*159159* STRUCTURE AND METHOD OF APPLYI NG STRESSES TO
PFET AND NFET TRANSI STOR CHANNELS FOR | NPRdﬂM m”"””m,’“m
PERFORVMANCE BACKGROUND OF THE | NVENTI ON The

invention relates to the fabrication of sem condustser
integrated circuits, and nore specifically to an
SE}R&J@TUR&ANDTHETO&WOFMMIN STRESSEBaTOEFET AND
conpl ementary netal oxide sem conductor (CMOS)
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have denonstrated that carrier [ty in
transi stor can be greatly increased when a stress of
sufficient nagnitude is applied to the conduction

channel of a tra| n therein.
Stress is def%fgg%b Eeﬁ'?élﬁ“?E BEaN strainis a
di mensi onl ess quantity defined as the unit change, for
exanpl e a percentage change, in a particular

di mension of an item in relation to the initial

di néhei presestt invention erelatéa texadhp! fabeitatidn 20fn semiddiRiuctor
change in length versus the original |ength, when a

intégrated i circalts) iatd hioré hepetificeMy | @ aff apparand %Hshférihﬁé of

the item for exanple in the direction of its |len
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ssive longitudinal stress, i.e. in the
Uaﬁgg?ggtlon 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 conpressive
Both theoretical and empirical studies have demonstrated that carrier

mobility in a transistor 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 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 is applied in the direction of that dimension of the item:
for example in the direction of its length. Strain can be either tensile or
compressive. In p-type field effect transistors, the application of a
compressive 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
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stress is applied to the conduction channel of an
NFET, its drive current *@00002* decreases. However,
when a tensile stress is applied to the conducti on
channel of an n-type field effect transistor (NFET)
the drive current of th NFET i ncrease Acc "
depBasE’ 1 SINaYEE IR folanele cHess ffe BBHb Raihee coragion
NFET by applying a tensile |ongitudinal stress to the
chagmeluef A8 M- mﬁehd effect; fransigter (NRET) e then drivastutent tof the
perforrance of a PFET by applying a conpressive
NAEhinicreatesal stress to its conduction channel. Severa
ways have been proposed to inpart different kinds of
stresses to different regions of a wafer that house
NFET and PFET transistors. In one exanple, nmechanical

Shar oot ddfcltASh & Bfodactt e Hebefbngbe of an
NFEY, B k8ol S RCIRBb R 3PS5 T dae confupibr BRarne o

C nrg ed on nodul at i n intrinsic stresses é)resent in
thesfiﬁé fwhiteydRereasisg Sierarerfaroigpsal of RFEDchy eapRlying a
i ntroduci ng etch-stop | ayers such as those that
compeessive kngitudimahistressiéo itSobhdBRticDFCHathdl NSEMHaDNays have
According to an aspect of the invention , a

beserproposkit toimpari diferesit inds 6L sir6ssysOt dEfdrav ﬁs@lons of a
i ncludes a first sem conductor device; a second

waﬁﬁ“!h‘é@ hSUek NFETVarf E@?E@?Hgt&ér YnHdELe&Mpld, Mbchanical

di sposed over both t

stress is manipulated by altering the materials in shallow trench isolation
regions (STls) disposed adjacent to the conduction channels of FETs to apply
a desired stress thereto. Other proposals have centered on modulatihg
intrinsic stresses present in spacer features. Yet other proposals h)ave

focused on introducing etch-stop layers such as those that include silicon

nitride.
SUMMARY OF THE INVENTION

According to an aspect 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



and second sem conductor devices. The stressed film

has a first portion overlying the first sem conduct or

device, the first portion inparting a first 2

magni t ude conpressive stress to a conducti on channel

of the first sem conductor device, the stressed film
magnituder crmpregsives satesd por ta otonduotiohyiohanheke sfectbed first

sem conduct or device, the second portion not inparting
setriieoriducsor digice| e stregyers $il efusthee Ssaving a CSEEME! pBRIoN

channel of the second sem conductor device, the

ovEAyiAgAhe JecbAl Jensiterdidordelied, the 633drf8n MYk imparting

present in the second portion such that the Secon

[ ; r f npressive stress hayvjng a
the B bR o Bt Vb s Y £k fiof rebiel ot bigriond
stres and a tensile stress tqQ the conduction channel
SegHCqnc cfg%\ﬂce:s Ri Sa59Ad RYUEoR d¢leding an éne concentration not
enbodi nent, the first and second sem conductor devices
present i dhe, secen@ @oriien gueh fthatt ther sansindt portioPrBPartsmheanf a
n-type field effect transistor (NFET), respectively.
compressives Strese Haeimgoal nragmitude raacto feersthapsthedirét maghiude,
di sposed over the first stressed filmand overlying

fostressean®rFterdiid st ' ' '
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seﬁﬁé\dﬁ?nglcﬁ}rro%ﬁlﬁ:%d films but not overlying the NFET. The
second stressed filminparts a tensile stress to the
conduction channel of the NFET, but not to that of

t he PFET, because of the intervening internediate

I ayFr. BRI EF. DESCRI PTI ON. OF THE DRAW NGS
n 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 a preferred embodiment, a second
stressed film is disposed over the first stressed film and overlying both the
PFET and the NFET. An intermediate layer is provided overlying the PKFET '
between the first and the second stressed films 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.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a structure including a PFET and an NFET

according to an embodiment of the invention.



Figure 1 illustrates a structure including a PFET and
an NFET according to an enbodi nent of the invention.
3 Figure 2A through 10 illustrate stages in
fabrication of a PFET and an NFET according to an
enbodi nent of the invention. DETAILED DESCRI PTI ON
Figure 1 is a cross-sectional viewillustrating one
embodi ment of the present invention. As shown in
Fi gligure, 2A taﬁqwghe1£ ilystrale stages imdatricationraf@ BFET1ang an
illustrated in which two sem conductor devices are
NRiz Dacderdngtecén embodifadntlsf tha dnvefEdn20 of
conpl ementary netal oxide sem conductor (CMOS)
circuitry. The NFET and PFET are separated by shall ow
trench isolation (STI) region 50. As discussed
earlier, an appropyd ' to a
transi stor channe}EVF'trT(’?SfyllﬁEPt ng?%s@gm@ﬁgant l'y increase
carrier nmobility, resulting in inproved perfornance.
As shown in Figure 1, a unitary stressed film900 is
di sposed over both the PFET 20 and the NFET 10 to
inpart $t9Weskis q erasscieatipaakyiewdlustratingrene: gebediment of
structure shown in FIG 1, the unitary stressed film
thep presant linirnsionwoAp ashiomanis, Figufé rsia single-aystad setrtiesnductor
inparts a conpressive stress having a first nagnitude
region tdeis dlurstitatéd imwalvhniael séticehditter BEWEe2Gre drélided, such
second portion 902 that overlies the NFET 10. Al though

ast NFEﬁqungmli PREET 090 %Zcérﬂ)l%?ﬁéntgy i&aP ggﬁi’eu{%.héf’i‘&ynductor

stressed film900 as the rst portion
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isolation (STI) region 50. As discussed earlier, an appropriate stress applied
to a transistor channel region can significantly increase carrier mobility,
resulting in improved performance. As shown in Figure 1, a unitary stressed
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 the conduction channel 91 of the PFET 20
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 conduction channel 92 of the NFET 10. This is because the



magni tude to the conduction channel 92 of the NFET 10.

This is because the 4 second portion 902 includes an

ion concentration which is not present in the first

portion. The ion concentration causes the second

portion 902 to have a different magnitude of stress,
segpnd \portion 802 fircledes apden awonsenteation which isandtemreskst in the

stress. The second portion 902 has either a

firstqrartiessThe iGi toASentAtiondcausaEBH! éé&fhd”b&’ﬂo{\@@rtot A& a

the first magnitude, zero stress, or a tensile st{_ess.
I n ,
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referred errbodl ment, illustrated in
méﬂ%‘Z&'P@ ’_“LUC R@n th firs magnitudm zeo steesgi epadensile\atress.
the first portlon 901 and the second portion 902 of
Byt way ghiexamplestin exscembodimentiaf the dovehtion; ¢res editdryl stressed
990 is atensile stressed film inparting a tensile
filns t906 somsistshesseptiedy tof an nithas nichohs tdrRoNRRfridel 8nd the ion
Thus, the second stressed filmis disposed over both

CohEehtEAIORI iR 356 ¥8corfd BSﬁEEqnélbﬂés g@ﬁﬁ%hiﬁfh gg%) BH? over

the second portion 902 of stres n order
that the tensile stressed second film990 does not
affect the conpressive stress applied to the PFET by

t he undeglyin res stressed first portion
901 an rhytaepﬁ%f nBeem %0 "@t@t%dgeﬁgﬁﬁﬁeﬂ théecond

PFET 20 to space the second filmat a sufficient
stregsadiEL990 indispesed e thedirstpertion Adansbthe secap@ipartion

the underlying unitary stressed film The
902 rof dherautiitane stragsed 5itif. | Thelistcond dstraesstldilini 980 is a tensile
stressed film900 but only
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 not affect the
compressive stress 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 900 but only

overlying the PFET 20 and not the overlying NFET 10.

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



overlying the PFET 20 and not the overlying NFET 10.
The second stressed film 990 can be forned of a
variety of 5 materials. In a preferred enbodi nent, the
second stressed fil m990 consists essentially of a

r,i.d such as silicon n . In one emhodi t, .
mathidls; i arrethriit SmipeiieBt the Sesond stiesssd Mra i eopsists
bet ween 100 A and 300 A and includes a confornal
eswgy@& of @ niftide; sucha silispar niteide.pr bt @ngbegnbodiment, the

including an oxide such as silicon dioxide. The
intermediater kkyeub668dvas a thickiesssameiasuring betwéen 10000andra00 A
conductive vias 1100 contacting silicide regions 32

andweslligdés g donforhal idisletfie maliedial) tm@myénssa r@ferélBl? indt&ding
10 and the PFET 20 and conductive vias

f% dﬂ(ﬁ( gions 28 of the gate conductors
%‘q e NF illchlﬁt Id%FET. Thus, in the structure
illustrat ed, permanent tensile and conpressive

stresses are applied to the NFET and the PFET,
respecti i mprove the perfornmance of each

hi gh | eviﬁeofSt@-lCF'@?s fedheneingiidese@ dislestiice bt thOO and

tensile and conpressive stresses are applied to
condugiiverdas 11168§i eandading hilicidefregians 3hiovarlying thiEEbuacel and
the PFET are disposed. The nmagnitudes of the stresses

draimpégieds 24 ebibe NEETOT0 aad the PREN004nE dohdudtive Vias M102
thi ckness and characteristics of an ion inplantation,

coracting Isilickfe degieHs 2 of 3h8'g até‘%(ﬁﬂﬁ%f&?% Bt NBET and the

structure 12 IS that the topography of the warer
PFER’ € even bet ween the regions of the wafer in

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 applied to localized

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

The magnitudes of the stresses applied to éach region can be
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

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



whi ch the PFET and NFETs are formed. This results

because limted processes, such as reactive ion etch

(RIE) processes, are applied to the 6 structure to

formthe stressed filnms, and a relatively thin |ayer

of oxide is used as an internedi ate |ayer between the
structurede domm tthes strassed\iES, Bddantel&RETY & $demofioxide is used

Figure 1 are formed froma substrate 16. The

assatbitemiedidte |aper initiveen the siebsbdfipypstrate or, nore
preferably, a sem conductor-on-insul ator substrate,

such as a silicon-on- insulator (SO) substrate, in
which a relatively thin single-crystal sem conductor

' j is for
| noul at NPT TR R BRET 20 SRR Figult o adomed from a

ransi gt.or FETs) are forned.in such SO substrates,
S“ﬁ’ﬁ@?@r ﬁéwi Ecr E'I(Eii %b%ﬁ@é? at gay either bg achulkyeubstiaie or, more
ot herwi se, because junction capacitance between the
prefiesatlel ar sgmiconsfuctdreon-insutster mubstrate, t sctbidsk a silicon-on-
substrate is elimnated. Preferably, a single-crystal

insdator or(8@I} osubstgaten Id afhish | idonelativélyovinited sigld-BR stal
sem conductor-on- insulator |ayer. Reference is rade

seffediducter igleh A8 F5EhiddrRflet tiQfo?rﬁEbV{)\V%a'rfi@ggféﬁhg layer

regi ons di sposed wthin a single-crysta
redi : resent inventio
18] 38| oo VAL el et RGBl o F o P PR e i o
r ilicon crystal. In place of silicon, the single,
S“@%@%‘ng f@%ﬁ“rfc%‘ﬁ%‘j%’?%ropf?"ég?'an'swﬂﬁﬁyaEB'ﬁyﬁétthan otherwise,
essential|ly of a sem conductor alloy such as that of
begayse dinglishneanasitangs deatwaenithg schemnehsegionseinthe transistor

i nvention are al so
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 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 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
semiconductor materials such as Ill-V compound semiconductors having a

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



understood to apply to the fabrication of transistors

in other types of sem conductor materials such as

I1l-V conmpound seni conductors having a conposition

Al Al nBGacASDPENF, wherein A, B, C, D, E and F

represent the 7 respective percentages of each e]l enent
resREOlye, PRGENAGEs Fo RACR PIAMIATE Al o dSmdAst of and, & an, the
. the percentages totali n(t; 100. Gl lium arseni de (&As),

semmnducm(@sxﬂ%ald ¢hg perentagas totatingi 100. Galiwarrsenide (GaAs),

I nGaAsP are common exanpl es of such sem conductors.
inditfrh hplasphidei € bhR)e fgallRme enitridleF(GENg, andt ING 2P are common

conductors of the NFET and the PFET have dopant types

ex@ffleBUTavRh sEmiedsdwiters. ded according to the
wor kf uncti ons 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, Usi,ng phosphoru carsenjc. This is
achi eved%&h ﬁ%ﬂg‘\eg & SBC%ZWWFP&ORMW condustarsef the
of the %ate conductors being preferably doped to

r
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Each gate conductor preferably includes a
acdapdingetoi theawoekfupctiansone@@edifepeaectt tylzowk trahsistor. The gate
polysilicon portion 26. The | owresistance portion 28

cothtoniof thes PREERIi§t pRCEopERN eldle (RMY BdrbROWHIR! thNyate
26, the low resistance portion preferably i1ncluding a

ool FNSNAE e pacoed g Rl f PR T 5
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Each gate conductor preferably includes a low-resistance
portion 28 disposed 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
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, titanium and
cobalt. More preferably, the silicide is a compound of cobalt (CoSiy).
Alternatively, each gate conductor can include a metal layer in place of the
polysilicon layer 26 such as a metal layer formed as a replacement gate after

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



cobalt. More preferably, the silicide is a conpound of
cobalt (CoSi2). Alternatively, each gate conductor
can include a netal layer in place of the polysilicon
| ayer 26 such as a netal |ayer forned as a repl acenent
gate after high tenperature processing of the source
ha¥adegngampleticdons of the transistor 8 have been

conpl eted. The NFET 10 includes a channel region 92
and the PFET 20 includes a channel region 91, both
channel regions being di sposed bel ow the respective

gate condygt NFE%103iﬁcIEBQ§raaFﬁQnﬁéierre§f§J 52%036@@‘1#5 20

dielectric 27 The gate dielectric prefera

: S XI de
md' erma aﬁn%%ﬁiqq%}ln M‘Fb @%9"% %'ngidiﬁﬁ%se&%?‘é’l the
eni.conduct or 14. The NEET and the PFET further
reSHRLHR G5 PORAIUTIEE 3Psas separaiph diarobams pyiavaate igiciie7.
gate conductors. The spacers 40 are preferably forned
Thefg%tecdﬁb@trieaaiwraa@abiytiedudeeiaeiayier of reiltoeni dibxislecwhizh is
an oxide, e.g., silicon dioxide, or a nitride such as

thesivially ayrowint frontetheHslifacen of ¢hé &)l ©Brysedli S¥HRicARI@ESr region
di sposed adjacent to the gate conductors 26, their

14) ocati ons determ ned by the thickness of spacers 40.
Second spacers 30 are disposed on sidewalls of the
first spacers 40. Each transistor further includes
sour ce and drain regi ons 24 disposed on alternate

si des of co I ocations_of the
source a P@%i’e %ﬁgﬁ ?%r'?ﬁ'Hga fitst peacers 40
conbi ned .t hi cknesses of the first and second

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 adjacent 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 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. Figures 2A



spacers 30 and 40. Figures 2A through 10 illustrate
stages in the fabrication of the structure 12,
according to an enbodi nent of the invention. Figures
2A 9 illustrates a stage in which the polysilicon gate

R et LA IR G AR bl s o

the yS sem conductor region_14 of the
forkyss t Aferia @i NEE Todace rodion | {hoand s BHET davice region 17 of
i nsul ati ng Iayer 18 and the portion of the substrate
thel singlerarystalisegnicorductoutegiomd 4 ef e substratet16ed For @ase of
the views shown in FIGS. 2A through 10. The

illustrhtion,| mmnngalatmgerayeea@r@@nnéegoﬁroﬂmor h@e substrate 16
respective device regions 15, 17 by a gate dielectric

un&@rlyl MGithd lrﬁs‘hléﬁrﬁﬂ%ﬂlépb 6ﬂ1l@éﬂﬁ% te LisRls dé’hc%ﬁWFP@S. 2A

he surface e Si ng e-crysta sSem con r regl on

r £t ate co ctors
thréf}g'a Jﬁfﬁe?‘h”ébéé'e@”c%ﬁ%é?'@?sm 98 &7 SnBRENG0T 4k rigpective
t.his stage, of rlcatlon Spacers 40 are al so
delPEVRRITS 1537 (e SRlPI GalecHEn 2, MARAIS BreTeERlyATG0xide
has al ready been prow ded at this stage. As shown in
thermally @rown asxthensuirtaceanidthessiogleserystas semiconductosregion 14.
in both the NFET and PFET device regions 15, 17, by
Workfunatibatioping ofithe igaté bendwdtyes, lasaiiscuseet 2ene, idGhraftftably
spacers 40 as masks deternmning the edges of t he

I S ag
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and $hé rsﬁéﬁ&&ﬁ%ﬁéhoﬁbE?bﬂgregww\ﬂtaﬁd?lﬁ%a@ n%?%ﬁ tpic?wggéj at this

over device reg

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 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 implants
are performed to the PFET device region 17, the NFET device region 15 is
prevented from being implanted by a mask formed over the NFET device

region.

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

10



are performed to the PFET device region 17, the NFET

device region 15 is prevented from being inplanted by

a mask fornmed over the NFET device region.

Thereafter, as shown in Figure 3, second spacers 30

are 10 forned on sidewalls of the first spacers 40.
formed eaf $Idewall$rr9fatheaﬁnsb ispacers 4fer Thereafter ointisianfations eare

source and drain regions 24 for the NFET and the
pefbedita defientHeasouresrand deaih rebions 2hifehtH IR %nd the

and extension inplants are performed. Thereafter,

PFETOW als”mﬁmg#lhﬁnér to?'!h|a't i Which Elé‘h‘&?o 3@% %&%ﬁﬁfﬂ’i‘plants are

f or ned overlying the gate con uctors ource
eﬁgﬁngaaln regions of the transistors. These silicide
regions are preferably fornmed in a self-aligned

manner by depositing a silicide precursor netal,

reacting it with the underlying silicon netal and

t hen renDV|ng any unreacted netal that remains,

through & hexeafted asrsheyrpinddguee 4 silicide segibas 26& anha&2 are
conclusion of this step, the NFET 10 and the PFET 20

foraned ovarlying thengate ¢ondticiprs26bana thenisbarce amdvgraia seyions of
stressed film500 is forned over the PFET 20 and the

theNrarisidrs. Ttebé | SN rayieh$ bAD prefe RIbH Fdrﬁ1é2f inPa gelf—nallgned

nitride, such as silicon nitride, as illustrate

maﬁh@H bz depoStiah e éh&MF ﬁr@@urgbphfelf@e?esac% 1@ éﬂeghﬁggﬂying

e paraneters o eposition a][
icul ar ni t.ude stre
Slhﬁ"erea&%b&“gerﬁr%ﬁ 'Hé(ﬂng{ttg‘@?%dggs mﬁtcfﬁ"?%ns through a
wep cI%anmg pyocess, for example. At the conclusion of this step, the NFET

10 and the PFET 20 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
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 film 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



stressed, is deposited over the structure. Film550 is
preferably a dielectric |ayer rather than conductive
or semnmiconductive in nature, and is preferably
conformal to the contour of the underlying topography.
r abl ilmb5 i ncl udes ap oxi de, preferably
foratqffqﬁogpr%f@ak o3iw teiperatin deppsitonssitsuas from a tetra-
.. for exa by a | ow tenperature deposition
etfbﬂﬁth%ﬂleat%n(TaE ngt rBreciseyl dnt el | prefareed TEraBpdiment, the

precursor. In one preferred enbodi nent, the thickness
thicknesisiof thisyayeriis beweeres0 20ard 460 AL50 A Thereafter,

as shown in Figure 6, the PFET 20 is masked while a

step is perfornmed to renpove the internediate film550

whi ch overlies the NFET 10. Figure 7 illustrates the

structur t r f JS; .
fromt he?ﬂggﬁ{f{") %Shg{vﬁﬂl ng @ec?fnqhgur%ﬁég iggd%%?écﬁﬁ%hue
.S .selective t t he under tr

2 $BRgS TGS Reramoy Si5 HPBREERLS tkae%%d F Pyerlgs the
the NFET 10, as illustrated. Thereafter,
NFBT {&trated in Fi gure 8, the portion of the stressed
filmb500 that is exposed and overlying the NFET 10 is

inplanted with ions, preferably germanium (Ge) ions,
as shown by arrows 805. During this step, the

st r essedFfgur@75istihes iy strlictare bRsr EBhtetMedrate film 550 is
protected frombeing substantially altered by a mask

rerﬁé&éd frof t‘ﬁ%st@FET'q 0e Vk‘ﬁr%&hi‘ﬁ tEEﬁnlh[rE]iQ |$]U£’é@%?&tt @gseiérﬁlve to

be adjusted so ress 1'n the rnplan

the599dér®|ﬁ§(m?8g fflr?t 50df % Ltgm%lvg t e Sxidé€ 'fith 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 stressed 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 stress in the implanted film 500 is reduced to a value close to zero.
The ion imblantation reduces the film stress by breaking bonds between
silicon  and nitrogen atoms, and causing dislocations. Experiments have

demonstrated that both tensile and compressive stress can be reduced
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The ion inplantation reduces the filmstress by

br eaki ng bonds between silicon and nitrogen atons,

and causing dislocations. Experinents have

denonstrated that both tensile and conpressive stress

can be reduced 12 through ion inplantation to val ues
thrgugbeiaro implantation 40 realues adsa ie zern. Asma aesult ionthe ion

the stress present in the silicon nitride film500
implantatiom dhehstredypriesbnt iis the silicsh whiide fimeseadveliying the

500 retains a conpressive stress in the area

NREErMoyisneldxedl Whitd tRE saliy ﬁl?rl\/SOO rBtPﬁlgs %Mﬁ%éggﬂ/eastress in

thermal cycle such as annealing,
i £ fd erted to a
th 8543 Plefying i LT %%%a@%gsggz@%%m«f@ng  fral v
neal i ng,.progcess is preferabl conduct ed. eto e

SUED &S SRR, e IMRANIRE Beriaot e im 504 Feh becanveried fo a

the portion of the film500 overlying the NFET 10,
tensile-strassgdifig. process transforns portion of the film

500 overlying the NFET 10 to a filmhaving a nuch

| oner magni tude of stress than that originally
deposited. As a result of this process, the inplanted

portion Subsbguémt thef@ts, aveierigl 'éﬁﬁéﬁl‘iﬁgﬁﬁrd&es@ is epc[eferably
tensile-stressed film The portion of the stress

cof;diidaéfé?.?@u@‘f@ el pRskeni2e dﬁﬁggnﬂb%p[ﬁ@ﬁ%%%gﬁﬁ?@?ﬁ) GEJin the

The renmtl ning porti o1 i Ela 1
rliegs. t P 20 s refer 1in FI .
poﬁ\'\sb%f l?:rf tﬁ]eer Ii"lﬁpl Sﬁgr Qyaying egj{%g, ?@r z?%r%fm%?il'”ﬂ process
second stressed film990 is forned specifically to
traliorms ParkioR (o dbe e 500 averlingdihenF RFETO 1o a fithdaving a
second stressed film990 is fornmed to overlie both the
mughgowep 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 901 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 overlie both the NFET 10 and the
PFET 20, as illustrated. The second layer of film 990 preferably 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 stress to the channel region of the
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PFET 20, as illustrated. The second l|layer of film 990
preferably includes a tensile stressed nitride film
such as silicon nitride, for applying a tensile stress
to the NFET 10. The thickness and characteristics of
N#éxi second film990 are selected to inpart a desired
P of tensile stress to the channel region of the
13 NFET 10. Once the second stressed film990 is
formed, the previously formed oxide | ayer 550
functions to maintain the stressed film990 at a
suf fi ci el@nadi theniseeorid wiresked Uilne OBQI isgformeds ¢ksi previously
stressed PFET 20 so as not to interfere with the

foramanlinixidy [8yBIP580 Sureticris @6 smaliitain te daeksed fnm beO at a
i nduced in the channel region of the PFET 20.

sufﬁéfér‘ﬁ‘?ﬁftéﬁeé‘”ﬂrdrﬁ‘ e %HH@rI%HHg eﬂ%@%lvgfﬁtfgs‘%%@cﬁﬁ? 20 so as

mat eri 1000 i s deposi ruc
A ST s oo
. 'nslatlng rials, such_as an oxide, e.g. a TECS
'ncjd@ﬁaé'l"tﬂ%%l B?(“ regiopgidee fFEIs2Quch as

bor ophosphosilicate (BPSG glass, or a lowK
di el ectric such as an organic material . Referri ng to
Figure 1 again, to conplete the structure conductive

vias are AsfurtibrishowindnFiglrect,izlayegobdielattic métsieal 1000
conductive vias 1100 contacting the silicide regions

is d&pcHitAanRA t striGuRO BHSRIARNG tHE RIFET ?@bﬁasthe P?‘*EWb' The

as conductive vias 1102 contacting the silicid

dlerle?&he néye%%: o bd ?tﬁ'n%ﬂ)‘ &f aﬁ ggc\ya?fe%{rgf E}%ugqqf@urgmé'tea{?ls, such

las are Ied W uctlve

as an oxide, e.g. a TEOS deposited oxide, a doped glass such as
borophosphosilicate (BPSG) glass, or a low-K dielectric such as an organic

material.

Referring to Figure 1 again, to complete the structure conductive
vias are formed in the dielectric 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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a metal or netal silicide to provide electrical

connections. to the NFET and PFET. Many variations

are contenplated within the scope of the 14 invention.

In one enbodi nent, stressed filns are fornmed to inpart

stresses to the conduction channels of devices other
invertionPHEDNareinbdtifent esteesseddiirad ardifomiesd to impart stresses to

silicon-controlled rectifiers, triacs, etc., to nane

o han obpat
th®ondutr charndls of Yeviteathét tHan PFET daﬁgfrgl?ﬁrls nQe(.jq/.épated

depositing and patterning the Interne

i ' ag| . cpn ressed film
oS, SlecnRonoIEd e Bl by 3E RFmh 32 mbi n e
NFET and the PFET and then patterned to renove that
filmfromoverlying the PFET, provided that such
steps are perforned at relatively |ow tenperatures _and
under suclh OR@IYChivaatian; nstearbplidepositingiandheatterning the
characteristics of the conpressive stressed portion
intgumediatecfilm pveif thenRF Efi priorito fomaingette fsecond Istregséd film, the
variation of the above-described enbodi nent, the

seoond atrgsséd A A’ bé Tornied 808P BbIHEheONEET: Bfd NFEPFEPE and
the PFET, has a tensile stress having a first

therpgatieHtiat 1 hbmolb! et TRA! fomAgkailiid Sns BAEP AR hat

desirably high magnitude to the conduction

T ' th nitary stressed fil
subth SR pre bboms® o ARl fv Bmngialfdd gpd ader such
[ ' ti f the unitary stressed film
COW%BE%Q %%d | g\tégd %@tﬁﬁﬁg&%pﬁm@nsﬁ% @éthy%@(?mpmsb'@rsttaﬂsed
of the unitary stressed filmwhich overlies the PFET
PoRien 4t (RIE. 4) obths unjtary stresserifiimg a magni t ude nuch
| ower

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
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 stress. In such
embodiment, the second stressed film overlying the PFET desirably 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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than the first magnitude, a zero stress, or a
conpressive stress. In such enbodinent, the second
stressed filmoverlying the PFET desirably has a high
magni t ude conpressive stress, in order to provide a
desirably high nagnitude conpressive stress to the
conduction channel of the PFET. 15 Wiile the invention
has been descri bed with reference to certain
pr ef er r edVRi K8 indantion has been daserbed with reference fte certain
art wll understand the nany nodifications and
preferradcembodinents cthersof, toseadkilled tihahe art paitt t undersfandnthe
the true scope and spirit of the invention, which is

madriyniriogifications Rydtdithanapprmte dhidhatam belfadé Nitidut WBpkrting

is clained is: 1. A sem conductor device structure,
| r ) . T .
o e oe0R” gL JAiCEr UL IAkGh. WIS, [RIBGTRE by the
h.gaid first and second sem conductor
ap@é@é%@??ﬂg§1d stressed filmhaving a first portion
overlying said first sem conductor device, said first
portion inparting a first magnitude conpressive
stress to a conduction channel of said first
sem conduct or device, said stressed filmfurther
havi ng a second portion overlying said second
sem conduct or device, said second portion not
inmparting said first magnitude
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conpressive stress to a conduction channel of said
second sem conductor device, said second portion
i ncluding an ion concentration not present in said
second portion such that said second portion inparts
one of a conpressive stress having a nagnitude nmuch
CUAIMS: t han said first magnitude, zero stress, and a
tensile stress to said conduction channel of said
second sem conductor device. 2. The sem conduct or
device structure as clainmed in claiml1, wherein said
VVﬁhf@Qjﬁﬁﬂkﬁgnductor device includes a p-type field
effect transistor (PFET) and said second
sen1conductor devi ce includes an n-type field effect
transi stor (NFET) 17 3. The sem conductor device
structure gs cla dinclaim?2, wherein said unitary
stressed ¥fi ?ﬁWWQQHEHg@rQPWP@@W“FFF?I@@“BHﬁnQald i on
concentration includes a concentration of inplanted
ger mani ur firsksemiseaduator iewiceeni conduct or  devi ce
structure as clained in claim3, further conprising a
second starsexoad denhicondwstoydegcsai d PFET and said
NFET, said second stressed filminparting a tensile

stress t@ gty G0Rd86d ififh diSpEybiedy é?fb&ﬁ'ééld\'F%T’an@"%cond

further conprising an internedi ate | ayer overlying

S st ook i U
F n.conduct Qr deV| ce structur .
frd Pmishnefier 2SSk toeh Pocfch Sebiind & 3§§teanagmta«de

conS| sts essentially of a nitride
compressive stress to a conduction channel of said first semiconductor device,
said stressed film further having a second portion overlying said second
semiconductor device, said second portion not imparting said first magnitude
compressive stress to a conduction channel of said second semiconductor
device, said second portion including an ion concentration not present in said
second portion such that said second portion imparts one of a compressive
stress having a magnitude much lower than said first magnitude, zero stress,

and a tensile stress to said conduction channel of said second semiconductor

device.

2. The semiconductor device structure as claimed in claim 1,
wherein said first semiconductor device includes a p-type field effect transistor
(PFET) and said second semiconductor device includes an n-type field effect

transistor (NFET).
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6. The sem conductor device structure as clained in
claim?2, wherein said second stressed film consists of
a silicon nitride. 7. The sem conductor device
structure as clained in claim2, wherein said
intermedi ate | ayer includes a conformal dielectric
material. 8. The sem' conductor devi ce structure as
clainmed i,n.claim2 reln sal? termedj ate | ayer
consi st s e ??@I“f‘lﬂdw rdeR Strugtiirg asriglaimed in” claim 2,
sem conduct or devi ce st ruct ure as clainmed in claimS8,
Whgfeih e Paids ainitanntsérassed afiln | ingludes oailicen shitfdes andt esaid ion
di oxi de. 10. The semnm conductor device structure as
concatitrationi inclatas e @ncentratien of mplantadngermarfiumdGé) ions.
internedi ate | ayer is between 100 A and 300 A 11. A
sem conductor device structure, conprising: a first
sem conduct or device; a second sem conductor devi ce;

uni tary gt ressedmf ddn@h?fo?p@ b %Yr%ﬂpgtoﬁ ?Pdérggé dlh?{)lﬁm'n 3,

and second sSem conduc VI ces, sal

fortticpfnfisinc: 3 sgBong s¥ReRpahl pudfo seid, PFAT.and sgidNFET,

tensile stress having a first magnitude to a
saldo §AGRAY GHTRS#RANEIM MRATIRG 13 rlensie riteensdie t #7id deamdustion
said stressed filmfurther having a second portion
chaywal 1ofisaid BénET, secbfudithes epimpoisthgeamintdemediate fjed overlying
second portion not inparting said first magnitude

saitlerRFETE Hbtvesen t said diestdupid aid hasesnd Obtrésicd SBFRNdsaid
sem conductor device, ‘said second portion including

intéfnddigteqaPEERbt Ve hg'$id NFESeNt i n said second

5. The semiconductor device structure as claimed in claim 2,

wherein said second stressed film consists essentially of a nitride.

6. The semiconductor device structure as claimed in claim 2,

wherein said second stressed film consists of a silicon nitride.

7. The semiconductor device structure as claimed in claim 2,

wherein said intermediate layer includes a conformal dielectric material.

8. The semiconductor device structure as claimed in claim 2,

wherein said intermediate layer consists essentially of an oxide.
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portion such that said second portion inparts one of a
tensile stress having a magnitude nuch | ower than

said first magnitude, zero stress, and a conpressive
stress to said conduction channel of said second

sem conductor device. 12. A nethod of fabricating a

seni condfst dihedeemisenducioctdavice struptureiasgclaih®ed i aig 8,
a p-type field effect transistor (PFET) and an n-type

whgrelnosaid riterediateniayst congists B siliceaidioXi#&T and sai d
PFET each having a conduction channel disposed in a
singl e-crystal sem conductor region of a substrate;
formng a stressed fil mhaving a conpressive stress at

a first .t ; i g PEET. and sai d NFET; . i
appl yi ng 1?? ﬁgfs?kg%gm%%?t%?éfe&%%”%fz@35933'6‘%‘?452 f?r? 8,
NEET; .d.gn inmplantjng a portion qf said stresse

WhSTEM 3 Hickhese et Sriskinteradelithiaverds bebresn0aAoandA00 A
portion of said stressed filmoverlying said PFET
fromsaid ion inplantation; and annealing said
substrate, whereby said conpressive stress of said
i pl ant ed 1pArseminonductsrdevisé strastede f ¢drprisinguch
reduced fromsaid first magnitude by said annealing,

such that fsi sbrhicBhanételde@cki on overlying said NFET
inparts one of a nuch reduced magnitude conpressive

conduct | o RRd SE e A B D ot her

portion %Odﬁiéawgﬁetss?ed film disposed over both said first and second
semiconductor devices, said stressed film having a first portion overlying said
first semiconductor device, said stressed film imparting a tensile stress having
a first magnitude to a conduction channel of said first semiconductor device,
said stressed film further having a second portion overlying said second
semiconductor device, said second portion not imparting said first magnitude
tensile stress to a conduction channel of said second semiconductor device,
said second portion including an ion concentration not present in said second
portion such that said second portion imparts one of a tensile stress having a
magnitude much lower than said first magnitude, zero stress, and a

compressive stress to said conduction channel of said second semiconductor

device.

12. A method of fabricating a semiconductor device structure,

comprising:
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inmpart said first nmagnitude conpressive stress to said
conduction channel of said PFET. 13. The nethod of
claim12, further conprising the steps of: formng an
i nternedi ate | ayer overlying said PFET between said

first an ai ond S filns, ' )
internedﬂ)ﬁg $ H%ﬂ 6%@F§&ﬂ@ﬂ§§¥&PEEEE?PdéﬁU”4ypewa
formn d stressed filmoverlying said PFET and
effech taanfﬂﬁiefr?ﬁggr'lb %@M@E?Féﬁ%%ﬁ%aﬁbhﬂmg@ gonduction
tensile stress to said conduction 20 channel of said
chamret disppsetiia ansingleccrystat semicopdueioe region ofiadsubstrate]

stressed filmconsists essentially of silicon nitride.

15. The farhing sobtrebsadmfild, havirey @ Bormprabsivat §fr€§§“a@tae first
| ayer consists essentially of an oxide. 16. The

ma§Rit08€ oVkr Saidi PRE: anyyf},ear,@ @i d internediate |ayer

consi sts essenti a of sI |cdn di oxi de. 17. The

i oxi de_PEVRE by S&Q“Zﬁrﬂ%'spﬁ%ﬁv'%ﬁmﬁ"f B5ing A AFET;

met hod of cl ai 7, wherein said silicon d|0X|de i S
deposi t elPrr frORINTNG: 3 RTIAY| ofr SR SirEssre fimMEoRgrlying said
precursor. 19. The nethod of claim 12, wherein a

NFE;, saiddrag pseteeting eeothar portioniof saidi sitessedafiimu syvedying
magni t ude of said stress.

said PFET from said ion implantation; and

annealing said substrate,

whereby said compressive stress of said implanted portion of
said stressed film is much reduced from said first magnitude by said annealing,
such that said implanted portion overlying said NFET imparts one of a much
reduced magnitude compressive stress, a zero stress and a tensile stress to
said conduction channel of said NFET, and said other portion continues to
impart said first magnitude compressive stress to said conduction channel of

said PFET.

13. The method of claim 12, further comprising the steps of:

forming an intermediate layer overlying said PFET between said
first and said second stressed films, said intermediate layer not overlying said
NFET; and

forming a second stréssed film overlying said PFET and said

NFET, said second stressed film imparting a tensile stress to said conduction
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20. The nmethod of claim12, wherein a characteristic
of said ion inplanting is varied to adjust a magnitude
of said stress. 21

channel of said NFET.

14. The method of claim 13 wherein said second stressed film

consists essentially of silicon nitride.

15. The method of claim 13, wherein said intermediate layer

consists essentially of an oxide.

16. The method of claim 15, wherein said intermediate layer

consists essentially of silicon dioxide.

17. The method of claim 16, wherein said layer of silicon dioxide

is deposited at a low temperature.

18. The method of claim 17, wherein said silicon dioxide is

deposited from a tetra-ethylorthosilicate (TEOS) precursor.

19. The method of claim 12, wherein a thickness of said

stressed film is varied to adjust a magnitude of said stress.

20. The method of claim 12, wherein a characteristic of said ion

implanting is varied to adjust a magnitude of said stress.
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