second stressed film imparting a
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intermediate layer overlyin%said
(CMOS) circuitry. The NFET and PFET are separated by shallow 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



NFET between said first and said second stressed films, said intermediate
layer not overlying said PFET. BRIEF DESCRIPTION OF THE
DRAWINGS Figure 1 illustrates a structure including a PFET and an
NFET according to an embodiment of the invention. 3 Figure 2A through
segonitiusoriiensEgeintiudesi anidpnotar B aiTadion avhiniF BT radcpresegtdratine
embodiment of the invention. DETAILED DESCRIPTION Figure 1is a
firatrpssticactidrmiatenaiiosttrabgonaesasdiiensacondrpoptionedin e idve. a
As shown in Figure 1, a single-crystal semiconductor region 14 is
difftnstrbtedgnitutiziohwbrsssniocoedenter diffscestaypprolisieessuich., astensile
NFET 10 and PFET 20 of complementary metal oxide semiconductor
stré@MOBieciseniing TroetdBEIOZn 423F Eifhare 3epanspeeshivehsitesstrbadng a
isolation (STI) region 50. As discussed earlier, an appropriate stress
mapptietk towxchémsstdhehdhadistgragoindigmicasthe is renadamitestress.
mobility, resulting in improved performance. As shown in Figure 1, a
Byuwigrpfstnessete film Q00 ésrdispdsedvvbtimihhati® EfOratamtistressed
NFET 10 to impart stresses to each transistor. In the exemplary structure
filreh®0ih coifEiGts] etsentiabyy oftre siddd 6l sL@d0 asckiliesntvnitfidetiand, the ion
first portion 901 that imparts a compressive stress having a first
conagrireice tio the secdodiparibarinel @ sitherRirRN2(I5e) 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



and a second portion 902 that overlies 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 congaucti n channel 92 of the NFET 10. This is.hecause, =
MaeIEI% oA PRSI RER 6 PRI MEDG £ STRS AU 2a - consists
eSgresga-nt in the first portion. The ion ,concentraéion auses the seco
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magnitude, zero stress, or a tensile stress. By way of example, in one,
angniiHARE R BPRIRTRAE AiRIACIHE mﬂtsrgﬁgﬁegééd i 9aBIGRRRINCluding
essentially of a nitride such as silicon nitride and the ion concentration in
anyide eh s fic AR 9§ ermanium (Ge) ions. In a preferred

embodiment, illustrated in Figure 1, a second stressed film 990 is -
disposed over the first portion 901 and the second portion 902 of the
unitary stressed film. The second stressed film 990 is a tensile, stressed
film, imparting& EHFERUFedsihahe RFERRoAcHARRFEFIEINFEPO 0and
Thus, the second stressed film is, disposed, over both the compressive
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900. In order that the tensile stressed second film 990 does not affect the
dreBhisRiesr e 4trldba diied b e rRT BY e th GO rR bR dRR 1102

stressed first portion 901, an intermediate layer 550 is disposed over the
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



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 900 but
only overlying the PFET 20 and not the overlying NFET 10. The second
steicase dofiforrd 30 atrdes éat filatspBaw & istiati dhyntiite lmyer lof opicdcis aded
embodiment, the second stressed film 990 consists essentially of a
agnindeiauoidasdsiiyen bitweeintoo ateassedifient, the intermediate layer
550 has a thickness measuring between 100 A and 300 A and includes a
conformal dielectric material, the layer 550 preferably including an oxide -
such as silicon dioxide. The structure further-includes a dielectric fill 2000

and condudiive NiBETL10GndRIdEN 6 lgtidevregidfigud2 dvartyfogithel from a
source and drain regions 24 of the NFET 10 and the PFET 20 and

sudstrhtetivié viathil @2betmatiactity siligideittlegiobs 28 blithesgbtgratndirctonsre
of the NFET and the PFET. Thus, in the structure illustrated, permanent

priefesdbignd campvessiveistressiesalatapaisoktoatae NEET and thesREGTon-
respectively, to improve the performance of each. A high level of stress
insaizlee affiel badsstestdbothtensitdicind eomprlassiviy stiggsessitigle-crystal
applied to localized regions of the wafer in which the NFET and the PFET
sardcdisposid.régiemby oitadesvttheistrssesfappbddieeachineglatirgpayer
be '
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 silicon is provided as the semiconductor-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 to the fabrication of transistors 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



controlled by the film thickness and characteristics of an ion implantation,
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 wafer in
which the PFET and NFETs are formed. This results because limited
repRGeiyse PeSGRRIAgT8 setiveaeh QBMATE) NrobbsSed, 46 afpmditddre the
. 6 structure to form the stressed films, and a relatively thin layer of oxide is
sefrisandycian srvaiRlfhrnajee Heonrsiptaing t80e SalfvinaisavideT(@eAs),
. and PFET 20 shown in Figure 1 are formed from a substrate 16. The
indiypz e arhiday (Eifer srlliBuIR e rrabl. nanié IpferAablyate common
semiconductor-on-insulator substrate, such as a silicon-on- insulator (SOI)
exammeiestef sahieenigendivelgtin single-crystal semiconductor region 14
of a semiconductor is formed over an insulating layer 18, as shown.
When field effect transistors (FETs) are formed in such SOI substrates,
faster switchi%%g)peration is often achieved than otherwise, because

junction capiéatertboereferengaimEigegion.dhthaatarpaddciens ofcthe
bulk substrate is eliminated. Preferably, a single-crystal semiconductor
Nir&diorad olhsiliddhbd pitaigedapeid sbdrndudot@icanyaiemsiapepvided
Reference is made herein to NFET and PFET transistors having channel
acyding drfbseyakivnciieniyreadethiienieasihclipn of arsupistate The gate
However, the present invention is not limited to the fabrication of '
copgusistorefinthe 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



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 to apply to the fabrication of transistors in other types of
hasenieenduetyiebederials such as 11I-V compound semiconductors having
a composition AIAInBGacAsDPENF , wherein A, B, C, D, E and F
represent the 7 respective percentages of each element Al, In, Ga, As, P
and N in the semiconductor crystal, the percentages totaling 100. Gallium
arsenide (GBes)NHitliudd phokpledex| oRangelivegiitri@2 (&GralNihan@FET 20
InGaAsP are common examples of such semiconductors. With continued

inckfdeasneehamghnredioth€ tabetoodantmebretibas Nteh alishibscB Fielow the
have dopant types and concentrations provided according to the

respmfivectate cardierdoL8aas tpsaohteantisiafidinetyetegatndisieriat 27,
the PFET is p+ doped, e.qg., using boron, while the gate conductor of the

THeFEfasdietettriedd. gn:aisna@[phasmtmgsaotw@embsmmsdmﬁﬂevemm is
heavily doped polysilicon lower layers 26 of the gate conductors being

thenefaiigody slepdebtn chacantiatong hebvsiagizboys i SeontateldOR20 eagion
3. Each gate conductor preferably includes a low-resistance portion 28

14disposed above the polysilicon portion 26. The low-resistance portion 28
has much less resistance than the polysilicon portion 26, the low-
resistance portion preferably including a metal, a silicide of a metal, or
both. In
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



a preferred embodiment, the low-resistance portion 28 includes a silicide
formed by a self-aligned process (a "salicide"), being a conductive silicide
of a silicide precursor metal such as nickel but not limited to tungsten,
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region 14. The NFET and the PFET further include first spacers 40 _
iU 8 on SRRl IAIR e AYE R o & OTRBASRR TR o thr, espective
" preferably formed of a conformably deposited dielectric maﬂ%%iaésuch as .
deXire,aeiang. 1 SilidorPickigRt AFIREHHE SionWaShidB rPRRIRIBCIM AR adde
extension regions 22 are disposed adjacent to the gate, conductors 26;
tRETRICIHONG BB PRSP he RO GRSIaLSRIIEPRSuEiTFegion 14.

spacers 30 are dispaosed on sidewalls of the first spacers 40. Each
Workfunction doping of the gate conductors, as disclissed above, i1s preferably

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
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transistor further includes source and drain regions 24 disposed on
alternate 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 -
fonmethiomc sidevaiiibeofsthectling kpamererdig td hereafteydimpiaofatiens are
invention. Figures 2A 9 illustrates a stage in which the polysilicon gate
pectorduedotq Gigjitey éne 2@ aree fonthattainoragiensn2MAET theyinE EEgiandLthe
and a PFET device region 17 of the single-crystal semiconductor region
PEHRTofithe sishidaratweabbeF tv detdrowlilicisttatdraltharndseldtingidayiengidraedare
the portion of the substrate 16 underlying the insulating layer are omitted
peftommtad. 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 preferably an oxide thermally grown on the surface
of the single-crystal semiconductor region 14. Workfunction doping of the
gate conducidvsresfidiscassadwbavd:igupeedersiibidalregihnpragiced 32 are
this stage of fabrication. Spacers 40 are also provided, and the shallow
fotread hoisathiion tegigatbChadiateady®eend theystrdad thisl dtafrerdgions of
shown in Figure 2B, extension and halo regions 22 are formed in both the
thelFefsisioRFHhdseisdickiioegibbs1adpraiptabtatioresimg dheeif-aligned
polysilicon GC layers 26 and spacers 40 as masks determining the
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



edges of the implanted regions. When the implants are performed to the

NFET device region 15, the PFET device region 17 is prevented from

being implanted by a mask formed over the PFET device region. When

the i ?Iants are performed to.the PFET deyice region 17, the NFET

fORBEfbe LGRIATB IR BYeRaRISTBRPERS i ABRARLR D HGR AR TMca tetra-
over.the NFET device region. Thereafter, as shown in Figure 3, second

ethylortiesiirale {bRGMe PHRFYENAIS PR fiRESIAREsHDPPRIRE Rk the
implantations are performed to define the squgce and drain regions 24 for

thiglrres=aT e epersveensiindnddmd £ 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 preferad PIRATRIR% %gﬁ“ﬁﬁdﬁe%lgmﬁnﬁemﬁ/%gga—s@ﬁ’ldsa@ﬁm while
precursor metal, reacting it with the underlying silicon metal and then
a AR IMgUMee e car ity Had eaRIRSiakRoligh a5 evRislmvgrlies the
rocess, for example. At the conclusion of this step, the NFET 10 and the
N‘EEET’Q‘O are fully formed. In Figure 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 in

Figure 5. Preferably, the ) , i )
Figure 7 iliustrates 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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thickness of the film 500 and the parameters of its deposition are selected
S0 as to achieve a particular magnitude of stress. Thereafter, an
intermediate film 550, which is preferably not stressed, is deposited over
the structure. Film 550 is preferably a dielectric layer rather than

thirgiu dtive implantstionl uttivesinestotesank izpreferably cesfdtnudl the ion
the contour of the underlying topography. Preferably, film 550 includes an

impikiaéaiioetetablpivest pitsemdioxite, alidouahitiager filen 580 1dvietmad, the
for example, by a low temperature deposition such as from a tetra-

Nty bathis sitizated QS tpeesarsorfilm Gl prefeime daetohoslisxeniet@ess in
thickness of this layer is between 50 A and 150 A. Thereafter, as shown in

thEigtea GvinyiPEHERCE RETRRe Motstyer steis penfduatedta temensl thecle
intermediate film 550 which overlies the NFET 10. Figure 7 illustrates the
susthuesumaredtinidctig dnnpéalidéel flor im0 o trenfitvesOtocathesNfoRTsHb D a
etching technique is used which is selective to the underlying nitride film
tebsitetressadefihe 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 Stefpsetingestt dhaeetfilna 30@rinat arerbetiibefPbdet20sipreferably
protected from being
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

13



substantially altered by a mask 810. The dose and energy of the ion
implantation can be adjusted so that the stress in the implanted film 500
is reduced to a value close to zero. The ion implantation reduces the film
Nr‘jgﬁsmby _breaking bonds between silicon and nitrogen atoms, and
sing dislocations. Experiments have demonstrated that both tensile
~and compressive stress can be reduced 12 through ion implantation to
values close to zero. As a result of the ion implantation, the stress

present in the SI|IC n nitride film 500 ove NEET 10, is,relaxed
Wil the S RIBBHE ST QL& e TG iBg Previously

y e PFET oreo er on c ducting a therm cle
foREEHh ARG VR oA RO b RN oS BBl oA 1 2
nsile-s d I S t th t th I li
AR %%Sﬁaﬁm@lgpz&%rg?%a@%%”“eaa”%ﬁ@f% 8 o
t th f the film. 500 lyi N
o ARy DO, AR RGOS P SR B oy e to be
NFET;LOtoafImh n hi ntdeof t than that
’n%‘r'f\g‘?ﬂaﬂ/ H%&S‘Iﬁ X %%éqﬁﬁﬁ Sr%/grﬁ slsl,Jthe |msplr2§tsed Zgrn(?n 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.

‘;I'et}gr;enrzgldn%%g%{t nﬁo }J@nﬁgrrwn %hdgg 1%verllg§ép%f A: e'zzlec%nc 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

14



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 overlie both the NFET 10 and the
PFET 20, as illustrated. The second layer of film 990 preferably includes a
insentilensthe syeel enitbodifients .etheasedifinsnitrisl éodpedpipling artehreitses to
stress to the NFET 10. The thickness and characteristics of this second

thilrcgBliatienseheripelsoahyrvice sietiied theael RIF EN sitedSNEET (B1g., gated
channel region of the 13 NFET 10. Once the second stressed film 990 is

difmesdiliberprevitrolbd fectiferoxidedayeth S fhastiobate fesiftain 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 furtheinsbnevsitirigariatioh aitayendfafielegtistimgtarial 3886rifmg the
deposited over the structure containing the NFET 10 and the PFET 20.

inferenatitdée tiie aper the BFRTMedof@mnoitgviiicts ebinbetadinged film, the
materials, such as an oxide, e.g. a TEOS deposited oxide, a doped glass

senmitiastrbesephiispvasilivaté{BREGv@¢ladsitbrihd oMFIE TielegtiiteSPEETS and
an organic material. Referring to Figure 1 again, to complete the structure

theon gatibrecdias arefoumetth i mﬁmdfaimtmaselgiﬁg teredde condueiie that
vias 1100

such steps are performed at relatively low temperatures 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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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

oo oy T A R SO iR AR R
e LT d oo liconpaioled et (g Slind e

name one such variation, instea epositing an

g R RO LR Yl R RS S
e RIEELAR e SRPHICRL ISANG SR TOR NSRS e

, provi such steps aré performed Ve
ratyr nd under such conditions which avoid altering the
apﬁ%é#&%ﬁof the compressive stressed portion 901 (FIG. 1) of the

unitary stressed film. In one variation of the above-described embodiment,
.the unitary-stressed film, as deposited over the NFET and the PFET, has
a tensile stress having a first magnitude. This film imparts a tensile stress
having a desirably high magnitude to the conduction channel of the
NFET. After forming the unitary stressed film, the NFET is masked, and
ions (e.g., Ge :
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ions) are implanted 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 tensile stress having a magnitude
much lower than the first magnitude, a zero stress, or a compressive
CLAISS. In such embodiment, the second stressed film overlying the PFET

whaeslrablylarsi@ high magnitude compressive stress, in order to provide a
desirably high magnitude compressive stress to the conduction channel
of the RFET. 15 While the invention has been described with reference to

certain referid RMBRATSNS plRAkrdheeprprllacin the art will
understand the many modifications and enhancements which can be

made &itnbpeaeirraeyieertrstiirNsiIpE GREBMIAt of the invention,
which i limiied QpxeiRIGRRRRE 64 iRy (IGREAIMS: What is

claimed is: 1.'A semiconductor device structure, comprising: a p-%%eET
t s

channal firsiostrssed dimdiisnepetover BRth-spid BidnhaniLraks
saill P EERT fin? Helipleesartdinpeiapasasharingch saitt Rikgnande

said NFET, said first stressed film having a first portion imparting a first
ComRgRRgestress 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 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 channel 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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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
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

condugtion i afPRlgP RAHEIIE EIe ViCse SHFEEES 2% fiRBesyhgain 1.
whEERTsand said NF&bssald macenikritessad filmiirstingadensile stress

to said conduction channel of said NFET; and an intermediate layer
overlying said PFET between said first and said second stressed films,

said intermediatedqyshagt@redtgsaistiiEfle b6 2cHiaseMicopriston,

device structure as claimed in claim 1, wherein said second stressed film
wheisisaiesesanslistrrssamitg congists esasiigivst alivre Rifiksure as

claimed in claim 1, wherein said second stressed film consists essentially
of silicon nitride. 4. The semiconductor device structure as claimed in

claim 7 REreRS QUG NSIEFREJRRYIRS e ITES 8%oRiRimed dijieciiey 1.
whBRiar@liPinfaeraniondestprilaucestustyrmasdialnert mstaimll,

wherein said intermediate layer consists essentially of an oxide. 18

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

wherein said intermediate layer consists essentially of an oxide.
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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 a thickness
of said intermediate layer is between 100 angstroms (A) and 150

angsti@iAFeIYBNA LRl E YRR B VI AR HRNRE S B RIFHRINY:

n-type, ghanneldeid qliedianeisiobt BHrisibts afddvsirenantiridisiiee
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-hayig fiish RAIUIE A SANIURI M Cranned of ShithNE Bfherein

said first stressed film further having a second portion overlying said
a tmcirpssand saibinigrorteirifolanapathRivaRNMiriGRFHIRB Msiiand 150
aﬂﬁgp&%&&ponduction 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
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 layer overlying said NFET between said first and
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said second stressed films, said intermediate layer not overlying said
PFET. 20 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. B STFRUGCPOREIANIENESTHIYBI R KPPV 'STRESSES TO

PPET ANBINFERSRANSIFIONR S4AMNENFE®R IMPROVED
PERFORMANCE ABSTRACT A semiconductor device structure is

providédvirrenchenifJigidefieshitessifietdr Fdevice: (20); a second
semicongueigr desdaen(hPyigiskad Bliannsticssrs line 90RY diseasedT,

~over both the first and second semiconductor devices. The stressed film
saigoiye} RgesaesfivMRANIGLIwIaNH/NIBRRSIRG AilIRiRYegeidying
first2Rhdg e ISt PO tIIRRRHIRE M AEH N SSatNEE FOmpEeRRiVR BEESSHAIM

conduction channel of the first semiconductor device, the stressed film

furifue0)auiaise? RasRRIPSEEBN®YRMIEI B0DFdVellyFRjdrReseegpriion not
impScLescirsdaYicaiIM i tecard pastiondfagknek Bnaanénathaid

first magnitude compressive stress to a conduction channel of the_  second

PFEImraid Geconrd eptionHacid isardrb ASRCRIBIRTIAR Rt pERRehinaRiA
firsPBoMESFSNEINHE SSRPSERAIIYRSININGE FREFROGNE RORENB ITRAS!S

one of a compressive stress having a magnitude much lower than the first
hayipgaifiaeniggs 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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stress, and a tensile stress to the conduction channel of the second
semiconductor device. Fig 1.

9. The semiconductor device structure as claimed in claim 1, wherein
said unitary stressed film includes silicon nitride and said ion concentration

inciudes a concentration of implanted germanium (Ge) ions.
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