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1 2 COWOSI TE STRESS SPACER 3 4 5 Background of
Invention 6 1) Field of the Invention 7 This

i nvention pertains to inventive nethods of

manuf acturing a 8 sem conductor device for inproving
devi ce performance, and to the resulting unique high-
9 performance device structure.. In particular, this
i nvention has inproved charge nmobility in 10 FET
devi ces by structurally inposing tensile and
conpression forces in a device substrate 11 during
device fabrication. 12 13 14 2) Description of the
Prior Art 15 16 One of the nmmin chall enges of deep
subm cron transistor designis to 17 inprove its
carrier nmobility, so that its drive current is higher
and resulted in higher ring 18 oscillator speedo It is

known that tensil e GOVMFOSITAY/STRESSGEPATER nMobility,
whi |l e conpressive 19 stress favor hole's nobility.

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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20 1 1 The inportance of overcom ng the various
deficiencies noted above is 2 evidenced by the

ext ensi ve technol ogi cal devel opnent directed to the
subj ect, as 3 docunented by the rel evant patent and
technical literature. The cl osest and apparently 4
nore rel evant techni cal devel opnents in the patent
literature can be gl eaned by considering 5 the
followi ng. 6 US 6825529 and US 200401 |' 3217A Stress
i nduci ng spacers - Spacer 8 structure for

sem conduct or devices fornmed in substrate, has two
spacer structures, each 9 conprising stress inducing
mat eri al adjacent to both sidewall of one of device's
gate 10 ter Mhaahpatgice dBoveranigl thekhidusajefitiefSes noted above is
mechani cal stress - Inventor: Chidanbarrao 1 | US

S84 éSby RIRREsi A fcRidlsiEE N A8yl mdnIBr QYddNE tlli@éubj ect as
carrier tnmmunity 12 for devices with very shall

??%ﬁfhe:?%gct A reg%g%%y aﬂmt:‘rq{md&i(htg rRE M HONFYUGE erd a%) arently

I'stor 1 nc Icon nitride

f%gl' 51&%] hlslfc):glcagﬁa € oﬁﬁl(e)l\{tlg I(ijne %18 &)zriltentqlgte_ra 14%2121;’Hef ?eane@gy considering

Hannel rces
ka ic, Zoran 15 US 6573172: Methods for inproving
gﬁﬁ?ﬁﬁp‘%oblllty of PANICS and 16 NMOS devices -
Fabri cati on of sem conductor device by form ng
P-channel and N 17 channel netal oxi de sem conduct or

transistors in wafer, formng tensile |oin on
P- channel 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

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 A1l: Nitrogen Controlled Growth Of Dislocation

Loop In Stress Enhanced Transistor - MOSFET fabricating method, involves implanting

2
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18 transistor and form ng conpressive filmon
N-charnel transistor - Inventor: En, et al. 19 20
US20040191975 Al: Nitrogen Controlled Gowmh O

Di sl ocation 21 Loop In Stress Enhanced Transistor -
MOSFET fabricating nethod, involves inplanting 2 1
silicon in substrate to formdislocation |oop in
substrate bel ow conduction charnel, and 2 doping
substrate with nitrogen bel ow conduction channe

-l nventor: Weber et al. 3 US20040104405. A. 1: Novel
CMOS device. - Inproving nobility of 4 holes and
el ectrons within sem conductor device structure,
invol ves forming first and 5 second stress |ayers over

Bitic@i@ sibdtiRao fRtPdisloXdtda 15%7&1%99@#&% w¥lowl €¥ideltion channel, and
respectively - 6 Inventor: Huang 7 US20030040158A1.:

55hE smﬁwgt& Wlthglu}’dg%ﬁb g, Js'ahmgp%g Prlh%%r”ﬁ/eb%eett he

same” - Sem conductor eVI ce 1 nc Irst nitri

layer contali %%O&Sfb%4b§Af’tI{Ioe ?CRX&S de9v15(:“C {rﬁ%ror{/lnggrmgbllity of

| ayer containing conpressive stress -"Tnven
i toh, Takch..j.r 0040262784 Hi erform
@%‘sﬂf@e%}?c Bame i ERePEST TR GevEe SRR BroNEHarAEE S and
ien1conductor device structure includes at |east

85k0nq plEtsalayers 6 frat And PAvRs e} axife ermigPneRCtosdice respectively -
substrate, the first field effect transistor includes
aN@pﬁﬁéhwngs having a first width, the second field
effect transistor includes a conpressive spacer having
14 a second WS2003006DESSA Ir Semwioddiurtdreienige dnd fnethed bf fabricating
than said second width. Preferably, the first
the same - Semiconductor device includes first nitride layer containing tensile stress 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
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15 width is narrower than the second width, A tensile
stress dielectric filmforns a barrier etch. 16 stop
| ayer over the transistors. Inventors: Bruce B. Doris,
Dureseti C; hi daxnbarrao, Suk 17 Hoon Ku 18 US
4966663:. Method for formng a silicon menbrane with
controlled 19 stress - Silicon nenbrane with
predeterm ned stress characteristics - nmade by dopi ng
and 20 electrochem cal etching. Inventor: Mnger,
Philip E.; Santa - .A nmethod for fabricating a 21
silicon nenbrane with predeterm ned stress
characteristics. A silicon substrate is doped to
create a doped layer as thick as the desired thickness

@tatt BeopRiThycrAe thidk 4saBS dWirtd tcknbSs of hedBEBkah@ Weresd Within the
controll ed by selecting the dopant based on its atomc

SHpRABLRF is/c8hBdlieH DylsBledtin tht A0 nARAE 0D }tE ch)}n'lcnéiallﬂgttep%elatlve to

t he t ot al concentratlon and concentration prof

iy O ST oo
5 . |
@*ﬁ*ﬂsmewﬁgasdth%ﬁﬁégnsq By HectpocBeBnaTy HubifE PR gy e Bineath the

H@Q're and a 4 nmethod of manufacturing a CN4OS
%ﬁ@ “Whi ch are characterized as follows. 4
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6 Afirst exanple enbodinment is a a-nmethod of
fabrication of a 7 sem conductor device structure
conprising the steps of : 8 providing a substrate
having a PF ET region and a NFET region, a PFET gate
on 9 said PFET region, and a NFET' gate on said ] NET
region; 10 formng first PFET spacers on said PFET
gate and form ng first : NET spacers on 11 said NFET
gate; 12 form ng NFET source/drain regions adjacent to
said NFE |' spacers; 13 renoving said first PFET
spacers and first NFET spacers; 14 formng tensile
PFET spacers on the PFET Pate and tensile NFET spacers
on the 16 NFET Fate; 16 inplanting first ions into
tensile PFET spacers to forma neutralized PFET
spacers 17 whereby the first ions reduce the stress

in the neutralized Plﬁ'[nﬁgﬂpgrtge dsen@dd reduce the
stress in the PFET region; 19 formng PET source;

drain regi ong h@gh‘l@&ﬁﬂféntts 3 ﬁl%'p‘ijes lﬁﬁv&?%ﬁpé@des a.structyre and a

|nplant|ng Pt npurities | AL

el rafllschuigy ol 5?@5%9%%%3 ek i SR egrdtes o R Do

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
NFET 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.
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4 conprised (if: 5 a substrate having a PFET region
and a NFET region, a PFET gate on said PFET 6 region,
and a NFET gate on said NFET region; 7 NFET
source,/drain regions adjacent to said NFT T spacers;
8 neutralized PFET spacers on the PFET gate and
tensil e NFET spacers on the 9 NFET gate; 10 FEET
source/drain regions adjacent to said PFET gate. 11
12 1 The above and bel ow advant ages and features are
of representative 14 enbodi ments only, and are not
exhaustive and/ or exclusiv=e. They are presented only
to 1 S assist in understanding the invention. It
shoul d be understood that they are not 16
representative of all the inventions defined by the
clainms, to be considered |[imtations on 17 the

i nvention as defined by the clainms, or limtations on
equi valents to the clains. For 18 instance, sone of

t hese advant Ly .contradictor in
that they c a%%gﬁqegg)ym%ge é%i%(ﬁ#g%tel ggsﬁelﬁl?cﬁ Pé%cg?{{de?”ﬁe Jtructure
singl e efbodinent. Simlarly, some advantages are
3%6@?@%8 e 20 to one aspect of the invention, and

inappliigble to others. Furthernore, certain aspects.
of  2ASUREAlE hayiRga PERY érgipe AnhadE B deeipe arf il Tsgatrsenessid PFET

herei n. However, no inference should be 6
region, and a NFET gate on said NFET region;

NFET source/drain regions adjacent to said NFET spacers;
neutralized PFET spacers on 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



1 drawn regarding those di scussed herein relative to
t hose not discussed herein other than for 2 purposes
of space and reducing repetition. Thus, this sunmary
of features and advantages 3 should not be consi dered
di spositive in determ ning equival ence. Additiona
features and 4 advantages of the invention wl|
beconme apparent in the foll ow ng description, fromthe
5 drawings and fromthe clains 6 1 3 Brief
Description of the Drawi ngs 4 The features and

advant ages of a sem conductor device according to the
5 present invention and further details of a process
of fabricating such a sem conductor 6 device in

deeerdantag Mdsh dishes@f 1IR8ER el htPNaH tHRE n¥ didcul®d NBYef other than for
clearly understood fromthe 7 follow ng description

bﬁi‘f}%ﬂes'o'? sﬁa@@hﬁ’cﬂﬁ:ﬁh&ﬂg WisEdidnh ﬂ‘g %Wén?%f A ﬂl’l"{?%ﬁ adOantageb

which |ike 8 referenc numer a esignate sim
ERrA AR RR g FLEREL s AU GRS B0 Gy BOULLSTR AR Pl and
o et l‘!%@ﬁ*ﬁt‘%‘ﬁﬁ’ﬁ%%’pgwwﬁgBﬁ@év%@fégffé%bpgm the

to an exa Wp 12 enbodi nent of the present invention.
@L@wnigf, and from the claims.
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| Detailed Description of the Exanpl e Enbodi nents 4
| . EXAMPLE EMBCODI MENTS n A. Introduction 6 In the
exanpl e enbodi nents we di sclosure techniques to pt,t
tensile 7 stress under the nFET gate channel wi thout
af fecting pFET channel by using conposite. S stress
spacer schene. The schenes enhance el ectron nobility
wi t hout conpromi sing hole 9 nobility. In addition, an
exanpl e enbodi nent has a conposite spacer schene that
allows 10 the nFET and pFET transistors to have

di fferent spacer thickness, and thus Vt roll-off for

I I individual device can be tailored. 12 In the
exanpl e enbodi nents, we present techni ques for

achi eving dual 13 stress for device wthout

i ntroduci ng conplicated process in the nornmal CMOS
process 14 sequence. The exanpl e enbodi nents are
effective and thicker spacer width for pMOSFET 15

bef ore the source Briaf DesarjptimtofithppDemeimgd: he Wt
roll-off and substhreshold slope for pFET. 16 17 8.
First Exanpl @hd/Edahees dudbdein®its of 4 Serdicénduictos He\dxad¥Bb@ing to the
met hod enbodi ment is shown in figures 1 to 4. The

pekét invénteonadialfertieR ldb@ds 6MPRYLER BF fRE Mg s8ASA bniconductor
stress spacers that create tensile stress on the
device in accordance with the present invention will be more clearly understood from the
following description taken in conjunction with the accompanying 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.
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3 substrate in both the PFET and NFET regions. A first
inplant into the tensile stress 4 spacers relieves the
substrate tensile stress created by the stress spacers
on the substrate 5 thus inproving hole carrier
mobility in the substrate near the channel regions. ti
7 C. substrate having a PFET region and a NFET region
8 Referring to figure 1, we provide a substrate 10
having a PFET region 9 12 and a NFET region 14. W
provide a nweli region 18 in the PFET region 12, a
PFET 10 gate 22 on the FEET region 12 and a NFET gate
2g on the NFET region 14. The substrate | | can be
silicon wafer or a SOT substrate. The substrate can
have an optional pwell in the 12 NFET regi on. The
gates can conprise a gate dielectric |ayer and a gate
el ectrode. THietaiked Respription of thakxemple Embodinaings i on
regions, such as STl regions 13. 14 15 D, first PFET
spacers on the PFET gate and first NFET spacers 16 on
the NFET gate 17 18 Still referring to figure 1, we
formfirst PFET spacers 24 on the PFET 19 gate. 22.
Bnd f i r s EEXNMCHPLEEMBOBPIMENIS t he NFET gate 211.
The spacers are preferably made 20 of a neutra

stress material, such as RTCVD silicon nitride. 10

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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| E. b/PET sourceldrain regions adjacent to the MEET
spacers 2 W then form NFE' T' sourceidrain regions 34

adj acent to the NFET 3 spacers 30. 4 As shown in

figure 1, we forma NFET S/D resist layer 32 that has

5 openi ngs over areas where the NFET Sourcei Drain

regions will be forned. 6 7 N type lons 33 preferably

are inplanted into the substrate in the :NET 8 region

adj acent to the NFET spacer 30 to form NET

source/drain regions 34. (See figure 9 2). A NFET

channel region is under said NFET gate between the

NFET Source'Drain 10 regions. 11 F. renoving the

first PFET spacers and first NFET spacers 12

Ref erring t o4 figheenmple methpd pphedimigat is shayn ipffRums 1 to 4. The first
spacers 24 and first 13 NFET spacers 30. The spacers
examnpemeted gadodisieny farms ¢drede stvass epachrs that credfs téasile stress on the
tensil e PFET spacers and tensile NFET spacers 16 Next,
websfrate in beth stiel RFEARME SFRK fzfond 4 Aofirst gl it Bifo GRtténsd@stress

and tensile 17 NFET spacers 42 on the NFET gate 28.

Asace® QMeveSthé Euddir® tehsBdfreds creted Wthe! reb8sREGOBR Itﬂessiilbstrate
this is to deposit a tensile nltrlde | aver 38 over

kB %ﬁr@bﬁﬁ %erfc%ﬁ'?er aBiliD fthe &90 5} 7 El?a%}lﬂ&%{;n et C h

to farmthe PFET gate spacer 4 tenS|
spacers 42.

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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20 11 | The tensile nitride |l aver has a tensile stress
of between about 8 2 Gdynesicn72 and 16 Gdynesicm

This creates a tensile stress on the substrate. 4 The
tensil e spacers serves to put a tensile stress on the
substrate close 5 to the gate and channel region. The
tensile stress fromthe NFE T spacers 42 on the NFET

6 channel is desirable since the stress inproves

el ectron nobility and the NFET 7 Performance. 8 9 10
H inplanting first ions into the FET spacers, whereby
the 11 first ions relax the FEET spacers 12.

Referring to figures 3 and 4. we inplant first ions 48
into the tensi| 13 PFET spacers 44 .to r

neut r&l i zed PMEFGHAI ’é r ?%‘Qesﬁcgﬁ?@’td?%ﬁ&”:’f T spacers
inplant ions 14 into a top region of the PFET region.

W can form avéthked forasINFEB saurck/dmi @gions 34 sdjadeotts thelSFET
48 (such as Ce; Xe, or other ions) into the tensile
Kkdrsspacers 44 and the PFETT' region 16 12. 17 This
step is inportant since the first ions relax the

tensile nitrigdenBRh fidife SPRCRIANFTRS b RN st Bahas

spacer change to a non e or axed spac

gpe%mgs ovgrfareas where the NFET Source/Drain regions will be formed.

N type Ions 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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19 the ion inplant into the spacer. \Wen the heavy
undoped first (e.g., Ge, Xe, etc.) ions 12 1 bonbard
the Si*d spacer lattice, sonme of the lattice bond are
br oken, meking the strain in 2 the spacer lattice
reduce. 3 For exanple, the tensile PFET spacers 44 can
have a tensile stress 4 between 8 GdynesicnR and 16
Qdynes/cn2 before the first ion inplant and the
neutralized 5 PFET spacers 44A can have a tensile
stress between about 2 Gdynes/cnR2 and 4 6
Gdynes/ canafter the ion inplant. 7 S The neutrali zed
PFET spacers 44A and substrate in the PFET region 12
9 can have a_Ce ion g concentrati on between
5EI p/ cau3 andt iﬁ%l/l%mtﬂ elaryff-'éh@ea tensify stsprcofdghvaga about 8
nmpl anted with a dose between 5El4/cnt2 and 1E15| em
gidwn%sfcnar@né nér @gynies/emb eThie 2z keovilasttbsgon ewubstateThe
substrate in the PFET region 12 can have a Ge ion
concentration 13 between 5E19/cart’' and 1 E2tl | cnB.
The Ge ions are inplanted with a dose between 14

4E14/ cl n2 andhk tEhsile/spatérsabfiedio fif a @iR1lg%trbRlonaRNsuBSrate close
kev and 35 kev. 15 16 17 t PFET source/drain regions
&fiha ¢RBtand RhkkiR] FGfh. 98k &nsile 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
48 (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
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i 8 Referring to figure 4, we form PFET source/drain
regi ons 54 adjacent 19 to the PFET gate 22, The PFET
mask 46 has openi ngs over the PFET region. W use a P-
13 1 type inplant 52 to form PFET' source/drain

regions 54 adjacent to the PFET gate 22. A 2. PFET
channel region is under said PERT gate between the

PFET source/drain regions. 3 As shown in Figure 4, the
pFET region 12 has neutral spacer 44A after 4 ion
inmplant (e.g., Ge) relaxation. The neutral spacer 44A
does not put significant tensile 5 stress on the pfet
region 12 and thus does not degrade hole nobility.

This increases the 6 PFET perfornmance. Also, the
RPEbardghes$iN sparagaitiece peyne el ihe fasises bopd ererbyolden, makiing Hhe strain in
put stress 8 on the NF ET region 14 and enhances
dheepuccp tatinasbedicky. 9 Al so pFET Vt roil-off is well
control with source drain inplant done 10 after
neutralized tReRsidntplsPRCRAsIRPFHIONPACIrs O cai AV ultelslic Wress
roll-off problemis nmuch less 11 than pFET as it has

Betel 8 WyREs/AF ﬁ@ﬂ%@@nesl‘@mzr Bofehe st ¥nl 1&B§mt and the neutralized
neutralizéd tensile stress on pFET spacer, .

¥
?’E%E‘.‘%E%%e%g‘“t han gy P AN Qyed ok @?ﬁl“és’ %fy PX 4

ty i FET. On the other hand, Ge

gkﬁ §§h?épé?@ﬂ?ﬂe di ffusion 15 of B dopants

(e.g., PFET Source and drain regions), thereby
i nproving threshold voltage 16 versus Lpoly roII-off

of PFET. After then a sBike anneal is grefe %
per f or med. The neutralized PFET spacers 44A and substrate in the PFET region 12

can have a Ge ion (e.g., Ge) concentration between SE19/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 Ge ion 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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16
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17 14 1 J. dual with spacer Option- different width

PFET and NFET 2 channels 3 In an option, the

neutrali zed PFEf spacers 44A (or spacers 44) have a 4

first wdth and the first NFET spacers 30 have a

second w dth inhere the first wdth and 5 the second

wi dth are not approximtely equal. The different.

spacer wwdth allowits to form 6 different PFET and

NFET channel w dths/di nensions. The neutralized PFET

spacers 44A 7 (or spacers 44) and the first NFET

spacers 30 can be used as I nplant nasks to define the

8 source and drain regions positions. The spacer

wi dt hs can range from 450 to 650 9 angstrons

type eplgpt FRro fampPids b poamgeydrain rpﬁa@&Sﬁ@gJ@qea%@éhe FET gate22. A

smal l er than the second 10 wi dth. ' The PFET channel

REET wharyet vogam iaboder sdid OVE A rgdted@oyeen e RUEIE $puade/daindegions.

NFET 1 1 channel, The PEST channel can be between

20/ 0 w der and sROM iEFipmed( thiep&RTirbgorl 22 NismEutrhlaspaek 44 A after

The bigger the spacer width, the further the S/D

joAPnpRht qe%n @St retRatidie Tﬁahaurails?pa@aammioeaﬁ& h@i%fsﬁlﬁyi_%nt tensile
e

causing less lateral short channel effect.

gueal or?'@l@?)?crt rSERE TR R tlhﬁé"@o&l:ﬂ%-{ d@ér%gdeqi:ol}fe-rﬁlgblﬁl /&his increases the

different spacer 16 wd g the desi

%T&&Mag&'of nFET and pFET more flexible. 17

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 Vt 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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11

12

13

14

15

16

17

18

19

18 19 151 K non-limting exanple enbodi nents 3
Al t hough this invention has been described relative to
specific 4 insulating materials, conductive materials
and apparatuses for depositing and etching these 5
materials, it is not [imted to the specific materials
or apparatuses but only to their specific 6
characteristics, such as conformal and nonconforrnal.
and capabilities, such as depositing 7 and etching,
and other materials and apparatus can be substituted
as is well understood by 8 those skilled in the

m croel ectronics arts after appreciating the present
invention 9 The devices can conprised additiona
el enedt s or syl withnspacer Qiion-adifferent width Rfiohend NFET
etc. 11 Unless explicitly stated ot herw se, each

nuneri cal ekdnmeland range 12 should be interpreted as
bei ng approximate as if the word about or
appr oxi mat el . r :

A I g YR RESTEPALRS MO ol MR (PGP havea

range. 14 1 e variet

BESRAR RNt R S B BR G i o
h%g?{;?éa%ﬂétlﬂfaﬁeggﬁ Eg?rﬁéizna?gly tecTueal.in'ﬁg Si?ftereintn s\iaggéri“%gth allow us to form
different PFET and NFET channel widths/dimensions. The neutralized PFET spacers 44A
(or spacers 44) and the first NFET spacers 30 can be used as Implant masks 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.

15



10

11

12

13

14

15

16

17

18

19

20

21

is Wiile the invention has been particularly shown and
described with 19 reference to the preferred

enbodi ments thereo ; it will be understood by those
skilled in 20 the art that various changes in form
and details may be made w thout departing fromthe 21
spirit and scope of the invention. It is intended to
cover various nodifications and simlar 16 1
arrangenents and procedures, and the scope of the
appended cl ainms therefore should be 71, accorded the
broadest interpretation so as i o enconpass all such
nodi fications and simlar 3 arrangenents and
procedures. 4 Wat is clainmed is: 1 1. A nethod of

f abriklati on ebndinding exampleembediments r uct ur e
conprising the steps of ; 2 a) providing a substrate
having a PFET region and a NFET region, a PFET 3 gate
on said PFFT region, and a NFET gate on said NFET

5L 1 L) G FRETShagets. oby sl  GECF.
O A R T
SRR MR LR AT -
gl?a?fc?erﬁsétics? sfcr}]l ats Egnflglﬁgaﬁ a%gtngr;lconformal, 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



10 i) inplanting first ions into tensile. PFET spacers
to form neutralized PFET | i spacerswhereby the first
ions reduce the stress in the neutralized PFET 12
spacers and reduce the stress in the PFET region; 13
g) form ng PFET source/drain regions adjacent to said
PFET gate; 14 |Ii) inplanting P type inpurities into
said PFET region to fromthe PFET 15 source drain
regions. 16 17 |lg 18 2. The nethod of claiml|l wherein
the tensile PFET spacers and the tensile NET spacers
19 have a tensile stress between 8 Gdynes/cn2 and 16
Gaynes/cn2. 20 21 3. The nethod of claim 1 wherein
said first ions are Ge or : fie ions and the

preangements @ad prpgedopgsTand the srope of g aepended elgimy tgerefore should be
concentration between 5E19/cm’' and 1E20;ctn'; the 23
raosled tiee hropdeanhedretion ® adds endvetpaseall SEH AlodifRaBerd and similar
| R15i cn2 and at an energy 24 between 30 kev and 35
keahgeRbn and p@ceiirdtod of claim 1 wherein said first
ions are inplanted into said tensile PFET 26 spacers
and said PFlI'1" region; said first ions are Ge ions
and the neutralized PFET 27 spacers and the inplanted
PFET region have a first ion concentration between

17



10

11

12

13

14

15

16

17

28 5E19/cm and 1E20/cm; the ions are inplanted with
a dose between 5E14/cnR and 29 |E15icn2 and at an
energy between 30 key and 35 kev. 30 5. The nethod of
claiml wherein the tensile PFET spacers have a
tensile stress between 8 31 Gdynes./cm and 16
Gdynes/crud before the first ion inplant and the
neutralized PFET 32 spacers have a tensile stress
bet ween about 2 Gdynes/cant and 4 Gdynes/cnR after the
33 first ion inplant. 34 6. The nethod of claim!]l
wherein the neutralized PFET spacers have a first
width and 35 the first NFET spacers have a second
width; the first wwdth and the second width are 36
not approximately equal. 37 7. The method of claiml
wherein the neutralized PFET spacers are at | east
either 10% 38 wider or 10 % narrower than said first
NFET spacers. 10 39 g, The nethod of claim 1 wherein
Whet Retsthad iszed PFET spacers have a first wdth and
40 the first NFET spacers have a second w dth; the

{] A%etﬂ@@&t{'ffﬂﬁ{b%i&h?f asét*ae&g&gld%tg} He\ff'c{eestru%é.\rg %.togms' éig ﬁh& steps of :

approxi matel'y equal; Irst wdth and sa

wi dth are.between 450, t0,650 strons. .The

e hod of® BTyt s SRk Vit o el AP ah 8iTa MRy Teuidh s prET
channel in said subst under _4 i d PFET. and

a NFET channe®!sqh sau Ig“aﬁsﬁ%t%?‘éi fbﬁgﬁ galgiog sgﬂ%%%g{eg}on;
the PFET 45 channel is between about 80 % and 120 %

t he wi dt P)dermyng HrshBEE Teypasepn said PFET gate and forming first NFET

spacers on said NFET gate;

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

d) removing said first PFET spacers and first NFET spacers;

e) forming tensile PFET spacers on the PFET gate and tensile NFET spacers
on the NFET gate;

f) implanting first ions into tensile PFET spacers to form neutralized PFET
spacerswhereby the first ions reduce the stress in the neutralized PFET
spacers and reduce the stress in the PFET region;

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

h) implanting P type impurities into said PFET region to from the PFET

source/drain regions.
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19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

46 47 48 10. A nethod of fabrication of

sem conduct or device structure, conprising the steps
of 49 a) providing a substrate having a PFET regi on
and a NFET region, a nwell 50 region in said PFET
region, a PFET gate on said PFET region, and a 51
NFET gate on said NFET region; 52 h) formng first
PFET spacers on said PFET gate and Form ng first NFET
53 spacers on said NFET gate; 54 c) formng NFE' T
source/drain regions adjacent to said NFET spacers;

55 d) renoving said first PFET spacers and first NFET
spacers; 56 e) formng tensile PFET spacers on the
PFET gate and tensile NFET spacers 57 on_the NFET
Gakhs: mgboct aficlaimel whersin the topstic RifFdcwacers qad thedensdp WL spacers
NFET spacers have a 59 tenS|Ie stress between $
Gdwivesiftorsiic ainess betm@dy R §aiyoev'em’ @0 160 dypes/apt.ant i ng
first ions into tensile PFET spacers to forma
neutralized PFET 61 spacers and into said PFET region
whereby the first ions relax the 62 stress in the

g.gnltrereradi:ﬂéi@@t doiifall WRaeRY saidaiet ibhears Ge@s Xelibnd 4@ ththEu¥alized
PF E”lg spac’ers have a first ion concentration between 5E19/cm® and 1E20/cm®; the
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
spacers and said PFET region; said first ions are Ge ions and the neutralized PFET
spacers and the implanted PFET region have a first ion concentration between
5E19/cm® and 1E20/cm?®; the ions are implanted with a dose between 5E14/cm? and
1E15/cm? and at an energy between 30 kev and 35 kev.

5. The method of claim 1 wherein the tensile PFET spacers have a tensile stress between 8
Gdynes/cm? and 16 Gdynes/cm? before the first ion implant and the neutralized PFET
spacers have a tensile stress between about 2 Gdynes/cm? and 4 Gdynes/cm? after the
first ion implant.

6. The method of claim 1 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.

7. The method of claim 1 wherein the neutralized PFET spacers are at least either 10%

wider or 10 % narrower than said first NFET spacers.
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39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

64 (1) the neutralized PFET spacers have a tensile
stress between about 2 65 Gdynes;cn, and 4
Gddynes/cnf after the first ion inplant; 66 (2) said
first ions are Ge or Xe ions form ng PFET source/drain
regions 67 adjacent to said PFET gate; 6% Q)

inplanting P type inpurities into said PFET region to
fromthe PFET 69 source/drain regions. 70 71 72 11.
The method of claim 10 wherein the neutralized PFET
spacers have a first ion 73 concentration between
5E19/ enB8 and 1E20/cnl3; the ions are inplanted with a
dose 74 between 5E14/cin' and 1E15/em and at an

energy between 30 key and 35 key. '75 12. The nethod
31 Thy Hieod oF sk bvhcisin dhanauseijedREET Pacsss hoRa gvidth and
the neutralized PFET 76 spacers have a first ion
c othednstNiH lospapess Wessrs BEontoyidih; nthedinet idé20ddim second Width are
regions 77 where the first ions were inplanted; the
f i nettappomsnaclg equyd) the fiestl width Andsaid see ol tvindtle Are béBveen 450 to 650
5El 4/crn' and | El5/cm and at an energy between 30 key
anghgsbodey. 21 79 13. The nethod of claim 10 wherein
the neutralized PFET spacers have a first width 80

anght Beibh b tialNT FvSRaeahs 1H@l¥@es% Iﬁ*qué}ﬁnﬂgl 6t fid EdStrate under

first wwdth and the second w dth 1 are not
APRLPBFER bl inURET Jrfifnd] bl Sha xmbme A SR NN the PFET

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

10. A method of fabrication of semiconductor device structure comprising the steps of :

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

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

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

d) removing said first PFET spacers and first NFET spacers;

e) forming tensile PFET spacers on the PFET gate and tensile NFET spacers

on the NFET gate;

(1) the tensile PFET spacers and the tensile NFET spacers have a

tensile stress between 8 Gdynes/cm? and 16 Gdynes/cm?;
20



60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

82 650 angstrons thereby making the design

optim zation of the NFET and NFET devices 83 nore
flexible. 84 85 86 14. A seniconductor device
structure conprised of : 87 a substrate having a PFET
f region and a NFET region, a PFET gate on said PFET
88 region, and a NFET gate on said NFET region; 89
NFET source/drain regions adjacent to said NFET
spacers; 90 neutralized PFET spacers on the PFET gate
and tensile NFET spacers on the 91 NFET gate; 92 PFET
source/drain regions adjacent to said PFET gate. 93
94 15. The sem conductor device structure of claim 14
wherein the neutralized PFET spacers 95 have a first

i on concefihptbhtip fixed Y. intb E4S{l€ MBE R fishcérs B2 fr@aniedtralized PFET
said first ions are Ge 96 or Xe ions. 97 16. The

sem conduct o rsEQc%Ysj &R il Safd PEEEr Rbiosvaiehbd4hd 48t ions relax the
neutral i zed PFET spacers have a 98 tie ion

trati t ; i
Cop.rogi on o 'esi i B eqes] PR PR de e thehepthreT

concentration between 5E19%n8 and 1 E20/cm . 22
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 forming PFET source/drain regions

adjacent to said PFET gate;

g) implanting P type impurities into said PFET region to from the PFET

source/drain regions.

11. The method of claim 10 wherein the neutralized PFET spacers have a first ion
concentration between 5E19/cm® and 1E20/cm’; the ions are implanted with a dose
between 5E14/cm?® and 1E15/cm? and at an energy between 30 kev and 35 kev.

12. The method of claim 10 wherein said first ions are Ge ions and the neutralized PFET
spacers have a first ion concentration between SE19/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.
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79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100 17. The sem conductor device structure of claim 14
wherein the tensile NFET spacers 101 have a tensile
stress between 8 Gdynes!cn? and 16 Gdyneslcm and the
neutralized 102 PFE F spacers have a tensile stress

bet ween about 2 Gdynes/cn? and 4 Gdynes/cn2 . 103 18.
The sem conductor device structure of claim 14 wherein
the tensile NFET spacers 104 have a tensile stress

bet ween 8 Gdynes/cn2 and 16 Gdynesicrn and the
neutralized 105 PFET spacers have a tensile stress

bet ween about 2 Gdynes/cm and 4 Cidynesicar2 ; the

106 neutralized PFET spacers have a Ge ion

concentrati on between 5E19i cn8 and 107 1 E20/cnB. 108

18. Trpmethodiof elathud f ovhedeivi thengtralizedu PEES fspadess ravd 4 first width
whi ch further includes a PUE'T channel 109 in said

subsd thatfiest NI speadrd hiRFeETsegaidevidihg  the NI Tvidhaamd @he deBond width
sai d substrate under said 110 NFET gate; the PFET

charenelk apsotigtawteeqal ok iSO Mipad sazpse%rﬂ Whgh 3 Bdvef 450 to
said 111 NFET charnel. 112 113 114
650 angstroms thereby making the design optimization of the NFET and NFET devices

more flexible.

14. A semiconductor device structure comprised of :
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;
NFET source/drain regions adjacent to said NFET spacers;
neutralized PFET spacers on the PFET gate and tensile NFET spacers on the
NFET gate;

PFET source/drain regions adjacent to said PFET gate.

15. The semiconductor device structure of claim 14 wherein the neutralized PFET spacers
have a first ion concentration between 5E19/cm> and 1E20/cm’; said first ions are Ge
or Xe ions.

16. The semiconductor device structure of claim 14 the neutralized PFET spacers have a
Ge ion concentration between 5E19/cm® and 1E20/cm’, and a top region of said PFET

region has an Ge ion concentration between 5E19/cm® and 1E20/cm’.
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101

102

103

104

105

106

107

108

109

110

111

112

113

114

17. The semiconductor device structure of claim 14 wherein the tensile NFET spacers
have a tensile stress between 8 Gdynes/cm? and 16 Gdynes/cm? and the neutralized
PFET spacers have a tensile stress between about 2 Gdynes/cm? and 4 Gdynes/cm?.

18. The semiconductor device structure of claim 14 wherein the tensile NFET spacers
have a tensile stress between 8 Gdynes/cm” and 16 Gdynes/cm?® and the neutralized
PFET spacers have a tensile stress between about 2 Gdynes/cm? and 4 Gdynes/cm? ; the
neutralized PFET spacers have a Ge ion concentration between SE19/cm”® and
1E20/cm’.

19. The semiconductor device structure of claim 14 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.
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