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FI ELD EFFECT TRANSI STOR HAVI NG NCREASED CARRI ER

MOBI LI TY TECHNI CAL FI ELD The present invention is
w@ewsnai3ky in the field of sem conductor devi CECT/UMMO€025565

particularly, the present invention is in the field of

f abri cati on FHELR ERFRChURANYSTOR HAYINGANEREASENS| st or s

("FETs"). BACKGROUND ARRBIERIHIBIHIINg denmand exists

for higher performance integrated circuits ("I1C"),

such as very large scale integrated circuits ("VLSI").

E%Cﬁﬁé'!}t% E‘ﬁm conduct or manufacturers are
ch ncrease the perfornmance of transistors,
Suoﬁle seft: 1%&?9 glggIe}a #ﬂ th%ft‘raﬁ Sltsel}u &H&Jto? ?%%ESPZJ‘%: A::l;rﬁnl r}:yhthe

or p-channel ect transistors
preséhk ﬁvéﬂﬁdn id 18 @A k1A of S8%icatfoR 6F SbIRAbIRAD hiel MBRS WA RisREs (FiEgl4l
effect transistor ("FET") performance is spee whi ch
I s BadkairedNDOARIr rent in the FET. A typical FET
includes a gate stack, which includes a gate el ectrode
Si tAi@h@ding derandexipstie highe pettmanc, integrB8a@ivirods ETLY), suct psiiery large scale
and a channel, which is situated between the source
integsgied cirtyéis VBIIN- v 2 sl seiniserducia gnuiagtueers afrhaliehesd Wélhcreia@ the
al so situated underneath the gate dielectric, which
perfrmpnGetf danstioe sugh & fiskappeh fidd e@ﬂ%’ﬁ“é‘é’“é“@ﬁl’ﬁ”& gjip-channel Tl effct

L. voltage is applied to the gate
tranSIS ésc(tP{FgIr ﬁh?mghhzedéa r than a threshol d vol tage, a

I
N?é%% g%f 1teﬁp éaSlﬁe (ﬁfl?glrd %%ﬁgr%%lgé&g ?’gg? g%folrrﬁfln?eﬁg gpgﬁlswﬂlﬂil @& ated to

currddYin @R PEY.I AgpRal ‘FQT 3@ b Sud 8k, Vhidh Aci@es Q@e ebeBidode Stuated over a gate
current can be caused to fl ow between drain and

dielestit) faG@irce kil 4 dién, Ekdla cHinS€ UasoR b sa@W Btwich @e Bk biditye dddin in a silicon
the carriers is directly related to the curyrent that

subsfritey e detnpaersotshated mademeatinbe dakedickottic, odich mbkigated efees substtate, such as
to as FET current in the present application, which is

a Sﬂia?nrswﬁt%f Whep avddectinapplrd tosyemtt clseirophigat SEEreateCthn tarpshold voltage, a

bility is a function of, anpng other_things, .
laye&ngw-ﬁ@f S Gt &€referieont ngp HFREK aélgwif Hb%’?%gelﬁ gf@ﬁffdén the channel. By

appl}g llbgna vtoftaggl% therzidam (g%ln E’EJI‘ xrrenp can actauesecy to ﬂo e%?veean d d %Qrge

| ncr easing carr

cu rIﬂ ﬁ@ﬁE’I@ﬁQuss&Q@é@ %ﬁq{thlyy of Egg—aﬁ&ﬁggreg@r}elggd tb ﬁlg Elﬁ@ﬁ%’t flows
Thu as a result of |ncreaS|ng carrier nobilit

betwia rtlfe@fa[ﬁ&ﬁ@ e SaRe, B0 AREED BRI BT CRedn A §8 Gresent apphcatlon, Wthh is directly
related to the speed of the FET. Carrier mobility is a function of, among other things, temperature, electric
field created between gate electrode and channel by the gate voltage, and dopant concentration. By increasing
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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Thus, there is a need in the art for a FET having

increased carrier nobility to achieve increased FET
wpegosoeasence. SUVMARY The present invention i SPCl/USD€R5565

to field effect transistors ("FETs") having increased
achiewgfincieased FJlpietfortognee. The present i nventi on addresses and

resolves the need in the art for a FET having

i nchaserdiagito eag ax¢relarygniodieny, atfBE cHiichssitiated peen 8 sufstRE;comprises a

per f or mance. Accor di to one exenplary enbodi ment, a

charagh sl Pk St (HIB R R PTR S LA eRE 6 Gl dphaden g el

wherertll}rg'llrrlﬁt ate dlegec?n]c g§€ ﬁgsé%og 81?1% ?é %{1%%1 gxpgxilstoa a{l;l?}‘ﬂgglg‘%er cHrgpnses a first
gate%ﬁa eeiltuatmger etﬁhs‘t:3 ate e‘?etctng %gre gle ﬁrs ale e 'Ei I%as econ(i%(gefﬁment of
F S thoriest Rk e P P

coeffticlent expansi on.

therfnfl gﬁfaﬁs%ﬁ Scln@wl(eker i secg)ﬁ& &)eﬁl:lgrﬁ by t%ﬁal §iptaljr§f'ﬂ1 %th@/eﬁtr thatn I'tlﬁ first coefficient
first gate dielectric, where the first gate el ectrode

of tHeRBI! &pHa610ds 6 0fhd dn GlcRE irQhrrit AR in 8 PBIN SIHe Bacor@REkficient of
where the second coefficient of thermal expansion is

therlal Bfpaws@ninag teareatehibat fhe fist coeffieiér bitheernid! exphnsioh &sri¥@dmple. The increase in
expansi on so as to cause an increase in carrier

carrigiyisibilitt ngey ibpycapdee by BT exaible, ad@silsrstlaic oestell iirctheghpnnelf  t her mal
expansi on may be greater that the first coefficient of

t hehdafingR ﬁ’éﬁfé‘?‘%ﬂlﬁw FRopdimsh s IFE T mphBrthen empEEse “pie liver” situated
be caused by, for

wiof o o G Al B oot A RE B0 Iy e s o
has ; Jlﬁéoo@ﬁi&gﬂi’ L@ﬁe}éna?%gq oﬁr&nratthe tg tQ ?pa%,?ﬂ;a rr?()(nth %Joel{ﬁmgx%t ﬁf th?nnal e)fpansmn

conprise a "gate IIner jacen
and gﬁi(ﬂh&h}lﬁ‘lh%%ﬁ&eﬁt c@ﬁlgmﬁl ex%glgn S Rek& Ehan tfﬁe &H@Eo@ﬁ’ﬁcﬁmo%&ﬁh expansion
to the gate liner, where the gate liner has a th
0 2010 eufl aénGiR st in 3 @B expansi on and the gate spacer
has a fourth coefficient of thermal expansion, and
Wh ekceordiilngeto Digierdniplagoefbbdineng itite FET ntafartien bongxiparssionigaie slectrode
greater than the third coefficient of therma
situgged 'nggep &a fiseagslegtypdeand & figst gatersidglectaic,ghera fha schapdtgp;e electrode has a third
channel Accordlng to one exenpl ary enbodi nent,

coeffigept offRypal SxpARgiPR. & ‘ih? igd %?eféléle‘s ﬁth‘glail éXPé‘I‘Sé’&t‘SrgEFG@f i the i,
etmeen e t ctrode
coefﬁmen%l (%tthem% exganmf)n an% me th1rd méﬁrc%at oﬁ télerglglc o]%]aasmn 1?1833 g1an t% se(q)calg

coefmt & tkIeQﬁa[ eg(p ??rlr sfo agt!o%ﬂlrse aotgxﬁﬁehsﬁﬁl lthe%zﬂlﬂa Sén&) Qheré’\fﬁeetgrﬁﬂe strain

he third coe ci ent of ernmal expansion Is greater
caus&sh@ﬂn&éﬁ@ if thd @kriefR&Hilflty. ChRM teatOies 4nD SAVARA ge £OF AR PREBNNBRBn will become
the third coefficient of thermal expansion is |ess
mord fxlily 4ph@ens @cosCbf odanbdy sicil artie a0 hfidr FRlcWm) the Kjlawis @Ril&Qle@Sption and
to cause a tensile strain in the channel, and where
accopnpaaying@igiibgs. strain

BRIEF DESCRIPTION OF THE DRAWINGS

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
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causes the increase in the carrier mobility. O her
features and advantages of the present invention wl]l
whewsne3edre readily apparent to those of ordi PEF/YS2004/025565

skill in the art after reviewing the follow ng

with dhe traobi@@nidese prespitidentiand acconpanyi ng draw ngs. BRI EF
DESCRI PTION OF THE DRAWNGS Figure 1 illustrates a
Cr Bigwe 4 dloduiaesadrosy-beetivnd fview o4 structtres irgluding el ewetiptpgy BT, in accordance
exenpl ary FET, in accordance with one enbodi nent of

with gy emippdigairef the proseritifveion.-Fi gure 2 illustrates a
cross-sectional view of a structure, including an
exenpl ary FET, in accordance with one enbodi nent of

the present iny n{:g F!gi[§ g ::: a
cross section i bpsc iﬁqéﬁﬁgﬁlng an

%ﬁ%)ln %&X 1n\I/:e%:c[1- I is g}rea%ﬁg %1&9%@%4 {\sﬂtopsrleFE%gt? Raqr nmlteasgcf caﬁﬁxemoblhty.

pr es F AVERT oh I gure ustrates
The ﬁ)ﬁ&ﬁﬁ% c@&ﬁfyﬁog Rbkaind %ﬁ%@lﬁlfoﬁnaﬁ&{ HeGLiME Lo the REJIdABhtR D 8fthe present
exenpl ary FET, 1 n accordance with one enbodi nent of

inventift CRE QIRA T thd BT dednizcd dal it hrbdoh DESERL By delingmehietEin a manner
I NVENTI ON The present invention is directed to field

differeift fre that speifRhlgtddEssed infic pesidnt dpalidatig. Mocpeasad o de sieeific details of
nmobility. The foll ow ng description contains specific
the iniverfior aator disrupetin ederineido ebecutetikee ilveploenrent at i on of the
present invention. One skilled in the art will
re g‘bqﬁqq\@@s tnﬁytprqs%apﬁmég@ﬁfd tpwpéwwmﬁg?m]ﬁ%descmptmn are directed to
e s leeP D Py SR R Y RGP et iedefts g o pesen
reov
B SO AP BB el B bR 0 s
pw“$ﬁﬁwb& yention. The drawings in the present application
and their acconpanying detailed description are
_d | FRGE e Ghoks® a 889 SdcHoREINRI &t Steriidipdintran insludifig dnfe@mplary FET in
invention. To maintain brevity, other enbodi nents of
accotiiee wirthese artboilimee of thopresant @venton. Speatird 100 diclugesFEE 07, Wkieh is situated
in the present application and are not specifi cal
on suissmaf@é% FESd0hiyclydnesaissiedd e, “Hichinpdys zaiqmlegiieds layerd H”cﬁRé gage dielectric
ross-sectional view of an_exenpl ar truc S
Loy 5 POUETF A A & e pdIcBanyF! BET e B by ‘8’6“%#‘% b8 be an NFET ora
PFEfnbodlnent of the present invention. Structure 100
ncl udes FET 102, which is situated

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
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on substrate 104. FET 102 includes gate stack 106,
whi ch includes gate el ectrode | ayer 4 and gate
waele@bseawsed ¢ | ayer 116, source 108, drain 110, BEMUS2004/025565
channel 112. In the present enbodi nent, FET 102 can be
diele@iic INFET 60Thua, aPf&fer cdsprisingwctiua 108 ogels @wh afts gue detrdd®Bayer 114 has
and drain 10, which are fornmed in a manner known in
been ti¢pesitad 4t high tempsitiry attedecirpdedaybrsiil¢ decrast 04 sizariola eraigr ot @ ¢ Bhrinks
IS situated between source 108 and drain 110. Further
moresqlmaqte riﬁlemifglaxeéﬂf Aymrenltdpnsilesgip fsereﬁtavé phagne} 4 2.gyhich icgegpes
ver_.channel on top surface 8 S

b
cammblw ot &g sglven afi e 6 aﬁs%»‘?hl B el iy o wd s
electrﬂ‘ﬁe g;%_((s{] ]glﬁéle s%&cgag s&éﬁi%at gftg dl(e)1 trw(*:iayer as aI&q‘E]&ra’t i$ ?her than a CTE of gate

gure gate
e:lectllgf’i{éy 1§3rer I’|11t4In sﬁch%hF&lﬁﬁeﬁtdco%\é%stg "é]t}a g&r%teﬁ% thrﬁ‘lell IW %101‘1111@6213«35 carrier
way of exanple, gate'e ectrocf ayer can have a
moblh@lnptm&y of between 500.0 Angstrons and 2000. 0
Angstrons. Gate el ectrode | ayer 4 can be deposited
OV Efgugatwd b bR Gdctibral ViAWt tin ekddiplay suhatigh ik @dpemakdiiplry FET in
utilizing a chem cal vapor deposition ("CVD') process
acco@fincowitteme appdiopntiofthep et gesses . Striture 8 inghides &RT 202, which is situated
enbodi nent, gate electrode |ayer 114 and gate
on suifjtrale @04 fHEE 20 Hipdydes|ghE S@?ke?oée‘{h@g ingligdes a%elqcﬁ%e lagjeqg )8 and 220 and gate

e TR ) SR Tl B o e
a PFlg?tIﬁ Et{u%tlug%g%%gure sub %&\i}fm Og;l;?lll'{'(?e’ Zog%ram % aec{ c %n nlBrlé §o|rg£s%0nd,

are gate
respe‘l'tllv%l ht rlOAg ShQR '168981ra1ﬁt11&5&%&&&?@%@&%& 1@)at e
dtro ayer 114 decreases in size to a greater

ext f@ﬂhov‘n‘ in BigurS A chiO KSR 21 HARiNGRY Svetlin@ln@ION T brliop QANRE 218 of
116. As a result, tensile strain is created in channel

substlale2204 W €4y of Bramfg sasdidairicilger 200 n hive y thidknesEol bd®&n 10.¢1Angstroms
one enbodi nent, FET 102 is a PFET while gate

and i§i0enggtoms. cAlkosshem id Hifrgh datg%lQCEOCbllaa/m?ﬂ@H gituatgg ester g@teaikéctfic layer 216
sel ected such that gate dielectric |ayer 116 has a

and gy gpmprige, j{ir gﬁ@ple,tgqlaﬁyséallmEh(@fl orgcélteéapéqogr@fer%élalt ng/ &Ry cif f)&imple gate

AP B RSP P T e s
F1gure 2 %%% e{éct%lde 2'Ts s%&%%ve? szer e(cl)‘a%éodg e% alng g@pﬁo}ﬁkﬁs\é\,’ E%fexaﬁ‘i{ble, silicide or

Iary structure I n I Nng an exe

herH dancenw shwgne x%ﬂ%@ bR ro @f1ayt Y80 B 8518 A khickness of bet
ot el %I:}/rglﬁtl on. rlSt rﬂ‘g%ure Ogltncl uglesayFET 202, V\hlccheSSlOs en

400.6 Ak deddnR AndI3 0GRSk Foitls EGROsctrbide Tay2Q20 taf 6¢ dtf@ScdyRbrras tlaiide layer

206, which includes gate el ectrode |ayers 218 and 220
220 ahigh gap@atdt allieiog « CED bayesy or 2thé apigquire ero@88s. drai n 210,

and channel 212. Simlar to FET 102, FET 202 can be an

NF ETthgygmbodiment of the present invention in Figure 2, gate electrode layers 220 and 222 and gate
dielectric layer 216 are selected 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

A
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a PFET. In structure 200 in Figure 2, substrate 204,
source 208, drain 210, and channel 212 correspond,
w0 e®pezeyel y, to substrate 104, source 108, dpe@i/nsSa0025565
and channel 112 in structure 100. As shown in Figure
a PFET wijRtz@e ditledreadyed 206 hiayset el2chbde 15/es R20uad 2200 ac\selbcted hech thel gate
212 on top surface 218 of substrate 204. By way of
dieleeti@laysk 216 hgrest GTEdthae s ighar ihen & @Yo g@d Gectreds l4yen2@0 and the CTE of gate
t hi ckness of between 10.0 Angstrons and 15.0 ) )
electmdglgxer FRs highpralenn g KRBT gais elebtgpde layep222q iy spchgmbedimpegy gompressive strain
er 220 is situated over gate dielectric layer 216

is Creéﬁ IncBAPNL S p Vi Sdncrqags Caér%%tl’ﬂéty 5P yst al 1i ne silicon
th t t
st e R R bt S ARk SR i
_2995 Rt 0 Momm%%%gr Oy 02 R 3R R& FEE AR sitated

gate elec I's situated over gate
on SL%LtﬁfetSK)p %T%gpm@}&gs O3B rv&h§:ﬁ inchi@E g RXMIRSR 1ay&WH £4nd Bate dielectric
or other appropria material. By way of exanple, gate
layer€ B BGhd 529 &sotrady308, d?aa{)sm,&m Mannel 332 t ik REES 108, FEEB0RTbe an NFET or
400. 0 Angstroms and 1500.0 Angstrons. Gate el ectrode
a PFERylestri2@6 30@in Flgere d cpiasitt 8, ower 308,altain dD.aed showhel 312 yemespond,
220 at high tenperature utilizing a CVD process or
respegtitelyy to aybpirats P4 atvece f % diaind &% and|chanpdh L 2ariyyefiadft  of t he
present invention in Fi gﬂl}J’re 2, gat e el ectrode | aye "
22@83?9&11 221“2%% safefliclecic By i s @ “P%%PéfFf chapgel 41%Pndon Séfé%ﬁls 0
subsﬁ%te éfan 1?135 (?né)%&f?slgggr{ﬂua%dte 8ro e?%qpr%én zecgirg Cgg?)sthown n ﬁure 3, gate
dlele%gla%fr 3913; &Faﬁéd%%r 9{? giel‘::c%ch%%l%%Q ﬁr{d%xap E%ﬁge sIlllaﬁxrhltﬁdeq gther

cr| er 2 as a wafer

appr& 4R Bl FRliletGbi 8 F%QIQ 3 G0 kRctd @y eAS 1k Rlsin@h@l Bver gate dielectric 324.
el ectrode | ayer 222 has been deposited at high

Gatd @EP&I: &y 34 caf Bd Rp&lt@okér@atedibieyiernay2224 adizh eapasturk ntilizing a CVD
size to a greater extent than gate el ectrode | ayer 220

procesRioF off@t pprepragtprcoctees| ayer 220 decreases in size to a
greater extent than gate dielectric Idg%egr 216.

r eduthe preseehgmbedimest ga qipcirade kyaatiend pate ddkesti éﬂyef?%tlé and 324 are
whi ch i ncr ease caryii
sl AHE St G DRy CIFIoB G € 2 Bty g 224w g

dlelectrl?,{ﬁl%etrgé’l §SU gﬁgh?[ﬁéjl% tgalgt S gloeffate r : t%? 1a§e§glr6ag‘%gzaﬁ%wéfelec8$ rising

uc er C r f & & 0%@6(15 4 ﬁfurez Qe ectrode
. EMO%@%&@% %taét%iél %Idtgl::giﬁr glalélgslaggyerlkﬂo ?gﬁﬁln%er t fectro

layeiB1€EEd0ded Galz€ 100l sRekT QLR Had YRS dicdedidic 1y 3544610 g&&‘fdﬂélditr[mz{yhr, 324 is
conpressive strain is created in channel 212, which

reduéeﬁﬁkf%&e&r@af dxiegtrthampdoe dieleoyricilayert € Adfakedsnlt, Fengjlg signiBis grbrgadgn channel
a cross-sectional view of an exenplary structure

312, iwhish incteases carrierancbififylimET JOETInjope eabedimeih HEE 344 it hPIB T evhile gate
enbodi ment of the present invention. Structure 300

dielecigie [ayrged 6 pEP24md gatm?cgﬂdel lglers?:llf( ﬁgfeg:ated such that gate dielectric layer 316 has a

CTE that is higher than a CTE of gate dielectric layer 324 and gate dielectric layer 324 has a higher CTE than
a CTE of gate electrode layer 314. In such embodiment, compressive strain is created 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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on substrate 304. FET 302 includes gate stack 306,
whi ch includes gate el ectrode | ayer 314 and gate
wale@smeeused ¢ | ayers 316 and 324, source 308, drBCTUSH04/025565
and channel 312. Simlar to FET 102, FET 302 can be an
on suNkelatE 404. FETRFEERcludesgagtstaekci06 ser@ @08, dnin[Bil Q) uiragneB412, “gate liner” 426 and
substrate 304, source 308, drain 310, and channel 312
“gatespaopre SPSNYmilyr ¢osiFE 07, FET 02 cepbegn HEET eitad FED4In sgwulred‘éo in Figure 4,
108, drain 110, and channel 2 in structure 10
subsw% si)urr‘]ceﬁp% d}ia@ 2@0 aﬁi‘,ﬂl@n@ 2 E @pespqnds rpsag;:gyelysgpeuh'sgate 104 source 108,
d qv channel 312 on top surface 318 of
d“”%ﬁé§?¥§?@dé méﬂﬂ Uiy conprise silicon di oxi de or

ot Il\ %%RF x I42 gal?e s%lc eiog %ti{tllla(f‘éd ove{ 3] a% %%W daﬂa sgfk%é% gan%e gate stack

gate
106 ﬂ IF%LI@ C]; t grafe gtaék%@ﬁl F%;]n@ 23(]’11 gath %8'1?9151@&@3 Sfbuhhe‘; Hawh 1ntF‘iéu1qaf gate

or ot her appropriate diél ectric. Further shown in

liner§428 U128 are GALEI SLAGHEAED 4 aRYLY 2153 Lthaled adgdcbnd A& FecBIBIdes of gate
gate dielectric 324. Gate el ectrode |ayer 314 can be

stackHOR Oyl Wag df xxdyle, gad e HBd A€ 1238i cen Hadeyethici32ed oftietwrEbrg19.0 Angstroms and
tenperature utilizing a CVD process or other

200.appstoprsi Abeshpwinip e 4. gate spatdned3p prisiéhare etviyertthidiveant to gfgfalﬂners 426
el ectrode | ayer 314 and gate dielectric |ayers 316 and

and 498 sespychivelye Thest 81 Liapie 70 pr2s graflélatéCI EEtepHEe SPaéVéf3031d4432 and sides

her. CTE than a CT. ate dielectri

of o RoEHAR, ATl B B CP? ST oS 5 AP0 s and substste

404than a CTE of gate dielectric |ayer 316. Thus, as a

‘waf er conprising structure 300 cools down after gate

el eehé ﬁgs@nt eﬁycﬁ[meﬂt Qz@s‘hngg% HED A g%g slﬁt:erﬁbg Bnd 432 are selected such

tenperature, gate electrode |ayer 314 is reduced in

that SateZBacdr9438 oQf BALLE refpetRBTTENGI af BikiRr BhBrHEdtivd CTHs dF Qe liners 426
324 and gate dielectric layer 324 is reduced in size

and 428. &s Gge@B tfersinelt reaadns hdrisausgpd tabovelita@bile ctrain is crbagdadn chainfl. 41 Asvhich
aresult, tensile strainis created in channel 12,

incregyes e@pvief mehilivais €T ¢&r i cap elnhwéiimeiltt EET 372 pETFEDRhilej2pie iges 426 and 428
enbodi nent, FET 302 is a while gate dielectric

and gaig spaeess 99 grdA3garg ?kc%awlgfa%téa%ll%ﬁ% 4¥%Véerlesgi%vea9T@S that are

o A B B LS Ll 085 A, T o
412, %{?_\gh ﬂ%&a@esg&ﬁér%l%{uul}&ndt Laf]yf%rf 324 has a higher CTE than a

gate el ect ayer 314. In such enbodi nent,

COMRLs&S &bcﬁ@eﬁbE@' 154 sél§:t1§gr g%@teﬁgcroh@an@ baRrasd laﬁgs%f a g’.’!ﬂﬂ sﬁtk to have
increases carrier nobility in the PFET. Figure 4 shows

appréprifit R§BctEe Cdeffdiam of el Expansitn, &% @G YN Eh hehidvesli®reased tensile strain
i ncludi ng an exenplary FET in accordance with one

in theriyoelioffeFEET, 6f. FETsal 0pr1e% éo; ori 104 eAxtairesnlt, tiBipresrot inyeatiod @@yantageously
i ncl udes FET 402, which is situatedon substrate 404,

achieugsnezpaed paéer melalty glalne@E?t ehidh repgls in i8@eps i Tapgormaficy | Aflditionally, by
410, channel 412, "gate_ liner" 426 and

selecting gate electrode and dielectric 13yers of a gate stack to have appropriate respective coefficients of
thermal expansion, the present invention achieves increased compression strain in 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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"gate spacers” 428. Simlar to FET 102, FET 402 can be
an NFET or a PFET. In structure 400 in Figure 4,
waamsoesee 404, source 408, drain 210, and chaPeEUSRDAR025565
correspond, respectively, to substrate 104, source
persch®B prdidara blifl i Ghe am wolldlacvgnied tha? charpesdonld b¢ made inlfofh and\detail without
shown in Figure 4, gate stack 406 is situated over
depagmb &om the epirif 0! thegaene obtheintentipn 6 Thealaschied gmla@te@é@nle@@ ajetp be
gure 1, gate stack 206 in quure 2, or gate st
Cons@aed Al ’PFHjEH' @ ﬂB‘StTaFKFraE“IH’éF regifgsinh 1f o girte uv.ﬁer%j%{ ot i imvention s

rs 426 and 4 are situ ver supstr 404 and
oy e gt Fh B aphein: escrﬂg%dgfsfg& 7 g G ey lpasomens,
modl%ga%o%s anQ subst{%%fll.o VXthoouft de%%(rg om th ‘atgog %tlle 1nve§t 426 and 428

ave a CKNess ween tTons and
2 OGPhQs DS E AR stofd (FRTS ?&Wg InbredsddbhtiBr lr%bﬂ%@a bedhHefelifed.
430 and 432 are situated adjacent to gate |liners 426
and 428, respectively. Thus, gate liners 426 and 428
are situated between gate spacers 430 and 432 and
sides of gate stack 406, respectively, and are al so
situat ed between respective gate spacers 430 and 432
and substrate 404. In the present enbodi nent, gate
liners 426 and 428 and gate spacers 430 and 432 are
sel ected such that gate spacers 430 and 432 have
respective CTEs that are higher than respective CTEs
of gate liners 426 and 428. As a result, for simlar
reasons as discussed above, tensile strain is created
in channel 412, which increases carrier nobility in
FET 402. In one enbodi ment, 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 CTEs that are higher than respective CTEs
of gate spacers 430 and 432. As a result, conpressive
strain is created in channel 412, which increases
carrier nmobility in the PFET. Thus as discussed above,
by selecting gate el ectrode and dielectric |ayers 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
i nventi on advant ageously achi eves increased carrier
nmobility in the FET, which results in increase FET
performance. Additionally, by selecting gate el ectrode
and dielectric layers of a gate stack to have
appropriate respective coefficients of
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t hermal expansi on, the present invention achieves

i ncreased conpression strain in the channel of a PFET
wokiosi2mesul ts in increased carrier nobility aPdl/US2004/025565

consequently, increased performance in the PFET. From

t he above description of etemps$ary enbodi nents of the

invention it is mani fest that various techni ques can

be Lused AfFBT situaed eveendubstrgte (104, eUFEEprighst he present

invention w thout departing fromits scope. Moreover,

mhﬁpl@nlteh(élﬁ)ﬁ%t?&mé%dwwa"e #; descri bed with speC| fic

reference to certain nents, aperson of 9 nlaé%‘

sk F“lfst 2 dte}?%tﬂ%ﬁlil6>mﬁei‘j°‘i%%6§?ﬁ“¥é“€%?asf“dé"lffé?f’&edée e&ShF gving a

and. detail w thout departing fromthe

first ¢ ‘?Ifntt °félheﬁma§nﬁ‘é’m§18?fpe of the invention. The descri bed
ex& rilg [e%legﬂ;ﬁ? ﬁ thatgd Weresaﬁguspgatem&lg ﬁrl @dsa drhrszi‘%zlte electrode (114)

respec s as | ratlve and not restrictive
hav@agé&ncacaémnb&tﬂmﬁgxﬁgng&d that the invention is not
Mmted to the particular exenplary enbodi nents
de st e sBRh®dobrficibid bf thedma afpaldlor is@ffferAinilyan said first coefficient of thermal
rearrangenents, nodifications, and substitutions
expabsion h@dstio clesp arr ihérenge ih capiar higlitg oopé FBT. t he i nventi on.
Thus, field effect transistors ("FETs") having
i ncreased carrier nobility have been descri bed. CLAI M5
1. A FET situated over a substrate é‘lgﬁ) sai d FET than said
cofpri siTAYETP! SR Erereinpadsecf peskicis oringh expagtigyds grggeg than sai
i té L A flrlstir%ate dielectric (116) situated over
irst QRGO AHRTRY SPATS) said first gate dielectric (116)
having a first coefficient of thermal expansion; a
first gate electrode (114) situated over said first
gake di ehestt drClaimblihbicinSall Bekdsé SlaidatRr AbBERY 0aeed(p¥ 4 #)sile strain
havi ng a second coefficient of thermal expansion;
created i@ 6d dharmali(di2second coefficient of thermal expansion
is different than said first coefficient of thernal
expansion so as to cause an increase in carrier
mobility in said FET. 2. The FET of claim 1l whe
saitd secdoTd sEwer P ehtras(0hh eid T C%‘R&iﬁﬁ%? E)tﬁm}els(l 12) Stuated insaid

t th id f { ffi
G Sr g e e Pt W ek SR sy se 19
hav1rgg a flrst? coaffl.%lgrrl‘t UE tﬁ d‘mg[%)p Iallxsll tnya. t‘ﬁ 5?9&%3%&?%%%1&:&&%’\/& gzac‘lsﬁtgt%latg dielectric

I'n Sal nne tuated over

(1 165a sa§d’li§§ttg£t@£1§:trgdla(2fll)4) ha%ﬁé QseEcEI c&%ﬁﬁt'oﬁh&ﬂa@xﬁh@dﬁnﬁid P(ET %aﬁg

tuated 1 n said
characterized in that:

said second coefficient of thermal expansion being different than said first coefficient of thermal

expansion so as to cause an increase in carrier mobility in said FET.

5. The FET of claim 4 wherein said second coefficient of thermal expansion is greater than said
first coefficient of thermal expansion so as to cause a tensile strain in said channel (112), said tensile strain

causing said increase in said carrier mobility.

6. The FET of claim 4 further comprising a second gate electrode (220) situated between said
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substrate (104), a first gate dielectric (116)
situated over said channel (112), said first gate
waele@bsmeawsed ¢ (116) having a first coefficient oPCT/O8200H025565
expansion, a first gate electrode ( 14) situated over
first @RieHctfotld @2) gt seid Hisedae @ieletttic 1) Ghid seaniddatp plegibdeg @30 having a third
el ectrode ( 14) having a second coefficient of thernal
coeffeicpanibéronl exgadieh, B Thildepafitpicotrd thaurakaxpangieh leing glﬁﬂ&i‘tf thag gridfirst
second coefficient of thermal expansion bei
coeffigiofifofiberprel cxitsarionsiad widfliidseeficiarf themmsffpagtion 'i"dé*? ffe than said second
expansi on so as to cause an |ncrea§§ C er
Coeffﬁﬁbﬁ of thergpaljepagsignego psgtereauss a teppls sigqEnrin S %T‘H‘Flri? 1) 5 sflqstrain cavsing
ai d second coefficient of thermal expansion is
said i lﬁ?“’eaéil@f‘a‘ Rai rgcgji & first coefficient of thermal
expansion so as to cause a tensile strain in said
channel (112), said tensile strain causi ng said
| Ngr eas gnd 1SR bgimAikHe CdomPRte b kdcind ghre didibridBH) Qiuated w@twen said
4 further conprising a secong gate el ectrode (220)
first SateldibRetb @6 (DStaweRi seRiAl Br4g sai@@t@d ghtedilscait €324 PRPihe athigld coefficient
said first gate dielectric (216), said second gate
of th@ha etpanthe, id 20 chvéficiengf tertohl exphntaeking leisdan sagt firgt hesfffpipnt of
expansion, said third coefficient of thermal expansion
thernfsbixpagsig wd s seechdspeSiaien of tharmel exngsion |b%111gegﬁ?ateb‘iha”t Sﬁ‘é fifppgoefhicient of
expansion and said third coefficien hLF di
themé‘k?ﬂ‘é‘ﬁ‘é‘%ﬁﬁ’ 2HSICHC L THAM TA P n‘alé BT PRt ) P sing paid increase
ermal expansion so as to cause a tensile strain in
lnwgﬁ?ﬂﬂgﬁgﬁﬁel (212), said tensile strain causing said
increase in said carrier nobility. 7. The FET of claim
4 further conprising a second gate dielectric (324)
Si guat edrhDEtNGeRISAkdreln ski8 FEORL erEh, ediGkt cbeficeBtldd Jherdalkxpansion
sai d substrate (304), said second gate dielectric
beind Bk} thhrasdidR@ ol chétiididlt  @effal cpapibn Bfas tohasamdomeparn siagrip said
said third coefficient of thermal expansion being |ess
chantehéin2)saiddorhpressive staie fausing seif incigdise infseid praiier aebilitfisi on and
sai d second coefficient of thermal expansion being
greater than said first coefficient of thernal
expansi Qn so fo cq@se a.tensi
(s

c h gn nel Té'x EEz'S 0 clglg} Adfu h%omprésnggtarggte neg {__iilég Ld%bsiitgatg&ca?idjgcent to said first
gate ﬁx C i‘ ea(?%% anr(l I ?dgéé:fzra 456 %5&:{_{%?& a@géér(ljt C?Sald-légtg hll:e 2@1289 Iszﬁd ggte liner

erei irst coefficient

(426958) %Mg%d%m&%i e erlfﬂﬁi AnGELAL 8 RGeS ai30l488E8RE a fourth
coéfficient of thermal expansion so as to cause a

coefficidT Q}%ﬁr_lal/&pﬁihﬁrﬂ lsarﬂi ﬂ)lﬂth%ladfﬁj:leﬁh.ﬂ ﬂB@{al dxpahgdn befa i@ater than said third
conpressive strain causing said increase in said
coeffixdent df eerniDdxbdnbibryso as to cause a tensile strain in said channel (412).

10. A FET situated on a substrate (104), said FET comprising:

a channel (112) situated in said substrate (104);

a gate stack (106) situated over said channel (112);

a first gate dielectric (116) situated in said gate stack (106), said first gate dielectric (116) having a
first coefficient of thermal expansion;

a first gate electrode (114) situated over said first gate dielectric (116), said first gate electrode (114)
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9. The FET of claim4 further conprising a gate |iner

(426, 428) situated adjacent to said first gate
wale@smezused ¢ (116) and a gate spacer (430, 432) BCT/US1084025565

adj acent to said gate liner (426,428), said gate |iner
mw@&?@“ﬂ?8¥ﬁﬁﬁvPﬂ@ﬂaﬂﬁhmmﬁmcoeff|C|ent of therma

expansi on _and sai d gate spacer (430,432) havin

f ouvltef?méa%feﬁ?né%%ﬁma*fof f*ﬁ@}alﬁpan%%ﬁaﬁéf?% alssa}ddﬁm? egHicignt of thermal
i ent of .ther. Hﬁﬁ belng reater. than bili
exp%‘%“"bs" aif" FHSEoBHp rep “‘8? SPRETNSRSRR Y BHeAEGn &aéﬂﬁf gobility in

se a tensile strain in said channel (412). 10. A

situated on a substrate (104), said FET
conprising: a channel (112) situated in said substrate
(104); a gate stack (106) situated over said channel (
12); a first gate dielectric (116) situated in said
gate stack (106), said first gate dielectric (116)
having a first coefficient of thermal expansion; a
first gate electrode (114) situated over said first
gate dielectric (116), said first gate el ectrode
(114) havi ng a second coefficient of thermal expansion;
wherei n said second coefficient of thermal expansion
is different than said first coefficient of therma
expansi on so as to cause a strain in said channe
(112), said strain causing an increase in carrier
mobility in said FET.

said
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