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1 2 3METHOD TO REMOVE SPACER AFTER SALICIDATION TO
ENHANCE 4 CONTACT ETCH STOP LINER STRESS ONMOS 56 7 8
Background of Invention 9 1) Field of the Invention 10 This invention relates
generally to structures and method for 11 fabricating semiconductor devices
and more particularly structures and method 12 for inducing stresses of
different areas of a substrate. 13 14 2) Description of the Prior Art 15 16 As
semiconductor device switching speeds continue to increase 17 and
operating voltage levels continue to decrease, the performance of MOS and
18 other types of transistors needs to be correspondingly improved. The

carmgiEFHOP T REMUVE SPRCER NS TERISACAOIATIONTOEHANCE
consumption and 20 swﬂchma ﬁerformance where improvement in carrier

mobility allows EQNTAGH, §E§%§|N§Bc§}rrﬁﬁ IQN)/'VEQ.Smeasure

of the average speed of a 22 carrier (e.g., holes or electrons) in a given
semiconductor, given by the average 23 drift velocity of the carrier per unit
electric field. Improving carrier mobility can 24 improve the switching speed
of a MOS transistor, as well as allow operation at 25 lower voltages. 26 27
One way of improving carrier mobility involves reducing the 28 channel length

and gate dielectric thicknessBReKGEPHTHBFID¥RBHRAL drive and
1) Field of the Invention

This invention relates generally to structures and method for
fabricating semiconductor devices and more particularly structures and method
for inducing stresses of different areas of a substrate.

2) Description of the Prior Art

As semiconductor device switching speeds continue to increase
and operating voltage levels continue to decrease, the performance of MOS and
other types of transistors needs to be correspondingly improved. The carrier
mobility in a MOS transistor has a significant impact on power consumption and
switching performance, where improvement in carrier mobility allows faster
switching speeds. The carrier mobility is a measure of the average speed of a
carrier (e.g., holes or electrons) in a given semiconductor, given by the average
drift velocity of the carrier per unit electric field. Improving carrier mobility can
improve the switching speed of a MOS transistor, as well as allow operation at

lower voltages.

One way of improving carrier mobility involves reducing the

channel length and gate dielectric thickness in order to improve current drive and



0o N oo o0 A WODN =

D DD DD DD DDNND & a4 a4 a4 a4 4a 4a 4a a4
a A WO NN -0 O © 00N OO o WDV =~ O ©

NN
N O

1 1 switching performance. However, this approach may increase gate
tunneling 2 current, which in turn degrades the performance of the device by
increasing off 3 state leakage. In addition, decreasing gate length generally
calls for more 4 complicated and costly lithography processing methods and
systems. 5 The importance of overcoming the various deficiencies is 6
evidenced by the extensive technological development directed to the

SURIBKInG DetfERFAmEseh Rk e ipiRVARS RIS haaY iRGBaka sl Rell:

closest and 8 apparently more relevant technical developments in the paten

HerRENEATE BYlCaHadssdbeResiiarcR M NAgerca Pyigcreasing off
$R418088RA§E. THALBRIE NaRRFELLMBSHRY Rh g GRIBPAD Eali3 fBRTRBALT

manufacture - A semiconductor device structure includes at least two 13 field

efemicatRisaid Rl dh0gERRBISDHERIEING RGOS RBfSIRSIstor 14

includes a spacerrivinparfistwistioviie senageield eHes JEnerRIFGES is
includes a 15 compressive spacer haylnﬁ a second width, the first width

BY¥IAg RErBNh AR AIas MR 166 develeriBR el eptechiatR subject, as
BBEGWEntbabiheseRvhigient dhie RelitnimsrdiniedricoTiliedieBsiand

barrier etch stop layer over the transistors. 18 Inventors: Bruce B. Doris, et

APRY S B YEID ARG NGIoBeaISPTENS St RARIMNNEPERBIcan e

gRBRAERY 15) dBRERIEMBLIMECRIIRNGIR devices formed in substrate, has two
spacer 22 structures, each comprising stress inducing material adjacent to

both_sidewall of_ 23 one of device's gate te_rminal and its channel which
8200401044055 POl CAE dao B EREER sbiBevoe siraptures and
anefledccofoms nifaict wemidoselnitonducios davicrisiilintwigesdioemgtifisast two
field effect transistors formed on same substrate, the first field effect transistor
includes a spacer having a first width, the second field effect transistor includes a
compressive spacer having a second width, the first width being different than said
second width. Preferably, the first width is narrower than the second width. A
tensile stress dielectric film forms a barrier etch stop layer over the transistors.
Inventors: Bruce B. Doris, et al.

US 6825529: and US 20040113217A1: Stress inducing spacers
- Spacer structure for semiconductor devices formed in substrate, has two spacer
structures, each comprising stress inducing material adjacent to both sidewall of
one of device's gate terminal and its channel which applies mechanical stress -
Inventor: Chidambarrao

US20040104405A1: Novel CMOS device - Improving mobility

of holes and electrons within semiconductor device structure, involves forming first
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2 1 and second stress layers over p- and n-type metal oxide semiconductor
device 2 respectively - Inventor: Huang 3 4 US 6573172: Methods for
improving carrier mobility of PMOS and 5 NMOS devices - Fabrication of
semiconductor device by forming P-channel and 6 N-channel metal oxide
semiconductor transistors in wafer, forming tensile film on 7 P-channel
transistor and forming compressive film on N-channel transistor 8 Inventor:

BRe Leond La4539808R0G0dPEAANS AR HRYACEARE SRELAEr Yehvice

fabricating the same - Semiconductor device includes first nitride layer
FOPRSIFIING VL2 eresiie s t4aN8hd second nitride layer containing compressive
stress - Inventor: 13 Saitoh, Takehiro 14 15 16 Thus, there remains a need

for methods by which the carrier 17 mobility of both NMOS and PMOS

transistors may bEthfinésédZdathedsdntdmrievirthrarEa Ry fd¥®S and
AMIVdRYNES lowartaR AREiIPIehENE P J& RRVISER MR -channel and

significantly adding to the cost or complexity of the manufacturing 20

saene metal PXide SQIRERAUSION & AFEHHAGH 15 MadesniBBRIRLIREYIBAEM on
PRIRINIBVREH RIOX e fofnStidCEdiApressive film on N-channel transistor -

Inventor: En, et al.

US20030040158A1: Semiconductor device and method of
fabricating the same - Semiconductor device includes first nitride layer containing
tensile stress and second nitride layer containing compressive stress - Inventor:
Saitoh, Takehiro

Thus, there remains a need for methods by which the carrier
mobility of both NMOS and PMOS transistors may be improved so as to facilitate
improved switching speed and low-power, low-voltage operation of CMOS
devices, without significantly adding to the cost or complexity of the manufacturing

process.



0o N oo o0 A WODN =

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

6 and a method of manufacturing a FET device without spacer and with an
overlying 7 stress layer improves device performance which is characterized
as follows. 8 An example embodiment of the invention is a method of 9
fabrication semiconductor device; comprising the steps of: 10 providing a
substrate having a first region and a second region; 11 providing a first gate,
first source/drain regions in said first region; a first 12 channel region in said
first region under said first gate; 13 providing a second gate, second spacers
on the second 14 gate sidewalls; second source/drain regions in said 15
second region adjacent to said second spacers; 16 forming a stress dielectric
layer over: the first gate, the first source/drain 17 regions, the second gate,

the second spacers and the_18 second source/drain regions; whereby said
stress 19 dielectric layer seUEYNRNOStbedBKant @Rt channel 20 region

on the substrate qingestalbaifiehents tRé e iceRrsMple RERHigIRKture

of the invention is a method of 23 fabrication semiconductor device; .
8o BriiRH Atk ERGfas i HRY RIfnG b 4R PRI SR 3CRISRREGH A Qverlying
§ﬁ‘é%@qd?@lioﬁhﬁé\ﬁé’ﬂém@eap@ﬁbﬂﬂ%Jg%ﬁ%%rémébﬁaﬁ%cgﬁ?folIows.

sidewalls; first 26 source/drain regions in the first region adjacent to the first

27 spacers; provibm§REIRIALE) epicpidiRdnvRatinaoa sMath9dgin

raBiRRsich L BreWEil B S FERNIE 8aERNTERSINY TRaceEp§dthe second gate
sidewalls; 2 second source/drain regions in the second region adjacent 3 to

the sedoiY IS & SURRIALAERS A& by SFIOI &A%t e3 BRECHRIABIR e cond

sourcefshatIegiaNFst gate, first source/drain regions in said first region; a first
channel region in said first region under said first gate;
providing a second gate, second spacers on the second
gate sidewalls; second source/drain regions in said
second region adjacent to said second spacers;

forming a stress dielectric layer over: the first gate, the first source/drain

regions, the second gate, the second spacers and the
second source/drain regions; whereby said stress
dielectric layer serves to puts stress on the first channel
region on the substrate close to the first gate.

Another example embodiment of the invention is a method of
fabrication semiconductor device; comprising the steps of:
providing a substrate having a first region and a second region;
providing a first gate, first spacers on the first gate sidewalls; first
source/drain regions in the first region adjacent to the first
spacers; providing first S/D silicide regions over the first

source/drain regions;
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5 forming a conformal dielectric layer over the substrate at least the first 6
region and the second region; 7 forming a non-conformal dielectric layer over
the conformal dielectric layer; 8 the non-conformal dielectric layer is thicker
over the 9 second cap and first cap and the substrate than over the 10
second and first spacer sidewalls; 11 removing a first thickness of the
non-conformal dielectric layer in the first 12 region; using an etch, to expose

the conigsmalryjelesdiendlaner e ibesBERisR e the <bERG \JatIBRIBGRIS;

spacers using an etch; 15 removing the non-conformal dielectric layer; 16
forming a stress dielectrReRBRS SMiERLAraBL RIS e scanddeany adjacent

on the substrate close tqdhRdiEd g W@réﬁe{)ﬁ&}ié&ﬁgﬁ@@%ﬁd‘@[@ silicide

removed in the first region thereby enhance 19 the first device performance.
20 21 22 An aspect of {RRIRMSHRIEHOR SSTRAEISAUIRSAHAIRRBIPRSa 23

NFET regiaihgder soRandicreiititagdF& /e Freaio8uBsHdRE 1888t the first

dielectric 24 layer produces a compressive stress on the NFET channel in a

uni-axial 25 direction; a9 AhrBERRCAND (&Pl orientation. 26 27
28 5 liHinengranieeohiadimanteliteip vapdioninarResaRIEPHIdectric layer;

device comprises: 3 a substrate having a first region and a_second region;

the non-conformal dielectric layer is thicker over the
second cap and first cap and the substrate than over the
second and first spacer sidewalls;

removing a first thickness of the non-conformal dielectric layer in the first
region; using an etch, to expose the conformal dielectric
layer over the first spacers;

removing the first spacers using an etch;

removing the non-conformal dielectric layer;

forming a stress dielectric layer which serves to puts stress on the stress
on the substrate close to the first gate where the first
spacers were removed in the first region thereby enhance

the first device performance.

An aspect of this embodiment is wherein the first region is a
NFET region and the second region is a PFET region; and the stress dielectric
layer produces a compressive stress on the NFET channel in a uni-axial

direction; and the channel has a 110 crystal orientation.
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4 a first gate, first source/drain regions in the first region adjacent to the first
5 spacers; providing first S/D silicide regions over the first 6 source/drain
regions; 7 a second gate over the second region, second spacers on the
second 8 gate sidewalls; second source/drain regions in the 9 second region
adjacent to the second spacers; second 10 S/D silicide regions over the
second source/drain regions; 11 a conformal dielectric layer over the second

gate and the secolil ShanBIS: ehbHIABRPBE tRERIFIHE §99Se AbHWCtor

first S/D silicide 13 regions; 14 a stress dielectric layer over the sidewalls of
HRVIRRIQIPAPRoVer the 15 substrate adjacent to the first gate; the stress

dielectriCs dSJIRNES MAUTRLSE RS IOgROISAFEE S5 b diR FBGRSON the 17

substrate close to the first gate which does not have first” 18 spacers thereby
enhanc@ tHe!fRa3iRieliis pRUYfGRIHAER regirtikitBedittbreaid agiacsnitene first

sidewalls of the second §paegFs; apFHVAIAEHPOCSIT §ififde te g MY RERAREG st

this embodiment is wherein the first region is a 23 NFET region and the
second region is a PFEBOEEFS/HRRIB §881808ielectric layer is 24 a tensile

stress I3¥ic Yl At HRSSIREL RUDAINRiHOIHEBS I CPRBERS DS SHR5iT

on the NFET channel in a uni-axial direction; and the NFET channel has a

26 110 crystal orientatioB2E7SiigWalsT, seqond SHHIRBRINASEINAS L thed
features are of 2 represeiaivg RIGRPCHBRINE MY HRNHRIEN0S FakErdstivecond

and/or exclusive. They o , ) )
S/D silicide regions over the second source/drain regions;
a conformal dielectric layer over the second gate and the second spacers,
the second S/D silicide regions, and the first S/D silicide
regions;

a stress dielectric layer over the sidewalls of the first gate and over the
substrate adjacent to the first gate; the stress dielectric
layer which serves to puts stress on the stress on the
substrate close to the first gate which does not have first
spacers thereby enhance the first device performance;

the stress dielectric layer over the sidewalls of the second spacers and

the second gate.

An aspect of this embodiment is wherein the first region is a
NFET region and the second region is a PFET region; the stress dielectric layer is
a tensile stress layer; and the stress dielectric layer produces a compressive
stress on the NFET channel in a uni-axial direction; and the NFET channel has a

110 crystal orientation.
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3 are presented only to assist in understanding the invention. It should be 4
understood that they are not representative of all the inventions defined by
the 5 claims, to be considered limitations on the invention as defined by the
claims, or 6 limitations on equivalents to the claims. For instance, some of
these advantages 7 may be mutually contradictory, in that they cannot be
simultaneously present in a 8 single embodiment. Similarly, some

advantages are applicaiicdoARsBRRR ARa iR MABLRA RS K@pplicable

to others. Furthermore, certain aspects of the 10 claimed invention have not
R SRstiabve e AeHManisRY  RNMRIR S SHbustiye BadRpKClusive. They

rgasring Ahase Mip sy enasshaieindeletivedinghaea Ml flisrLsesAdIgIake 12

other than for purposes of space and reducmg? repetition. Thus, this summary

SN $ERRAERA LY VARG ESRRS BRI HbtDRT hkiadrygRiigRssiRiingA by the
SRIRRZIRNGeldoPRIACARNFRAHEHOBA R iHIRNAGH A8 \iRegDPtHRcIaims, or

invention will become 15 apparent in the following description, from the

HP&\F@H@ﬁ?&‘UW@@Iﬁ&H@@ HRmS. T of BiSarsSs SRt PhinReRdVARGRIes

f*n-'ép%éeﬁ‘é&lfﬁlﬁ%ﬁﬂ‘é@iﬁﬁg??iﬁftﬂeﬁqm%@'bé%i%l%ﬁ‘é@Q@WEr&m ina
a

present invention and further details of a process of fabricating 6 suc

séilesubodmice RiREboRRMEARMAIRIBR-3EH ERRIGRRIR 10iIPBE 2SPBPE Of
giRany enshstaed ifiappeatrlievnadesFiptintinke) seraHuRpRa iR

the accompanying drawings in which like reference numerals designate

SIRIREGINYEEBIPERYRIM QRFREARCHEBRSE LR bIRWRY ind iR IERCEShould
b drAwkBrBigatand Hueu st Rsecd ors SRGinam ¥ iRMR iRk ERiNg3ed herein

other than for purposes of space and reducing repetition. Thus, this summary of
features and advantages should not be considered dispositive in determining
equivalence. Additional features and advantages of the invention will become
apparent in the following description, from the drawings, and from the claims.
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14 method for manufacturing a transistor according to a first example
embodiment of 15 the present invention. 16 17 Figure 7 is cross sectional
view for illustrating a method for 18 manufacturing a transistor according to a
second example embodiment of the 19 present invention. 20 8 1 2 Detailed
Description of the Example Embodiments 3 4 5 First example embodiment 6
The example embodiments of the present invention will be 7 described in
detail with reference to the accompanying drawings. The example 8
embodiments provide methods of applying a stress on a channel of an MOS
9 transistor using a stress layer in silicide process. Preferably, the source

drain 10 regions have agiieiis idver th Brgebigsembodiment
removes spaces 11 from a gate and forms a stress layer on or adjacent to

the gate. The spatefsieatires ardadRRRaRs PRI THeAPIKSP bARYeCe
BAORIHENS B piSsBnBinatiakh Rara el degine &g srbEdst B9idtickting

15 As shown in figure 1, we provide a substrate having a NFET 16 region 12,
SUSPEErSRIBISANGLSIAY SR \ipRidM ACEFFARTSI Wilkidhe1BrepRa sieRiRD Wil be

FGrE2YeaplaHaBrReiNfRRAR feRshisiwRaR e MHERISHBLARIABEoN with
PFET 18 region 14 and the peripheral region 16. 19 In the NFET region, we

HI6\AGEATNIREY L AERWINGR AR (N B lils® TGIRTBRSE HMGERT SRsigarirSimilar o
88rredfohdingElsPeNtsElegith3 4R ¥oRibns and in which:

Figures 1 through 6 are cross sectional views for illustrating a
method for manufacturing a transistor according to a first example embodiment of

the present invention.

Figure 7 is cross sectional view for illustrating a method for
manufacturing a transistor according to a second example embodiment of the

present invention.



A WO N =

0 N O O

11
12

13

14
15
16
17
18
19
20
21
22
23
24
25
26
27

21 spacers on the NFET gate 30 sidewalls; NFET source/drain regions 25 in
the 22 NFET region adjacent to the NFET spacers 26. We provide NFET
S/D silicide 23 regions 26 over the NFET source/drain regions 25 and the
NFET cap 32 24 preferably comprised of silicide. The NFET transistor has a
NFET channel under 25 the NFET gate. A NFET channel is in the NFET
region under the NFET gate. 26 In the PFET region 14, we provide a PFET
transistor that can be 27 comprised of a PFET gate dielectric layer 27, a
PFET gate 38, PFET cap 40, 9 1 PFET spacers 36 on the PFET gate 38
sidewalls. We BWHSqDBEﬂ&M(RBmeZEéQmﬂ%g%Qﬁ@'W’Fsreglon
14 adjacent to the PFET spacers 36. PFET S/D 3 silicide regions 34 are
formed over the PFET source/drain regions 33. The PFET 4 cap 40 is
preferably comprised of a silicide. A PFET channel is in the PFET region 5
under the PFET gate. 6 In the peripheral region, we provide peripheral gate

Fiustusgaidplecyaibbdipssipheral region 16. The peripheral gate structures
are comprised of a 8 peripheral gate 40, peripheral spacer 44 and peripheral

cap 48.9 The suﬁﬁ%@éw@@@rﬁmbﬁﬁﬁem sl roregem mvenEpaméhbe
HRSERBEPTH FRh RAPRIEAEIRAD 2 GBI A IRIAWRESI R E 4R ple

can be 11 over the isolation region. 12 The structures can be made USIS?Q,@

eaneRAIPAteyovides restierinaf dieRiring msEesa e ARy RefigLed
taRsReNierch dgaddns, By il shcit (GoRieser W@@%Bq"mé%%%e drain

thickness) over the substrate at least the NFET 16 region 12, the PFET
fé@i@ﬁqfl%q}ﬁé"Ekﬂﬁ’p@@?éﬁl%@&iﬂrﬂéeﬁq@/%nﬁﬁﬁﬁﬂbPﬂkﬂr@BEfﬁm@W Spaces

W&W@BM@%&@SH%EW@(@S@!%W% 6P Ad)scamiy i giglectifelaystes can

can be coéﬂgrlse of oxide or 19 silicon oxynitride (SION) and can have a

bficleresy e iR e 50eariBeL B atSigPoldOS transistor.

A. Substrate has a NFET region and a PFET region

As shown in figure 1, we provide a substrate having a NFET
region 12, a PFET region 14 and an optional peripheral region 16. The substrate
can have isolation region(s) 24 at least between the NFET region 12, the PFET
region 14 and the peripheral region 16.

In the NFET region, we provide a NFET transistor that can be
comprised of NFET gate dielectric 29, a NFET gate 30, NFET cap 32, a NFET
spacers on the NFET gate 30 sidewalls; NFET source/drain regions 25 in the
NFET region adjacent to the NFET spacers 26. We provide NFET S/D silicide
regions 26 over the NFET source/drain regions 25 and the NFET cap 32
preferably comprised of silicide. The NFET transistor has a NFET channel under
the NFET gate. A NFET channel is in the NFET region under the NFET gate.

In the PFET region 14, we provide a PFET transistor that can be
comprised of a PFET gate dielectric layer 27, a PFET gate 38, PFET cap 40,
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21 C. non-conformal dielectric layer 22 We then form a non-conformal
dielectric layer 54 over the 23 conformal dielectric layer 52. The
non-conformal dielectric layer can be comprised 24 of nitride or SiC. A nitride
non-conformal dielectric layer can be formed using a 25 PECVD process. 26
The non-conformal dielectric layer 54 is thicker over about 27 horizontal
surfaces than over sloped or vertical surfaces. The non-conformal 10 1

HIFEPLEEARYAS BE BANe PERTEGAId HYaiaRc/ 4R YKoV e AP Wource/drain

horizontal 2 surfaces than over sloped or vertical surfaces. The tops of the

freaNsnPie Be Midrhieairnalbadirsrinie RN phspasrsnils &BET S/D

$i0eRe: rdgioh8B AU RS REHRIERR R EHRAPE ECKSH REAIAR PEddnsasB4d REPFET
6 NFET cap 32 and the substrate than over the PEET and NFET spacer 36

28@%@\@&%@@@&5%%&%? Pleandticidpfotnidr Ea?@h@ﬂ@d% @ PFET region
thieleiape PPetvga300 and 400 angstroms over the PFET cap 40 and

NFET cap 32 and the 10 substrate; and a thickness between 100 and 200
angstroms over the tPRiPeripRead rﬂglgfrr,gﬁ%ﬁpg@@@%ﬁwﬁaﬂggﬁi@FFUCTUFG 49

wepwejo@rfwﬁ@@m;@@mf {lse TRE SERHPENA Tgaféigtiamr& ArcteMhisEd of a
region 14 As shown in figure 3, we remove a first thickness (portion) of the

PSRRI B8 AP RETENS 8l SRAAMANRIISTORIRER® ¢8R 4Bose at least a

portion 16 of the prafaimststiglrayigAayRriph VA I MMIORFBACRASRr A least
A photoresist layer 56 can be formed over the non-NMOS regions 18 (%&.

PINeIEAR GG 45 BerHErP Relfor A8 nEo ReIPERIALIAB SR fHCan be
Blid} €R8 e latfie eror wet etch or 20 Chemical Down Stream Etch (CDE).

The structures can be made using a salicide process.

B. conformal dielectric layer

Referring to figure 2, we form a conformal dielectric layer 52
(about or substantially uniform thickness) over the substrate at least the NFET
region 12, the PFET region 14 and the peripheral region 16. The conformal
dielectric layer preferably has about uniform thickness.

The conformal dielectric layer 52 can be comprised of oxide or
silicon oxynitride (SiON) and can have a thickness between 50 and 100

angstroms.

C. non-conformal dielectric layer

We then form a non-conformal dielectric layer 54 over the
conformal dielectric layer 52. The non-conformal dielectric layer can be comprised
of nitride or SiC. A nitride non-conformal dielectric layer can be formed using a
PECVD process.

The non-conformal dielectric layer 54 is thicker over about

horizontal surfaces than over sloped or vertical surfaces. The non-conformal

10
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21 The first thickness is between about 33 and 66 % of the 22 maximum
thickness of the non-conformal nitride layer 54. 23 Due to the poor step
coverage of the non-conformal layer over 24 the spacers, the non-conformal
layer is etched away before the non-conformal 25 layer over the horizontal
surfaces (e.g., cap, silicide regions 26, isolation regions 26 24, etc.). 27 28
Next, we remove the NMOS spacers 28. 11 1 An example option is shown in

U ERSrt 3\bp 54 BaFPRRONEHISST NN AT Berag 'ﬁM@R&r"SOé‘P%W%r&ontal

spacers 4 Figure 4 shows the PFET mask 56 over the NFET region 14 and
Mfﬁéﬁﬁﬁﬁ%ﬂ Pé@bﬁ'%% M isA %f%%ea%mﬁﬁw%lthﬁa%tﬁﬁ %ﬂwe
3GEERYES Hie MPHIERReRRIRY e SHRes HeME2rPafRspess: The

conformal 7 dielectric layer 52 can be removed using an isotopic etch. 8 F.
remove the NMOS spacers 9 As shown in figure 5, we etch the NMOS

spacers 28. The qteh ndhG@hisiABISaepPi4eCnibrEISSeIeFHY P IERap 40 and

ﬂ}ﬁ: cer material. The etch 11 preferably exposed the substrate surface
rddfRBIy 28/ 4he HPRIgite BN PyerHbR WE FdnaovNihEmhapreRy. 3628

L&y sagove the non-conformal nitride layer 15 16 As shown in figure 5, we
remove the non-conformal layer 54. The 17 non-conformal nitride layer 54

can be removed TQh§RBBILsHER0B-&PBIGIR A dayss shiGaB hayess Buckpess
B weeieded AdhrouHgshemi dslielasisi Py & WinadNFEriggEihand the

substrate; and a thickness between 100 and 200 angstroms over the PFET and
NFET spacer 36 28 sidewalls.

D. remove a first thickness of the non-conformal nitride layer in
the NFET region

As shown in figure 3, we remove a first thickness (portion) of the
non-conformal nitride layer 54 in the NFET region 12 to expose at least a portion
of the conformal dielectric layer 52 over the NMOS spacers 28.

A photoresist layer 56 can be formed over the non-NMOS regions
(e.g. PMOS region 14 and peripheral region 16).

The etch can be an isotropic etch can be a such as a wet etch or
Chemical Down Stream Etch (CDE).

The first thickness is between about 33 and 66 % of the
maximum thickness of the non-conformal nitride layer 54.

Due to the poor step coverage of the non-conformal layer over
the spacers, the non-conformal layer is etched away before the non-conformal
layer over the horizontal surfaces (e.g., cap, silicide regions 26, isolation regions
24, etc.).

Next, we remove the NMOS spacers 28.

11
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20 H. form a tensile dielectric layer 21 As shown in figure 6, we form a tensile
dielectric layer 60 (e.g., 22 tensile stress nitride) which serves to put a
compressive stress on the substrate 23 close to the gate (where the spacers
28 used to be) in the NMOS region 12, which 24 in turn cause a tensile
strain in the NMOS channel region (Si below Poly 30), 25 thereby enhance
the NMOS transistor performance. The tensile dielectric layer 26 can serve

as a contact etch AICBNABIESHIoNISITORRIGS radsisigpdsvice s

affected less than the NMOS 2 device because the PMOS spacers 36
separate and space the tensile nitride layey. 3 60 from the substratm

s oS SpacelEBOUR MR BTHBEAAISIoeatfs IR EF AUt MR
(e.g., nitride) lgpacepsses a tensile stress 5 in a channel region of the
NMOS transistor. 6 The stress is preferably in an Uni-axial direction only. A

preferred 7 chan@gh@,éanwyb@%’éﬁw. medhgtﬁaﬁﬁﬁéaa@fhw and
PSRt ARflor JESOHANPRBVE s SxPBEEHD M RANIAL HRE ayer 52

embodiment is that because the spacers are 10 removed, the stressor is

aEardhe MR shasiersudtithaxerfs the Wi erifacers 3Belde ranteimed
UREGRURINE D VERH YA HRARSS FAIAQ 8 ikattipieg R ILD layer,

contacts, and subsequent levels of IMD and interconnects. 13 Alternate
embodiment 14 Figure 7 shows an alternate embodiment where the spacers

on 15 _ﬁre PMOS' H?QY)%_\"/R_% 0% RPRffibYed. The process for this
embodiment can A6 bR HRiAT %esf%e%gﬂ%%wg@g%w&é%. The etch

non-PMOS regions and 17 removing j[he PMOS spacers 36. Stress layer 61
RAM PRcINOSEITBRIGEIRit et iBsssigfive. IPdhthRPRESD BI@ietadiinetahe

| e fi : ly Ut
B S B Tt L R SRR SRR i o

causes a compre$§i9 WeaifeBIPYeethe mask 56.

G. remove the non-conformal nitride layer

As shown in figure 5, we remove the non-conformal layer 54. The
non-conformal nitride layer 54 can be removed using a etch selective to oxide.
The silicide regions 26 34 are protected by the conformal

dielectric layer 52 during this nitride etch.

H. form a tensile dielectric layer

As shown in figure 6, we form a tensile dielectric layer 60 (e.g.,
tensile stress nitride) which serves to put a compressive stress on the substrate
close to the gate (where the spacers 28 used to be) in the NMOS region 12, which
in turn cause a tensile strain in the NMOS channel region (Si below Poly 30),
thereby enhance the NMOS transistor performance. The tensile dielectric layer
can serve as a contact etch stop liner (ESL).
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21 PMOS channel (Si below Poly 38). This enhances the PMOS transistor.
22 23 24 A. non-limiting example embodiments 25 In the above description
numerous specific details are set forth 26 such as flow rates, pressure
settings, thicknesses, etc., in order to provide a more 27 thorough
understanding of the present invention. Those skilled in the art will 13 1
realize that power settings, residence times, gas flow rates are equipment

specific 2 and witfyaiiyiferg %ﬁ&%ﬂﬂ@”ﬁf@é@é%’é@%dh%‘é%o&

obvious, 3 however, to one skilled in the art that the present invention may b

Fridgedecausth g MMLIIERARSH RRNASUA Y GRACRGRAGHISIR sitride layer
BavedrRtReQUISstass iR INIe BID ORI der s Pe ARG tRESAKHD SRSICAKREN e gion.

present invention. 6 Although this invention has been described relative to

specific 7 insulatifienigisiadielacdicdoomatiings langrafraassadqppile stress
fleQsHng ane G echinedhasrOB aiRlialstdris not limited to the specific

materials or apparatuses but 9 only to their specific characteristics, such as

conformal and noh@8fERFRISE e6REAL b d4NsariRlA @S fiYaryPreferred
eldlingl ARd athen ralsRRSrRIMARPAralYai-dkisPstensHERY b agrisvalin X

understood by those skilled in the microelectronics 12 arts after appreciating

ARpYedisaetionsnitoh i re ireciimBitly stated otherwise, each numerical

value and 14 ranﬂ@eﬁl@k&%‘%’%@@ﬁﬁ’é@iﬁ%éﬁt@iﬂﬁaﬁ@@t@dﬁ@fﬁé@dﬁﬁlﬂs are
word about or 15 approximately preceded the value of the value or range. 16

Ay VAR T SoRRATEO R EhRBBEhT MG A Ot G sbG B &dfect.
the above descripties @addBusArRBRTMEHYY DRiMP dakesripNBIBRgCESs d8ch as

scope of the present invention defined by the claims. 19 While the invention
FRISVRE R Nl NS CORGRGSa AT SEETEEY S50 IR T b MR @B dRkesreniRads:

embodiments thereof, it will be understood by those
Alternate embodiment

Figure 7 shows an alternate embodiment where the spacers on
the PMOS gate device 38 40 are removed. The process for this embodiment can
be similar to the first embodiment by masking the non-PMOS regions and
removing the PMOS spacers 36. Stress layer 61 is formed over the substrate
surface. For this PMOS embodiment, the stress layer 61 is a compressive film.

The stress layer 61 preferably puts a tensile stress on the
substrate near the PMOS gate, which in turn causes a compressive strain on the
PMOS channel (Si below Poly 38). This enhances the PMOS transistor.

A. non-limiting example embodiments

In the above description numerous specific details are set forth
such as flow rates, pressure settings, thicknesses, etc., in order to provide a more
thorough understanding of the present invention. Those skilled in the art will
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21 skilled in the art that various changes in form and details may be made
without 22 departing from the spirit and scope of the invention. It is intended
to cover various 23 modifications and similar arrangements and procedures,
and the scope of the 24 appended claims therefore should be accorded the
broadest interpretation so as to 25 encompass all such modifications and
similar arrangements and procedures. 26 27 28 14 What is claimed is: 1. A

PRGN RAT B IFEHSBINGSPBURRIHULCIRh S VIR SRMVAREarBIeY B éht specific

substrate having a first region and a second region; providing a first transistor

AnshMiivanvelRin ARGIRARAIet GatERmeNEIeaaimst g dige RaoHsst
PRMEOLI Al SREieRMATiRCRRL 40t SRist first pRéReARShaditBbRNARD B BEARACed

under said first gate; providing a second transistor in said second region

MANRY 4RI AEIGHE:, KeeBifl IS5GEPILEBOMT PIRCSRFANR BPLRREN
BRACABERIA. REBANH SRISFESNTRILIRNeRS sAAIpBBYdGraaltkSsRh ERRER Ton.

and a second channel region under said second gate; and forming a stress

dielectric layer haWikp gD isiBvepiien frrsipeearriesctbed iplaiiisidrSresific
fiERAatHHg acdtisrare ceprigaing MM sraesatiappanieuEds e geBusithg ahd

dielectric layer remains over the first and second transistors, wherein the

S4IIRG haReiSIoNGE i3S bifiab dBaRd R SRESIEEMAlg) IR rApRAfiRdEses but
BANSistaieR dheraibn aldaliieaian Rich B ARIHEPRAS e SOMBITEHIand

the steps of: a) providing a substrate having a first region and a second
FERBRIGPBrotamhaoRRegRIROR QlRhIageANd Rl matirizisARd APpRratus
et gRlguBsIRVIRRE a8l WET GAHETSIBERINDIEBIEsE Bkifield H sheaaieroamiaadmics
te?rt%aé?tg{%g&%%%%ng the present invention

Unless explicitly stated otherwise, each numerical value and
range should be interpreted as being approximate as if the word about or
approximately preceded the value of the value or range.

Given the variety of embodiments of the present invention just
described, the above description and illustrations show not be taken as limiting the
scope of the present invention defined by the claims.

While the invention has been particularly shown and described
with reference to the preferred embodiments thereof, it will be understood by those
skilled in the art that various changes in form and details may be made without
departing from the spirit and scope of the invention. It is intended to cover various
modifications and similar arrangements and procedures, and the scope of the
appended claims therefore should be accorded the broadest interpretation so as to

encompass all such modifications and similar arrangements and procedures.
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said first spacers having first spacer sidewalls; c) providing a second gate
dielectric layer, a second gate, second spacers on second gate sidewalls;
and second source/drain regions in said second region adjacent to said
second spacers; said second spacers having second spacer sidewalls; d)
forming a dielectric layer over the substrate over at least the first region and
the second region; e) forming a non-conformal dielectric layer over said
Whstiss!ayesiion-conformal dielectric layer is thicker over a top of the
first gate, the second gate and the substrate, than over the first spacer
sidewalls and the second spacer sidewalls; 15 f) removing a first thickness of
the non-conformal dielectric layer over the first region, using a first etch, to
gxpose at least apaiémo@bingoaieiect s @yemumiditadirséviRaeaRirgng:

removing g expased poction el e diclestric ayer.and spid fust spacers
using 8h eicﬂgprocess;eh remoging the Fon-con ormgloglefegfrlc’layer; and i)

formingPEpYdEssadliEst tansisipe inoseid s regiiriageing. airstaatg vdtb perasefirst
whersiieaaif firsdtreginsiaraiNFgibhe g tsaifosmepgstéegitnd $idtRhEihel

rg@ion; and sai,% ﬁtress dielectric layer produces a tensile stress on a NFET
ERARRNPCA TRHE Sahga%ction; and the NFET channel has a 110 crystal

origntaﬁmiatlng Iaesmet‘mbman_rfs'tsltgnmgaidsmimslaiebfbeth@_gﬁ@aiwcmatg, second
RN 50k SAldRRGRE SRRIRAIS & MiE LRI Rafd SYASLSREHIR FT TiGions

layer produces a compressive stress on a PFET channel in a uni-axial
BRECHOR I SRIGFEIORE TPATEFM AR S5CPTE ehoangl sRaintHBResaf¢hgecond gate;

arethod of claim 2 wherein forming the stress dielectric layer causes a tensile
stress %%WQ@%E@&?&&% H\A%(P%Uﬁasésﬁ% stress over the first and second
transistors, the stress dielectric layer contacting the exposed first gate sidewalls, the
stress dielectric layer remains over the first and second transistors, wherein the second

transistor is less affected by the stress dielectric layer than the first transistor.

2. A method of fabrication of a semiconductor device comprising the steps
of:

a) providing a substrate having a first region and a second region;

b) providing a first gate dielectric layer, a first gate, first spacers on first gate
sidewalls, and first source/drain regions in said first region adjacent to said first spacers;
said first spacers having first spacer sidewalls;

c) providing a second gate dielectric layer, a second gate, second spacers on
second gate sidewalls; and second source/drain regions in said second region adjacent to
said second spacers; said second spacers having second spacer sidewalls;

d) forming a dielectric layer over the substrate over at least the first region and the
second region;

e) forming a non-conformal dielectric layer over said substrate;

(1) the non-conformal dielectric layer is thicker over a top of the first gate,
the second gate and the substrate, than over the first spacer sidewalls and the
second spacer sidewalls;
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6. The method of claim 2 wherein said dielectric layer is comprised of oxide

or silicon oxynitride; and said dielectric layer is a conformal dielectric layer. 7.
The method of claim 2 wherein said non-conformal dielectric layer is thicker

over about horizontal surfaces than over sloped or vertical surfaces; said

non- canferaaindieleiestithlamasds dhiekaives it trNeaat sgenalls thatirst

over a top of said. first gate and over said first souyce/drain regions. 8. T .
RS S i G S A A el e RS B Bt e g
apatrrs50% and 400% thicker over about horizontal surfaces than over

sloped ¢prarRpifR B fagsssctBodribhtomet @eisdiatainy e whesaln e bplcers using

thickness is between about 33 and 66% of a maximum thickness of said
ABRIBRSHEP dielectric layer. 10. A method of fabrication semiconductor
device lcpramposing the retepeabrapitieeding layaibstidte having a NFET

region gnd a ﬁ’ézrﬁnTRr@’&_eQQ%sg)o?é%@ﬁi@%ﬁengl%?%%%%\?&féic’ a NFET gate,

NFET spacers on NFET gate sidewalls, NFET source/drain regions in said
NFET region adjacent to said NFET spacers; and providing NFET S/D
silicide regions ovietiesaist & T chaibi CaltheisinegianissioeprovidiaN&PFedion and

te di ric,.a P PEET cers.on PFE te _sidewalls; PF :
B SR B 2 P ey SRR s Wl O A Pl i
aiessrovidiNg IPFETRBYE isircine asigiche ey, said the T sbghasyagbhas a 110 crystal
wrigRsod) forming a conformal dielectric layer over the substrate over at
least the NFET region and the PFET region; e) forming a non-conformal
dielectric layer over said conformal dielectric layer; f) removing a first
thickness of the nOre coetfurenel clizie Srd tagey saie fithier &PRETS e GidnT ustignaand

HERY Sl i@ RYRASE RMORIRYIR, ARleSiivey QuRicthe Bier hraBacsss: (1)

the first thickness is between about 33 and 66% of a maximum thickness of
S9MBTBRRNEERTRP R RERL HgBReGY B BV HERSHR8sBAL IS 6rRd| channel has
diertrgstayeri@vatithne NFET spacers and the

5. The method of claim 2 wherein forming the stress dielectric layer
causes a tensile stress in a channel region of a NMOS transistor.

6. The method of claim 2 wherein said dielectric layer is comprised of
oxide or silicon oxynitride; and said dielectric layer is a conformal dielectric layer.

7. The method of claim 2 wherein said non-conformal dielectric layer is
thicker over about horizontal surfaces than over sloped or vertical surfaces; said non-
conformal dielectric layer is thicker over the first spacer sidewalls than over a top of said
first gate and over said first source/drain regions.

8. The method of claim 2 wherein said the non-conformal dielectric layer

is between about 150% and 400% thicker over about horizontal surfaces than over sloped

or vertical surfaces.
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NFET spacers using an etch process; h) removing the non-conformal
dielectric layer; and i) forming a tensile stress dielectric layer over said
substrate. 11. The method of claim 10 wherein forming the tensile stress
dielectric layer causes a tensile stress in a channel region of the NMOS

wansistor. 12. ThenpeHeathaltlawimld wheeinibeiianpilksdess Biglassfiabout 33
la oduces a tensile stress on a.NFET channel in a uni-axial direction;
AT B PR TSs £ Saknaraseodmial AelechicTate o of
claim 10 wherein the non-conformal dielectric layer is thicker over the PFET

gate and NFET gatgaRgdhs pisbeliiir SaaevauEibEdeRbe dbhtpfisPBang steps of:
sidewalls. 17 14. The method of claim 10 wherein the noPriL__-ﬁnfor_mal

dielectfe PAOUPIR0 & RuRFI508 PAKBE S - HRd 'S0 ARd kh & §98PGioped or
verticalg priadeinglbNFRE gethdidledtdlaimNEEN yate| NfRE ThepacensforNHET gate

%i&é@ﬁﬁ@, ﬁ#é“ri%!?r%%%ﬁhQQ&;&E%W&”&@W‘Z@W&&%Q&W 15y NhF%T spacers;

orizontal surfaces than over Sloped or vertical surfaces. 16. The method o
ngrRrewdinge Nk SaPcalitiinantaefeRtAt AN i ESRIBRRERHT Ba9eSr
silicon oxgrotitiag areFEIarnfesRIalid) @l RRET lgater RAS B sickress PFET gate
Deean. $9-204.400 anosionk i, a6 Peior of e ZWNSUIWINEE T <pacers:
comprisés: providing silicide r%glons over said firat sourcerdrain regions and

sariPsriding BEEL SO silicideienineso R s aistiidT slosksdiaipesionsthe
first traggistetisg MBSSRSAaNIVRBHARSISIVV P s R6OBHAIABSiS Al ICABIRRSRFET

a P-W%E trﬁn t:tgi rand the first stress comprises a tensile stress; or the first
{raHs Péo?nsg i s%glgﬂype transistor, the second transistor comprises a

N-type e)dnsistg aarahbenfirgnstidiskecomianise s\e contheosiivmaltrisgisctric layer;

f) removing a first thickness of the non-conformal dielectric layer over the NFET
region, using a first etch, to expose the conformal dielectric layer over the NFET spacers;

(1) the first thickness is between about 33 and 66% of a maximum

thickness of said non-conformal dielectric layer;

g) removing the exposed conformal dielectric layer over the NFET spacers and the
NFET spacers using an etch process;

h) removing the non-conformal dielectric layer; and

i) forming a tensile stress dielectric layer over said substrate.

11. The method of claim 10 wherein forming the tensile stress dielectric
layer causes a tensile stress in a channel region of the NMOS transistor.

12. The method of claim 10 wherein the tensile stress dielectric layer
produces a tensile stress on a NFET channel in a uni-axial direction; and the NFET
channel has a 110 crystal orientation.

13. The method of claim 10 wherein the non-conformal dielectric layer is
thicker over the PFET gate and NFET gate and the substrate than over PFET and NFET

spacer sidewalls.

17



19. The method of claim 1 comprises: forming a dielectric layer over the first
and second transistors prior to forming the stress dielectric layer; and
removing the dielectric layer over the first transistor to expose the first gate
sidewalls. 20. The method of claim 1 wherein the first transistor comprises
first spacers on the first gate sidewalls, wherein the first spacers are

rﬁgnov_e d o eXpOSI%%hr%e{hrg %?E?a?rhd?&l\?v%sérérl}tﬁg %orﬂ-ectcr)] Ofgrorqfﬁ(flagpegtgig layer is
wherein: 18 the first transistor comprises a N-type transistor, the Sécon
thigtsisrecabpridesizorrahgys acassiveorowercsivreflrer verdiss! sorfageses a

tensile stress; or the first transistor comprises a P-type transistor, the second
transistor comprises a N-a/é)e transistor, and the first stress comﬁ,%ses a

ddmpressive stred8823°FARE MEABY S ¥R NESMBrRANLCATHRegtc laver is
tetleetncalaydr1®oss trel G @ridicsesanetisistanszprt tufiacesihahever sloped or
stgss diglegisic layer; and removing portions of the dielectric layer covering

the first spacers on the first gate sidewalls to expose the first spacers. 23.

The method of claim 22 wherein: the first transistor comprises a N-type

transistor, the seqwrohiANSHSHD CROMPOSERRi R Sy diFosisidicactibéafiestis

%Br%i)?i o ré-)?uedse%%ﬂ%i&% Wt th?dﬂs@i%t% FOIOL RIS Rk 'rahté(gg
fransistor, the second transistor comprises & N-type fransistor. and the first
Hiielgees hpiness Atansht89ANesitAsds. 24. The method of claim 20

comprises: forming a dielectric layer over the first and second transistors

B o e 1% BRI Sohspsgqormal ayer
providing silicide regions over said first source/drain regions and said

second source/drain regions.

18. The method of claim 1 wherein:

the first transistor comprises a N-type transistor, the second transistor comprises a
P-type transistor, and the first stress comprises a tensile stress; or

the first transistor comprises a P-type transistor, the second transistor comprises a
N-type transistor, and the first stress comprises a compressive stress.

19. The method of claim 1 comprises:
forming a dielectric layer over the first and second transistors prior to
forming the stress dielectric layer; and
removing the dielectric layer over the first transistor to expose the first gate
sidewalls.

20. The method of claim 1 wherein the first transistor comprises first
spacers on the first gate sidewalls, wherein the first spacers are removed to expose the
first gate sidewalls.

21. The method of claim 20 wherein:
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removing portions of the dielectric and non-conformal layer covering the first
spacers on the first gate sidewalls to expose the first spacers. 25. The
method of claim 24 wherein: the first transistor comprises a N-type transistor,
the second transistor comprises a P-type transistor, and the first stress

compriges fadiereis stiessnprides Anstijignsistersesrmpesessand tiRsistor comprises a
g nsis]('or th? :~:econgmtar§;lpS istor comprises a [\é—t% e ttransistor, and the first
0

Strel8 c:rgpnsbsrlgésagdcomdresssf\?gssﬁ%sg.r 58> & Method of falfication of a

semicoi@digitraesiscernipiisied)a Brivpgliignaisiobshratechanthigeadisteregioprises a
ANE SRR JeaininEX R oMIdng R firsideansigiRhiadbedisstaggion having a

first gate, exposed first spacers over first gate sidewalls of the first gate, first
source/drain regions adjacent to the first gate, and a first channel region

@ader the first gatB)enoaticodgphickEcoRd ¢oamsisks: in_the second region having
a SecoRgaate -SECRA SRISFLY MR RSNl LRI P WIS AL BR.P 85 Bslthing the

gate, second source/drain regions adjacent to the second spacers, and a
skeshdielestitdregidndinder the second gate; forming a dielectric layer in

the first@ndviespodisagionsicfaisrbogialapsr-covdany taliete cisackagenaverfildegate
t%orpg of the dielectric and non-conformal

gt&%%&tﬁ's%' ED0SE 1Y Wrg}.%?a 2SO . .
ielectric layers over the first” transistor to expose the first spacers; removing
the first spacers to expose the first gate sidewalls; and forming a stress

dielectric layer hamathiefHsd Siresswreniheréiist and second transistors, the
stress %elgfact ic layer remains over@; first and secqnd transistors and .
contactiGHLob RSSIPh R RS SRAAIIR JATSIR Ao e HARE R qgmerises a
R4yoaffemeidtby ahe hedisst sledsstoionuyisesmtedsidisyessiryistor. 27. The
methodf fiaimaAG WhIaLsiRniBEs kS KRjRsislREiSRMBTSeS RN HRR KRN St Prises a

the second transistor comprises a P-type transistor and the first stress

Dsivpsiliansisiendrddha deststress comprises a compressive stress.

24. The method of claim 20 comprises:

forming a dielectric layer over the first and second transistors prior to forming the
stress dielectric layer;

forming a non-conformal layer over the dielectric layer; and

removing portions of the dielectric and non-conformal layer covering the first

spacers on the first gate sidewalls to expose the first spacers.

25. The method of claim 24 wherein:
the first transistor comprises a N-type transistor, the second transistor comprises a
P-type transistor, and the first stress comprises a tensile stress; or
the first transistor comprises a P-type transistor, the second transistor comprises a
N-type transistor, and the first stress comprises a compressive stress.
26. A method of fabrication of a semiconductor device comprising:
providing a substrate having a first region and a second region;
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the first transistor comprises a P-type transistor, the second transistor
comprises a N-type transistor and the first stress comprises a compressive
stress. 28. The method of claim 18 wherein the first stress is in a uni-axial
direction, and the first channel has a 110 crystal orientation. 29. The method

of clainpidlinihg eeinstheafiss ol REmESfirs i siibaNalirgrearary A6 ki Justirst

channel has 10 crystal o |en |on 0. ethod fcla m 23 whe
28 O e e e B et vl R R RS Bl o the

ﬁf%@t@rmﬁ@t‘ﬂfﬁt ghanmeé regenodhdeiclmiirebaritsrein the first stress is in a
uni-axigloJiERedianerBrdhafsrisnanne easm HYHTYRiAhgriesiabag gél, second

spacers over second gate sidewalls of the second gate, second source/drain regions
adjacent to the second spacers, and a second channel region under the second gate;

forming a dielectric layer in the first and second regions;

forming a non-conformal dielectric layer over the dielectric layer;

removing portions of the dielectric and non-conformal dielectric layers over the first
transistor to expose the first spacers;

removing the first spacers to expose the first gate sidewalls; and

forming a stress dielectric layer having a first stress over the first and second
transistors, the stress dielectric layer remains over the first and second transistors and
contacts the exposed first gate sidewalls, wherein the second transistor is less affected by
the stress dielectric layer than the first transistor.

27. The method of claim 26 wherein:

the first transistor comprises a N-type transistor, the second transistor comprises a
P-type transistor and the first stress comprises a tensile stress; or

the first transistor comprises a P-type transistor, the second transistor comprises a
N-type transistor and the first stress comprises a compressive stress.

28. The method of claim 18 wherein the first stress is in a uni-axial
direction, and the first channel has a 110 crystal orientation.

29. The method of claim 21 wherein the first stress is in a uni-axial
direction, and the first channel has a 110 crystal orientation.

30. The method of claim 23 wherein the first stress is in a uni-axial
direction, and the first channel has a 110 crystal orientation.

31. The method of claim 25 wherein the first stress is in a uni-axial
direction, and the first channel has a 110 crystal orientation.
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