METHODS OF STRESSING TRANSISTOR CHANNE'L WITH
REPLACED GATE AND RELATED STRUCTURES BACKGROWND OF
THE INVENTION TECHNICAL FIELD [0001] The invention relates
generally to semiconductor device fabrication, and more particularly, to
methods of stressing a channel of a transistor with a replaced gate, and
related structures. BACKGROUND ART [0002] The application of
stresses to channels of field effect transistors (FETS) is known to improve
- their performance. When applied in a longitudinal direction (i.e., in the
direction of current flow), tensile stress is known to enhance electron -
mobility (or n-dAgTHEDBE DI EEREEBUE UIRANS) DIGIR Coipibsdive
stress is known to enhance hole mobility (or p-channel FET (pFET) drive
currents). [OOVBTHOREPhAGER G4rovidwbREsAtRESERrPeidBts as
stress memorization technique (SMT), which'includes applying an
intrinsically stressed material (e.qg., silicon nitride) over a channel region

and annealing to have the_stress, iﬁg%i {}r}é le, the gate
polysilicon or the diﬁus%qléé%@jﬁpﬁggét @% ﬁi@fﬁs then
re . however, remains and improves electron or hole
mﬁ%ﬁ@\?ﬁpﬁr%ves overall device performance. The anneal
ooot]  The invention relates generally to semiconductor device fabrication,
and more patiicularly, to methods of stressing a channel of a transistor with a

replaced gats, and related structures,

BACKGROUND ART
'[@bazz The application of stresses o chanhelé of field effect transistors
(FETs)is kn_own to improve their performance. When applied in a longitudinal
direction {i.e., in the direction of ;:urrent flow), tensile stress is known to enhance
electron mobility {or n-channel FET (nFET) drive currents) w'hitle compressive

~ siressis knowﬁ to enhance hole mebilify {or p-channel FET {(prET) drive cué'rénts).
[0003] One manr;ér of‘providing this ‘streSS is referred o as stress |
memorizatién techniqUeI(SMT), which includes applying an intrinsically stressed
'fnater%al (e.g., sificon nitride) over a channel region and anneaiiﬁg o have the
stress membriéed in, for example, the gate polysilicon or the difiusion regions. The
stressed material is then removed. The stress, however, remains and improves

electron or hole mobility, which' improves overall device performance. The anne_:aE
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1 step may be provided as part of a dopant activation anneal. One

problem with conventional SMT is that only the performance of the nFET
is enhanced, while the performance of the pFET is degraded.

Accordingly, it is difficult to use SMT to enhance both nFET and pFET
performance. [0004] Another challenge is applying a strong stress in the
channel. More specifically, the stronger the stress provided in the

channel, typically the better the performance. Unfortunately, the induced
stress in the channel is only a fraction of that provided by the intrinsically
stressed material. [0005] In view of the foregoing, there is a need in the art
forsaepatidiopetprtividqit okl ears off dinpelstadindtici BiMaR YOO orbtiem with
INVENTION [0006] Methods of stressing a channel of a transistor with a
relvezntions! AT iethaicdptyibr nesfarsaticel obthi: nétiscmhaagaedciutile the
providing an intrinsically stressed material over the transistor including a
(1 REHRERETo S5 B o FRHasthe AveRTSiEaly i SEBeLHReiRal SN to
the gate; remqoving_.at Ieasé%{gorti n. of the gate, allowing stress retained

by¥RBAGSR08tM BN eRst REECERZRARL; replacing (or refilling) the

g i%?arepl cement gate: and removing the intrinsically,stressed
AT o o S PR DAL e R AU SRR, wore

, speciﬁcél!y, the stronger the stress provided in the channel, typically the better the

- performance. - Unfortunately, the induced stress in the channel is anly a fraction of
that provided by the intri.nsical!y stressed material.
[G00E] in view of the foragoing, there is a need in the art for a solution to the

problems of the related art.

SUMMARY OF THE INVENTION
{0006} Methods of stressing a channel of a transistor with 2 replaced gate
and related structures are disciosed. A method may include providing an
infrinsical!y siressed material over the transistor inciuding a gate thereof, mﬁmving
a portion of the intn’nsicaliy stressed materiai‘ over the gate; remavi‘ng atieasia
portibn. of the gate, allowing stress refained by the gate io be iransféwed to the
channel; replacing (or refilling) the gate with a repiacemenﬁ gate; and removing the
infrinsically stressed material. Removing and replacing the gate aliows stress
retained by the original gate to be transferred to the channel, with the replacement

gate maintaining (memorizing) that situation. The methods do not damage the
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retained by the original gate to be transferred to the channel, with the
replacement gate maintaining (memorizing) that situation. The methods .

do not damage the 2 gate dielectric. A structure may include a transistor
having a channel including a first stress that is one of a compressive and
tensile and a gate including a second stress that is the other of

compressive and tensile. [0007] A first aspect of the invention provides a
method of stressing a channel of a transistor, the method comprising the
steps of: providing an intrinsically stressed material over the transistor
including a gate thereof; removing a portion of the intrinsically stressed
magetitiziesttie gaieucamoniag iakleastairaesino ohilisgaattri@Mnguding 2
stress retained by the gate to be transferred to the channel; replacing the
gaftrsiitressdpiide rrenotrarmrape seivering tirsietendisalbiestreissed) a second
material. [0008] A second aspect of the invention provides a method of
strEESRiytaaisdhn otigrolrepriatesstyr andtasdiomprising: first providing

a metal layer over. the transistor including a gate and a source/drain

rediPfereor; SetShashrsiaitge AvrnHrRiENderea Sellind e sireveiree

e e S e

re WH@CQEQ%‘(%% HeaiaY Bl NG eI AE Lding a gate thereof; removing
a portion of the intﬁnsicaiiy stressed ma‘{eriai over tﬁe gate; refnoving atleast a2
porfion of the gate, allowing stress retained by the gate to be transferred {o the
channel; reﬁiacing the gate with a replacement gate; and -removing the infrinsically
stressed material. | |
[6008] A second aspect of the invention provides a method of stressing a

| channel of a t’ran_sistor, the method comprising: first providing a metal tayer over

the transistor including a gate and a source/drain region thereof; second providing
an intrinsically streésed materiai over the tfansistcr including the gate and the
sourcefdrain region thereof; rembvéng a portion of the intrinsically stressed
material over each gate; rémoving a portion of the me’tag layer over the gate;
rembving at ieast a portion of the gate; replacing the géte with a metal; 'ajz{%neaéir-xg
to form 2 stréssed silicide gate and stresseédsiiicide portions in the source/drain
region; and removing -the intrinsically stressed material and the metal tayar.
f0009] A third aspect of the invention provides a structure comprising: a

transistor having a channel including a first stress that is one of compressive and
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removing at least a portion of the gate; replacing the gate with a metal;
annealing to form a stressed silicide gate and stressed siiicide portions in
the source/drain region; and removing the intrinsically stressed material

and the metal layer. [0009] A third aspect of the invention provides a
structure comprising: a transistor having a channel including a first stress
that is one of compressive and 3 tensile and a gate including a second

stress that is the other of compressive and tensile. [0010] A fourth aspect

of the invention is directed to a structure comprising: a transistor having a
gate including a stressed silicide for memorizing a stress therein; and a
sotgesilieegndraayatedrdiating gioacead siraaditg ia Hteoshaiimidempoetsive and
for memorizing the stress. The illustrative aspects of the present invention

- aréegsigned to solve the problems herein described and/or other

problems not discussed. BRIEF DESCRIPTION OF THE DRAWINGS
[062818ihese afidastibrrestietet ineierasliromies dnioiuctyen gomerising:
understood from the following detailed desc | he various, aspects

o SRR ARG SR DR FITeE BEHA A PRGOS Rt

de{?{git,e\{% ”é)rl\@ a%@x?r?:%‘?%%%? ggé%edr YR 8%n'%acﬂ':cst1mudmg a stress silicide

portion for memorizing the ‘stress.
The iliustrative aspects of the present invention are designed o solve the

problems herein described and/or other problems not discussed.

BRIEF DESCRIPTION OF THE DRAWINGS
o011} These and other features of this inveniion will be rﬁoré readily
understood from the following detaiieéi description of the varicus aspecis of the
invention taken in conjunction with the accampanying drawings that depict varnious

embodiments of the invention, in which:

- [o012] FIG. 1 shows an initial structure according to one embodiment of the
invention. |
0013} FEGS..' 2-8 show one embodiment of a méthod according fo the

_ invention.
100141 | FIG. 9 shows one embodiment of a structure according to the
invention,



[0012] FIG. 1 shows an initial structure according to one embodiment of
the invention. [0013] FIGS. 2-8 show one embodiment of a method
according to the invention. [0014] FIG. 9 shows one embodiment of a
structure according to the invention. 4 [001 s] FIGS. 10-19 show a second
embodiment of a method according to the invention. [0016] It is noted that
the drawings of the invention are not to scale. The drawings are intended
to depict only typical aspects of the invention, and therefore should not be
considered as limiting the scope of the invention. In the drawings, like
numbering represents like elements between the drawings. DETAILED
DHSOR] PTION-|GEL 7R siviivg ac¢oondt awihgdink . of shostkcdraiidating to
structure 100 for methods according to various embodiments of the
inBAFBYENHMal structure 100 may include one or more transistors 102A,
102B, i.e., field effect transistors qj(FETs on a substrate 104. TranS|stor

1091 AkIudes SiSTRIRR PREMRIREnGS Pl iRsRYSRIps G AL igeRcgle. The

b- té(s%%ﬂ%%%”a?g'm enué%%“'%gﬂz'” aqyrggl)':i;:ra gs%bb\ec P gxg{n%enztzon and theref{)re

shouid not be considered as limifing the scope of the invention. in the drawings,

like numbering represents like elements between the drawings.

DETAILED DESCRIPTION
[9@7} Referring to the drawings, F1G. 1 shows an initial structure 100 for
methods according to various embodiments of the invention. Initial structure 100
may include one or more fransistors 1024, 1028, e, field offect ‘zransisfors {FETs},
‘on a substrate 104. Transistor 102A includes an n'»type#channeﬁ 106 and transistor
- 1028 includes a p~type—chaﬂnel 108, resulting in an nFET 102A and pFET 102B.

Each transistor 1024, 1028 may further include a gate 110, 2 séacer 112 afbéut
_gate 110, a ga;te dielectric 114 and source/drain regiohs 116. Each part may
include any now known or later developed material appropriate for its funciion. For
exampie, subsirate 104 may include siiicon, spaéer 112 may include silicon nitride
(SizN4), gate diéiectric 114 may inciude silicon dioxide {310y}, and source/drain
regions 118 may include doped silicon and a silicide such as nickel silicide. In
addition, initial strucfure 100 may include a shallow trench isolation (ST} region

118, e.g., of silicon dioxide (Si02), separating fransistors 1024, 102B. in one
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Each transistor 102A, 102B may further include a gate 110, a spacer 112
about gate 110, a gate dielectric 114 and source/drain regions 116. Each
part may include any now known or later developed material appropriate
- for its function. For example, substrate 104 may include silicon, spacer
112 may include silicon nitride (Si3N4), gate dielectric 114 may include
silicon dioxide (Si02), and source/drain regions 116 may include doped
silicon and a silicide such as nickel suicide. In addition, initial structure
100 may include a shallow trench isolation (STI) region 118, e.g., of
silicon dioxide (Si02), separating transistors 102A, 102B. In one 5

enhasbagaidint aabrogaes 1110 may #aliiicsoshitivid@oaaion2k24.@, Gickitkticide,
silicide, over a polysilicon germanium portion 122 over a polysilicon .

podtien 4 26y slivwe ity ae portiond 28@vet @ pebysilaiao ghaionvERtioHoWwevear,
is understood that the above-described initial structure 100 is meant to be -
illueat e drsae nesrendalda itﬁ'@siwmvéfdﬁm@ﬁaiﬁw apitee to
other structures. At this stage, all high temperature anneals have

prémm%@@h%&wa%@wqma STBBRANO REUUSRGR 4R SB PGt the
O e B R AL o 5 Al o o

A o%%g L u?g e'%%ﬁt%‘éé?@upé&érﬁﬁe%s%ﬂ?!a%%' é&%p?élf‘erd?iH&Q&ﬁéoé(ab&Q&A’
activation an,neai. For example, ali dopants in FIG. 1 may be already in place and
_electrically active.

[0G18] Turning to FIGS. 2-3, a first step of the method includes providing an
infrinsically stressed méteriat 1307 over a ansistor{s} 1024, 102B inciuding gate
110 thereof. intrinsically stressed miaterial 130 may include any now known or
later developed material for imparting ~ah appropriate strésa to channeis 106, 108
such as intﬁnsicaity stressed silicon nitride (SisN4). in particuiar, as shown in FIG.
3, this step ‘may include providing an in%r%nsicaliy tensilely stressed méterial 130T
over n-channeat 106 transistor 102A and an intrinsically compressively gﬁresseﬁ
material 130C (FIG. 3) over a p—cha'nnei 108 fransisior 102B. Where both tensile
and compressive stress maferials are used, it is réferred to inthe art as a dual

' éiress finer. Although the method will be descﬁbed with both transistors 1024,
102B involved in the processing, it is understood that the teachings may be applied
to a single transistor, if desired. This step may include any now known or iater

developed sieps for providing intrinsically stressed material 130, as a single layer
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110 thereof. Intrinsically stressed material 130 may include any now
known or later developed material for. imparting an appropriate stress to
channels 106, 108 such as intrinsically stressed silicon nitride (Si3N4). In
particular, as shown in FIG. 3, this, step may include providing an |
intrinsically tensilely stressed material 130T over n-channel 106 transistor
102A and an intrinsically compressively stressed material 1300 (FIG. 3)
over a p-channel 108 transistor 102B. Where both tensile and
compressive stress materials are used, it is referred to in the art as a dual
stress liner. Although the method will be described with both transistors
1024gs 20ABlistrekeeithir.tHeoporegde g tsisaw ir Stiia Rt habiee dodcidingnt, a
may be applied to a single transistor, if desired. This step may include
anpraieatie daverot 3dtef, veperpele stliparisipisedRighimaidgiprovided over
stressed material 130, as a single layer 6 or as a dual stress liner. For
extATsiEtoRs hgtvil A7 RIG POReH IS BSn Hnsliglydniiaviealy eirgazd
of, for ex é) , Silicon %ioxid inoz may. be pr é%d r éga.sis‘ Is
T OBR BB AL CEHERT L RN ha a2
mAlGHElAAGT mAyhe enaqid QUeiARISors 102 dRB ORI cicy
a rr%tt%%w\%e?gyer % ie(g' g%,ﬁlsaﬁfccgan%ox?ﬁ%%%%gmay _eposrigte over
tensilelycainsicalbasitarsesl Matelialy 3Rd4AnyFshawn.i FIGS. 2-3).
[0019] Next, as shown in FIG. 3, in order to form a dual stress liner,
tefe@l] Next, as shown in FIG. 3, in order to form a dual stress finer, tensilely
intﬁnsically siressed material 130T is removed over transistor 1028, which
includes p-type channel 108, and compressively intrinsically stressed fnateria%
130C is formed. This step may include patteming a photoresist (nét shown} over
transistor 102A, performing an eﬁch, e.q., a reactive ion efch (RIE), to rémeve
- tensilely intrinsically stressed materiai 130T over transistor 1028, depositing
co'mpres'siveiy intrinsically stressed materiai 130C, pattemning a photoresist {not
shown) over transistor 1028, and performing an efch, e.g., RIE, to remove
compressively intrinsically stressed material 430C over transistor 102A. As a _
result of the above step, protective layer 134 (FIGS. 2-3 only) ends up being
pfovided over infrinsically tensilely stressed material 130T only. In addition, a
tensiie stress TS is applied to transistor 102A and a compressive stress GS is
applied fo transistor 1028B.
T0020] As shown in FIG. 4, a next step may include providing a planarizing

layer 140 of, for example, silicon dioxice (SiOiz) about each gaie 110, which acts to
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intrinsically stressed material 130T is removed over transistor 102B, which
-includes p-type channel 108, and compressively intrinsically stressed
material 130C is formed. This step may include patterning a photoresist
(not shown) over transistor 102A, performing an etch, e.g., a reactive ion
etch (RIE), to remove tensilely intrinsically stressed material 130T over
transistor 102B, depositing compressively intrinsically stressed material
130C, patterning a photoresist (not shown) over transistor 102B, and

- performing an etch, e.g., RIE, to remove compressively intrinsically
stressed material 1300 over transistor 102A. As a result of the above

stegrapiiie elvgilnyael 3 BHEve 2 nbaMEh SREE HRREI DA ADNOVE S8 @UBEequent
intrinsically tensilely stressed material 130T only. In addition, a tensile

stressc&Ssiscapplied to transistor 102A and a compressive stress CSis

applied to transistor 102B. [0020] As shown in FIG. 4, a next step may

incii@&Tprovidirdextprmaiizinyindyer 248 ppriion démplatriizisaltidrered -

~ (Si02) about each gate 110, which acts to 7 stabilize and fill, inter alia, an

ardBeHREI0 iarinayes pyengaietB 1d0subyegtrmmaydeeysmgalisoniop 2

Next, as shown in FIGS. 5, a portion 142 of intrinsically stressed material
drergamicya e T

13810 RURRIATE PErGHRIG A KO TG QEPIRE)IAY8E HarciiAgazUIt of this

step, gate(s) 110 is exposed. Next, as shown in FIG. 8, at least a pbrticn 150 of
gate(s) 110 is removed. In one embodiment, gate(s) 110 is remaved to polysilicon
portion 120, where different portions are provided. The particular etching
processes used may‘be paﬁiéular_ to the materiéi to be removed. Inone
embodimént, a RIE 151 selective to polysilicon portion 120 ma§ he us_,ad for each
material of gate{s} 110, e.g., as shown in FIG. 5, protective laver 132 (Si0y),
silicide porﬁon 124 (FI1G. 5), and polysilicon germanium portion ‘322 (FIG. 5). In
any event, at least a portion 152 of gate{s) 110 (including at ieast a part of
polysilicon portion 120} is retained to mainiain spacer(s) 112 in position. When
portion(s) 150 is removed, it allows stress CS andlér TS retained by gate(s) 110to
be transferred to a respective channel 106, 108, That is, tensile stress TS retakned
by gate 1_'10 of transistor 162A is transferred to n-type channel 106, and
compressive stress CS retained by gate 110 of transistor 102B ';ls transferred to
p-type channel 108, which further improves performance of the resulting devices.
[0022] FIG. 7 shows a next step in which portion{s) 150 (FEG. 8) of gata(s)

110 are replaced, i.e., refilled, with a replacement gate(s) 160. An appropriate liner
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photoresist and performing a RIE 131 to protective layer 132. As a result
of this step, gate(s) 110 is exposed. Next, as shown in FIG. 6, at least a
portion 150 of gate(s) 110 is removed. In one embodiment, gate(s) 110 is
removed'to polysilicon portion 120, where different portions are provided.
The particular etching processes used may be particular to the material to
be removed. In one embodiment, a RIE 151 selective to polysilicon
portion 120 may be used for each material of gate(s) 110, e.g., as shown
in FIG. 5, protective layer 132 (SiO2), silicide portion 124 (FIG. 5), and
polysilicon germanium portion 122 (FIG. 5). In any event, at least a

potienshbaoffeatettackhietinglid(ay Wi es Joaaarnple pabslieontpost@ing may
120) is retained to maintain spacer(s) 112 in position. When portion(s)
15bddorened\axn deaiioly RepessO8nbgdielsT St mmneadydgataishad Grown or
be transferred to a respective channel 106, 108. That is, tensile stress TS

reti@ive dergiopad 935 matanaistor ABAME SRl RPIRC AR eMati &80 may

106, and compressive stress CS retained by gate 110 of transistor 102B

s INGRIE RERED Wpe AR AISI RO R (CrifiS: TRPFBAEL SIS AaFID back

e TR £ e ARSI v 00,

e A R SR
130 (FIG. 7), e.g., by RIE 162 of planarizing layer 140 (F1G. 7) and wet etching 164
intrinsically stressed materiat 130 (FIG. 7} selective to proteciive layer 132. Asa
result of this step, replacement gate(s} 160 maintains (memorizes) the stresses
transferred to channeals 106, 108. In addétibn, each repiécemen& gate 160 includes
a stress that is opposite of that of a respective channel 108, 108. For example,
when stress finer 1307 (FIG. 7) is_s remo_ved, the tensile stress applied to spacer
112 is released, thus causing it to compress 'repiécement gate 160. Similarly,
when stress finer 130C (FIG. 7) is removed, the compressive stress applied to
spacer ;;‘s'z is remaoved, thus causing it to tensilely pull on replacement gate 150. '

 Asaresutt, replacement gate “E.SG of ransistor 102A includes a comprassive siress

CS, while its respective channe! 106 includes a tensile stress TS, Similarly,
‘replacement gate 160 of transistor 1028 includes a tensiie stress TS, whils its
respective channel 108 includes a compressive stress CS. Subsequent
pmces‘sing may inciude, as shown in FIG. 8, stching back repiacement gate(s) 160

using, for exampie, a wet etch 166 of replacement gate(s) 160 and a RIE 168 of
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be formed as needed. Replacement gate(s) 160 may include any now
known or later developed gate material. In one embodiment, replacement
gate(s) 160 may include tungsten (W). As also shown in FIG. 7., this step
may include an etch back 162 of replacement gate(s) 160 so it is below a
surface of planarizing layer 140. [00231 FIG. 8 shows the next step of
removing intrinsically stressed material 130 (FIG. 7), e.g., by RIE 162 of
planarizing layer 140 (FIG. 7) and wet etching 164 intrinsically stressed
material 130 (FIG. 7) selective to protective layer 132. As a result of this
step, replacement gate(s) 160 maintains (memorizes) the stresses

trafpgiRicevbingdarBis 10 8) 108l freaddiian neanhincshagem eahgisterid0 624,
includes a stress that is opposite of that of a respective channel 106, 108.
Fot@3@ample, when stress liner 130T (FIG. 7) is removed, the tensile

stress applied to spacer 112 is released, thus causing into compress

refffif&dhent gatbel8o0\EndlferpRbef et arssemuerarip co(res ) iRast a portion

removed, the compressive stress applied to spacer 112 is removed, thus

cadsthf i GoRerisneaislidiaF JAR &rliovy siras0 S AT FAIRd by gate(s) 110
| 60 of i 1 includ i L
E;‘?Ss?ﬁ%?é%?éf%féej&@%@‘ﬁ‘%ﬁ%ﬁﬁ%ﬁﬂﬁ%‘fﬁ%i‘eﬁé%g%%n By 20 B atniain
| S'W%Jf@ﬁi_;&%%@! q&%&@ﬁ%ﬁé&?ﬁ%@ér& %%%Wsmet%ﬂ%%% of an
stress , wnile Iits respectlve channe includés a compressive stress

C gt Qaus Al ROSESSIDY SaYdIRbiASHAHERANAM SdiFg DRl N8ctric 114.
back. eplacement gate(s) 160
The above-described methods may be used for nFETS 102A and pFETS 102B.
Sincé the methods may be emploved using low temperature, they reduce the
- likelihood of defect generation. In addition, there is no need to re-center the device.
~ If desired, the process may be repeated o further enhance the siress in channel
106, 108. As shown in FiG. 8, a resulting structure ‘E-?G includes & fransistor 1024
or 1928 having a chénnei 106 or 108 &nciucééng' a first stress that is either
compressive or tensile and a (replacement) gate 160 incmding a.second stress
that is the other of compressive and {ensile. Fﬁr exampie, tfransistor 1924 has an
n-type channeal 106 including a tensile stress 75 and a (replacement) gate 160
having a compressive siress CS. Similarly, fransistor 1028 has a p~type channel
108 including 2 compressive siress CS and a repiaéement gate 160 having &
tensiie stress TS.

[0025] Turning to FIGS. 10-19, a second embodiment of 2 method is

described. This embodiment begins with an initial structure 200 iliustrated in FIG.
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using, for example, a wet etch 166 of replacement gate(s) 160 and a RIE
168 of 9 protective layer 132 (FIG. 8). The result is a normally shaped
transistor(s) 102A, 102B. [0024) The above-described methods
temporarily remove at least a portion 150 (FIG. 6) of original gate(s) 110
to allow stress TS, CS retained by gate(s) 110 to be transferred to
-channel(s) 106, 108 and replacement gate(s) 160 to maintain the
transferred stress. In this fashion, a maximum portion of the stress of an
original gate 110 is used for stress memory without damaging gate
dielectric 114. The above-described methods may be used for nFETS

1024\ anfAREISH0 280 SIRaSIBRRRRpHSMRYRELTRIGEd Hsinglen:),

temperature, they reduce the likelihood of defect generation. In addition,
thesrcisphthaegddorse/semabiiondricsoelf desmedidhsiiaecaadaiiae portion
repeated to further enhance the stress in channel 106, 108. As shown in
FIG29 (altesUlipgospretant Inliahchndzisra Rod sisteintDRE mrel@2Bore

having a channel 106 or 108 including a first stress that is either

colpreistre Bidandietani@ affrkpritraearpifies 166 Tstl voingsubséesnd04.

stress that is the other of compressive and tensile. For éxample,

trahSERFPOZRANIE Aot G &-trRirBra0Y FRARNAJTaNER OB dactugies &
and 8 fenlaceel) Qa1e, 100 a0 B OmRL oS R S SRE S S I rsor
202A, 2028 may further include a gate 210, a spacer 212 about gate 210, a gate
dielectric 214 and scurce/drain regions 216. Each 'paft may include any now
'knc')wn or Eatef deve&oped material appropriate for its funciion, as describe reiative
fo the éariier embodiments. in this embodiment, howevar, eaci} gate 210 may -
- include a polysilicon germanium portion 222 everé polysilicon portion 220.
- Howsver, these portions are not essential to mé invention. ltis understood that the
' abave-dés;:ribed initial stmctu_re 200 is meant to be Hiustrative ohiy and that the
teachings of the invention may be applied té other sfructures. At this stage, not all
of the high temperature anneafs have been completed.
[0026} : Tumihg ft@ FIG. 1 ;1, a first step of the method includes providing a
metal layer 274 over transistor(s) 2024, 2028 including gate 210 thereof and
'sourcaldrain region 216 prior to providing intrinsically stressed material 230
thereover. In one embodiment, metal layer 274 may include a nickel (Ni) layer 276
(e.g., approximately 5-15 nm) and a titanium nitride (TiN} layer 278 (e.g.,

approximately 5-10 nmy), the purposes of which will be described below. Metals
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108 including a compressive stress CS and a replacement gate 160
having a tensile stress TS. [0025] Turning to FIGS. 10-19, a second
embodiment of a method is described. This embodiment begins with an
initial structure 200 illustrated in FIG. 10 10. Initial structure 200 is

- substantially similar to initial structure 100 (FIG. 1), except that a
source/drain region 216 does not include suicide, and suicide portion 124
(FIG. 1) is not present. Initial structure 200 may include one or more
transistors 202A, 2023, i.e., field effect transistors (FETs), on a substrate
204. Transistor 202A includes an n-type-channel 206 and transistor 202B

iNGUeL SN VRS -Gha R 298 peesHiERgda a0dhRkbaRAfesy flkilim (Ti) and
2025. Each transistor 202A, 202B may further include a gate 210, a

spaseiiti 260Ut gatetdildthardaie kitMelisicstly indsdiolteaidiades that metal.
regions 216. Each part may include any now known or later developed
mdtedesapipedpiateciontiticsivaliiclcasateraibialdldliveaydnhiedasier now
embodiments. In this embodiment, however, each gate 210 may include -
a FOREMEH IR AeYRiaRe P St ordRaHipS 98 RRIAGEHIAIS FP2EE to channeis

“However, these portions are naot essentjal to the invention. It is understood

th& the” Botfd reJEHBIRFAIY S ERtRA T SBONE IR briehty b MIRRTISHEE: 25

o0 Ml SRS ol R DN AV e ARRLES D @Gy svesses
material 2307 over n-channel 206 transistor 202A and‘a'n ih'trinsica!iy
aompressively stressed material 230C over a p-channel 208 trénsistor 2028,
which is processed similarto FISS. 2 and 3 described above. Although the
method wili be described with both transistors 202A, 2028 involved in the
processing, it is understood that the teachings may be -app!ied to a single fransistor,

 if desired. This step may include any now known or later developed stepé for

_ proviéiing metal layer 274, ‘and providing infrinsically stressed material 230, as a
single layer oras a dual_stfess finer, e.g., chemical vapor daposition {CVD},
patterning and etch;ing to remove appropriate material, efc.
10027} Next, as shown in FIG. 12, a portion 242 {FIG. 11) of intrinéécaﬂ_y
stressed material 230 is removed over gate{s) 210. This step may Ensiudér
chemica%.mechanécai polishing (CMP}. Next, as shown in FIG. 13, a portion 25C
(FIG. 12} of metal layer 274 over gate(s) 210 is removad, e.g., by patterninga

photoresist {(not shown) and performing a wet eich 280. Inthe embodiment shown,

nickel layer 276 and fitanium nitride layer 278 are removed over gaie(s) 210.
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of the high temperature anneals have been completed. [0026] Turning to
FIG. 11, a first step of the method includes providing a metal layer 274
over transistor(s) 202A, 202B including gate 210 thereof and source/drain
region 216 prior to providing intrinsically stressed material 230 thereover.
In one embodiment, metal layer 274 may include a nickel (Ni) layer 276
(e.g., approximately 5-15 nm) and a titanium nitride (TiN) layer 278 (e.g.,
approximately 5-10 nm), the purposes of which will be described below.
Metals 11 other than nickel (Ni) may also be employed such as cobalt
(Co), titanium (Ti) and osmium (Os). If a metal other than nickel is used,
thepwitigide inclydgs thasmasiain Ardaacaasiallore? iFITNSICAlF SHRSSERHO is
material 230 mayinclude any now known or later developed material for
impantegdnppeopnsteistrass datel@riidss 2AGpLE8 touativediioutn psitialty2 20.
stressed silicon nitride (Si3N4). In particular, as shown in FIG: 11, this
~ stéfhenetghingudegessasliveed miayheskatigutaiditdyesmetarial tokagamioved. in
230T over n-channel 206 transistor 202A and an intrinsicall
coﬂﬁv&reméimﬁ*e@@bﬁﬁﬁ?eﬁﬂﬁe@ﬁ@%ewﬁﬂb@eﬁm@@g%ﬁgi%wsed for
2026, which is processed similar to FIGS. 2 and 3 descrlbegzgg%/%ég 13

B

AR R RO IIFE: GecRBRGTIIN BETAAARERSM

OIS BrEESeing s BRI R LR R BRSSPt
-polysilicon portion 220} is retained to maintain spacer{s) 212 in position. As
described above, when portion(s) 252 (FIG. 13) is removed, it aliows stress C5
and/or TS retained by gate{s) 210 to be transferred to a respective channal 206,
208. That is, tensile stress TS retained by gate 210 of transistor 2024 is
fransferred to jn—i:ype chanﬂeE.QOG, and compressiﬁe sh’esé C.S retained by gate
210 o.f transistor 202B is transferred to p-iype channel 208, which further improves

. performance of the resulling devices.
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if desired. This step may include any now known or later developed steps

for providing metal layer 274, and providing intrinsically stressed material
230, as a single layer or as a dual stress liner, e.g., chemical vapor
deposition (CVD), patterning and etching to remove appropriate material,

etc. [0027] Next, as shown in FIG. 12, a portion 242 (FIG. 11) of

intrinsically stressed material 230 is removed over gate(s) 210. This step

- may include chemical mechanical polishing (CRAP). Next, as shown in.

FIG. 13, a portion 250 (FIG. 12) of metal layer 274 over gate(s) 210 is
removed, e.g., by patterning a photoresist (not shown) and performinga
wegbtetd) 280. Ipithelehodiaeiixsbiyin witkiebtayien@] @smFitardiof gate(s)
nitride layer 278 are removed over gate(s) 210. 12 [0028] Next, as shown

in F1C afekepipostiphe2 52{IH G wilh) afaplactsh@ i @ide{endbledn thinambodiment,
embodiment, gate(s) 210 is removed to polysiiicon portion 220. The
etchinecprotrisgais 268dmanjnBIp RibiHe! (OhBYRaRIRRTY Beitapigvaiiice
~In one embodiment, a RIE 282 selective to%glysmcon portion 220 m

usBaNb IR APthaldifisrEReeTerhoaty 290 EiHesR a@ﬁﬁhumﬁ{B er
Fl any event, at least a f.oa
(.nééa.ﬁakgf@imggn e 2 SR e A T 418 asminm 09
?ﬁsréﬁkcéé 'andééwﬂsmke%@mﬂssg@%@O{E%@mz%@lﬁ@ 286

IS removed, it a ows stress C
{o form gate including a stressed silicide 290 and stressed silicide portions 292 in

source/drain region 216. Since this step occurs prior to removal of intrinsically
stressed material 230, a siiicidé,_é.e., nicket sEiEcéde (NiSH), is formed that
memoiizes the stress genérateci by infrinsically stressed material 230 in stressed.
silicide 290 of replacement gate 260 and siressed siiicide portions 282 of
source/drain region 216. This structure allows for more stress retention in
transistors 232A, 2028, and imprdved performance of transistors 2024, 202B.

- [0030] FIG. 17 shows removing at ieést a portion 296 (FIG. 18) of
replacement gate 260 prior to removing ihtr&msical!y siressed material 230 Th‘is‘
step may inciude, for example, a wet etch 288. |
[0031] FIG. 18 shows the next step of removing infrinsically stressed
material 230 (FIG. 17}, e.g., by RIE 300 of intrinsically stressed material 230 (FIG
7) selective to metal laver 274. As a result of this step, replacement gate(s)' 260,

7 i.e., stressed silicide porfion(s) 290, maintains (memorizes) the stresses

transferred to channels 208, 208, In addition, as das;:ribed above, each
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and/or TS retained by gate(s) 210 to be transferred to a respective
channel 206, 208. That is, tensile stress TS retained by gate 210 of
transistor 202A is transferred to n-type channel 206, and compressive
stress CS retained by gate 210 of transistor 202B is transferred to p-type
channel 208, which further improves performance of the resulting
devices. 13 [0029] FIG. 15 shows a next step in which portion(s) 252 (FIG.
- 13) of gate(s) 210 are replaced, i.e., refilled, with a replacement gate(s)
260. In this embodiment, replacement gate 260 may include a nickel (Ni)
layer 262 and a titanium nitride (TIN) layer 264. That is, replacement gate

260 includesianate b0 RIaRINGred0annickep SDile aotha Bsadusdne

cobalt (Co), titanium (Ti) and osmium (Os). The silicide formed includes
whatewen pugabis Used . dxiimpls, shewsnaaehliagr286 (idortTdatemoved, the
including a stressed silicide 290 and stressed silicide portions 292 in ‘
solgresiel shiosreginlil16. Siace g Heplersetsthus cavsmadvigl asfmpress
intrinsically stressed material 230, a suicide, i.e., nickel silicide (NiSi), is

- foremidcsmenhoate2ass Hieniabsfensizres eniasically stfessemoved, the
material 230 in stressed silicide 290 of replacement gate 260 and .
SteYBREPS AR BORARRIZS IO AP LRI fliliF YR T4 SRR RnSiely

Sg}ﬁfﬁ%@g@%ﬁg@%ﬁg%ﬁ% é%‘sésnﬁfsrteog{?aggn%éng%@gé&%fi{}‘ UOVE 2604
includes a compressive stress CS, while its respective channel 206 includes a
tensiie stress TS, Similarly, replacement gate 260 of transistor 2028 includes s
tensile étress TS, while ité respective channel 208 includes a compressive stress

8. Furtharrmore, in this embodiment, ransistor 2024, 2@28 each have gate 210
including a stressed silicide 280 for memorizing a sfress therein, and source/drain
region 216 each including a stress silicide portion 282 for memorizing the stress.
{0032} FIG. 19 shows another step of removing metal layer 274 (F1G. 17),
e.g.,.by a wet stch 302 of titaniurﬁ nitride layer 278 (FIG. 18) and nickel layer 276
{FIG. 18) selective to stressed silicide portions 282 and stressed silicide 290.

Subsequent processing may include finalizing transistors 2024, 2028 in any now

known or later developed fashion.
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[0030] FIG. 17 shows removing at least a portion 296 (FIG.. 16) of
replacement gate 260 prior to removing intrinsically stressed material 230.
This step may include, for example, a wet etch 298. [0031] FIG. 18 shows
the next step of removing intrinsically stressed material 230 (FIG. 17),

e.g., by RIE 300 of intrinsically stressed material 230 (FIG.. 7) selective to
metal layer 274, As a result of this step, replacement gate(s) 260, i.e.,
stressed silicide portion(s) 290, maintains (memorizes) the stresses
transferred to channels 206, 208. In addition, as described above, each

14 replacement gate 260 includes a stress that is opposite of that of a
re§9@§§i}/e chaprekzd8 o FRrisian B eanblaNaiees IHiehe BV Eide has
17) is removed, the tensile stress applied to spacer 212 is released, thus -
cabsigptdesetsa e ptrpeplaceiTRiBtatie: 260.dSund ptiyn Whermstressridl to be
230C (FIG. 17) is removed, the compressive stress applied to spacer 212

is etmavssthutodmisihg inte@nénsileltheptboisedplacdisenserhtergbihvieaily,
result, replacement gate 260 of transistor 202A includes a compressive
str@%‘ﬂﬂ)oﬁrﬁﬂ@fiﬁﬁ@ﬁﬁéﬁﬂﬁif@hﬁﬁf%wm%I@d@@ gragifisplonpangigriations -
Similarly, replacementg%te 260 of transistor 202B includes a tensile

striE 18y RRRPRETRSE R R IRANARS i R RIGBSAtBRSL IR RR lafluged

CS. Eurthermore, i is.emb dlmené }randsb 202A,. 202B each have
g aFé My esccpéo € invention as akfing eacc@mpamying claims.
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including a stressed suicide 290 for memorizing a stress therein, and
source/drain region 216 each including a stress suicide portion 292 for
memorizing the stress. [0032] FIG. 19 shows another step of removing
metal layer 274 (FIG. 17), e.g., by a wet etch 302 of titanium nitride layer
278 (FIG. 18) and nickel layer 276 (El 8) selective to stressed suicide
portions 292 and stressed silicide 290. Subsequent processing may
inglpde ffinalizing fransistors 202A, 202B in any now known or later
developed fashion. 15 [00331 The foregoing description of various

aspects pitagdaMvaRtesshgs BepRd R sanriessior PlipREe% ebilaiiaiion
and description. It is not intended to be exhaustive or to limit the invention

to the precise fomvidigclodechsradyoindssasl yn ateda puadbdficatines and
variations are possible. Such modifications and variations that may be
appareniigusgiseragsisidiiiewal the art are intended to be included within
the scope of the invention as defined by the accompanying claims. 16

CLAIMS What'®reidingaqeion ot fiHbricahstressagnatensl aie e gate;
wansistor, the metiod comerieing. BroYHng.An Jivincelestesseth,
the gate o be transferred o the channel,
replacing the gate with a repiacement gate; and

removing the infrinsically stressed material.

2. The method of claim 1, wherein the providing inciudes providing an
intrinsically tensilely stressed material over an n-channel transistor and an

intrinsically compressively siressed material over a p-channe! transistor.

3 The method of claim 2, wherein the providing further includes providing a

proteciive layer over the intrinsically tensilely stressed material.

4, The method of any of the preceding claims, further comprising providing a
protective layer over the transistor prior to providing the intrinsically stressed

material.
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including a gate thereof; removing a portion of the intrinsically stressed
material over the gate; removing at least a portion of the gate, allowing
stress retained by the gate to be transferred to the channel; replacing the
gate with a replacement gate; and removing the intrinsically stressed
material. 2. The method of claim 1, wherein the providing includes
providing an intrinsically tensilely stressed material over an n-channel
transistor and an intrinsically compressively stressed material over a
p-channel transistor. 3. The method of claim 2, wherein the providing
further includes providing a protective layer over the intrinsically tensilely
stressed material. 4. The method of any of the preceding claims, further
cobnprisifigepraatiebd giac piraté chive rsipehoirerith Algrsistkaepnoatarial removing
providing the intrinsically stressed material. 17 5. The method of claim 4,
wherein thelligespsidalip s essadiivateriaicbrifNahty inelordéschiefianaing a
reactive ion etch (RIE) to the protective layer. 6. The method of any of the
preceding claims, wherein the gate includes a silicide portion over a

olysilic ermanium portion over a polysijlicon
P éy Qphg method gP eﬁ?wy of the precegina/ c’a?ms, wherein the gate includes a
silicide portion over a polysilicon germanium portion over a polysilicon

portion.

7. The method of claim 6, wherein the gate removing includes performing a

reactive ion etch (RIE) selective to the polysilicon portion.

8. The method of any of the preceding claims, wherein the providing further
includes providing a planarizing layer about the gate prior to the removing

for the at least a portion of the gate.

9. The method of any of the preceding claims, further comprising etching back

the replacement gate.

10.  The method of any of the preceding claims, wherein the providing further
inciudes providing a metal layer over the transistor prior to the intrinsically
stressed material, and the gate removing includes removing a portion of the
metal layer over the gaté;

wherein the replacement gate includes a metal;
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portion. 7. The method of claim 6, wherein the gate removing includes
performing a reactive ion etch (RIE) selective to the polysilicon portion. 8.
The method of any of the preceding claims, wherein the providing further
includes providing a planarizing layer about the gate prior to the removing
for the at least a portion of the gate. 9. The method of any of the
preceding claims, further comprising etching back the replacement gate.
10. The method of any of the preceding claims, wherein the providing
further includes providing a metal layer over the transistor prior to the
intrinsically stressed material, and the gate removing includes removing a
portion of the metal layer over the gate; wherein the replacement gate
includes a metal; 18 further comprising: annealing prior to the intrinsically
stressed material removing to form a silicide from the metal in the
replacerft&ihes &RRNEIRE form a silicide in a source/drain region of the
transistor from the metal Ial%/er and to memorize the stress from the

intrinsically strB838A ARREAaI R EfEiGRlY Stressed material emoving to form

a silicide from the metal in the replacement gate and to form a silicide in a
source/drain region of the transistor from the metal layer and to memorize
the stress from the intrinsically stressed material in the siiicide;

removing at ieast a portion of the replacement gate prior to the
intrinsically stressed material removing:; and

removing the metal layer.

11.  The method of claim 10, wherein the metal layer inciudes a first metal layer
inciuding one of nickel (Ni}, cobalt {Co), titanium (Ti) and osmium {Os), and

a second titanium nitride (TiN) layer.

12, A method of stressing a channel of a transistor, the method comprising:
first providing a metal layer over the transistor including a gate and a
source/drain region theraof,
second providing an infrinsically siressed materia! over the fransistor
inctuding the gate and the source/drain region thereof;
removing a portion of the intrinsically stressed material over each
gate;

removing a portion of the metal layer over the gate;
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removing at least a portion of the replacement gate prior to the
intrinsically stressed material removing; and removing the metal layer. 11.
The method of claim 10, wherein the metal layer includes a first metal
layer including one of nickel (Ni), cobalt (Co), titanium (Ti) and osmium
(Os), and a second titanium nitride (TiN) layer. 12. A method of stressing
a channel of a transistor, the method comprising: first providing a metal

layer over the HEARSIPIOL REWIGIRG-@98188de source/drain region
thereof; second providing an intrinsically stressed material over the

transistor inclughRgithargaiasnthtBensesrce/drain region thereof;

removing a portion of the intrinsically stressed material over each gate;
removing a poetoraiifiie fometaldzsssed edicites gatendkessamsiinglaptetsts in
a portion of the gate; replacing the gate with a metal; annealing to form a
stressed!silistgecgistaiangaseressst silicide portions in the source/drain

region; and o _
removing the intrinsically stressed material and the metal layer.

13.  The method of claim 12, wherein the first providing includes providing an
intrinsically tensilely stressed material over an n-channel transistor and an

infrinsically compressively stressed materiai over a p-channel! fransistor.

14.  The method of claim 12 or 13, wherein the metal layer includes a first metal layer
including one of nickel {Ni), cobalt (Co}, titanium (Ti) and osmium (Os), and a
second titanium nitride (TiN) layer, and the stressed silicide gate includes a

silicide of the first mstal.

15, The method of any one of claims 12 to 14, wherein the infrinsically stressed

material removing includes performing a reactive ion etch (RIE) fo the metal layer.
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removing the intrinsically stressed material and the metal layer. 13. The
method of claim 12, wherein the first providing includes providing an
intrinsically tensilely stressed material over an n-channel transistor and an
intrinsically compressively stressed material over a p-channel transistor.
14. The method of claim 12 or 13, wherein the metal layer includes a first
metal layer including one of nickel (Ni), cobalt (Co), titanium (Ti) and
osmium (Os), and a second titanium nitride (TiN) layer, and the stressed
silicide gate includes a silicide of the first metal. 15. The method of any
one of claims 12 to 14, wherein the intrinsically stressed material
removing includes performing a reactive ion etch (RIE) to the metal layer.
201%6. ThHéveretibodaiizmy one of aiainss! 22dd 3 Syieneireihe lyatgateriortion
removing includes performing a reactive ion etch (RIE) selective to a
polysilicdi¥'peHIthiotitHseHassorPing streRetive ivhatelsiMiEaseiariivede a
having a channel including a first stress that is one of compressive and

tensile afdEYSR0 RIHRNY H€&85hd stress that is the other of

compressive and tensile. 18. The structure of claim 17, further comprising
another transistor having

17. A structure comprising:
a transistor having a channel inciuding a first stress that is ohe of
comprassive and tensile and a gate including a second stress that is the

other of compressive and tensile.

18.  The structure of claim 17, further comprising another transistor having
another channel including the second stress and another gate including

the first siress.

19. The structure of claim 17 or 18, wherein in the case that the channei is an
n-type channel, the first stress is tensile and the second stress is

compressive.
20.  The structure of any one of claims 17 to 19, wherein in the case that the

channel is a p-type channei, the first stress is compressive and the second

stress is fensile.
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another channel including the second stress and another gate including
the first stress. 19. The structure of claim 17 or 18, wherein in the case
that the channel is an n-type channel, the first stress is tensile and the
second stress is compressive. 20. The structure of any one of claims 17
to 19, wherein in the case that the channel is a p-type channel, the first
stress is compressive and the second stress is tensile. 21 21, The

stayctureTplamy SeAdrdaind éitaAReihatelnh thi8aie IRElHI&SEiudes a

stressed silicide for memorizing a stress therein, and the transistor further

includes sireessassiregioncamntemaraing agiveseapbriia|ugingha suessisiicideer
portion for memorizing the stress. 22. A structure comprising: a transistor
having aigdteiéschsiingea siwasseodsiidide fgme matizingudigresdress silicide
therein; and a source region and a drain region each including a stress
silicide (¥R fBr RRERMBEFAJBSERSSs. 23. The structure of claim 22,
wherein the transistor further includes a channel

22. A structure comprising:
a transistor having a gate including a stressed silicide for memorizing
a siress therein; and
a source region and a drain region each including a stress silicide

portion for memorizing the stress.

23. The structure of claim 22, wherein the fransistor further includes a channel
inciuding a first stress that is one of compressive and tensile and the gate

inciudes a second stress that is the other of compressive and tensile.

24, The structure of claim 22 or 23, further comprising another transistor
having another channei including the second stress and anocther gaie

inciuding the first stress.
25, The structure of any one of claims 22 to 24, wherein in the case that the

channel is an n-type channel, the first stress is {ensiie and the second

stress is compressive.
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including a first stress that is one of compressive and tensile and the gate
includes a second stress that is the other of compressive and tensile. 24.
The structure of claim 22 or 23, further comprising another transistor
having another channel including the second stress and another gate
including the first stress. 25. The structure of any one of claims 22 to 24,
wherein in the case that the channel is an n-type channel, the first stress

s gnsilerand g REEPY, SHESSISHORPIESE MRS AR IS SUHEIFE Sfanne

any one of claims 23 to 25, wherein in the case that the channel is a

p-type chanpapthehirstotrsTds-6e83M RSHpRat e 38 ot Sl 8sssiSs
tensile. 23
tensile.
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