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COWPOSI TE STRESS SPACER 4 5Background of Invention 61)
Field of the Invention This invention pertains to

i nventive net hods of imanufacta 8sem conductor device
for inproving device performance, and to the resulting
uni que hi gh- 9perfornmance device structure. in
particular, this invention has inproved charge
nmobility in 10FET devices by structurally inmposing
tensile and conpression forces in a device substrate
during device fabrication. 13 142) Description of the
Prior Art 160ne of the ma:in chall enges of deep
subtnicron transistor design is to 17inprove its
carrier nmobility, so that its drive current is higher
and resulted in higher ring 18oscillator speed. It is
known that tensil PRER RS nobility,
whi | e conpr essi veeclgglfegglsﬁ?gvor g@(e*gﬂlr{mbi lity. 20
1The inportance of overcom ng the various deficiencies
not ed above is

Background of Invention
1) Field of the Invention
This invention pertains to inventive methods of manufacturing a
semiconductor device for improving device performance, and to the resulting unique high-
performance device structure. In particular, this invention has improved charge mobility in
FET devices by structurally imposing tensile and compression forces in a device substrate

during device fabrication.

2) Description of the Prior Art

One of the main challenges of deep submicron transistor design is to
improve its carrier mobility, so that its drive current is higher and resulted in higher ring
oscillator speed. It is known that tensile stress favor electron’s mobility, while compressive

stress favor hole’s mobility.
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2evi denced by the extensive technol ogi cal devel opnent
directed to the subject, as 3docunented by the

rel evant patent and technical literature. The cl osest
and apparently 4nore relevant technical devel opnents
in the patent literature can be gl eaned by considering
5the followi ng. 6 7US 6825529 and US 200401
13217A1Stress induci ng spacers - Spacer 8structure for
sem conductor devices formed in substrate, has two
spacer structures, each 9conprising stress inducing
mat eri al adjacent to both sidewall of one of devices
gate 10tenninal and its channel which applies

mechani cal ?&E gﬁgorrlfagl:ggp(g\;eﬁfomu%whg QE%s'd%ﬁcéﬂﬁé noted above is

6512273: Me structure I nprovin
17f or

| yeny .s Ll ow

B i Bt G B *Qiit@fthe Vg et

t ransi st,or | udes SI| SI|I er
AR Byt paeat Pt 8 e Pitetise . R HERSEAY appareatly

n- channel devices - Inventor; Krivokapic, Zoran 15US
meseypicyant tginicalgdevelopments ibthe @gteetalrtﬁratélre #AsKIE gleapedpy considering

PMOS and 16 NMOS devices - Fabrication of
thednilgwmguct or devi ce by formi ng P-channel and N

17channel netal oxide sem conductor transistors in

wafer, formng tensile filmon P-channel 18transistor

and form ng conpressive -filmon N-channel transistor

- Inventor KB 6825529 andlOS 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

US 6512273: Method and structure for improving hot carrier immunity
for devices with very shallow junctions - Complementary metal oxide semiconductor
field effect transistor includes silicon nitride and polysilicon spacers provided on edge
surface gate of p-channel and n-channel devices = Inventor: Krivokapic, Zoran
US 6573172: Methods for improving carrier mobility of PMOS and

NMOS devices - Fabrication of semiconductor device by forming P-channel and N-

channel metal oxide semiconductor transistors in wafer, forming tensile film on P-channel

transistor and forming compressive film on N-channel transistor - Inventor: En, et al.

US20040191975 Al: Nitrogen Controlled Growth Of Dislocation
Loop In Stress Enhanced Transistor - MOSFET fabricating method, involves implanting

2
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20US20040191975 Al: Nitrogen Controlled Gowh O
Di sl ocation 21Loop In Stress Enhanced Transi stor
MOSFET fabricating nmethod, involves inplanting
silicon in substrate to formdislocation |loop in
substrate bel ow conducti on channel, and dopi ng
substrate with nitrog bel ow conducti onel -inventor:
Weber et al. US 20040104405A1: Novel CNI OS device -
| mproving nmobility of 4holes and electrons within
sem conduct or device structure, involves formng first
and second stress | ayers over p- and

n-typesem conduct or device respectively 6 | nvent or:

Huan 0 . Sem conduct or . devi

PR BB 3?% anfe@gfé?ﬁg% FrH RO e B g and
i ncl udes Flr nitrid aer con aln gtens stress
dgpiE SUsHaE Vit f’t“?‘?&?@ heﬁve? Ay oL Bm%s@egg etal.
stress - Inventor: Saitoh, Takehi m 10US 20040262784

H gh per f or nE:940AS405AY; Navel GMIS dedes arfmpraving mekility of
of manufacture - A sem conductor device structure

hples hudlesctmns vihstsetmisonfligbddevidestuctineamsolytofosming firg dnd
on sane substrate, the first field effect transistor
séavat yiles [yespaegs- ahdhaypHitetnl bxids semitatdnctot bevicaepactively -
field effect transistor includes a conpressive spacer
Ibavtordddsg second width, the first width being

di fferent than said second width. Preferably, the

first 15w dithsoof3dtant Sl %Hﬁ&nﬁﬁ@oﬁ&%&@%&‘&rﬁﬂ&d O‘P‘fabrlcatmg

tensile stress dlelectrlc hrns a barrier etcl
tl‘é)ﬁn%p génedtﬁt\ftg al in lg?%af?rgtorgﬁge Ilegf\éle &;n?e[lﬁmg ?Jngl?e stx%'ss and

second nitride layer containing compressive stress - Inventor: Saitoh, Takehiro

US 20040262784 High performance CMOS device structures and
method of manufacture - A semiconductor device structure includes at least 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, Dureseti Chidambarrao, Suk
Hoon Ku

US 4966663: Method for forming a silicon membrane with controlled
stress - Silicon membrane with predetermined stress characteristics - made by doping and
electrochemical etching. Inventor: Mauger, Philip E.; Santa - A method for fabricating a
silicon membrane with predetermined stress characteristics. A silicon substrate is doped to

3



17 Hoon Ku 18US 4966663: Method for formng a silicon
menbrane with controlled stress - Silicon nenbrane
with predeterm ned stress characteristics - nmade by
dopi ng and 20el ectrochem cal etching. Inventor;

Manger, Philip E.; Santa - A nethod for fabricating a
21silicon nenbranepredeterm ned stress
characteristics. A silicon substrate is doped to
Icreate a doped ayer as thick as the desired thickness
of the menbrane. Stress wthin the 2 doped |ayer is
controll ed by selecting the dopant based on its atomc
di aneter relative to 3silicon and controlling both the

ot BOLTRS AEP-AESr SRR RER 7R B Rtiant sosd WRhinme
358 Tt A S SIS i AP Pt [RGB Gmeies Teaive to

The enbodi nents of the present invention provides a
sifeoryand foatraltiag hoth thestold gorsentrationPae cancFrgtvmBrefdle pEe dopant.
whi ch are characterized as follows. 6A first exanple
Therinothbrasrtis then formed hp diedfodhatmidalnticing efvapthe substrate beneath the
sem conduct or device structure conprising the steps of
d&prddayedi Ng a substrate having a PFET region and a NFET

regi on, a PFET gate on
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9sai d PFET region, and a NFET gate on said NETT
region; 10formng first PFET spacers on said PFET gate
and thnn ng first NFET spacers on iisaid NFET gate;

12f orm ng NFET source/drain regions adjacent to said
NETT spacers; 13renoving said first PEET spacers and
first NFET spacers; l4form ng tensile PEET spacers on
the PPET gate and tensile ' MEET spacers on the 15NFET
gate; 16inplanting first ions into tensile PFET
spacers to forma neutralized PFET spacers 17whereby
the first ions reduce the tress in the neutralized
PFET spacers 18and reduce the stress in the PFET
rean; 19form ng HET source/drain regions adjacent to
said PFET gate; 20inplanting P type inpurities into
said PFET region to fromthe_ PFE T spurce/drain
regions. | 2 Anoth '"Ewﬁﬁ%PﬁgﬁﬁﬂﬁﬂVW@nt is a

sem conduct or device struc 4 conPrised of
he embodiments of the present invention provides a structure and a

method of manufacturing a CMOS device which are characterized as follows.

A first example embodiment is a method of fabrication of a
semiconductor device structure comprising the steps of :

providing a substrate having a PFET region and a NFET region, a PFET gate on
said PFET region, and a NFET gate on said NFET region;

forming first PFET spacers on said PFET gate and forming first NFET spacers on
said NFET gate;

forming NFET source/drain regions adjacent to said NFET spacers;

removing said first PFET spacers and first NFET spacers;

forming tensile PFET spacers on the PFET gate and tensile NFET spacers on the
NEFET gate;

implanting first ions into tensile PFET spacers to form a neutralized PFET spacers
whereby the first ions reduce the stress in the neutralized PFET spacers
and reduce the stress in the PFET region;

forming PFET source/drain regions adjacent to said PFET gate;

implanting P type impurities into said PFET region to from the PFET source/drain

regions.

L
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5a substrate having a PFET region and a NFET region, a
PFET gate on said PEET 6region, and a NFET gate on
said NFET region; 7NFET source/drain regions adjacent
to said NFET spacers; 8neutralized WET spacers on the
FFET gate and tensile NFET spacers on the 9NFET gate;
10Fit 1 source/drain regions adjacent to said 'HET
gate. 11 13The above and bel ow advant ages and features
are of representative 14 enbodi ments only, and are not
exhaustive anthror exclusive. They are presented only
to 15assist in understanding the invention. It should
be understood that they are not 16representative of

all the inventions defined by the clains, to be
considered limtations on the invention as defined by
the clains, or limtationsequivalents to the clains.
For 18i nstance, sonme of these advantages nay be
mutual |y contradictory, in that they cannot be

1. 9si nul t andwdiey eprele ambpdimgnisis A gemicomBedonsmice structure
Simlarly, sone advantages are applicable 20to one
caspasstl o6f the i nvention, and inapplicable to others.
Furthernore, certain aspects of 21the cl ai ned

I nveatuBiraddveinp @PFBdaBgidh 96418 SEE Thegieh, b PHEWENESn saf®PFET
i nference should be drawn egarding those di scussed

herS rel ative trégiérh%&aMETdéﬁ&b@WNPET_@%gioxﬁt her than
for patposes of since and reducing repeti 6on, Thus,

thi SN%E'T"EEﬁ%élc/ﬁFaiﬁ F‘%ﬁdﬁ% %&ja@egxtﬁ’ 1@&Y@1ﬁ?ﬁ@%ﬁ‘a¢§£°“' d not be

consi dered di spositive I'n i tent hi'ng equi val ence,
Addi Béu?ﬁﬂ%edf ﬁaé’lugp%gergr})% the PFET gate and tensile NFET spacers on the

NFET gate;

PFET source/drain regions adjacent to said PFET gate.

The above and below advantages and features are of representative
embodiments only, and are not exhaustive and/or exclusive. They are presented only to
assist in understanding the invention. It should be understood that they are not
representative of all the inventions defined by the claims, to be considered limitations on
the invention as defined by the claims, or limitations on equivalents to the claims. For

instance, some of these advantages may be mutually contradictory, in that they cannot be

simultaneously present in a single embodiment. Similarly, some advantages are applicable

to one aspect of the invention, and inapplicable to others. Furthermore, certain aspects of
the claimed invention have not been discussed herein. However, no inference should be

6



4 advantages of the inventumw ||l beeon e appaient in
S follow ng description, fromthe draw ngs, and from
the clains, 2 Brief Description of the Drawi ngs 4The
features and advantages of a sem conductor device
according to the 5present invention and further
details of a process of fabricating such a

sem conduct or device in accordance with the present

i nventi onbe nore clearly understood fromthe foll ow ng
description taken in conjunction w thacconpanyi ng
drawi ngs in which |ike 8reference nuneral s designate
simlar or corresponding eIenEnts regi ons and

N tr'egn I néé’g]s?tgs;seq]hqrﬂ 2{% h SO H Rié%u?_srfg B?rem o%er than for

manuf acturi ng a CMOS deyi ce vvlt conposite stress
Pglﬁaﬁfér"% SRACH R 1EUEBE ERCEIORnpINe . DN BETRBNOF GRLEficmd advantages
present invention. 13 14 Detailed Descri pt| on of the
st de Eptridir e SRos7ive BxANPIENIEY/BODY NENFSAdditional features and

advantages of the invention will become apparent in the following description, from the

drawings, and from the claims.
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A.Introduction 6ln the exanple enbodi nents we

di scl osure techniques to put tensile stress under the
NFET gate channel w thout affecting pFET channel by

usi ng conposite 8stress spacer schenme. The schenes
enhance el ectron nobility w thout conprom sing hole 9
mobility. In addition, an exanpl e enbodi nent has a
conposite spacer schene that allows 10 the nFET and

pFET transistors to have different spacer thickness,

and thus Vt roll-off for 11individual device can be
tailored. 12In the exanpl e enbodi nents, we present

techni ques for achieving dual stress for device

wi t hout introducing conplicated process in the nornal
CMCS process 14 sequence. The exanpl e enbodi nents are
effective and thicker spacer width for pMSri ET

15before the source drain inplant inproves the W\t

roil-off and subs . 17B. First
Exanpl e Met hod Emﬁg&??ﬁ}%ﬁ%@@mﬁ ?fraﬂﬂg A first
exanpl e net ' ' ' WelVls . Q 4.

The Tirst entniranes kb adeditddahilahd B BBty dorbing o the
stress spacers. that, create tensil.e stress aon the
Pt A vRPE FTphPR RS REERoRY oo G rbe Seippugtor
inglant igto thﬁgﬁensile,stress 4spacers relieves the

devips i aserdinen gfithdhe pregans invetigrevilklye mere clprlyyadayiopddiam the
on the substrate thus inproving hole carrier nobilit
folipwing desgprtiandaleenrin gpnjupasiop FeHnaE a¢cegipemyng drawings in which like

reference numerals designate similar or corresponding elements, regions and portions and
in which:

Figures 1 through 4 are cross sectional views for illustrating a method
for manufacturing a CMOS device with composite stress spacer according to an example

embodiment of the present invention.



L

10

11

12

13

14

15

16

17

18

6 C substrate having a PFET region and a NFET region
Referring to figprovide a. substrate 10 having a PEET
region 912 and a NRET region 14. W provide a uwel |
region 18 in the FEET region 12, a PEET 10 gate 22011
the NTT region 12 and a NFET gate 28 on the NFET
region 14. 'the substrate 11 can be silicon wafer or
a SDI substrate. The substrate can have an optiona
pwell in the NFET region. The gates can conprise a
gate dielectric |ayer and a gate el ectrode. The
substrate can conprise isolation regions, such as STI
regions 13. 14 D.first PFET spacers on the PFET gate
and first NFET spacers 16on the NFET gate 17 18Still
referring to figure 1, we formfirst FEET spacers 24

on the FEET D@grdeDeidripich bf theExdbiniplEEmbpaiGemss 30 on.
the NEET gate 28, The spacers are preferably nmade 20of

a neutral stress material, such as RTCVD silicon
nitride, 10 W then form NFET source/drain regions 34
adj acent to the NFET 3spacers 30. 4As shown in figure

1, we form g NP1 PvMigShiMENRYSr 32 that has

A. Introduction

In the example embodiments we disclosure techniques to put tensile
stress under the nFET gate channel without affecting pFET channel by using composite
stress spacer scheme. The schemes enhance electron mobility without compromising hole
mobility. In addition, an example embodiment has a composite spacer scheme that allows
the nFET and pFET transistors to have different spacer thickness, and thus Vt roll-off for
individual device can be tailored.

In the example embodiments, we present techniques for achieving dual
stress for device without introducing complicated process in the normal CMOS process
sequence. The example embodiments are effective and thicker spacer width for pMOSFET

before the source drain implant improves the Vt roll-off and substhreshold slope for pFET.

B. First Example Method Embodiment
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openi ngs over areas where the NFET Source/Drain
regions will be forned. 6 P-7N type lons 33 preferably
are inplanted into the substrate in the NIFET 8 region
adj acent to the N FET spacer 30 to form NTET
source/drain regions 34. (See figure 9 2), A NFET
channel region is under said NEET gate between the
NFET Source/Drain regions. renoving the first PFET
spacers and first NFET spacers Referring to figure 2,
we renove the first PFE, T spacers 24 and first 13 NFET
spacers 30. The spacers can be renoved using a

sel ective etch, 14 15G tensile PFET spacers and

tensil e NFER SpasehdpldGMNEsE emBBdifrehi s biRse i ﬁ%ﬂ to 4. The first
spacers 44 on the PEET gate 22 and tensile 17 NFET

eﬁﬁgﬂg Frdtihd e%oallﬁ?eni\"fa—ﬁlsgéﬂspl st ess s céllggPMS ctetefliiRHE 9&65? on the

one way to l1l8acconp osit a tenS|

tr
I B U U SR
44 NTET 42. 20 T t
A TR N bl e
P N e DR B PSS e ons

C. substrate having a PFET region and a NFET region

Referring to figure 1, we provide a substrate 10 having a PFET region
12 and a NFET region 14. We provide a nwell region 18 in the PFET region 12, a PFET
gate 22 on the PFET region 12 and a NFET gate 28 on the NFET region 14. The substrate
can be silicon wafer or a SOI substrate. The substrate can have an optional pwell in the
NFET region. The gates can comprise a gate dielectric layer and a gate electrode. The

substrate can comprise isolation regions, such as STI regions 13.

D. first PFET spacers on the PFET gate and first NFET spacers

on the NFET gate

Still referring to figure 1, we form first PFET spacers 24 on the PFET
gate 22 and first NFET spacers 30 on the NFET gate 28. The spacers are preferably made

of a neutral stress material, such as RTCVD silicon nitride.

10
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3 4The tensil e spacers serves to put a tensile stress
on the substrate close 5to the gate and channe

region. The tensile stress frome NFET spacers 42 on
the NFET channel i.s desirable since the st.ess

i nproves electron nobility and the NFET perforinarice.
9 10H inplanting first ions into the PFET spacers,
whereby the 11first ions relax the PFET spacers
12Referring to figures 3 and 4, we inplant first ions
48 into the tensile 13FEET spacers 44 to form
neutralized . PFET spacers 44A (see Figure 4) and
inmplant ions 14 into a top region of the PEET region.
Ve c& for m aNFEESours(drdin aadianspadjatent tosthe NFEE spacers
1548 (such as Cie, Xe, or other ions) into the tensile
FEET SPacer Sydth ATt RPETSoUrob AHiPReiAl 34 adidcbl & o RPET
is inportant since e first rtons rélax t tensile
nitride FEET 18spaces 44. The tensile stress spacer
SPHSRgE to a non-tensile or rel axed spacer because of

19the ion i | ant i.nt.o the spacer en_the heav
undoped fir gs %@WQ.“} %I%F Ixye I%%‘?‘E? NF?H’SSUD Irﬁ%srﬁ‘liéé(f”‘a%t fhat has

SI N spacer lattice, sone of the lattice bond are
oppRRESPVen@RATIgherh ee R} Poyree/Dran sqgirns vill e forged.
reduce.
N type lons 33 preferably are implanted into the substrate in the NFET
region adjacent to the NFET spacer 30 to form NFET source/drain regions 34. (See figure
2). ANFET channel region is under said NFET gate between the NFET Source/Drain

regions.

F. removing the first PFET spacers and first NFET spacers

Referring to figure 2, we remove the first PFET spacers 24 and first

NFET spacers 30. The spacers can be removed using a selective etch.

G. tensile PFET spacers and tensile NFET spacers

Next, we form tensile PFET spacers 44 on the PFET gate 22 and tensile
NFET spacers 42 on the NFET gate 28. As shown in figures 2 and 3, one way to
accomplish this is to deposit a tensile nitride layer 38 over the substrate surface and then

use an anisotropic etch to form the PFET gate spacer 44 and tensile NFET spacers 42.

11
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3For exanple, the tensile PEET spacers 44 can have a
tensile stress 4between 8 &dynes/de& and 16 Gdynestern
before the first ion inplant and the neutralized 5
PEET spacers 44A can have a tensile stress between
about 2 dyne:tic 12 and 4 6Cd, yriesicrOzatier the ion
inplant. 7 8The neutralized PEET spacers 44A and
substrate in the FEET region :2 9can have a Ge ion
(e.g., Ge) concentration between 5E19iiiiri3 and

1E20/ cnB8. The Ge 10 ions can be inplanted with a dose
bet ween 5E141cn2 and 1E15/cnR and at an energy between
10 key and 35 key. 12The substrate in the FEET region

12 can have 1 ¢&si1ORitGRNERA WA !eﬁﬂle]s@t*@j%I OFBeiRk e dRuE BB
and 1E20/erri 3. The ions are inplanted wth a dose

Ge
REUEEN 98 ROHRTens ) SRR B NS RRRENS, o
regi ons adjacent to the PFET gate 18 Referring to
figf orm PEET source/drain regions 54 adj acent 19 to
the FEET ga 22. The PF' ET mask 46 ha} en| n r
the PM regi'oH, ol B SPVes t aiteRst %\r‘?fr oot g?tfﬁte close
PFET source/dral n regions 54 adjacent to the PFEI gat
to the gate and channel region. The tensile stress from the NFET spacers 42 on the NFET

channel is desirable since the stress improves electron mobility and the NFET

performance.

H. implanting first ions into the PFET spacers, whereby the

first ions relax the PFET spacers

Referring to figures 3 and 4, we implant first ions 48 into the tensile
PFET spacers 44 to form neutralized PFET spacers 44A (see figure 4) and implant ions
into a top region of the PFET region. We can form a PFET mask 46 and implant first ions
438 (such as Ge, Xe, or other ions) into the tensile PFET spacers 44 and the PFET region
12.

This step is important since the first ions relax the tensile nitride PFET
spaces 44.  The tensile stress spacer change to a non-tensile or relaxed spacer because of

the ion implant into the spacer. When the heavy undoped first (e.g., Ge, Xe, etc.) ions

12



10

11

12

13

14

15

16

17

18

19

2 PEET channel region is under said PFET gate between
t he PFET source/drain regions. 3As shown in Figure 4,
the pFET region 12 has neutral spacer 44A after 4ion
inmplant (e.g., Ge) relaxation. The neutral spacer 44A
does not put significant tensile stress on the pfet
region 12 and thus does not degrade hole nobility.
This inercases the 6 PEET performance. Al so, the NFETs
still have tensile stress spacers 42 which put stress
8on the NTET region 14 and enhances electron nobility.
9Al so pFET Vt roll-off is well control with source
drain i nplant done 10after neutralized tensile spacer

Hotdafdth&BiN é}ﬁcer‘?ﬁgcé, ik oMhe ‘Ia‘?ﬂri]ée'&)fnﬁ_apé Q‘Bf(&lg]ﬂa@in?gﬁ@train in

| ess 11t han pFET as it has nmuch heavi er As dopan

. 0 ions neutralized tensile stress on
t%%—@%&gg%éceer{ed%gﬁd 13t hereby el im nating degradati on on

hol e nobi lity by tensjopnin substrate. , This dges

not af fect dOEtFBRETHERFNE T e 4 Sp RV e Soss
hand, Get daopants also retayd the diffusion 150f )
bebpreh Ll ?Sgﬁ@rr,?p e e eforsrtaf Arst ) iRt an@ng%r@&yahzed
I nproving threshold voltage 16Vent| S Lgol roll-off of
Pd%@ﬁpam HA eandrive a dgrisitesteninbefvepsalsug s{pm” and 4
perfornmed. 17 J.dual with spacer Option- different
QGdyohie$icrPtakr thatboNE@nc hannel s

The neutralized PFET spacers 44A and substrate in the PFET region 12
can have a Ge ion (e.g., Ge) concentration between 5E19/cm® and 1E20/cm®. The Ge
ions can be implanted with a dose between 5E14/cm” and 1E15/cm” and at an energy
between 30 kev and 35 kev.

The substrate in the PFET region 12 can have a Geion concentration
between 5E19/cm’and 1E20/cm®. The Ge ions are implanted with a dose between

5E14/cm’ and 1E15/cm? and at an energy between 30 kev and 35 kev.

l PFET source/drain regions adjacent to the PFET gate

Referring to figure 4, we form PFET source/drain regions 54 adjacent

to the PFET gate 22. The PFET mask 46 has openings over the PFET region. We use a P-

13
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In an option, the neutralized PEET spacers 44A. for
spacers 44) have a 4first width and the first NEET
spacers 30 have a second width where the first width
at d the second width are not approxi mately equal. The
different spacer wdth allow us to form6 different
PEET and NEET channel w dt hs/dinensions. The

neutrali zed PFET spacers 44A 7(or spacers 44) and the
first NEET spacers 30 can be used as inplant masks to
define the 8source and. drain regions positions. The
spacer wi dths can range from 450 to 650 angstrons. The
first wwdth is preferably at |east 10% | arger or

ty%g%éﬁﬁt 8o BFE e canek/ dBine sibhs 54Tlaga£’e%EtB tGORARELatean. A
t ween about 120% and 80% the wi dth of said NFET

i PR RO e

t . f

t get ﬁgaégtr e\%f:f&‘ﬂ‘gﬂ Bﬁtral“t p}?eqfﬁffe%lgum eérgl SI?’Q eg%'A alice
t | eff 4 15The d

B St e iy A s

maki n&the desi %n ogtl m zation of nEET and ph_ ET no
str¢se gn Bleayfetrzgion 12 9nd fup glees Refidegrade h@lﬁw&b@%ﬁ@&dﬁ%@?@%the

PFET performance.

Also, the NFETs still have tensile stress spacers 42, which put stress
on the NFET region 14 and enhances electron mobility.

Also pFET Vt roll-off is well control with source drain implant done
after neutralized tensile spacer 44A formation, and nFET V't roll-off problem is much less
than pFET as it has much heavier As dopants.

The Ge, or Xe ions neutralized tensile stress on pFET spacer, and
thereby eliminating degradation on hole mobility by tensioning the substrate. This does not
affect electron mobility in nFET. On the other hand, Ge dopants also retard the diffusion
of B dopants (e.g., PFET Source and drain regions), thereby improving threshold voltage

versus Lpoly roll-off of pFET. After then a spike anneal is preferably performed.
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Al t hough this invention has been described relative to
specific 4insulating materials, conductive matixials

and apparatuses for depositing and etching these
Smaterials, it: is not limted to the specific

materi als or apparatuses but only to their specific
6characteristics, such as conformal and nonconf or nal

and capabilities, such as depositing 7and etching, and
other materials and apparatus can be substituted as is
wel | understood by 8those skilled in the

m croel ectronics arts after appreciating the present

i nvention 9The devi ces can conprised additiona

el emgnts or HEPWAHEEBIESH OBHER- 8fetOh-IidAPEEP an8NFET
11Unl ess explicitly stated ot herw se, each nunerica

val ue 9ndcﬁgﬂﬁ&b12 shoul d be interpreted as being
approxinma.e as If the word about or approximtely
13preceded the val ue of the value or range. 14 15G ven
the vari ety [dfn eptiyweheeppuiralized: REED presestt4i{oespaseand4) have a
9 ust 16described, the above description and

wétvadthr anditon Erss INFE Thapacdse3Q bavsra sgsorid; wiidtti wigere He fgstopdth and
of the present invention defined by the clains.

tHeBdbord devititheare notappioaimdielg elpedn Thadiffeeant sgdcyr widthmloand to form
described with 19reference to the preferred

deffhediPFEMtaad NFeITedhanel tvidthd/dink@sivhvl ehs hoaehliByd PREF@pacers 44A
skilled in 20 the art that various changes in form and

(SepaddrS44TRYd B AFRIRFR SHRYL BeRALE LAY &5 RN Rasks to define the
source and drain regions positions. The spacer widths can range from 450 to 650
angstroms. The first width is preferably at least 10% larger or smaller than the second
width. The PFET channel can be between about 120% and 80% the width of said NFET
channel. The PFET channel can be between 20% wider and 20% narrower than the

NFET channel. The bigger the spacer width, the further the S/D implant ion get to the gate

channel and thereby causing less lateral short channel effect.

The dual spacer scheme allows nFET and pFET to have different spacer

width, making the design optimization of nFET and pFET more flexible.
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20
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21spirit and scope of the invention. It is intended to
covers nodifications and simlar I|arrangenents and
procedures, and the scope of the appended clains

t herefore shoul d be accorded the broadest
interpretation so as to enconpass all such
nodi fi cations and simlar arrangenents and procedures.
4 \What is clained is: 1. A nmethod of fabrication of a
sem conduct or device structure conprising the steps
of : 4a) providing a substrate having a PEET regi on and
a Nti ET region, a 5PFET gate over said PFET region,
and a NFET gate over said NFET region said PFET 6gate

h Pl - '
NETDare o PeRiERrd BREH SR colar o T ™

regi ons adjacent to said NFET gate; then 8c) fanning
tensil e PPET spacers over the PPET gate side is and
9tensil e NFET spacers over the N -ET gate sidewalls;
10d) i npl antAlthosgh thimisventtoo heheeen aagiribed m“smmeuﬁs
to formneutralized 11pFEr spacers whereby the first

ilsQnsing Sdiecielspcomdui@d materideamieppiratusasddr Ripbsitispanistehing these
and reduce a stress in the PEET region; and 13e)

nfa?errfﬁlsgg 1§: K iSRS Betbadific MBEHOR Br ashadt@set bhtdnSaiodheir specific
characteristics, such as conformal and nonconformal, and capabilities, such as depositing
and etching, and other materials and apparatus can be substituted as is well understood by
those skilled in the microelectronics arts after appreciating the present invention

The devices can comprised additional elements or sub-elements, such as
LLD regions, etc.

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

16
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2. The nethod of claim1 wherein the tensile PEET
spacers and the tensile NI T, b, T spacers have a tensile
stress between 8 Gdynes/cm and 16 Gdynesi en2, 3. The
met hod of claiml| wherein said first ions are Ge or Ke
ions and the neutralized PPET spacers have a first ion
concentration between 5E19/cnB8 and 1E201lei n3; the
first 20ions are inplanted with a dose between
5E14/cn2 and 1E15/cnR and at an energy 2lbetween 30
key and 35 key. 224. The nethod of claim| wherein
said first ions are inplanted into said tensile PFET
23spacers and said PEET region; said first tons are Ge

ai*r@ﬁ‘%“mfbﬂ% ahf Erd&@&ﬂrés?}bﬁ@&@ sE¥pk bf 8RappEmlcaRMithd®erefore should be
i mp

anted PEET region have a first 11 concentration.

. rsta: o
o PR PR A0 FE e Sl RS S R B il
and at an ener bet ween 30 key and 35 kev. 27 285.
“Fﬁ’éger‘?belnﬁsoa& 8f°°g‘¥‘gf3§h 1 wherein the tensile PEET spacers
have a tensile stress 29between 8 Gdyri eskin2 and 16
Gdynesi en2 before the first ion inplant and the
30neutralized PFle, T spacers have a tensile stress

bet ween about 2 Gdyneslcn? and. 4 31Gdynesicin2 after

the first ion inplant. 32 136. The nethod of claim1l
;which further conprises: formng first PEET spacers

over said 34PEET gate sidewalls and forming first MEET
spacers over said NEET gate sidewalis;

17
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22

35form ng the NFET source/drain regions adjacent to

said first NFET spacers; renoving 36said first PERT
spacers and the first Nip Er space and the neutralized
PEET spacers 37have a first width and the first NFET
spacers have a second width; the first width and 38t he
secdindt ipcldtnkedase not approxi mately equal, 39 407. The

nmet hod of claim 1 which further conprises formng

first PEET spacers over said 41FEET gate sidewalls and
formng first NEET spacers over said NFET gate

si dewahethpd 42 oriqing of heniFETucsw e ded draiure qoeyrising the steps of:
adj acent to said first NIJET spacers; renoving 43said
first Pl-161 ©paocédisg andsthehdvingst PHFHEEgisp acksr SFERRdion, a
the neutralized PPET spacers 44are at |east either 10

W dBFEDgatd 0% sad PBRE FegidhamdsaVBET patsdveNeET NFpaceyi@; sdl@PFET
45 468. The nethod of claim 1 which further conprises

f or patEaving FRETRERT i &RANS s5id BT @aitdyvidd REET ggatsilewalls;
sidewal s and formng first NM' spacers over said

NFET gate si dgwadnligg N#BTQburtdI@ aih eyt EdjaS@l focRiddNFEH Tgate; then
regi ons adjacent to said first NFET spacenovi ng 49sai d

first PEET Sp%?&hﬁnga{égsifemfrisb&%rsNEa}-Ehcﬁmgaﬁé siddvehilk B
neutralized PEET spacers 50have a first width and the

fir st NRFESRAGE Sehavamsaeandwidt h; the first
wi dth and

d) implanting first ions into the tensile PFET spacers to form neutralized

PFET spacers whereby the first ions reduce a stress in the neutralized PFET spacers and

reduce a stress in the PFET region; and

e) forming PFET source/drain regions adjacent to said PFET gate.

2. The method of claim 1 wherein the tensile PFET spacers and the tensile NFET

spacers have a tensile stress between 8 Gdynes/cm2 and 16 Gdynes/cm®.

3. The method of claim 1 wherein said first ions are Ge or Xe ions and the neutralized
PFET spacers have a first ion concentration between 5E19/cm?® and 1E20/cm’; the first
ions are implanted with a dose between 5E14/cm® and 1E15/cm’ and at an energy
between 30 kev and 35 kev.

4. The method of claim 1 wherein said first ions are implanted into said tensile PFET

18
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26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

the second wi dth are nor approxiniarey equal; the

first wdth and said second width are between 450 to
650 angstrons, 9. The nmethod of claim 1 which Further

i ncludes a PEET channel in said substrate under 55said
PFET gate and a | NFET channel in said substrate under
sai shaNFETdgaidPFEThegiMERTId 561 hrawm sl Gei ignspat Weeersuabsed PFET
80% and 120% t he wi dt h of NFET channel . 57 10. The

met fpackrofindchaimpldhtedHEER Bgiot e adiostpm ®esntrhiomrbietggen
first PEET spacers over 59said PEET gate sidewal k and

f or Hil 9gerfi ans tt ENFLAT ; spdterisisawampaied wWBE Kogalaeween SE14/cm” and
60si dewahs; then form ng the NFET source,drain regions
adj aeedm’taad s@intbntrgy SEtwEET Glapaseks; and then
renmoving said first PEET spacers and said first NETT
spacers. 62 6:311. The nethod of claim| wherein step
(e) is perforated after step (d). 6412. The net hod of

cl aknrhahesiRidnr sheP 1 (ArelnshPendiePred shetemavet @psilkRjress
step (b) is 65performed before step (c), step (c) is

per hQiBBRKk B&fneY/EnS4aN 6(HyneARe betoRPint d)st ioh iRBRAY hatimed
before step (e). 20 67 6813, A nethod of fabrication

8;  EORGRAAYEESH AN G SEAMELHES bEABRY Ib3LMOGERS/EhERS 4

Gdynes/cm? after the first ion implant.

6. The method of claim 1 which further comprises: forming first PFET spacers over said
PFET gate sidewalls and forming first NFET spacers over said NFET gate sidewalls;
forming the NFET source/drain regions adjacent to said first NFET spacers; removing
said first PFET spacers and the first NFET spacers; and the neutralized PFET spacers
have a first width and the first NFET spacers have a second width; the first width and

the second width are not approximately equal.

7. The method of claim 1 which further comprises forming first PFET spacers over said
PFET gate sidewalls and forming first NFET spacers over said NFET gate sidewalls;
forming the NFET source/drain regions adjacent to said first NFET spacers; removing
said first PFET spacers and the first NFET spacers; and the neutralized PFET spacers

are at least either 10% wider or 10% narrower than said first NFET spacers.
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45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

69a) providing a substrate having a PEET regi on and a.
NFET region, a 70nwetl| region in said FEET region, a
PFET gate over said ['PET region, and a NFET gate

7lover said NFET region; said FEET gate having [' PET
gate sidewal k; said NFET gate 72having . NFET gate side
wal | s; 73b) formng first FEET spacers over said PEE1l
gate sidewal k and 74f orm cNFET spacers over said NEET

gat & Bk devat! kf d&5ia) 1 WoichifurgheNEBTIprsou famingriastPFEEgpaas over said
adj acent to said first NW 76spacers; 77d) renoving

sai BFHT g4 sifevRAET asipfaceing fias NFEAisphackistostr sNERFEpatetidwalls;
78e) formng tensile FEET spacers over the PITT gate

Si dewaink sheaNFE 17084l i reNond adj praaes Said viex NFRE spAckr; removing
gate sidewans; 80(1) the tensile 'PET spacers and the

t engid @ sVEET SRAGEME thawe: NFEEHEErE aBd sit hegsilibet AT pacers
Gdynes/cm and 16 Ci dynesic 82t) inplanting first ions

| ntigwvk Reird @gh bt (FERK: SPBTEpSels Rafedl RtdHAULIAAL he &bt width and
83FEET spacers and into said FEET regi on whereby the

firgk sdcORPwldt] #Xn& HhlofSatdlN edAL 1BANQWiA®ahd Q6 §EEn width are
spacers and a stress in the FEET region; 85(1) the

neutdiabdnz80  JELasRARRT S have a tensile stress between
about 2 86CGdyneslcn? and 4 Gdynes/cnR after the first

ion inplant;

9. The method of claim 1 which further includes a PFET channel in said substrate under
said PFET gate and a NFET channel in said substrate under said NFET gate; the PFET

channel is between about 80% and 120% the width of said NFET channel.

10. The method of claim 1 which further comprises: forming first PFET spacers over
said PFET gate sidewalls and forming first NFET spacers over said NFET gate
sidewalls; then forming the NFET source/drain regions adjacent to said first NFET

spacers; and then removing said first PFET spacers and said first NFET spacers.

11. The method of claim 1 wherein step (e) is performed after step (d).
12. The method of claim 1 wherein step (a) is performed before step (b), step (b) is
performed before step (c), step (c) is performed before step (d), and step (d) is

performed before step (e).
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71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

87(2) said first ions are Cc or Xe, ions; and 21 (Q)
inplanting P type inpurities into said pfiht region to
form FEET 89source/drain regi ons adjacent to said
neutralized FEET spacers. 90 9114. The nmethod of claim
13 wherein the neutralized PEET spacers have a first

ion 92concentrati on between 5E19/cnB and | F20/ ci n3;

the first ions are inplanted with a dose 91bet ween

5E143. év methodefdatiEdfiinerfReraindndattonde verrergpture bemnmeserg BOsteps of:
key and 35 key, 94 951:1 The nethod of claim 13

wher ei n sai d 9)ipresidingonsibsirage I@vengiadtid Tapgon frel a NFET region, a
neutrali zed 96PEET spacers have a first: ion

c onowesil e gibh OrsalietfTang S a FTHEANAR @RctaliBFETCRg 23 and aNFET gate
97regi ons where the first ions were inplanted; the

fi reter bMSFBT eegidipbaANPEET Yt havandRFRT H8edewat) said NFET gate
5E14/ ern2 and 1E15/ern2 and at an energy between 30

keyhand NEKeYs si@¥ali9016. The nmet hod of claim 13
wherein the neutralized PFET spacers have a first

w dth 10 land,)trbignihd fi8t PREDaSRAGRE Saidvaveer %ateSﬁ@@mhs and
wdth; the First wwdth and the second wi dth 102are not

ap PR inB T & INFES QPR rs vBSald NSET Widiiflevaildl sai d second.
w dth are between 450 to
c¢) forming NFET source/drain regions adjacent to said first NFET
spacers;
d) removing said first PFET spacers and said first NFET spacers;
e) forming tensile PFET spacers over the PFET gate sidewalls and
tensile NFET spacers over the NFET gate sidewalls;
(1) the tensile PFET spacers and the tensile NFET spacers have a tensile
stress between 8 Gdynes/cm2 and 16 Gdynes/cmz;
f) implanting first ions into the tensile PFET spacers to form neutralized
PFET spacers and into said PFET region whereby the first ions relax a stress in the
neutralized PFET spacers and a stress in the PFET region;
(1) the neutralized PFET spacers have a tensile stress between about 2

Gdynes/cm” and 4 Gdynes/cm? after the first ion implant;

(2) said first ions are Ge or Xe ions; and
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88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

103650 angstrons. 104 10517. A nethod ofon of a

sem conduct or device structure conprising the steps
1060f; 107a) providing a substrate having a FEET

region and a Ni-ti region, a 108PEET gate over said

PEET regton, and a MEET gate over said NFET region;

sai d PFET 109ganwldnsvg ReyreEmEpujies énte paieidl kregioaitefoNp ETET
gate having NFET gate sidewalls; 22

b) doorcaidregn fegioss adPEST tg pad eswrabyedPFERisgacPBET gat e

si dewal k and 111form ng first NFET spacers over said
NFET gate sidewal k; c) formng

NFET source/drain regions adjacent to said firsL NEST
113ppate mstholl bedaiblBdyher@mtnvinagraiacdPFET phcePHBTVe a first ion
spacers and said first NFET spacers; 115e) form ng

t ensint@ tRESThesPaa SESI/omeind IER0REEhgftseiosd aeiaplhigedawnich a dose
116forEning tensile NEST fT spacers over the NFET gate

Si despadds; SEL/Eff Ind rabant an@atfanletérgy BAGednBdket Bed 35 kev.
tensile PEST spacers to formneutralized 118PFET
spacers whereby the first ions reduce a stress in the
neutrali zed FEET spacers and

15. The method of claim 13 wherein said first ions are Ge ions and the neutralized
PFET spacers have a first ion concentration between 5E19/cm® and 1E20/cm’ in the
regions where the first ions were implanted; the first ions are implanted with a dose

between 5E14/cm® and 1E15/cm? and at an energy between 30 kev and 35 kev.

16. The method of claim 13 wherein the neutralized PFET spacers have a first width
and the first NFET spacers have a second width; the first width and the second width
are not approximately equal; the first width and said second width are between 450 to

650 angstroms.

17. A method of fabrication of a semiconductor device structure comprising the steps
of:
a) providing a substrate having a PFET region and a NFET region, a
PFET gate over said PFET region, and a NFET gate over said NFET region; said PFET

gate having PFET gate sidewalls; said NFET gate having NFET gate sidewalls;
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119reduce a stress in the PEET region; and 1209)
form ng FEET source/dram regi ons adjacent to said PEST
gate. 121 18. The nethod of claimt 7 wherein step
(b) is perfornmed after step (a); step (c) is perforned

after step (b); and s m@£ Is perforned after step
110 (o0.). 124 1250gormegsi ﬁ%dspecfer&:qvar wid PFEagaeyidgwpllp htéi

neutralized FEET spacers have a first width and 26t he
111 | {eshin®EST Nrdcenersravesagl NEEbade wilehtdls: t he first width
and the second width are not 127approxi mately equal,
112 ¢) forming NFET source/drain regions adjacent to said first NFET
113 spacers; then
114 d) removing said first PFET spacers and said first NFET spacers;
115 e) forming tensile PFET spacers over the PFET gate sidewalls and
116  forming tensile NFET spacers over the NFET gate sidewalls;
117 f) implanting first ions into the tensile PFET spacers to form neutralized
118  PFET spacers whereby the first ions reduce a stress in the neutralized PFET spacers and
119  reduce a stress in the PFET region; and
120 g) forming PFET source/drain regions adjacent to said PFET gate.
121
122  18. The method of claim 17 wherein step (b) is performed after step (a); step (c) is
123 performed after step (b); and step (d) is performed after step (c).
124
125  19. The method of claim 17 wherein the neutralized PFET spacers have a first width and

126  the first NFET spacers have a second width; the first width and the second width are not

127  approximately equal.
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