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,a nd source.
subethite] THeyhatiel it h&b sﬁx’ﬂ&c[ Un@¥rriRath e Fie Ry wHidh hsdinR@d $\/@r alshtBtrate, such as

WD 20051020323 PCT/ US2004/ 025565 FI ELD EFFECT

TRANSI STOR HAVI NG | NCREASED CARRI ER MOBILITY 5
TECH NI CAL FI ELD The present invention is generally in
the field of sem conductor devices. Mre particularly,
t'M@ 200562038t i nventi on |s |n the field of faBﬁT@&wDﬂmf’SGS
of sem conduc E%ﬁ% ranS|stor "FETs")
BACKGROUND Al g‘@}% BP hi gher
performance integrated Circui- such as very

| arge scale 10 integrated circuits ("VLSI' . As a
result, sem conductor manufacturers are challenged to
i ncre pBr f or mance of transistors, such as

n- chaﬁnél f{efd effect transistors ("NPETs" or
p- chafifRspeert ngepiipn isrepngrally in g gl of semigonductor qopipeygMore pamﬁ%bi the

[ or,t an ur e of
el belh & e e bl gy BROA R b ETEbGR reE
I S raagkeroti aRTIrrent in the FET. A typlcal FET
includes a gate stack, which includes a gate el ectrode
Si t uatcentingngaiemand exints or higior @itf@hmcd iitbgCated BircSiB(INCE sih gl very large scale
drain,. and a channel, which is situated between the

igtegrpted Eiromts "‘i‘ﬂ’é) df %ﬁ°ﬂ‘1"| spmicnduptprimappifactusgts are ﬁhaléeesed tpjigrease the
&@‘Fﬁ&l of &a‘?’nsx as E%axtm%lqi e nig & rtrr;a]nes%ttorlg ‘kpﬁlbg hannel ﬁeld effect
AL G B B et Bl

ctric, SRR over
taﬁmawmsq,%csubameamaV\hen a voltage i s appli ed to
the gate electrode that is greater than a threshold
vol t Qg@mmant mgayey of G€1d ¢fiod) iringist @ If FET @ performpiceis Speedewlph is related to
el ect s in an_NFET and holes in a PFET, is created
°P‘Ff“% aftheical FRlincludes s gas fagk, éi’h"v‘*b‘f“il“&ﬁé BfteelecERde giuaigdqveps gate
e8¢ FeburcAn LI B o AL S EAUREH: oLl RO RS LR 0l licon

I SCUSSe ve,

current that flows between the drain and the source,
a gificop supstrte r Wherl a valtags & apilied to iy gaekectiode thahiegrpaee@tthreshold voltage, a
which is direct] related to the

Bl . oo N8 a0 B GBI o gl B
%ﬁyﬂ@ﬁ intEEe RO dragneom? que t (SJE&%M; otv b ngn gr:mg gatd%cgn'ce

etween gate electro e an anne e gate

vol t age FE'HKiﬂ:usﬂﬁfaﬁﬂ& thE MEVARYYF thtbakrRR is dBééﬂ& 1863 Bk Elgrent that flows
carrier nobility, PET current and, consequently, FET
bafyrertte dsaimang the fopres; dlpseleired PRUFET curntdn thepsasdnt application, which s directly

a 2 er bilit PET perfor mance can
g8 g 2 Bl P e Gl e gy s e et
fidd &eate@set@efﬁz emxaelaﬁ Rl 523 88e &ﬂ;gg |8 dofIRRbcLrr¥tioh. OBy increasing

achi eve increased PET perfornanc
carrier mobility, FET current and, consequently, FET speed can be increased. Thus, as a result of increasing

carrier mobility, FET performance can be desirably increased.
Thus, there is a need in the art for a FET having increased carrier mobility to achieve increased FET
performance.
SUMMARY
The present invention is directed to field effect transistors (“FETs") having increased carrier mobility.

The present invention addresses and resolves the need in the art for a FET having increased carrier mobility to
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SUMVARY The present invention is directed to field
effect transistors ("FETs") having increased carrier
nmobility. 30 The present invention addresses and
resolves the need in the art for a PET having

iVHe PWON8WER3carrier nobility to -1 WD 2005/ 020BOBUS2004/025565
PgT/ US2004/025565 achi eve i ncreased PET performnce.

KERE IRy "EOPE % enpl ary enbodi ment, a FET, which is

situ . Pl ses. a . channel .

sit ug%cgtgdx%xoe‘{nﬁ%%ﬁ%nr ag e g,%gp@,s GrEheEr aé‘bbsﬁ%tﬁ"g -
Enlarin€lsitu@ed iR th€ WAL tThe FETSirint 3énGlscOV @St gltd Geldoth @R over the channel,
where the first gate dielectric has a first

whseeftifeificst gate dielerhric hive firvedoetisiep@fitbérn expdision. FhdFETfrthér@omprises a first
conprises a first 5 gate el ectrode situated over the

A PBOfs AP Y S o Ll et 4 sl lcgade b ek paiiont of
Q&ﬁal @xp En(,)ﬂﬂ wEeQeﬁLe&Lc%d?ﬁQe%icx%& of th »h Sal rgia!ansig Xip g&%elnto tpah da@ H:(sjt coefficient
wher e the second coefflclent of tReria expansion 1's
dlitkrn@ifeRpaiisioh A0 LAR ah inkrSabe i QRef hdbili§ R the T, THo SdcbR lcoeHicient of
expansi on so as to cause an increase in carrier

theyiyil pxipangion; oy betpeeateifiipt théllives coefficion of teoef dxpapsiaarfor egdmple. The increase in
t her rrElI, expansi on may be greater that the first

REEIOPEY Bt De st e forirmnlex diensile st crauisd in d diagpFle.  The

i ncr -' er-Y M-y o TN caused .by,.. fOr.

ex arr%@%,%mggtmésneg{npiea%&"r al nm’cut? ea é%y x?'ﬁwrt°f’1nelpnf‘:eh"1a ne‘1“‘.“'pﬁ%wi
sjp@midcthd Tt §20 dielitSc BXELTM Pick SRNQACIREA to thelghSlinEt WheR gate liner
further conprise a "gate liner" situated adjacent to

by pcthifdicpefficieny oft teermohl expansianranditherpatel spacet lgad feurth paigient ofshetnuabdxprision,
a 'ac%g to the gate liner, where the gate |liner has
2ad Pgie °8‘8b°f’?$°&f“é’ﬁ'?eﬂaﬁl eXPRRSPTHR realek fapy it cosfigient pfehegmp] apansion
5 RAEGise DR udiCH L gefficient of thermal expansion,

and where the fourth coefficient of thernmal expansion

i S gRedidfg tobitarendla® ehbbiitment @R FET e t@hbr cOhpriid aQEcbMgate electrode

expansion so as to cause a tensile strain in the
sigiaiathsineen thp frsygate gleattpdegndi tes fiohaatediclartyd, wireye tiedpond igstesiectrode Ipea third
CF;E}T. may fn%%t her, corrgri se a second gate el ectrode

SRR PR PRLPRRELR Yhigts the fhjrd coetlicient of tefnal expgpion 1 gppatprifhan the first
chekrlcRbt bl heCin : Bl e
ol LB s D i SR
coelfieiedt bf thefinaCaapinfionGo Bfd cadé a feddB stBd in X FRANSH B whefe t@tédsile Qfain

than the first coefficient of thermal expansion and
cqupRg the Hereasy incthreopetipratiobility. @ther fepfurpyrad aduaniagen efitho presest irtvenion will become

t han,.the secqond _cqeffjcient of thermal expansion. so, .
g Py serenc 15 oy of ey s e ar e v viwing s b ine st desigpton and

adeBfpadyBP&hlifgs St rai n 20 causes the increase in the
carrier mobility. Qther features and advantages of the

present invention will becone nore readily apparent
to those of ordinary skill in the art after review ng

the foll owi ng detREHIEECRIPIIN
Figure 1 illustrates a cross-sectional view of a structure, including an exemplary FET, in accordance

with one embodiment of the present invention.
Figure 2 illustrates a cross-sectional view of a structure, including an exemplary FET, in accordance
with one embodiment of the present invention.

Figure 3 illustrates a cross-sectional view of a structure, including an exemplary FET, in accordance

2.
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acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE

DRAW NGS 25 Figure 1 illustrates a cross-sectional

view of a structure, including an exenplary PET, in
accordance wth one enbodi nent of the present
iMQAMEPWA Figure 2 illustrates a cross-sect PEREP2004/@H6S
of a structure, including an exenplary FFT, in
“&‘E%F%ﬂ@@‘mf\m"?ﬁs‘%‘@e"éﬂ’oodl nment of the present
R A 0 25581055 BB P e
“@gmgm&tofﬁgpmtmg&nw%% PCT/ US2004/ 025565 with
one enbodi nent of the present invention. Figure 4
illustrates a cross-sectional view of a structure,

i ncluding an exenplary PET, in accordance with one
enbodi ment of ..f',- AILER DESCRIPTION O ,A :

| PTI ON OF TH Th | i (N
d| re e REeR AR i dgﬁ'?w%%\qt } anusa?sgsf"grﬁgfn ; nvecn avm%lkr%obmty
Th@ﬁﬁ&@r% @chﬁv@(fnrcbl@ins E@Qﬁc ihdrifation I;Elqﬁmrfg% 61&%15}&:16@05 Gf thelpkekea

contains specific informati on pertaining to the
inivenpidne O skiliddiinothe atfwill rer@gnie g e breseit iv@irin i be ifghlemented ih b @ghner

inthe art will recognize that the present invention
diffgrent fem emwwweﬂn emwlxcanﬁereﬁtsowr S Hhe pRgcifc details of
fically di sent application.
mﬁ/ﬁ‘veno()\l/‘gremtg%cne“dé?m thsoogscczlrr “Pva“e"f’a. s of 10 the
| NV efHe aRingdd Eﬁhé’b%enﬁdpﬁﬁ%%§ﬁéjthéﬂ’hc&ﬁmgﬁ§mém&ﬂeﬁ Bes@#BEdh Whe Birected to
the invention. The drawings in the present application
meareigl exednelary enghodioawys afthei inveptioke tTa mbiatein blevity, ror;hp'ternbndmalteof the present
directed to_ nerely exenplary enbodi ments of th
urvneeﬁremﬁpwﬁval%rcmme By paPYjcati g apesre f@ﬁf%@?ﬁ%mwby the
p&@ﬁdﬁ l£sent invention are not specifically described
the resent application and are not specifically

i1 usigubeatsBsibs Diross-Btiondd VBB 8B exSHpRY sB@fure idfudifi Blékefipldry FET in
shows a cross-sectional view of an exenplary structure
adeprdphag glitingpe anboe'mempﬂﬂamyseﬁ@?enﬁw Smmrlﬁidmesm W%ﬁ@h is situated
enbodi nent _of the present invention. Structure 10

o KIS lﬁﬁroszdesm Yo 106, Wi el P ey .lh‘&a&d efg fielectric
e A OF A TR g B ok BB b 0F Sy §3h Rromore
psyur ce 108, drain 110, and channel 112. In the present
enbodi ment, FET 102 can be an NFET or a

As shown in Figure 1, source 108 and drain 110, which are formed in a manner known in the art, are

situated in substrate 104 and channel 112 is situated between source 108 and drain 110. Further shown in
Figure 1, gate dielectric layer 116 is situated over channel 112 on top surface 118 of substrate 104, By way of
example, gate dielectric layer 116 can have a thickness of between 10.0 Angstroms and 15.0 Angstroms. Also
shown in Figure 1, gate electrode layer 114 is situated over gate dielectric layer 116. By way of example, gate
electrode layer 114 can have a thickness of between 500.0 Angstroms and 2000.0 Angstroms. Gate electrode
layer 114 can be deposited over gate dielectric layer 116 at high temperature utilizing a chemical vapor
deposition (“CVD") process or other appropriate processes.

In the present embodiment, gate electrode layer 114 and gate dielectric layer 116 are selected such

that gate electrode layer 114 has a coefficient of thermal expansion (“CTE") that is higher than a CTE of gate

3.
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PFET. 20 As shown in Figure 1, source 108 and drain

110, which are forned in a manner known in the art,

are situated in substrate 104 and channel 112 is

situated between source 108 and drain 110. Further

SHORMISPI323F| qure 1, gate dielectric |ayer 11BCTAS2004/025565

situated over channel 112 on top surface 118 of

diclepyec Inver 146. Riyus, as piyafergqmpgfing sww&@wl%ﬁ%afm gate glectrpde fayer 114 has
n _have hi k f betmee 100

et ot R ol Dol PERET SR et xt o ik

bR @aneghts&aa&@{é fayer BXCAs alréeﬂn, et i ah%ﬂed@%%xmg 242Ewhich increases

dielectric layer 116. By way of exanple, gate 25

catie obbikiglie FERL02/In dnd dntodimen BB 102 ista RFETkwhile gatedfeleddnixt Layeral 6 and gate

500.0 Angstrons and 2000.0 Angstrons. Gate el ectrode
clegiipdelaygryld4 srospleqisd s%% gt dislpotric/ayer Y& hasa Gt &WMW&;%F of gate
ure uti.li hem c

Feadirsh TRt ed S o R caie
b0 GIReeeT. | N the present enbodi nent, gate el ectrode

| ayer 114 and gate dielectric |ayer 116 are sel ected

s uc hFigirbiadhovga biossedctrmsl vied of ah egdplard drdetineiscligling oskduiplady ¥BT in

of thermal expansion ("CTB") that is higher than a CTE
a@Pwa’s& “é‘h 0“63‘“%“‘2’6 0@!“0’?@33'23"‘4"@}’/ Sospoda9 '83‘5’536? 202, which is situated
on fugstra {;Eilj&gé/ mcludr.s §ate sta-gc]% hxclsl ing u(%é? f er %tlarss % 1@ gnd 220 and gate

PUct Ure c00 GOWA arY

dikibdrid18er 210 8RRe zbemnz&@m@smﬁai ﬁh sllﬁmx@mt M)ﬁ &ET ﬂﬁtcﬁl be an NFET or
el ectrode layer 114 decreases in size to a greater

a@RETe i strfcituree?00 i igirak Substrae L@) sobriweR8, gaih @10ckne Frewklr 2l Zeolrapond,
116. As a result, tensile strain is created i n channe

TepppStivelyfi selﬁtrwe‘f ENER 08, d@aﬂﬂ‘? and chagpst 117 tnymmmﬂ@r 102. In

one adi . F

di el g\énthrown in 1 é 2 ge%ldée tric ayer 1s g&atr&l\h r % %gglnet?p sﬁaﬁe 218 of
skt 361 8¢ _tvﬁy@fé;hkﬁﬂik gabatelegﬂ&@emw&assawa:ﬁcdn@yaroez&ééldmgﬁoms

CTE that is higher than a GIE of gate electrode |ayer
akd)14.0 Ahgytrozng.cAisosshdyo éhi Figera 2, gate elerprode dagdr 929 issityazil pvei gate dieleciricdayer 216

i n channel 112, which increases carrier noblllgy in
apdiay pomprise, for |°’§‘H‘P1E' palycgypfgiipe silicop proter agprepriptematqrial, By v sf example, gate
BASIUAD B G bl sd PELHE B0 Al B PR SO WAakelrds Furter shownin

d th one e F

accordance w e present

Figity £, 3itd éMdrodSEop ikGlukdte Cover @hle m&e&du ot andiay codfprise, fMRkamiple, sBicide or
situated 10 on substrate 204. PET 202 includes gate

oty¢r appkopRaGnaterighi Bshway ofckamdlesateel¢crode faper @WG@@N%W&@QJ&‘W““

and 220 and gate dielectric |ayer 216, source 20
4%’r°a°t“?ﬁ“?‘is@“d D i oo gisode N P e st srode v

2208hi suﬂ’é‘tgfate ‘EE‘EJBPLO% fhddGler e 200 in

Flgure sour ce drarn 210, and
channede eaﬂoZﬁmS@ 6frnaw&mdnvenu&ﬁﬁ pged g, y@ eYctrolidlaysid DRI ahE2Band gate

104, source 108, drain 110, and channel 112 in
diglpqtrig dye 2o a!p(}@ected such that gate electrode layer 222 has a CTE that is higher than a CTE of gate
electrode layer 220 and the CTE of gate electrode layer 220 is higher than a CTE of gate dielectric layer 216.
Thus, as a wafer comprising structure 200 cools down after gate electrode layer 222 has been deposited at high
temperature, gate electrode layer 222 decreases in size to a greater extent than gate electrode layer 220 and
gate electrode layer 220 decreases in size to a greater extent than gate dielectric layer 216. As a result, tensile

strain is created in channel 212, which increases carrier mobility in FET 202. In one embodiment, FET 202 is

-4~
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As shown in Figure 2, gate dielectric |layer 216 is
situated over channel 212 on top surface 218 of 15
substrate 204. By way of exanple, gate dielectric

| ayer 216 can have a thickness of between 10.0
ANE3005420323 and 15.0 Angstrons. Al so shown i nPETHE2084/25565
gate electrode |layer 220 is situated over gate

HTET bilegticdidlegjieleyepl6 and gateiclaringgie laxsi 320 aak222 frp Peleetﬁdéﬁ‘iﬁlﬂ@t gate

B-E D Eh by i B plbociacll pfinn P Bre B e

@cc&&l& ﬁ}ﬁpﬁ§ R h@lﬁer @&ta\@'ﬁ B¢ gltg ngoaﬁﬂ%? ﬁﬁoﬂﬁucﬁ %oéggn, Qompreasxve strain

Angstroms. Furt her own In Figure 2, gate el ectrode

iR chehtel B chahifel PAD, BlickOdasegQbrRr IbAGINRPEER20 and may

conprise, for exanple, silicide or 20 other

appr Sfst 3 showsperrossespatipnal vidy ofiampxerplana seehyst including prexemplary FET in
can have a thlck £5S of

AL NEYE RO MY I
An@%gfate 3&0 FEP4H %u&?%%&%@k%{s QU BlincBAL SueCle8OEI 108814 BN Shte dietectric

220 at high tenperature utirlrzing a CvD process or
16ye1a 8Y6 afiBR4, Sdufce FB Qirgd G, @fiSRSnel 17 ditiRr 18 AP, /ABM B02QEn He AENFET or
present invention in Figure 2, gate el ectrode | ayers
aPyBT. dne!r ughr309 hld’i@aﬁé“bsweép‘b eource 398»Ida1§ﬂéi0 gl Ghapypel312 correspond,
sel ecte uch t hat t er 22 as a GIE
Tt sﬁeﬁ?w’{y HelOt SRR 9@ {fg‘t"%"‘ é‘sg'fc%’& P&)de | ayer
220 ag ﬁm\tnhﬁl’« %5[ ?Jte Sabfe lﬁJePﬁé s Qe Ged oRY Sﬁimngl%(?z buSop Mur8hBET18 of
than a CTE o dielectric layer 216. Thus, as a
swiatkaBr 30 oM sy cBrhpiige siibsnlddkidd @@ otRd Ghpariate Fielda@in ARD Elﬁfm if) Big@e 3, gate
el ectrode layer 222 has been deposited at hig
dF@PFb%‘PYa*t 334 i situggedioper gqtadidlectgefiaver H§ e m@%’mﬁé‘bﬁ*l@a‘s‘%dﬁ opjother

| ze t

t t th t 0
B G B B B0k DGR SRS bR e
@arteee@t@ae @y&ts@n&ns sit@bver e &kx&@kﬁa&& 3343Vi8h te%;la@a iBing a CVD

result, tensile rain is created i n channel 212

pvdmsuhomdna;tpe»m@rocmefl er mobility in PET 202. In one
enbodi ment, PET 202 is -4 WD 2005/020323

PCTI BdF@ssEreebTgsnt gt PFEW%?TP@ apgats diglpcicdayers 316 apdgare
sc%ecg?1 su{:lﬁha?ga&e&ec%o% ayerc}'(ii ﬁXg%rr%l‘g %anla(g% éa% d%ié‘b'gsi%eylﬁrej% aeng gate

rrc aer

dl&legﬁﬁiyett?,bﬂﬁs ﬁlﬁmwﬁéﬁ of La@‘afefé&qﬁayk@l/@ Frhes?dd a Sh¥eH chﬁ@xsmg
CTE of gate ctrode | ayer 220 is higher than a CTE

sofctug 4000w deed afterchate ble:yeie 1a962 214 hhstbees depbsiteiubioghi tenpexture, gate electrode

HFYESSIVG strain is created in channel 212, which
IR G HSERES gt & BB bap s fliqfeffde lpm??‘* ans sitp Qj¢lgotaic layer 324 is

re%m d% t& :{ gre%ér exten El‘a.n agldfﬁl\le/:z!.fx% ayer 316a a.s g4 Je¥tfal}1n J clile%&a&j{n%hannel

I Ng an exe accor ance W

3ENREARRALSs cafier tnbﬁmprms@ 502, indNRRbddRRnt, ERIrBOIGHE um'r%@& gate
i ncl udes PET 302, which is situated on substrate 304.

dielecfric3(és 310 eld 32komd gaetelecttieclaylr 3306, selwdtrd @uoh ihat eﬂuﬂe@trig layee316 has a
el ectrode | ayer 314 and qate dielectric 3yers 316
&Btmh“ SR A TE obeyts dielgpuit Ipyer3qtpnd &F?&‘elff%w‘i‘yé‘l 242y higher CTE than

é&‘mf gﬁg electrod ﬁyer §1Q2m suc Eem uneng éaorx]npgsesxve strain xli%;eratgir in channel 312, which

increases carrier mobility in the PFET.
Figure 4 shows a cross-sectional view of an exemplary structure including an exemplary FET in

accordance with one embodiment of the present invention. Structure 400 includes FET 402, which is situated
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a PFET. In structure 300 in Figure 3, substrate 304,
source 308, drain 310, and channel 312 correspond, 10
respectively, to substrate 104, source 108, drain 110,
and channel 112 in structure 100. As shown in Figure

VO 2006/020883¢| ectric | ayer 316 is situated ovePCHH 25565

face 318 of substrate 30 "
A Erf%é S5 152 Per 05, e . S sl e 426
‘?At@sk;&&; ’QQSC %2 g&r %%Fg’!‘ rd ?ﬁﬁ‘ %(5 xh ﬁigure 4,
ayer 324 is situated over gate dielectric |ayer 316
s Ehte MY soRREGDB,| dfat 250, hrid GRABnel 12 EkrébBon@ resRERELY, to sARRIOIOL, bdaice108,
di el ectric. Further shown in Figure 3, gate el ectrode
drain1d0, ag phpniek1 13 intspe d00over gate diel ectric 324. 15

Gate el ectrode | ayer 314 can be deposited over gate

di ol ASIPYR Vg ssiaoce g Blrst 1 Ot 7K 4F fbegee suck
[,0

o0 bl G, 26 mphoiES oPRBHARA! Auf0 DS T ek g

Hiléred26 G H28Gurelsid@d Grer3ubktratA04 adPdte Ao eimat&&hje&h%sﬁééﬁh sitid3 3t gate
gate el ectrode | ayer 314 has a higher CTE than a CTE

stafk 49@3@9! wali of brample, ate linery/426 ar@ 228 mmvegdtl@nessrﬁf betweert 50j0@ngstroms and
28ﬁ¥ 324 has a hi her CTE than a CTE o 426
Al hywpin 4, g9t pRacers, 0 ap ﬁ%?f”éers‘”{?tﬁ%‘tﬂ“?%’r gptedigers
aﬁééﬁj ?Jsﬂégueel;’ %.ascéag Hjﬁersd‘%/m @E ng Em&éﬁb@m&k? %%?43'0 §1¥1§§2 and sides
eposi ted at

314 has been tenperatu gate
ofgar 6thdk @B respkclyeB and ﬂréaléo&umm rdspectik gal shadered3()ird a32Qhd substrate
extent than gate dielectric layer 324 and gate
“Welectric layer 324 is reduced in size to a greater

R R S TARNE Y L S N

dl 930%Rd 43b flve BOive vOPfE 426
g odi nent, PéT §52 |seéh%gggmgﬁgfégggﬁtaldlefg%?$?%m 2

| abdAPR 148 a aauﬁ, ferfathila 2¢dsofid wel digpadeed aRIve @hsilO@hain Isaig@éd idchéhnd B2, which

sel ected such that gate dielectric |ayer 316 has a 25

incrygses cwer mpbilinyip BEIEA02-t I ane eaboerr@td’ﬁl‘ g(&tuei REEE meile gate liner 420 and 428
4 and te el ectric |layer 4

ot B a5 0 e PR L oS 20 g e e e

CRRITBSE Satels@36hhd B NAd sSeshi R€livk Brafn AARNGin channel

12, mhrcﬁm I NnCreases carrier nnbrlF??krnwthe PFET. n chene

412} whith dcrdass lapiivs mebildy o e PEICt | onal vi ew of an exenpl ary

structure including an exenplary PET in accordance

vvl t hTtgy e digsisedabaye By selsqting gite elaquadeaprt diqleptyiplaversfi gate stack to have

e ot B B8 e s0baet TR ol Bl B g o

inffe EhathfdFor h AEH, MOBSTs B o, abaasrhoﬂ(;\@ ar ereg,eségﬁmm; virageously
410, channel 412, gate i ner" 426 gat e spacers'

adm&%m&MthamnmﬁﬂaEMﬁEm‘Mﬁﬁﬁmﬂ@ﬁumaaebﬂu@mmNﬁETmnmwthw
PFET. In structure 400 in Figure 4, substrate 404,

selefing gats elaeyagde apr diglegriolaysrs ofagte stprk thrhave approprigieypspectiys sppdficients of

rmﬁ prgntsxkg,/ ﬁw Xrbsexgt 1onv€cx’x gxsért:hge@és %cr%a%éi’ consx’porelégx&lesﬁmnoé the channel of a PFET,

which results in increased carrier mobility and, consequently, increased performance in the PFET.
From the above description of exemplary embodiments of the invention it is manifest that various
techniques can be used for implementing the concepts of the present invention without departing from its

scope. Moreover, while the invention has been described with specific reference to certain embodiments, a
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drain 110, and channel 112 in structure 100. 5 As

shown in Figure 4, gate stack 406 is situated over
substrate 404. Gate stack 406 can be gate stack 106

in Figure 1, gate stack 206 in Figure 2, or gate stack
Qﬁ@z?“gm?ﬁlsﬁure 3. Further shown in Figure 4, §ST/&S2004/025565

i 426.and, 428 i tyat ed trat 0 d
e et e Vel ol e basdsout b A R 4 e g B
&E@ﬁ frénoﬁe spﬁy any\@RY/ scgge oﬁﬁ%mﬁgn. ’I‘geac{e@nlle!i &%ﬁarf'gx@oﬁﬁgta é!g & be

can have a thickness of between 50.0 Angstrons an
Mlered iARGBshéc BFllustili GAndErdQviBictiva. THheId 480 B¢ unfbastodd {d &e Rbeation is
430 and 432 are situated adjacent to gate liners 426
nptyimitertto tho gprticplss gxsmplary eretiodiments|deseribedchanein, bhfiypapable 4fx@nyreprtangements,
4 are sjtuated hetween gate spacers.430 and 432 and
Egonsgpe 8 tﬁi‘“émgstvﬁtg?{“ 5”6““8 g@é‘ﬂ PP Ofdieynveniony are al so
sit U%@ﬁﬁeﬁ%&eeﬁmh{o&%a@ﬁ%my&gmﬁaﬂﬁgg it 0 B0 eddiRRa.
and substrate 404. In t'he present enbodinent, gate
liners 426 and 428 and gate spacers 430 and 432 are
sel ected such that gate spacers 430 and 432 have
respective ClEs that are higher than respective C'Es
of gate liners 426 15 and 428. As a result, for
simlar reasons as discussed above, tensile strain is
created in channel 412, which increases carrier
nmobility in PET 402. In one enbodinment, FET 302 is a
PFET while gate liners 426 and 428 and gate spacers
430 and 432 are selected such that gate liners 426 and
428 have respective CVEs that are higher than
respective CTEs of gate spacers 430 and 432. As a
result, conpressive strain is created in channel 412,
whi ch increases carrier nobility in the PFET. 20 Thus
as di scussed above, by selecting gate el ectrode and
dielectric layers of a gate stack to have appropriate
respective coefficients of thermal expansion, the
present invention achieves increased tensile strain

in the channel of a FET, i.e. FETs 101, 102, 103, or
104. As a result, the present invention advantageously
achi eves increased carrier nobility in the FET, which
results in increase PET performance. Additionally, by
sel ecting gate electrode and dielectric |ayers of a
gate stack to have appropriate respective coefficients
of 25 thermal expansion, the present invention

achi eves increased conpression strain in the channe

of a PFET, which results in increased carrier
nobility and, consequently, increased perfornmance in
the PFET. Fromthe above description of exenplary
enbodi nents of the invention it is manifest that
various techniques can be used for inplenenting the
concepts of the present invention w thout departing
fromits scope. Mreover, while the invention has
been described with specific reference to certain
enbodi nents, a ‘

-7-



10

-6 WD 2005/ 020323 PCT/ US2004/ 025565 person of
ordinary skill in the art would recogni ze that changes
could be nmade in formand detail w thout departing
fromthe spirit and the scope of the invention. The
descri bed exenpl ary enbodi nents are to be considered
in all respects as illustrative and not restrictive.

It sEouId al so be understood that the invention is

not M to the particul ar exenplary enbodi nents
descri bed herein, but is capable of many
rearrangenents, 5 nodifications, and substitutions

Wi t héut db FETsitwaied ovena Nbetrm(dp@ gid FER comprisingi on.
Thus, 1 € ghafild gﬁ%@aﬁ@& bR Sbdnafelelon) havi ng

i ncreased carri ‘escri bed. -7

LAl VS alﬁrSAgEtETaxejmtléd) mmetred avaudaid claneel (102)) said first gate

i dy 112 t uat ed d
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a se nd coeff|C|ent of thernal
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exp é ! aé'"l#ﬂ 1\{F9? C“in&Q 9!'2‘8 eXPPRSIRE ed adj acent to
said fir atgaﬂsaé et (B3 ey 's@ua(eaja@ acen? 3 aid Le AREE shilMRfe spacer
having a third coefficient of thermal expansion; a

gat ehag‘ﬂééé‘?“"@FQBﬁ.‘&@QWféh%ﬁteéﬂﬁn&lﬁ{l’acent to said gate

I'i ner, SWhQreﬁxasIaﬁi @?@E&? and'éd Be ?p t:é}u‘{ré El’]l&:?eﬂfs(xél{: {h&aid fourth

of therrral B_gn& on; wherein sal gate |1 ner sald
gat €ofsient Ofa gl | QXpans9N ois eteaten thans sdid| thiod codfficient of thermal
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coefficlient of ther exparrsi on an
f i r $hat gpid secand peafficient ofithdrmsadiexpansions is g;attﬁ thdnesatd fmimoefﬁcxent

ar e o?ﬁl}ﬂ%‘atl aﬁi’i&bthggg% an {engxggs% érg?%n? xpglillnty in sa1d FET.

t hermal expansion 1's
coeff|C|ent of thermal expansion thereby causing an

d FET. 2. The FET
of 21 a1 PR NFEPE i EP s i e o sl o mpbfty s aused by

20 noba kensile strainacacaseddn Baid channel (112).

25
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3. The FET of claim 1 further comprising a second gate electrode (220) situated
between said first gate electrode (222) and said first gate dielectric (216), said second
gate electrode (220) having a fifth coefficient of thermal expansion, said fifth
coefficient of thermal expansion being greater than said first coefficient of thermal
expansion and said fifth coefficient of thermal expansion being less than said second

coefficient of thermal expansion 5o as to cause a tensile strain in said channel (212).

4, The FET of claim 1 further comprising a second gate dielectric (324) situated
between said first gate dielectric (316) and said substrate (304), said second gate
dielectric (324) having a fifth coefficient of thermal expansion, said fifth coefficient



20 a tensile strain created in said channel (112). 3.

The FET of claim| further conprising a second gate

el ectrode (220) situated between said first gate

el ectrode (222) and said first gate dielectric (216),

said second gate electrode (220) having a fifth
coefficient of thermal expansion, said fifth 25
coefficient of thermal expansion being greater than

sai d of thegnal eapdnsion ibeing las$ tltahemmﬂrst coxfifiaiest effithamdl epibion and

fift sonbe | e t han.. .
sai o 5 S 8GR SoeioR or el ep PR RFng fsaice o €8 it Srcien
causef ﬂxextxmhmplaasmt goas fo dalsesaxbibile Rl saidZhahnel 312)The

FET of claim 1l further conprising a second gate
dielectric (324) situated 30 between said first gate

fli el 6ct ri & PEBTGuateichverd ﬁbm&sm?t@dmoo nipAkidg:second
gate dielectr &324) havi ng 1fth coeffici ent of

t her mal e%&‘éﬁ?h&ﬂ )§‘é‘f‘t6d¥"isf‘ldﬁ“'?§6é‘ietq% ent 8 of

t her mal Ehxﬁx%f‘?ht@ Qhé?&:'txﬂg(l @)Sﬁtuﬁﬁé%véaéa‘i"d f:l'la'hﬁél (112), said first gate

h
coeffjcient of thermal expansion and said secon
coef fiFlesten {116} havingafirst ce&%amﬁ of theeal ggpagsienit er  t h an

sai d firstacophi efebifddl (12 sftmé'd er ?2? ?Z% f%@ &gec"{‘r‘f‘c Q\QG), said

cause a tensilTe strainin’sald anne
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Cubot 1t o poler C2BREh, bl adbiebo i ol lctectic (116) sai
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si t ugstedihenhavingsethidd coefimientt of tharfia) expanmbn‘l rst gat e
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expansi o2 Titer VR0 Brlalds b 1a 55 3 e qG AR specer
sai chating afomtceeﬂﬁlczehtamﬂthmnal(eiﬁﬁ)mn said 10 first gate

selectrode, (114 ecqond coefficie f r.mal
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of t?glﬁ expansi on; 15 wherein sald gate |iner

and
sai @f themal expansien, thesehycpusingcy inciase Wreatrics Hloblhﬁhmrséld PFET.

20coefficient of thermal expansion is greater than said
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fourth coefficient of thernal
6 The PFET of claim 5 wherein said increase in said carrier mobility is caused

by a compressive strain created in said channel (112).

7. The PFET of claim 5 further comprising a second gate electrode (220) situated
between said first gate electrode (222) and said first gate dielectric (216), said second
gate electrode (220) having a fifth coefficient of thermal expansion, said fifth
coefficient of thermal expansion being less than said first coefficient of thermal
expansion and said fifth coefficient of thermal expansion being greater than said

second coefficient of thermal expansion so as to cause a compressive strain in said
channel (212).



expansion and said first gate dielectric and said
first gate el ectrode are selected such that said
first coefficient of thermal expansion is greater than
said second coefficient of thernmal expansion, thereby
causing an increase in carrier nmobility in said PFET.
20 6, The PFET of claim5 wherein said increase in

Straifhcr dit BEEF at bl Enfifamprangs seoomd Hesipre GR4 siated

cl ai roefwekhl fsﬁibeﬂirsthd’t@ dieRktfid (316)emANAidIRbSrAd BRI AR second gate
(220),situated 25 between said first gate el eCtrode

( 222)dielsstricERH) havingra fifth eoefficiant of thernal BamBsion said fifth coefficient
Secony theftil i ki i
coefficient %)(‘)I?Jnta ﬁgPQng?gééﬁg%a&@giﬁ m%é:?%ﬁi? llfm%tﬁg thermal expansion and
eoef FSpidiseqend gpeffipientrnf|thesnplzenpansiontbeing dess dban safdafirssenetficient of
fir Stthe?rﬂﬁfetcbﬁ?ﬁﬂgo 0 10 LARE MBmprEtRA LR T SR h%r%e?ﬁfl by th
coefficient of thermnal expans?on berng gredier an

said second coefficient of thermal expansion so as to
cause a conpressive strain in said 30 channel (212). 9

8. The PFET of claim5 further conprising a second

gate dielectric (324) situated between said first

gate dielectric (316) and said substrate (304), said
second gate dielectric (324) having a fifth

coefficient of thermal expansion, said fifth

coefficient of thermal expansion being greater than

said first coefficient of thermal expansion and 5 said
second coefficient of thernmal expansion being Iess

than said first coefficient of thermal expansion so

as to cause a conpressive strain in said channe

(312). 10
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