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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 PET
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 higbsPOSITE $8RESSIJHACHR speed. It is
known that tensile stress favor electron's 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 | 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
following. 6 7 US 6825529 and US 20040113217A1 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 adjlaedmpotanchof tvesicdengihe vefiownietiofendesnael aove is
gate 10 termnal and its channel which applies

eaehRN bg Me Stdneivs techhdl¥ il Aevel ffheha fvartédio the $ubldSt, as
6512273: Method and structure for inproving hot

d6@rhdnfdd Hy MR dWint Pefent Ofd (EMIIGE BtcWtirB. VBE ¥1o8&kahl @Wparently
junctions - Conplenentary nmetal oxide sem conductor 13

rrfo'r? bl oG (€GHnida Mioiﬁf%ﬁts!iﬁ] mglf)QQEt %Ellahﬁ‘g Baf¥d g{iéeﬁll@d @ggonsidering
pol ysil'icon spacers provi ded on edge 14 surface gate

toff - channel and n-channel devices = Inventor:

hefolQ¥R8i ¢, zoran 15 US 6573172: Methods for i nproving
carrier nobility of PMOS and 16 NMOS devices -

Fabri cati on of sem conductor device by form ng

P-channel and N _
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
sutface 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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17 channel netal oxide sem conductor transistors in
wafer, formng tensile filmon P-channel 18

transi stor and form ng conpressive filmon N channe
transi stor - Inventor: En, et al. 19 20 US20040191975
Al: Nitrogen Controlled Gowh O D slocation 21 Loop
In Stress Enhanced Transistor - MOSFET fabricating

nmet hod, involves inplanting 2 1 silicon in substrate
to formdislocation |oop in substrate bel ow conducti on
channel, and 2 doping substrate with nitrogen bel ow
conduction channel -lnventor: Wber et at. 3

US200401 04405A1: Novel CMOS device - | nproving

siiiobi In gupstaite todoho sk catinmh lebje ot substsatebdliny monduction channel, and
sem conduct or device structure, involves formng first
dapidg Sulsaaendtstifess Hepwetshdaveon dhandhdnmeritotp & dvet alal.
oxi de sem conduct or device respectively - 6 Inventor:

Huang 7 US200896140 1560k A 1 SR514 OMIUS lievicé eVingRoafEmobility of

met hod of fabricating 8 the sane - Sem conduct or

hgfeg b felbOflnY gﬁtﬁmf defidonflidebt (ﬁje%llée%Yr‘ﬁEtuf%o LA RYmiNR fd

ress an econ nitride ayer cont ai ni ng

SRR AEP A L NS BB R -

Iand 11 method of manufacture - A sem conductor device
YT P48 ncl udes at least two field 12 effect
transi stors fornmed on same substrate, the first fi

d
effect tr anslﬂ%%OQEOWéF%bsSeHH@aQE@?f deypergg method of ?qbgifating

w dth, the second field effect transistor includes a
t]a,@ap]ees&migo@fyg@edexh@/imﬁlgdes first nitride layer containing tensile stress and

second nitride layer containing compressive stress - [nventor: 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




14 a second width, the first wdth being different

than said second wwdth. Preferably, the first 15

width is narrower than the second width. A tensile

stress dielectric filmfornms a barrier etch 16 stop

| ayer over the transistors. Inventors: Bruce B. Doris,
Dureseti Chi danbarrao, Suk 17 Hoon Ku 18 US 4966663:

Met hod for formng a silicon nmenbrane with controlled

19 stress - Silicon nenbrane with predeterm ned stress
characteristics - made by doping and 20

el ectrochem cal etching. Inventor: Mauger, Philip E
Santa - A nethod for fabricating a 21 silicon

creewiardoped layerhasphickl e¢ e nlicsied tstkressofdchamambene stiass within the
silicon substrate is doped to 3 | create a doped | ayer

d%&dﬂﬁb@dﬁ ks @strbhel Besidcady tHaidolsae $asc@iontite atordartiiaareer relative to
tress within the 2 doped |layer is controlled by

sitiBhEsld RBtrbilgg A0RARL tRAERkbARati dnSnd LORHehtr&ll RMRSEIE of the dopant,
relative to 3 silicon and controlling both the total

] Lat. rofi| .
TR, 8 R RSP APl 3L el
det%qiqg away the substrate beneath the 5 doped |ayer.

8% ‘%2 summary of the Invention 3 The enbodi ments of

the present invention provides a structure and a
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4 met hod of manufacturing a CMOS device which are
characterized as follows. 5 6 A first exanple

enbodi nent is a nethod of fabrication of a 7

sem conduct or device structure conprising the steps of
: 8 providing a substrate having a PFET region and a
NFET region, a PFET gate on 9 said PFET region, and a
NFET gate on said NFET region; 10 forming first PFET
spacers on said PFET gate and formng first NFET
spacers on 11 said NFET gate; 12 form ng NFET
source/drain regions adjacent to said NFET spacers;

13 renoving said first PFET spacers and first NFET
spacers; 14 fonning tensile PFET spacers on the PFET
gate and tensile NFET spacers on the 15 NFET gate; 16

i mpl anting first ionSumfiadylo€dsd Infellidnl spacers to
forma neutralized PFET spacers 17 whereby the first

i ons reduce Tﬁ'éeen%oﬁ%élté&tﬁ@?re%@hfv@ﬁti%ﬁﬂoﬁﬁgra SRRELE Sud 2
18 and reduce the stress in the PFET region; 19

rhy2hdl %{@%&ﬁ&%@(/{%@e@ b SSANe Bl AFGHed hOfRBYA.

antlng type inpurities into said
PFET region to fromthe PFET source/drain 21 regions.
5

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 PRET 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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I 2 3 Another exanple enbodinent is a sem conduct or
device structure 4 conprised of : 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
NFET spacers; 8 neutralized PFET spacers on the PFET
gate and tensile NFET spacers on the 9 NFET gate; 10
PFET source/drain regions adjacent to said PFET gate.
11 12 13 The above and bel ow advant ages and features
are of representative 14 enbodinents only, and are
not exhaustive and/or exclusive. They are presented
only to 15 assist in understanding the invention. It
shoul d be understood that they are not 16
representative of all the inventions defined by the
clains, to be considered |imtations on 17 the

i nvention asagefd-ReAnMY chibediglcdl %, sc@ficdndidtbaddvaiasstAkture
equi valents to the clains. For 18 instance, sone of

S4a¢vant ages may be nutually contradictory, in
CF%E? they cannot be 19 simultaneously present in a

Z:OB? %%g%?%%qlia%rg]ta'PP%Tn}.e!g%ElaXd aNVEY I%Ei\ég,ng ﬁ%’lsga% §n 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.

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




20 to one aspect of the invention, and inapplicable to

ot hers. Furthernore, certain aspects of 21 the

claimed invention have not been di scussed herein.

However, no inference should be 6 1 drawn regarding

t hose di scussed herein relative to those not di scussed
herein other than for 2 purposes of space and

reducing repetition. Thus, this summary of features

and advantages 3 should not be considered dispositive

in determ ning equi val ence. Additional features and 4
advant ages of the invention will becone apparent in

the followi ng description, fromthe 5 draw ngs, and
dfavamepivding| thdsesliscBss@d herin r8abrd tefthdde sot digtuissed hefeirt biber than for
Drawi ngs 4 The features and advantages of a

PRIk &UTAPAL Qhd EeMEBE répet 06t IThgs, tids blitmaly difes@ns and advantages
invention and further details of a process of

shali he@ld RgsidMed aRpSRiUeGR Qe RqBieNleh&. MAditional features and
accordance wth the present invention wl e nore

I b
e
whi.ch Ii%g_ 3hrqference nuneral s designate simlar or
degvipes ABNEPR er 8t s, regions and portions and 9 in
whi ch:




10 Figures | through 4 are cross sectional views for
illustrating a nethod | | for manufacturing a CMOS
device with conposite stress spacer according to an
exanpl e 12 enbodi nent of the present invention. 13 14
8 2 Detailed Description of the Exanpl e Enbodi nents 3
4 |. EXAVPLE EMBODI MENTS 5 A. Introduction 6 In the
exanpl e enbodi nents we di scl osure techni ques to put
tensile 7 stress under the nFET gate channel wi thout
affecting pFET channel by using conposite 8 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
11 individual device can be tailored. 12 In the

exanpl e enbodi mntﬁaeﬂmsmﬁﬁ&ﬁsf&emﬁw@s for
achi eving dual 13 stress for device w thout

i ntroduci ng ﬁﬁ%tﬁi%?éﬁﬂacﬁ/raﬂt% é%f'a@elht&%nmrﬁmlew%ordzng, to the

process 14 sequence € eXa nbodi nents are

p?c—];s]:ar‘ia‘t%nife\{l lorl nxgd ftulxj[hg felaiRRRG %Foc‘éésdotfl?abri%ﬁtnpm bt lemiconductor

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:

16

11

12

13

14

Figures | 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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15 before the source drain inplant inproves the W
roll-off and substhreshold slope for pFET. 16 17 B
First Exanple Method Enbodinment 18 9 | A first exanple
met hod enbodi ment is shown in figures 1 to 4. The
first 2 exanple nethod enbodinment forns tensile
stress spacers that create tensile stress on the 3
substrate in both the PFET and NFET regions. A first
inmplant 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. 6
7 C. substrate having a PFET region and a NFET region
8 Referring to figure 1, we provide a substrate 10
havi ng a PFEJethid@l Descriptidr ofitiik BxaNid Enfh@idnerdtd. Ve
provide a nwell region 18 in the PFET region 12, a
PFET 10 gate 22 on the PFET region 12 and a NFET gate
28 on the NFET region 14. The substrate 11 can be
silicon wafer or a SO substrate. The substrate can
thave an optiggahmVeiEhvBODIMNEs NFET region. The
gates can conprise a gate dielectric layer and a gate
el ectrode. The 13 substrate can conprise isolation

reglgﬂs, suqﬂﬁ%%u%ihnreglons 13. 14

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 tatlored.

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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15 D. first PFET spacers on the PFET gate and first
NFET spacers 16 on the NFET gate 17 18 Stil
referring to figure 1, we formfirst PFET spacers 24
on the PFET 19 gate 22 and first NFET spacers 30 on
the NFET gate 28. The spacers are preferably nmade 20
of a neutral stress material, such as RTCVD silicon
nitride. 10 E. NFET source/drain regions adjacent to
the NFET spacers W then form NFET source/drain

regi ons 34 adjacent to the NFET As shown in figure 1,
we forma NFET S/D resist layer 32 that has 5 openings
over areas where the NFET Source/Drain regions will be
formed. 6 7A Nrdt ypenglonsthdd cpibelieraablsyhawein figalrent @, The first
into the substrate in the NFET 8 region adjacent to

ekﬁlﬁpl@%’éﬁloﬁ%%ﬁuﬁ&t t10rohsOe 8 R FEdssSpatetahalroadabe fe@G1e@Sss on the
34. (See figure 9 2). A NFET channel region is under

sﬁ@h‘atel\ilﬁg&hg:ﬁé BrRELYERPEThEINGEET BRYEAAM &b M @nsile stress

reg| ons . renoving the first PFET spacers and
t T
sp%crﬁgs rgilc% IE:SS thfse% s?na E%S%e E%%sg Fea b;/(ﬁaé Fgé%t%pgctfg%r_tgﬁ_substrate

ﬁ%@{q%@xgg ] %%_?‘rzg mocbeﬁt“;’f i ﬁle sugstia?e ReAr 8’16 clslann%i regions.

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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14 15 G tensile PFET spacers and tensile NFET spacers
16 Next, we formtensile PFET spacers 44 on the PFET
gate 22 and tensile 17 NFET spacers 42 on the NFET
gate 28. As shown in figures 2 and 3, one way to 18
acconplish this is to deposit a tensile nitride |ayer
38 over the substrate surface and then 19 use an

ani sotropic etch to formthe PFET gate spacer 44 and
tensil e NFET spacers 42. 20 11 | The tensile nitride

| ayer has a tensile stress of between about 8 2
Gdynes/cin2 and 16 Gdynes/cn2 . This creates a tensile
stress on the substrate. 3 4 The tensile spacers
serves to putNERET speréedetinasgians adjacenbir thetNFET spacers
5 to the gate and channel region. The tensile stress

fromthe NFRf, %ﬁ‘%&ﬁéN‘fﬂ%T%BchE‘/ﬁréﬂﬂé‘g}oln§ 3£ B@ROSH ¢ e NFET

desirabl e since the stress | nproves el ectron nobi
Sand tglae NFET 7 performance. 8 9 10 H. inplanting first
PEHS °'ht o t he PFET spacers, whereby the | 1 first

ions relax the. PFE ,
s shown-[;-n %Egr% r, %e form a NFET S/D resist layer 32 that has

openings over areas 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.

i1
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12 Referring to figures 3 and 4, we inplant first ions
48 into the tensile 13 PFET spacers 44 to form
neutrali zed PFET spacers 44A (see figure 4) and
inmplant ions 14 into a top region of the PFET region.
We can forma PFET mask 46 and inplant first ions 15
48 (such as Ge, Xe, or other ions) into the tensile
PFET spacers 44 and the PFET region 16 12. 17 This
step is inmportant since the first ions relax the
tensile nitride PFET 18 spaces 44. The tensile stress
spacer change to a non-tensile or rel axed spacer
because of 19 the ion inplant into the spacer. Wen

t he heavy uridepedilt nitsde lagerdlas a Gasilo®@resetithefwéaprnbodt® 1
bonbard the SiN spacer lattice, sone of the lattice
chney/@heandr DketyndIRKI’ NThiskecatds hadnile Bres? oh ke sHPpaed.

| attice reduce. 3 For exanple, the tensile PFET
spacers 44 can have a tensile stress 4 between 8
Gdynes/cn2 and 16 Gdynes/cnR before the first ion

| mpl ant and ”f}%etse?ﬁ}ét erZ&es By ﬁ%@e%ﬂ%&%& b Qt?dggatﬁ close

have a tensi res et ween about es/cnk an
6..Gdynes/,e after t i,on.,i npl ant . e

(S e b onh e O TS Potmle NEED oy 2 gt NPET
region 12 can have a Ge ion (e.g.,, @)
C&%ﬂ*ﬁ&hﬁ@Pﬁfﬁbg‘rﬁllw&tta%%ﬁs%’éﬁ?"c?ﬁﬁleg‘i‘i%}l Teéﬁfse%*. theNEEEe

10 ions can be inplanted with a dose between 5E 14/cn®
pgHermanEa.5/ cm 2 and at an energy

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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11 between 30 kev and 35 kev. 12 The substrate in the
PFET region 12 can have a Ge ion concentration 13

bet ween 5E19/cnB and 1 E20/cnB. The Ge ions are
implanted with a dose between 14 5E14/cn2 and 1E15/cnR
and at an energy between 30 kev and 35 kev. 15 16 17
1. PFET source/drain regions adjacent to the PFET gate
18 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 channe
bombardnhd SiNwpder [aded sRRET thatattidedtons ere HrblenPRERIng the strain in
source/drain regions. 3 As shown in Figure 4, the pFET
tHeephen latidcehagucpeut ral spacer 44A after 4 ion inplant
(e.g., Ge) relaxation. The neutral spacer 44A does not

put si gni fi GRPExJGNS ithEtenslleHIFESHaORs 4N aPhBle A 188HiI0RLress
12 and thus does not degrade hole nmobility. This

b%t{\%%ﬁg n&sﬂﬁrfﬁanﬁ FIEE} ELORBAGR the7 an{ D umhﬁﬁt d}lﬁ@—csneutrahzed

have ensi SS spacers put stress

el SP%‘{E’% @E%nﬁls%%%ﬁlﬁlﬁ S ?3‘2’?%1“‘:% SufL VISR ana g

sour Adr ai | apt done
Gdynes cm aftert € {orrmmpp

The neutralized PFET spacers 44A and substrate in the PFET region 12
can have a Ge ion (e.g., Ge) concentration between 5SE19/cm® and 1E20/cm’® . The Ge
ions can be implanted with a dose between 5B14/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 SE197cm’®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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14
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16

17

10 after neutralized tensile spacer 44A formation, and
NFET Mt roll-off problemis nuch Iess 11 than pFET as
it has nmuch heavier As dopants. 12 The Ge, or Xe ions
neutralized tensile stress on pFET spacer, and 13
thereby elimnating degradation on hole nmobility by
tensi oning the substrate. This does not 14 affect

el ectron nmobility in nFET. On the other hand, Ge

dopants also retard the diffusion 15 of B dopants
(e.g., PFET Source and drain regions), thereby

i nproving threshold voltage 16 versus Lpoly roll-off

of pFET. After then a spi ke anneal is preferably
typerimplranesl tolférd 2FET Jourdeldtaimtegtons fhcdracépto tw-PFET gate 22. A
different width PFET and NFET 2 channels 3 In an

PERT @annd] heineidtunadd aRIPIRAESats paGessthd PRE( 8ousPaeet Sgions.
44) have a 4 first width and the first NFET spacers

30 have a secomdwwiflFuhe g MHTEr feblofti2 Wadlh&ut@Nshaterl 2@\ after
second wi dth are not approxinmately equal. The

el S VPR G fy R o
i PFE 44A . 7 .

(i op Tre iR I3 AR RS 35 By e B ngPRERN ity FlBagg e
to define the 8 source and drain regions positions.

P¥kd PSPaEB3Gi dt hs can range from 450 to 650 9

angstrons. The first width is preferably at |east 10%

| arger or snalsd.dhe NRBRs il hyee sneilotres wasers Fhevipggut stress
channel can be between about 120% and 80% t he w dt h of

og dliaNREETegion 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

11 channel . The PFET channel can be between 20% w der
and 20% narrower than the 12 NFET channel. The bi gger
the spacer width, the further the S/D inplant ion get
to the gate 13 channel and thereby causing |ess

| ateral short channel effect. 14 15 The dual spacer
schene all ows nFET and pFET to have different spacer
16 wi dth, making the design optim zation of nFET and
pPpFET nore flexible. 17 18 19 15 1 K non-limting
exanpl e enbodi ments 2 3 Although this invention has
been described relative to specific 4 insulating
mat eri al s, conductive nmaterials and apparatuses for
deposh ti ng adwdaletvithispgcehOpéions diféerent alidth PEETsanebNFET
limted to the specific materials or apparatuses but
only to th@anhneRecific 6 characteristics, such as
conformal and nonconfornal and capabilities, such as

deposi ting I7H and i n%{tléa g 9%E%\Agiw]e¥set{41\ o%ts;gaogrs 44) have a

apparatus ca Es'1's und
fggbyr}g%egqs(r t#@l 1?92 é{”g?tg%ﬁ‘%?s gh&g‘lyﬁe ri(l: %f:rﬁg%l \%flsdtﬁa\rﬁf}’lereahe f?rst width and
the second width are not approximately equal. The different spacer width 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.
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10

11

12

13

14

W]

16

17

18

19

20

21

10 LLD regions, etc. 11 The devices can conprised

addi tional elenents or sub-elenents, such as Unl ess
explicitly stated otherw se, each nunerical val ue and
range 12 should be interpreted as being approxi mte as

if the word about or approximately 13 preceded the

val ue of the value or range. 14 15 Gven the variety

of enbodi ments of the present invention just 16

descri bed, the above description and illustrations

show not be taken as limting the scope 17 of the

present invention defined by the clains. 18 Wile the

i nvention has been particularly shown and descri bed

w t hK. 19 r efroreliosting extmple ehdboditheatbodi nent s

thereof, it will be understood by those skilled in 20
the art that various changes in formand details may

be made w t hout departing fron1the 21 spirit and

scope of the ven [ te

vari ous rmdl‘ﬁ‘ ttogg? gﬁs mv?fgloglhn? een d%gc?%eéa?eriagﬁc%réwf: ific

and procedures, and the 0 of t he

S S S R e ppﬂrétus?sgfﬁﬁ ndsel ing ud Pehing thesc
interpretation so as to enconpass all suc

mpgtials, tay pas Aisniiedde Hiefppanc mategals g5 gm%m*@ Bcpnly to their specific
procedures. 4

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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17 What is clainmed is: 1 1. A nethod of fabrication of
a sem conduct or device structure conprising the steps
of : 2 a) providing a substrate having a PFET regi on
and a NFET region, a PFET 3 gate on said PFET region,
and a NFET gate on said NFET region; 4 b) formng
first PFET spacers on said PFET gate and formng first
NFET 5 spacers on said NFET gate; 6 c) form ng NFET
source/drain regions adjacent to said NFET spacers; 7
d) renoving said first PFET spacers and first NFET
spacers; 8 e) formng tensile PFET spacers on the PFET
gate and tensile NFET spacers 9 on the NFET gate; 10

afringeneh&nind pepebdursd, andhs stapeof ttengptelePERImsthacéirs shaild be

formneutralized PFET 1 | spacerswhereby the first

ab PG dBEBGRaIdshRIEbeREEn kdad thenadrasadli aRH niRfdEicatidis and similar

spacers and reduce the stress in the PFET region; 13
A indeHRisngd RREL§eur ce/ drai n regi ons adj acent to said
PFéT gate; 14 h) inplanting P type inpurities into
said PFET region to fromthe PFET 15 source/drain
regions. 16 17

17
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10

i1

12

13

14

15

16

17

18 18 2. The method of claimt wherein the tensile
PFET spacers and the tensile NFET spacers 19 have a
tensile stress between 8 Gdynes/cn2 and 16 Gdynes/cnR.
20 21 3. The nethod of claiml| wherein said first
ions are Ge or Xe ions and the neutralized 22 PFET
spacers have a first ion concentration between 5E19/cm
3 and 1E20/cnB ; the 2 2 23 ions are inplanted with a
dose between 5E14/cM and 1E15/cm and at an energy 24
bet ween 30 kev and 35 kev. 25 4. The nethod of claiml
wherein said first ions are inplanted into said
tensile PFET 26 spacers and said PFET region; said
first ions are Ge ions and the neutralized PFET 27
spacers and the inplanted PFET region have a first ion
concentration between 28 5E 1 9/CM3 and | E20/cm 3 ;
the ions are inplanted with a dose between 5El4/cm 2

vaRdis 29mda B | 5/cm 2 and at an energy between 30 kev

and 35 kev. 30 5. The nethod of claim| wherein the
b AR TS| GRS S o
L g A T, AR B R e
Giynesy ome alist, UepdEr it aﬁq@wﬁ@ gf@wﬁg%ﬁm
have a f %IJ)rf?)}"mi\xllmg %trsq I%péjT spacers on 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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18

19

20

2

R

2

[\

2

{ad

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

35 the first NFET spacers have a second wi dth; the
first wwdth and the second width are 36 not
approximately equal. 37 7. The nmethod of claiml
wherein the neutralized PFET spacers are at | east
either 10% 38 wider or 10 % narrower than said first
NFET spacers. 19 39 8. The nethod of claim 1 wherein
the neutralized PFET spacers have a first width and

40 the first NFET spacers have a second w dth; the
first wdth and the second wdth are 41 not
approximately equal; the first width and said second
wi dth are between 450 to 650 42 angstronms. 43 9. The
2nmehdumdthofl oftiaimml Whetzicthe tanstihBFET sekeademdahdEsile NFET spacers
channel in said substrate under 44 said PFET gate and

a hiNcETtcasiRNAeSs elwSopi sdCéuhstmatel Lndéynesaind NFET gat e;

the PFET 45 channel is between about 80 % and 120 %

the width of said NFET channel. 46 47 48 10. A nethod
of fabrication of sem conductor device structure

3CPRPLLELA %EE?]%I §t\?ﬁ1@&lrp§a}d ﬁrsfl% %ﬁre%é)&')@é 38s %cﬁtﬁpﬁédtﬁﬁlged

haV|ng regi on and region, a nwel

SR e Tk R e&%&%@éﬁ‘%ﬁﬁ@ e
; gcgr}r?]agegm;dl%@%d ‘%EIE; dggeab%?v(/geno%lﬁfacm axﬁ)cf F]::ri SQCantlﬁan% aq 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
SE19/cm® and 1E20/cm’®; the ions are implanted with a dose between SE14/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 | 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 | 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

560

57

58

59

53 spacers on said NFET gate; 54 c) form ng NFET
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
gate; 58 (1) the tensile PFET spacers and the tensile
NFET spacers have a 59 tensile stress between 8
Gdynes/cn2 and 16 Gdynes/cn®R; 20 60 1) inplanting
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

fn elhiermadthabet cRERT shacier the andrdihel BTE B spmcem hivwea PBEEFidth and
63 region; 64 (1) the neutralized PFET spacers have a

t eRSIilsENFET 8p&cheiave s Becab@ widtR; tRbfifstlyiiies Adile 80vdnd width are
Gdynes/cnR after the first ion inplant; 66 (2) said

fidof hppr@NDaflyPed Bl He (258 WiASanki QLA sBhnEREILSRYBAREST B0N0 650
regions 67 adjacent to said PFET gate; 68 Q)

i ggé'ng P type inpurities into said PFET region to
fggkl Tg'PFET 69 source/drain regions. 70
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. 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;

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

d) 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;

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

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




60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

71 72 11. The method of claim 10 wherein the
neutralized PFET spacers have a first ion 73
concentration between 5E 19/cnB and | E20/cnB; the

ions are inplanted with a dose 74 between 5E 14/cn®
and 1 E 15/cn? and at an energy between 30 kev and 3 5
kev. 75 12. The nethod of claim 10 wherein said first
ions are Ge ions and the neutralized PFET 76 spacers
have a first ion concentration between 5E19/cm 3 and 1
E20/cnB in the regions 77 where the first ions were
inplanted; the first ions are inplanted with a dose
between 78 5E 14/cn2 and 1 E 15/crn2 and at an energy
bet ween B0mikutigntirs8Sotsaxrto takil7 9FES spadthe torirmodinayfralized PFET
claim 10 wherein the neutralized PFET spacers have a
first wdth sgf3ferangt inbesaid PBET Neboh wipaastBe liav@narelax the
second width; the first width and the second width 81
are not appr @xdsfad BledheBGitldkd PEFR® shicet andd tlt fird®th thaPUET
second wi dth are between 450 to 2 650 angstromns

t her eby nakiﬁg‘%he design optim zation of the NFET and
NFET devices °83 nore flexible. 84 85 86 14. A

sem conduct or device structure conprised of : 87 a
Substrate h [

PFET gate o saléﬁgggggpggq ggx%ﬂ%w@agﬁﬁmhgggéBaueéhabmnz

sai d NFET regi 88ynes/cm and 4 Gdynes/om” 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.

§ 1. The method of claim 10 wherein the neutralized PFET spacers have a first ion
concentration between SE19/cm® and 1E20/cm’; the ions are implanted with a dose
between 5E14/cm” and 1B15/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 5E19/cm® and 1E20/cm’ in the regions
where the first ions were implanted; the first ions are implanted with a dose between

SEl14/cm? and 1E15/cm? and at an energy between 30 kev and 35 kev.
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79

30

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

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

ion concentration between 5E 19/cnB and 1 E20/ cn8B;

said first ions are Ge 96 or Xe ions. 97 16. The

sem conduct or device structure of claim14 the
neutralized PFET spacers have a 98 Ge ion

concentration between 5E19/cnB8 and 1E20/cnB, and a top

I3e Jiho matfodsicthirRRETWh@@inr diginouiraiasd ZNEGespaqers have a first width
concentration between 5E 19/cnB and I E20/cnB . 22 100
17%nd THeefiiSENFED Bshdets bvalesicaed idthuc ther f@rsokiddl @idnthd decond width
wherein the tensile NFET spacers 101 have a tensile

Stah 86t 2B tomelg @3\1 NBS £ 0% B dl i bW IR ard Metvidag 450 to
neutrallzed FET spacers have a tensile stress

b%tSW%E ﬁer@o ﬁﬁ]%/ tﬁ:enges%H Fﬁm%ﬁﬂ@ Sf GERPET MINEBF devices

he se con uct evice structure of claim 14 wherein
the tensile NFET spacers 104 have a tensile stress
bé?%ggﬁx%HGUynes/cnﬁ and 16 Gdynes/cn2 and the
neutralized 105 PFET spacers have a tensile stress
bet ween about 2 Gdynes/cn2 and 4 Gdynes/cnR ; the 106
neutrali zed PFET spacers have a Ge ion concentration
bet ween 5E19/crn3 and

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 SE19/cm’ and 1E20/cm®;  said first ions are Ge
or Xe 1ons.

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 5B19/cm’ and 1E20/cm’.
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100

101

102

103

104

105

106

107

108

109

110

1

112

113

114

107 1 E20/cnB. 108 19. The sen conductor device
structure of claim 14 which further includes a PFET
channel 109 in said substrate under said PFET gate
and a NFET channel in said substrate under said 110
NFET gate; the PFET channel is between about 80 % and
120 % the width of said | | | NFET channel. 112 113
114 23

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 5E19/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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