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The present invention further provides a fabrication nmethod of a
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Second Enbodi ment In the second enbodi nent of the present invention,
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4A through 40+l ath”SLJHeOS fRMRNG YRS I 2le@ 1400, o@r ahn 8XEENALANChERKhON
401, deeper déﬂéﬁs{%:?” c‘Uuaz'en reg OnaéQZrdéxﬂ?{:'éce P IEXT @RQ 0”55?9}10”

903, deeper s re attice-m smat ched zone
405a/ 405b/ 405&%%%{5 ﬂe Pé%&l Hov e %’ga/ 406b 406¢/ 40 g g %

di el ectric la er 419 eg(a% B ?PS &94 ra?ngrs pacet %On?hé gﬁ% 35t fose
descri bed |n HePd | r%fr ﬁtlc@f éjseﬁ |ﬁveﬁ{:F6ﬁne reNBArEt ed.
In Fig. 4A %W%Jesrﬁ%natsc,tﬁé’d:%ﬁe 40Ba i 3CAPFARYEH nebrth he tHGr f aBéXbR
drain region W%@#@F shuthke RERFONt 408VeRRHCMoes not extend into drain
extension region 401 andipfaHiob O SOREPPION OPUTRE fRVENTRORI 0. 4B,

| attice 35 m smatched zone 405b protrude fromthe surface of drain

regi oA% 407 and/ or Bwur éelieyinvg &Gémdfl(ﬁrerﬁtﬁg are alssgndesd e egi bASvDFBeand
rai sed sour cethegiioweadgon | pofeg. fULly| atitveuty dnmtidhey zshei4058chBe,
arranged nearsithee sunfimeecnt dmaidi friegitdror307 amd/ ovasdatdensegivainl M08beand
may 40 furtheaepexdteand tottthakai sk exXtemsiontiegi ant 401 and/ or source

ext ensi on regi on 403rst rEdbherinddht | atti cem smat ched zone 405d is arranged
nore deeply fromthe swefacesof efibatimeadi @F 0e 3 HniSOUK EEnt £8h PNLHHS,
and may foth@fn&é(tQﬂid IsSHrQ 3 T @lobRd chashelqdr eghontA86ds 05, beogatRadhain
ext ensi on regﬁ&j‘:[ c?&?f&{ni@ﬁé %@%P@ééx?@ {29400 403a r Mo est ke he
arrangenents of 1 8nT gt on apdloF\ SQUELELLEPI ON

dr
i n accor dance, @oerf@ ru&frp%d' ;pt Of S PLESEOL | DYERT! oRl 8t armg&
neant to be resS l|'ed, 5 t he

arr angenment aéjt rét_mg zlr?edpﬁ%ﬁ%n nﬁ Olno Jt‘?‘n é?(‘%’gént %H@% tfoh
when requi re aﬁ“ g, a4R RO mée 9%3:?Pv I(? e 4320586 Aas
silicon, net a"Foth‘é]t%?s IFE?‘EJI%O“SPC 8Frbf“ﬁ§terr6ﬁ§ t hétEd g "E'r%h%l gyer
formed on the s34 aEJéGBﬂ%I]PJaYnW% Gn YOTCRRFDrPebligeR PEG] 5n 340@%100
strai ned- charfel 1% r amsFBeoFtspLnE ur:é§n5teéare$clonar?d>@m ¢ apsedtapden
regi ors 407b andlaris apgedheoapte Fiégrl@ﬁtzm@b lelvest rHidved- cheawrt 3t6msist or
structure 4b.ombzeoyéevadthhadcamm ofectitdids 2l éet pod ooviesse aabd i t9Lin
strai ned- chanrted stuufacee 4€ | pubbgrad€ i S0i0a .f urt Heraimproegdohecaldde,

| atti ce- m snedahedi zong 405d¢n Sextesetoh o rtgiaimedothaned Kegper 4468in
resulting in tegidrce-3mznat ahad zonecd 056 Exad t i303 ay0r eofibiakingn sbétacaed
channg} regi akiddbeioThirediEAbGdIIENANH S delR e ddiirek erbadibRedonf, thee
present invendions; @ef@brigasion: method s@fraanghyr a'&%mannﬂ?i&@nswts@f

ructure accof ik 107 Hesent Jgpeen '@@S'as €SebhBeYsi OWGAGEhe P

st t r?d 1 gnt;;aec t t d d ﬁ\ I hat e of
the fabricatigon, i 4y ageardance wsth, ”Ae BE%Qa@ 9 ‘c'H‘EBIe 0 oxEE'@a t

]E)r esent |nve thLS eWl, ! &G F&? %ﬁs'lg e +3ubg e”ha g t e
abrii catr on Ien ccor dang 31{1 thr rd % and re]%?

i nventt on foI ow tﬁ ews 0 CE on r su rat e
such as a si ﬁec%lnoré (§§ F‘at gﬁéa? ?}?%‘E Sl R |gc,l(3)rlr1 s%g %

conprises a Tyor afLoFEt | O s© no?tgﬁﬁ\?\?
and previ ousl‘ib"i‘fé?‘? e‘be Qﬁajf %/ FlekCee %ﬂ%t‘%l'h%‘fl %%‘?rm SFor

exanpl e, the isol at® onsrtéerléﬁ§ ﬁﬁ?nﬁélshaFFéﬂﬁ%?Eﬁéh | SOTBE e r egPonsin
Fi gs. “6A t hr awftr 8ROV Wetla cEbSs- Séesitonambadewesrt ol sifift e Boedevtce
regi on for easyvaesioyn ptisowpstSidticcos 0dabspratfersddyconpmpsésea chahhedn,
regi on 506 i nwigrh agt haeusaif deetiSid | corstsamist pat epPROxiimaletlype dopledA when
strai ned- charmred fmandcetodsshrohtdr ezdné n3bi5g. pPEeisrabPychampalises an
transi stor staucdpr eem@boRdliype rdaopete mhen stcal ned- ghasnel céhansieiaef usb
structure 5 idnihg, ®FhSaapabhehanngk thcanycHs¥ard! MIdwEdh 4ot 95. 681 a
gate dielectricd ayessPIR despodiiRH O dhec&hanie] of egf 0fe RS8R 1 @Rdi h heRe @
gate el ectrode Hl4d, | Jﬂﬁaﬁ% PN atﬂleo at Qaql reCtt'h'a% | aygk 512. Q%@trate
dielectric 4(5(% Fyer é)é b f'r"f‘ttl‘?ﬁ sibf“%gﬁl Q%Qﬂ
foll owed by ni atr at%lce mai c
deposition s ut nown téa Al esatoofr g ga}i)f
dielectric Ia ‘:‘rritc ? eéi]?e%%fh bE &7 ?%%lﬁ ﬂ?o&f% 2Pt¥ con
45 oxynitrid We%nﬁ?ﬂ‘é’h % tar%jr f Wtﬁ%qerﬁ%es%aﬁﬁ%elﬂl%%ﬁ? qdA
to 100 A prA¥rabIPapy o@u%r%rs;oqoeaé\eérsr Bs§ompreesdivel SEEFSE Caybh 512
may be a high permttivity (high-k) material such as al um num oxi de (A1203)
haf ni um oxi de (Hf 02) , zirconium oxide (&£rQ2) |,
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50 hafnium oxynitride (HHON), hafniumsilicate (H Si04), zirconiumsilicate
(*Zr Si 04), | ant hanum oxi de (La203), or conbinations thereof with an

equi val ent oxi de thickness between about 3 Ato 100 AL Gate el ectrode 514
is 8 pol ycrysimdd+tne-drdicondipetyi&n) , apal ytenygsial | sheess T: in a

si I'i con- ger maypd £ DI WiTieGt)ionr ebhaaiy y siehahegucdh@sn4al yedarwwm 806a,
tungsten, conponOs: schias tdidHadg ni Ehbﬁﬁelcor}i@gﬁ&id ongokher epfqe<yr ogher
conductive mf’é&ﬁ ialdS)ve S 't%'ﬁﬁt% Knoyo  ag WRIKIHICEI O, | 'aPLlr%'&ttsioWiyaFP&

i ntrodyced in fl &l ec x?lé‘héovéiﬁféai h& éxlfié‘ﬁ‘c“ﬁé‘lé {ﬂsf

el ec”"de 51 19 ycrg:?x? éi%é‘% &9§§€a §Cé %ff 51%5 9 ﬁ‘Xﬁ “Ot
shown) over su st

el ect rode mat er} Jtrbgl éL SPF clhgn&g i n

el ectrode 514 BiTHiTy 1Yot S RY LAY d‘?él eFa ’F%E/e‘?m}i’% T'IB? g%

el ectrode 51£Pr%??d“r e]n‘b‘(ﬁrh‘bl?rhel%a‘? ef n%%%nn%t‘ér%n%ﬁ?%es%ﬁﬂc?‘ére

el ect ¢ cal |y i sol atted Fiom 8Ranrfel CEE§iSons80618Y (uft eadi ef beiped-Fhagepeb1.
Gat e di el ect rizansisfors1stigu¢tupe ef ¥y ably sit¢eompxgnivitlkde Bnel ghtest

el ectrode 5| &nitsogimefrer abfy thal ypsésénbn levehdd ounsi gy ehbwni.ne 3udsbranene
chem stry w t30Gb hilghw ehghaseltectinad yharnrde I espetont 80gat e rdiel et face,

|l ater 514 in cagordssnceawsehitbadubtod eatediiogent aateedipsbsentidnyvepeion.
20 Inifig. 6G13 drprarexiBngi aithed ath &dnaddl setwkeen exbensi an degi 00p 503
are formed opposid eby edbagerhihedchannellr edi@ROCHIN theaastive-spbace
of substrate ﬁﬂﬁo and,SPaLEr gaké lcl%efl%"c@qCO'la%e%‘ dawa | ofp pade @i@gt{gde
514, coverin &aéadeaaﬁia'o% ?fatt e LEHON; 503 and 25,30ur ce 2 g ensgon

are formed by f‘?ae%;r;if%ﬁ =5 sma.%?Q%%ﬁ°§g§iﬁ%te?a¥?o%e?%???

or ot Rer knownnfecjhS Cer R gee Sp g a
spacer mat eriai? E)dt §ﬁ§\#?01éﬁ%‘ﬁ %]oor%ll @%’n nFEPPEE 6PgS|T?‘é5'ﬁ

di oxi de, and es}gq Jr"\’}él pedteni my ¥he*RPaterrsdt e?‘?%ﬁcq al 8P 108 A04P 1518 ¢ 5
silicon nitriRPITER6r BRERCHEN FRe BRiTAdNERDo GNP lof KHELQH eseRbL -
i nvention. |hHitgcemiggahedr alaonst thélabri ve SOMPHEEIBE ss duPShehte
500 net coversahisongitet ol elmadiatial apaith512 andtypader18t6ife reeessadtt o
form at | eastdidifee reaties§r509 thiath af depbistdalhy p}d¥ma meghibw Usi mge or
chl ori ne and Hortgm pé cthiem steeperThérdept redyiah r 8628bs HOP dsepbauts&S0Ordet o
1000 A. An optdapinal anAbal mayrbénper fadtarede o regdohi t2€o 4d.ssithepafore
m gration to gtephine®t by daregeicausedchy lettahicg cecessnbd9 dfo stbaihed he
surfage of rearsmhdlYdPirom TS QU aePi daxyi MOCEsS3 ddnhdi Y5E, recess
509 is filled withia semreendductomnmRtieri abasychtas siddoges manbum ahl oy
or silicon-cyhondnallayit® ferm arlatti cemMosiTRieed ZONe 1R05, p AldeAHen
a deeper dra'lf}nfeﬁigﬂl% 50@uﬂ>§t££’£ére§0§91 peehl rfagll&h%oq{p%'l%e%xtseﬂslc%h &34 0N
501" and a deelpaetrt' m AP né53 95”? 3dh-d ‘iﬁt cto‘Pnt % W ey ][l

5 %I on

exten§|on reg et uc e ema [ -I rflin ex
region 501 50 to % e r
conbi nes wit ﬁ sé%%?%b'%n]extlgégllg re agid]r or E)}éa% gk{ég E?at%e
or both of the draiWrEgi Hhes 370%n8 sGareey edi Olétfrf’&

| at ti ce- mi smétichéd t2dré B mag chechaRABE ragion 1§b63F§°§fjra§|CﬁedW%Bhbet%e
strai ned charnelst e§lMBRAGBENtweh &t | BESAFBRatidHE HgHe 565 pLefordety
Thus, 4&t r ai n@RtRAThaPari &t Andt utt ur BRI etor Halheec i t-hstaechedl r d
embodi ment ofzarige pPekemts | aventiessars sxdelss cal 13erfurkedstress T: in a
Latti ce- m snethed Z2onal 5051 | difercmednusamy apmppesaiyeprooesss sGehias a
chem cal vaporemeipgsl t ddnectbibna-dm ghtheacstuna thedi calantsgor rdgposi t3 @8k, or
nmol ecul ar bearesapittiaxy. ikaktiraensds miiacined zone KO53¢6HPLNSEE a tensile
silicen-ger mirdimmal hay wher esdited-dd-agtd 00 ofi rgeiARAl UBhHO é&n@@wi@el
to 0.9 when sftaiined£hamnelettansl dFeStIde UNEL &t S0 dSBNelin the
transistor Stsrtlfk(‘éﬂ{é%{ Wl%?m%tlr aLpgdoghafngl tirangh §hoE; SEAHELUrEnPar Se @D
N-channel trang cQJ 'f%%r ecuiféar%c%‘r{@é”@c%gﬁeéo@ﬁaﬁﬂ 1C00PLA S §t

I b
0 o'1°22d°8ro° 5 i o g 5 e T

si li coh- car’li)éﬂ! Fﬁeglgz Wh%r eathI arghlalnélc i 0 raflsggﬁﬁm?ﬁﬁ CStLIlre%S
than ten ti r“&?frec'ar %c%erJr%IB"ﬁ eapd 523918 opfPEnalay f

| atti cemi snatccﬂﬁfé?flz??neg%@?:a%‘ﬂrﬁga%naeﬁllt LN P6E8$S 18cIr 34§ R0 aclﬂé?ﬁ'ca}n
vapor deposition, ultra-high vacuum chem cal vapor deposition, or nolecul ar
beam epi t axy. Latti ce-m smat ched zone 505 and optional silicon cap 522 may
be in-situ doped or undoped during the epid axy process. \Wen

| atti cem smat ched zone 505 and optional silicon cap 522 are zs undoped
during the epitaxy process, they will be subsequently doped, wi th dopants
activated using a rapid thermal annealing process. Deeper drain region 502



40 subsequently fornmed so as to finish a device conprising strai ned-channel
transi'stor structure 5 in accordance with the third enbodi ment of the
present invention. Fourth Enbodinment In the fourth enbodi ment of the

present invenh i mo¥dr fakidiCiadn air nedhesh of s ansté at edl- £ heaneh &f apghst or
structure whege é@ﬁﬁd&ﬁ;rﬁn smat ched zone does not extend into drain

ext ensi on regl on OUI’ lpq,_)g n 1.QN or t Se
invention is f}%}ﬁé&é)t t%lg_) %§% O(ré]bg%tlgg d?ﬁgg%g%g%nce
ven I

with the so t n% ent ssh

The suBsequen egr Jg‘t;g él o%?he Jf’gﬁ n%f%%qak?% tacg)mﬁd’ E‘CE V\ffh
the third enddt fREY réls"en? \?entlhﬁ th %ﬁe éon?
10 In Fig. &ma a”sel?ﬁ%onau(?trtﬁ fst Ferel Hirtehrd aZ%IF?I%Q)‘T’\b stibsF+at e3B00
i s provided. &i¢iebautubst uﬁat@%oéoeenﬁn@uscla pr EPTEESIEY iVEr it Piur kit y
of isolation bl ghoeishofinygtaed necevitousigl de¢ghed gl@Ralint yiof. s3A
devi ceor egi orsnq not rahoes) chioneéxamglion tHh sohafiign Pégiars deyehdent
shal | ow trencdn i sataicencregitanss FKfgslaBiichrolghaBEhedovicdesa 306a and
Cross-secti onmad6ly) ewhifclones ssisnglod dedicee ceegiiemattaheeasyodescr Bptaonand
Silicon substi@die, 680dCAArERIch COBY eMNtdtVidde tnlidnGitI¥d SEOHEt BOBa in
conprising a dﬂaﬁhaﬁagioﬁegooa G0R1 /0T adbh@edd Vee§Ubhacesal slistratei 600, a

gate dielect rxﬁfsrﬁa@‘é’&{ecﬁl%oﬁe chwpgel nr egli O 6084 1%nga§@7@| eeld/ede 61408
gate dlelectr , a source region 608 an drain regi on 607

oppositely a ace eclldeq,gd on 606, and a spacer 616 on a 5| dewal |

of gate is el ectr OpdaL ech tag:tlveessurt‘:ace n N

substrate 600 ar}l d? Ext EASTOM 'Ib:\é% %b? and
LA g gﬁ@ et o A S ot e e B0

a deeper dr alq1l
ext engf on regidn @Smanaeﬁlﬂﬁep%? %ﬁrc%o i of 0T SPECOS lslﬁ‘bsFPat%h%OO

is Zo N-type RIGPERN whe & @i Hed-AHanfet Sttt st or 5t r iRt IR 28T AR #RRS

i s a P-channetranasi et ot BiGHUEiRR e drhmidipel Hoped ien 4R rirreddlh IPmel
transi stor st¥elatirenghigs FalgonaCSU§sarﬂraN5c | drpansissttemssitqruckegeon| n
Fig. 8B, a paltl.ordgkpest dheimctiagiaurife ofirasnsutsstirat e4600 nepurce
covered by gatxtaislamct megilayed0812 dedpbspaceruiks iregienesdéd,t osdoroe at
| east one recessid09 Migt,h aadeptb-dibypapkasna ebobi Ngo bisi @516 hd ©F & N0 aad
brom ne chenmsiraindde depahndlof resgsen 609 40%aad06Bh /40 6A /140 6d)00 Agada
optional annesier@y: bie- peaFOF md2f 0 faael |dtaderSde shllhconndl HWpddon 406,
repair etch dafmog.faussdeiRyset gbkpgireqess €0e ta syadbddensit facerpd
recess, 609 fqr & subseauant; §pitaxy procesg. In Fig. 8C recess 609 is
filled with a sem nelgt oaﬁﬁatlearefmeﬂﬁa@r@a%aiéd CanaemaO% al L pyn §Ly

si | con-carbqp, OguEQa ar mea 4,af it CPec%}O ey ghe n%%‘% Bur Q€041

f’f Lhe dra'” @ff' OQn no ”r8§t15§ | Q¢ {Wr'g%e region 401
attice-msma d zo e§ B
st r ai ned chan r%%Gex APat £ %elr%n hed 1f’r%%le
Thus, 3%t rai ndb-: nsied ser ?rﬁ e'co?‘%l% %%evx? ht Af e
fourth enbodlrr?é-’rftorbf‘lq éslérﬁo‘irrﬁﬁerﬁe?%]rf”?s IS %’Frilg“-?o"?‘nﬁ%ilse drain
Latti ce- ni snetfRN zé%bG@Sldrrﬁgﬁb?%@rﬁ&’élrﬂeon’ﬁgﬂeorsuflp Be of 1@r &9 r efff on
607 and/ or sok'del gegilornangied orpifg 48 5Failsede BE ARG e Al ranskace
source regi ot Lareiioe 9eghP8nAhednddoe 605ursef oremibusid®f anagpi taxy
process such fasrtdhen caltaraporindeposirtiion, edkenaibnghregcaum ¢héni aadl/ mpor
deposi tion, oroumtecuwareleamm epréqkyn LADBL cem Idmat dhed zole 60batcioige+ ses
si | i con-ger manishatadHeay \doeree wobar fsacdidmedd getdrmni daeipd yaboubmO0. dhé o
0.9 when so sdumfdied-ehagpelint rarsiost 010 BtANE) GIF €sbuksed rRgGhannels, and
transi stor styiiet urg-tihen straidedehanngd rd130$1 SEdnSd I UCE el £o.6 15064
N-chappel tranglsiaql &Mf‘r‘fté'ﬁ@ené%ﬁ' Q@Ghéﬂﬁh@)he rAONE 603,CUPLL 8885 1 on
silicon-car b%galApr pher e Lhyor ol df, d Fagld on, of ar?%élﬁ is between about
0.01 and 0. O%i el f‘irflger COE{BE ﬁe lgeeéra seorurce regio

Lum i S Iness

silicon-car boag n| um Vil:b%% % mggé)l cipne%t g r} r&lt

than ten tine a |I ca $th ona on
e S o SEboghs. 20, EP§6é§ £¥8eh g@‘%ﬁ%n? T Spor
deposifti on, ut® r&Rkt gRTvafdym e'cralé‘ h EI oSFERSF MR Tt fe c{ﬁ%f?l‘l‘o%am

epi t axy. Lat tf#iesuah cﬁéﬂezdﬁﬁqxﬁﬁahdQﬁnFBﬁMPQQQQQ%n1@36“@29%ﬂ¥@en
in-situ dopedrefitinrfthe epitaxy process. io In Fig. 8D, a conductive |ayer
620 is optionally formed on lattice-m smatched zone 605 and/or drain region
607/ source region 608 to reduce resistances of drain region 607 and source
regi on 608. Conductive |layer 620 is forned;using self-aligned silicide, or
ot her nmetal deposition i5 process. Passivation |ayers and device contacts
are subsequently forned so as to finish a device conprising

strai ned- channel tran5|stor structure 6 in accordance with the third
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Fifth Enbodinent zo In the fifth enbodi nrent of the present invention, a
frabri cati on met hod of a strained-channel transistor structure where
| atti ce-m smat ched zone extends into drain extension region and/ or source

extension region acgortidg 40 tREopsiesent 4 nveMdhOnivs UepsFi hed. shch as
flowchart of ébﬁ@&afa@éw@“a@ta@ qu'c'idécc%&d%r&ﬁn"ﬂéﬂdrfke E%f&of is
enbodi ment of , nfoh{{%/&néﬁ SPOWL | O Fifla 19 ¢ g?q 88 or
descriptions Q £ ee a&dé) flllgd rﬁ&ﬁrﬁ’%im@ré{\ﬁ% EE‘P L FUEES
enbodi nent of° tHe |nven |on d QLN e %/ st
10A, a’seni cohd ’uc% gﬁ&g ? i cd %lstrate airb b 8ed
Silicon subst?ca‘f]eceioﬁe%b% p?teWbrb%clintF%l?% DY R e PEgr ?tFESF‘aF?on
regi ons (not %lbovvn) and previously defined plurality of_ device regi ons (not
shown) . For exanp|¥OTe¢EeT sol SRIPCEBERegi Dhs Fay e shbFFEUPRT ePEN D

i sol ation regﬂ@hls,ll’fpf gén 19 ainedgthane br e¢irdetarer obs- sact Fbhal 46 eWSof
one siingl e defucshergiioprbyededsycaeser ilptitdee -Sillsmadchegbstone e 4008 1is
conpri ses a chibowet rtegi ot vdheéd arhauieVe segface. 4@bdj coresubsingt eid00
is Ntype dopesktwhesrsismeitatedhanoed 4006cansixetr@nngt r ueiny e stiaidi gonl0D
is a P-channedttdansd s¢linisd Y ueddgiien o064 type doped when strai ned- channel
transi stor struct ure /d ifhidod@ind®D is an N-channel transistor structure. In

Fig. 10B, first, agatgeditglied réﬁbb@fﬁéngl%ﬂ 5tk9e5 OEBBALON g Ghannel

;ig' OEI ZgIGI v @1(9@6501? eqlh-ade 71c§f' s d Io(rf‘E %hgﬁh% di fﬁfgﬁé%itbﬁyer
covering a p tf9 ¢ ?@e%?% ghgf %gu%\s%t l% l%ga ¥ 42 gE r?dh
layer 712 is Bd ar? oxi 8 rlca SO the errra |on g by
nitridation, Jaf VS B5i t| on éph@’é?% Rty gien é 85| %"Ubh“as
sputt éfing, o?l%th r kno %fﬁ%% GeFGFAP lﬁ&?e % 1”a %Flm@ate

diel ectric | d§Rfbod2 ing ﬁFéPéFiaB SWFF]&ont}Ef‘r oiifded ?m O 1F“|e

oxynitride, GTrLTHHE N TIHs AherebEow the aSi'tEPiP%kHestl%et@\een about 3Ato
100 A, preferably Hppriodd matédl,y B0 AcHicloasigcteat esupereatei cshaer agl 2anay
be a high persnltltcr@ntyul(bhtghtk) Shft drd apreUucteds aludilcgm subdtda{a1208)
haf ni usn oxi decqif0iXes zarcpneunvoxide (2r@2)y , dHafmalumyoxyni t risel §HEON) ,
haf ni um si | i cadgi i Si(Bd)x, ghowoni umdsi preateubZySid)ined apiliaadmtgxi dé
(La203) , or awrbieategisnshe(renf whbhnan eq@ioval exdmpoxe de thii ckeesstion
bet ween aboutréy#ori® P Ye Chteleletteadd 1kdliagilod regions. Figs. 6A
pol ycrystal |l iterSidn cer (PAYrdd ) a ROFYsEryst@d dnde §lilkC0PE gRHRANE VY 1e
(pol y55i Ge), d&ffact pryiset abr SHEByagcBRkyBdeRUM Ors {HUNGS &b SOFPALINESO
such as ti tarl‘:ér%ﬁééé de, %@{gﬁnréelt' 1 her ggf o ot har 58@99&t'¥§rface

material (s) yS 3 oduced.is
in gate el ecty i%t %éﬁ%@% %Jier[ﬂ%fg%fg gi714
is formed by 0S| |ng q@ e e ro e er|a S OVEL

substrate 700 16 et ode
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15 structure 8 is an N-channel transistor structure, |atticem smatched
zone 805 conprises silicon-carbon alloy where nolar fraction of carbon is
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i 35. The nethod as clainmed in claim34, wherein the z first sem conductor
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i 58. The nethod as clainmed in claim34, wherein the z second source region
and second drain region are fornmed by s ion inplantation or plasm
imrersion ion inplantation. i 59. The nethod as clainmed in claim 34,

further a conpsisingrbeEAbAg & coNEbet i Y8 MRitkIda @Bohbe 0s@aorkh$ §ovuce
region and SQ%Qﬁdmg 'fhfﬁﬁﬂf"bo%p@@seT ﬂﬁgﬁﬁmhaﬁochﬁ!”§glhEoﬁLéhgbégr
wherein the z vs e%@ eC A S ey A OBL A onJgemﬂan%m The ne

as clai med | | t@e & €9n H%ﬁ've et E_ELJ{;_I ﬁon;fp ;5596526‘ taI

silicide.

ire witdP F? EROPD. pripelqy dut i P
Substrat e ?oﬁ%?i@m BrprPEF g& c%mtﬁ%%ml%ahatvéz?% B <§ﬁﬂa 4 rfrst rﬁéféral

lattice constiahd? FaguyRt ChATEIEY r VEPPAY SIERAT Y HEC HubS T r 1Y A ikt eeam
el ectrode on emktapaye dPéFéé??r@l%%?heﬁ geuecédlp gyl o‘?P’%m‘éP@i% aPhlieghon
oppositely adjaiceriZ tar® ies gt edeted edering | Hyerephhaxa Bpacesson a i o
si dewabl of the gale dligetréde; &l cardssiige oneysmr bétd® ofist hepsbangély
regi on and dré&vrmead pegilen tticet-orimma ticbeels szorand6D3 fainld/iong diweinm eeegsoni t h
a second sem eONMushBte | redipdreré@ td theduseconsi sadncats bat dkraéncoagtant
is different dgpmautshesbiutsé nayuscal cbatti concorstiart lsHyedS 0 is formed
lattice-m smajehed zomer- alllﬁ_:;%ed—rh%ﬂmtdl% as o¢l abedri Nnekaim gepo¥hes ehn
the z first @@_@guctorpa@gﬁé oS OMPL I SLS ShhdCOfeyd 64 cJHEaH’éEhOQréS
clai med in C' H‘gge'fBﬁhEé aséeggndtée@l%‘l%ﬁ%“c Ol LAY | 865 LRGN
and ger mani “”%t s - ea dTRE 110 %?sféébﬁgtkﬂcgh%' m éél"%&%é‘? 5@ %uh

d Uct ho
(S:fagloﬂedssrr? g?@? P G (% i SI I§ tfan ac@rl er(’)tf Jg Y%Wr%‘ﬁiln t he second

sem conduct or mat 0 67. The nethod as cl ai ned
in cl& m 65, V\,her etth fBFarfif a‘acri‘}?%ﬁlr&?nEaPGO Fh% PhESEBEQNd &H I¥hdugt or
material is stabottaolor tgebhed 068, arhe ShEeRdGIashérached FRaRS$8EBAd
sem conduct orSHEL@EVEE Fhere Sahkose MbPBATLFR&E: iZoRS AT Gechhee 9drdiness
than ten tinmesxtentiol segéancandicrorsomres i aktenséon ey imst hadcasding
clainmed in z tecess psefonpednbynpiasmasetielicmgbed.ai m 65, owdlsref nof hehéer
conprizses gerfeom Lra seon coadued otnmatepirdbncar bdrch hadetlsecdndmbbdimesbL,
wherein the iof0.tHée peddmck asirctaitish | ni<l ashovw?, inherEiq. t he.a reckss
is about 50 teudHOumtleepes@2iptiodd. dhe mekhodaasiclaaimd imethad m 62,
further z compdsidgh@anedl g the substuat emddd@@menier toanbieat srakést
form ng the recRss:id?. rdhBWeitwdas £ al nedyingclaim 62, wherein the 2
second, semi conduct g rmtger'@bms L1 11&d o dhersecess dyAn s £Rid axy -
process using, cheglca §E95tge|9@§' byl og}arwfa@a hi gl ;9 s vaguumshien cal 7 ygpor
deposi tion, (%oﬂg £eLl ar 689E5188539X formed plurality of 1isolation

regions (not shown) and previously defined plurality of
device regions (not shown). For example, the isolation
35 regions may be shallow trench isolation regions. Figs. 10A
through 10G provide a cross-gectional view of one single
device region for easy description. Silicon substrate 700
comprises a channel region 706 in an active surface.
Silicon substrate 700 is N-type doped when strained-channel

ran I st or

40 transistor structure 7 in Fig. 10D i1is a P-channel
transistor structure, or P-type doped when strained-channel
transistor structure 7 in Fig. 10D 1is an N-channel

transistor structure.
In Fig. 10B, first, a gate dielectric layer 712 1is
45 formed on the channel region 706, and a gate electrode 714
is formed on the gate dielectric layer 712. Finally,
spacer 715 is formed on a sidewall of gate electrode 714,
covering a part of the active surface of substrate 700.
Gate dielectric layer 712 is formed by thermal oxidation,
50 thermal oxidation followed by nitridation, chemical vapor
deposition, physical wvapor deposition such as sputtering,
or other known techniques to form a gate dielectric layer.
Gate dielectric layer 712 is preferably silicon dioxide,
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i 73. The nethod as clainmed in claim62, wherein the a second sem conduct or
material is in-situ doped when filling s the recess. i 74. The nethod as
claimed in claim62, further z conprising formng a cap |ayer on the second

sem conduct ors iS) LT | 8kynk tFede]Nne et hednBInghaonBd idh&t&bM 74uitphergin

the z cap | ayar; QO] SCAHNBeh! f ShcAM CONUYCE O, Ak 51 Al | 7furdPE,)
met hod as cl @@ﬁg 0, ;nP@eAWg@r%Qst heG%tgaEﬂeq_}a_(?;cet%tJ'lﬁaéJ%y%ﬁZ nay

conpri ses si I | ermslltl i.can s y%pxtrl ter

clained in cla 6 w%rel % {% %Scrf‘r I rsuc%‘ng %‘5‘3
H 02, ZrQz, 1§ 1Hr FD \I'IEé 2 P bonbi Hath % éfigof

The net hod ashacﬁ%%d PRYREBF MG 7, irn IR PRl aft¥ECHEF mi tiEE llos‘/ of
the gate di elZtFIt Yy éililgads afg&PiPhan Fanthpgunrhexieehodlad ¢t ai Ped
in claim 62, qm@?lé‘laﬁiltqwi s tgatreodi e‘I"éEhr i | & vied-eafoupx3deo Ulvbeimens ck.
i 80. The nettvidvesn cladioved iBn 1 aten 6200 wHer ei nGelie zegatbretect 7bde is
conpriises polpelororstsidlinienestdiicioron i (ddkey v/t hod as mwday redy $ta L1 Anen
62, wherein téﬁﬂikcga{g%maﬁmnode(gmrppﬁiim Jpolpfenysball i netsil i sgohs as
germani um i nfA ybdehumetdod sy £d el mesbrigb el it ng@zh a/metfmarhilhﬁ_rﬁtgﬁi@e,
el ectrode comunsigstddid althdr&3e The mekched asdH@idmAd N kd©dMm H2(s
wherein the ZIn@IﬂtaEhteé et s PHe 2SO ISR & iMRT &l mS14h €4 dRayl R4 1J@§oc‘i@éé’@d

I d I 62, f I
gf} tchgé ggur'C’lrF E'Ia %ﬁﬁr&}&@ ?1%%5@351{& QCg' %&f‘&%‘%ﬁg?‘%%gé SEI a
in claim 84, eegrella aayezr cglodcucéﬁovv?ndrra%‘g ubs r1s Th

met hod as cl al

’ter| Rrct co es
a nmetal sili % A %t &f &f fggﬁrcatf lk%nga? ﬁﬁgg Hgnl‘[lT% nPlaf
transi stor st cet]ijr epWFﬁrI‘h’ﬁgo\F&T t?%ltn%pﬁ‘?ts prdhe] ‘F b@e gatenpr e da
provi @ ng a sugst et NSi9Rf & F49SHT S or %t@.%@rm It
first naturalelegtiqde cokst aptd Bewoyane ghe| getei @alséﬁyer @t helegipsedat e,
a gate el ectridde oA teﬁlee@eﬁjecaﬂilé}{ eéspilatrdyefromnghanaefi rsegspacéPborbn
si dewal | of tdesegadecbéetriodépyerr eblssi nFattkee digfereriof Lhgesubdtr aie
not covered lprdfeddidspacéicand gayreidr edlectamdc gayer dledtoradea i7il4r ecess;
iz fikding theIneceass awrt heachedonds isen candudcher drsd mbtremiak whdmbstsegond
natural |attiwierconst anigh9 ditlicher esgldataimithe fwish natepaktl attdd cegate
constant i5 asialdaidice- phegrt chad zong, arddrdian@em ngiehfi ksl SotkiLed
region and S%Mﬁrfeaitn deot 08 fe@@ﬁ@shh@bﬁtﬂghace@bafdért e Pate formed

dielectric |aygmq o%rltti%t ghat I&%ls'ortsr %Ur&@c}ﬁfr% O'Ile%ﬂ?h%%‘éonfjof 9
drai n,fegi on atsugp He | abdlegr i ymlehed 20, 200foqel A ﬁh t hod
as clalmed i ‘_@ npri SI orm ng a secon

overlying the %aég%e?{@r n% % s%co&qe §Hrcgger %%I %djgfent
to the first 65 r %%%on an ql&rg i st

drain region. uf’

as]}%ond
seni conduct orsﬂf?é‘teé? |1§ Rikals

oo S8 %F%ﬁqgtﬁéi Sntel SlelectRidt Thve: o
i ]I‘IEI ?%qei HeS Teths 0 2

by plasma etchlng using lorine and bromine
chemlstry The depth d of recess 709 is about 50 A to 1000
A. An optional anneal may be performed to facilitate

silicon migration to repair etch damage caused by etching
recess 706 to smooth the surface of recess 709 for a
40 subsequent epitaxy process.
In Fig. 10D, recess 709 is filled with a semiconductor
material such as silicon-germanium alloy or silicon-carbon
alloy to form a lattice-mismatched zone 505, and then a
drain extension region 701 and source extension region 702
45 are formed oppositely adjacent to the strained channel
region 706’. Thus, strained-channel transistor structure 7
in accordance with the fifth embodiment of the present
invention is basically formed. Lattice-mismatched zone 705
is formed using an epitaxy process such as chemical vapor
50 deposition, ultra-high vacuum chemical vapor deposition, or
molecular beam epitaxy. Channel region 706 is strained to
be a strained channel region 706’ when lattice-mismatched
zone 705 1is formed. Lattice-mismatched zone 705 comprises
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i 90. The nethod as clainmed in claim87, wherein the z second sem conduct or
material is undoped when filling the 3 recess. i 91. The nethod as cl ai ned
in claim87, wherein the z first source region and first drain region are

formed by 3 '@ﬂLiéFPA ﬁﬁérﬁﬂ;n@rapiél?”%h'e&”éern%loék' ePaLERLANA | Ofhrmin Hem

The et hod as; ¢ ol 3 Sl S0 (244 Sy e CODCEL Ol oc o

herel o tho USRI NS ploBlg ﬁ @&ngflr[? L ST ATy,
secon 4

wherein the _ekﬂl tor TTBI‘ISG £
The et hod ac S SR TN, m §?nsa:ﬁ5 6 nSTREC H5ecd hd lssemze% tergne
conpri des si | TJH P Tt Bdrt Yregs 1 afel GRthodiaC MIF i | GPPRoR3es
wher ei n nol arSYL ¥ GRTGIHP U géllﬁé(nl‘ﬁh?ifﬁ tIPfél%%cdﬁﬁ%té‘rﬁrboﬁéucﬁéFbﬁﬁt eW al
3 is about 0.Retwren 92abpuds UThE mtod 45 cl anfed™py cfarkhos, cpfepelse
nol ar a fractdomaiiwarbonbs nsihécsacoadbsanbesndndtmr addicer ivdlerss 8o hbout
0.01 to 0.04.fja®7ioThe ihreghodansunl aisedléss z Wegondesenitdorductbat of
mat er hal f ur tdasoahosed nol drcdr actp 022 ni ¢ heptsiemonidl ¥ f srrhess sot hbant t 2re -
times that ofmbsmerilcanduciner mater ualingi 98. dpetariyhodraseskai sedhi naa
recess is fordmaniaplagdr flegyditidl aiun b - efdcdilie desm LD+ $86r
ger mani um semGuiuct o, ngt exﬂé?éc@ﬁépoﬁebﬁl the t3&5ond @i fed87mi Wherehdyt he
tlogioqghi ggtﬂ%’e apy & 'Qﬁcﬁm St r?éii' Qlﬁfcofﬁ"héél '?)ﬁ%F%?h a4 rbeé:x;q %}ﬁt@b@&ﬁecﬁ_’o
YO ice—
conprising anne e suy e |n n_Lpert oL ent s a er f ng_t he
recess. | ?ﬁsalbﬁét E:E §|t5rre n chl m 3 wﬁTlcon 58Pz §§" ‘9

sem conductor ‘irgldulrsmfgl E 8 |‘?‘P%th ersoc‘ao%/S Iegl tléi gec(g%%ed
cgqp Eiva

usi ng chem caﬁu 16 s, USlng
deposi ti on, Je‘%uT]% rIB%]an?%n%?)H%ﬁyprTcPéﬁ T ari'@t t?dbt%@rhl lﬁ%%ll?fh
cl ai m*87, fur}%ra’édcéﬁﬁlrF§| YWY Beghpn | dfer i t hersedoky dopant

seni conduct ordist frgtian alfrom 15att The-Aeshadchsdclzamed 0% chafm ampional
wherei n the Zidairdmaye@p coddpri o tdre Hathstofs drfie ghichiot xtensrdml regiqog.
The met hod as/@ll aamédspnrckaemt8nsinhermgidrhe’ @3 gabapdiekedths cld@yere-
conpri ses si Imicomtmhiate nesi105cemB apdyirirtal dellicddcagd et hod as
clained in claim8# whereilor,hea2 gedeeki allect £5C fayerd CorpLilyesgAl203,
Hf Oz, ZrQz, Hgded WA SI.09, spaSeR4, 710203, obreeabiritipnsepberieabn. dnd06.
The nethod as<Llaitmeipn stahin@7a Waakeirn rdie i 4l ahbve spekflt tdudr YaoHf
the gate dielgotiddg | @yeFide Srl & BEEok N@NoR1 985 fa%@z: 7hhe Metdhodi &y
claimed in claiup8f %ergéébéaﬂfn@e 051i€ rdl hecth £rd A&l I AUt o3 10,00
A thick. i 108. e m almed in claim87, whereint zgate

el ectrode co FISQ§\p%l% Crf§§alllngeab &Cograln region 702 is formed
adjacent to drain extension region 701, and deeper source

region 704 1is formed adjacent to source extension region
702. Deeper drain region 702 combines with drain extension
35 region 701, lattice-mismatched zone 705 when available, and
optional silicon cap 722 when available to be a drain
region 707, and deeper source region 704 combines with
source extension region 703, lattice-mismatched zone 705
when available, and optional silicon cap 722 when available
40 to be a source region 708. Deeper drain region 702 and
deeper source region 704 are formed using ion implantation,
PIII, gas or solid source diffusion, or other known

techniques.
In Fig. 10G, a conductive layer 720 1is optionally
45 formed on drain region 707 and source region 708 to reduce

resistances of drain region 707 and source region 708.
Conductive layer 720 is formed using self-aligned silicide,
or other metal deposition. Passivation layers and device
contacts are subsequently formed so as to finish a device

50 comprising strained-channel transistor structure 7 in
accordance with the fifth embodiment of the present
invention.
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1 109. The nethod as clainmed in claim87, wherein the 2 gate el ectrode
conpri ses poly-crystalline silicon s germanium i 11 0. The nethod as
claimed in claim87, wherein the 2 gate el ectrode conprises a netal. i 111.
The nethod as cl aism@tﬂ Edddindys wWherein the a gate el ectrode conprises a

netal silicide. i I]rﬂ-zthgh%ﬂi&:tmo&n@édﬁh@&hﬁe@f' nored abgég@ntwfl@{v"édtﬂd?ﬁ 33
second souUr Cegy |éH£ﬁ&F Seendqdrayp. r%ﬁ'0§t§5§n ﬂtgﬁgn9¥l3 ' OPansistor
i npl ant ation Qr_p }E%IP& S%QE't!LQQ MB ?Eﬁ&ho%rﬂe 313 £ ihe qmel

clainmed in cllacg me7, Jurtl i ondfjctél\{te e ono
the fitst s sout énpread%fmg wh Hies SSclra'aln rng %n 1}16?4p The rreJtIP]o%ln 5
clainmed in cla feers3 Tein the 2 conductive materjal conprises a metal.
i 115. The method &5 E&i-medifn c?alsrﬁr‘illi%"n‘?z\‘)i‘fét?%’fnstqlfbgtzra&?ndﬁélﬁhveas a
material conprildedm webarratei 808e.1s angyidedret hdd ldropabriksdiade a800
st rai ned- chame@P i g9sans? st resipueiir e feirnedi mprdoveed ittwanspor t1pebpeten es,
3 conpri si ng:refyimmevi dinng askest r anel cpnprisiagya dxffircshdpduornlity of
material, a gotweial ekegtibne | ayer showhé .s stbst rextanp ke gatteeel 25t fadeoon

t he gate di elregfirdres Intserbe adtth Bl GO W endlegi oFl anicbrdrsddi éng egibigs. 11A
opposi tel y adjracagh t 01bhergatieldi gl egbkiscs8ckayanl ank 0ok NNt & Ny Bl

el ement wi t hcﬁé’irlaié)rﬂ&?ﬁcbriefgtfégé9nﬁelslcrﬁb‘ﬂﬁbhhat Hif1 it sem conduct 960
material to foup.ades IattbesantsoRLENED 200G LR %&%u@tu%t hfptihedd a

n

]aﬁg ﬁggk [ 6,
fsglrJ{ ﬁgrrgglcgrg: s %{geg @Cﬁfhngl jﬁ i %Cgr tecﬁié 1 &f aér&tnl n & 83(*)(5” l‘g
el enent. i r% e‘I' %Eﬂg aso‘?ﬁataég 1ele %l r% rein ??1 %
duct | d'
116 Conore ﬁr%af?o o Si@%ﬁ% | Eeaé%n%m opp;gateﬂe Y C % arm
cl ai n?tl 16, mﬁ&%%t aene i SPESFBon8 P 19%. Er‘he ‘F‘ﬁ% I a‘?%‘ﬁ | n

claim119, rJ8i r%ft‘ﬁ‘ﬁﬁ‘%f a é’r"#ﬁnl o ithet RCTRT® | éé‘rr’?la§ﬁat
zone is 3 abcﬁHbS(TIPttQ) 09@0 12Pra¥pe ﬁﬁghéé a80d| aigrEPniFed aidn 1@30aln
wher ei n ol are3it dnysgen oﬁe@ioaar%b'ln pRdt e HaEPEETedradmat BhEHOR 0882 s adut
s 0.01 to 0.Gurcel28egite ABBhowmesdlsgisned souctai rkienwhencinedimar ¢t e
dieleetric | ayel conpeépes sbhuircenmagieor 304 i coAsloxyni tubdderiatE24800Thes
met hod ascl aiNvegd/gen dbpedil 2henhestet ai Hdrbzclgairee di ekens i stok ayercaries e%
A1203, Hf Oz, Zriez,ridf ONL 5C HL S| 84 p-2hSnB4,] tazd3d i stlceodimatiuanrs thereeotype i
125. The net hpghaas wilah nebrainedatnaddd4]l whenelBtbhe sz riehatev® in Fig.
permttivity jafc tihe Gate Haleot ri gl fyeiok Sstsrdar@es, than 5. i 126. The
met hog, as cl ai med i £ @i M 46, suhebai Nrihent a3ale HRRAd 116 | efolded
about 3 to 1QQ, /M Igkicd 12{s d5e Bethad %% ot dnfl | AR LD vy T2 1
the z gate elg %tcgmy SeS, 80 yfrCJ@/Sé gcpt% AbdGalk e 1908 ndhiey L fod

as cl ai ned | al m roq_,l n %tgr ode rrprl C%ro

pol y- crystall SI| t I n, c?alm
16, wherein th é?écﬁ et SE e 3uE g fhott 4
claimdd in cld} aﬁ Yikr ePﬁ Fﬁés E’t‘?%ﬁe é° r?%%%e%

silicide. adjustable depending on a tlce mismatch zone 805 1n Fig.

11C either extending into drain exten51on region 801 and/or

source extension region 803, or not extending into drain

extension region 801 and/or source extension region 803, as
40 required.

In Fig. 11C, an annealing step 1is performed on the
substrate 800 to form a lattice-mismatched zone in one or
both of drain region 807 and source region 808. Thus, one
or both of the drain region 807 and source region 808

45 comprise the lattice-mismatched zone 805. Channel region
806 is strained to be a strained channel region 806’ when
lattice-mismatched =zone 805 is formed. Thus, strained-
channel transistor structure 8 in accordance with the sixth
embodiment of the present invention is basically formed.

50 Lattice-mismatched zone 805 comprises silicon-germanium
alloy where molar fraction of germanium is about 0.1 to 0.9
when strained-channel transistor structure 8 is a P-channel
transistor structure. When strained-channel transistor
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i 13l. The method as clained in claim2116, further z conprising formng a

conductive material on the source s region and drain region. i 132. The
met hod as claimed in claim 116, wherein the z conductive nmaterial conprises
a metal. i 13krddeurethodsasncaichsénel driniklhr wherettutde Zattice-

conducti ve maiednhAl cHPELEES godretal %'1%|e§' d@llggon carbon alloy where
. AH. A3. ASFr . agsvkrgggioﬁ A@/Lb AHYb 1A,y AbfFos AHFT

Y- A Jur
.A5@. A Hr. i
wr mhc”Y] ca] ca c ca ca ca a C calca
e ol s 4] g cl%;r ‘3 “T@ig L e
PQ "wx{vql gb taj¢h ca C ca ca ca
ca] ca] E:a]ch] ]ca] ca] ] ca] ]VFI IVJ‘ %ﬁ‘/ %&‘l {‘ ; ﬁ% ]
AYU] ] ca] ca] ca &l ]%] %%rauif%a}ea] 8 capéiaF@é}]rca] ézﬂgdaarb AWy E% ‘c%tTca]
Ca] Ca] Ca] Ca] C%%Jﬂ Q‘% c&® Cadraln region source  region

/311 02@33J8Kﬁ%mwmm%mﬂm $¢\I{f/p¢<—’£a®w@af]ch]@a<]i@a] ca
] c~a] ca] ca] cajrajtled cahebd tafieppeat tahcajroaksa) c a)kea Tialadd] wa] kay €ad capda] c
Na] cal] ca] ca!dNNCXRPKEd KX acts are subsequently formed so as to finish a
SSSW X] XXXXOgeeeXY¥ 4P Y YY +h4Z | awrdicitddtalmalicat eah s af ea} calteajoralreal €a] ¢
a] ca] ca] ca] cajicaheabeabeakcal ceh calien] eakea] cémbsal wahealem] eakcah Lt 3™ 4
A bb+eOeYf4ffdddidd J Kkl T mkm nm} xsni d_Z] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
a] ca] ca] ca] ca] cal C@ | el C@ﬂmgab?z%]s%%]tca:]rﬁﬁéﬁ@i&@] rakcaleal C@if}@i&@iémﬁbnt

nnppasbsss} w~

| Z}[}}}+~ ~—~—= " deﬁ\?] l(?ad a k():% Jé:l ceaj a %ea to Y féca ncSa a] c
a] ca] ca] ca] calc :13 ecna. Sc’a Cla‘%ﬂf' E) 813 g ]Erh 3
ajcalca]calc c ca cajca c
a]l ca} é%{} ca} ca }'b he ar ]C_’L%j % ln en e§ i ]
"yz| K[ 56ab, 2 %n 8 Y&a?cﬂ&] cak]%a]lc‘a]a(?&]r%réa]%sa] 88]’85]168] Gdilcaf e ca
ca] ca] ca] ca] ¢l & ¥a) & ) tn] 3R] Ereubkya\ $pthaital c
a] ca] ca] ca] cath]THRA] T ]@aq e reayretal @al ca] ca] ca] ca] ca] ca] c*a] ca] c”
a] ca] ca] ca] ca] ca] ca! t uybhHNhA

g} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! WB&bc-y

D+} xsni d} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] caef GL0% & ()-s, SMLO% & () - sMLO% &
()-10% & ()-10% & ()-L10% & ()- dELO10% & ()-+10% & ()-t%0% & ()-y

10% & ()-910% & ()-10% & ()-"<!0s!'10% " & ()-1'0s!'10% " & ()-1!0s!/10% & ()-1
s!'10% & ()-1:10% & ()-510% & ()-x z { | }

ANYT7!$03%40%4| 4] & ()-'18103%40% | 1| & ()-!A3%0%| ul & ()- 10" 10

100 F=10% & ()-'0s!10% & ()-1kkz[9{Y7!!9%M 10%t| 4| & ()-$
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109%4| & () - 0394.0%!| & ()-!.03%40%)| b| & ()-!$039%4.09%K| X| & () -! <039%4.0%]| p| & ()
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!" WU3{ Y7! OFI 94.0%6h6h& () - 7! OFI %40%h1h& () - 7! OFI %4098h6h& () - 7! $OFI 94.09®hDh
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03MPALOYGYE! () tmpSIARMVAOASS £ AOoYbb & &a ﬂ@ fig10 h 10 hy="10%

h& ()-10Fl 940% h, h& ()-72&81& . ( 7"00/&0 7(1).0%.0%p&:
ow&(()t)a/d;& O)-Z(1 0%D %ﬁér(a)l“f(q) Zé% ‘3%/&%0/&' Pé 3115‘ 8P VV%l

10GY=MLO%E () - O(V&O(V&BC%?IMC%E@@@/H@I’/WWrZ with' a first natural
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039%4.0 6! <J039%4.0%: ACHRECEEAUGS :
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1 2. The transistor structure as claimed in claim 1,
2 wherein the lattice-mismatched zone is about 10 to 1000 A
3 thick.
1 3. The transistor structure as claimed in claim 1,
2 wherein the lattice-mismatched zone is about 300 to 1000 A
3 thick.
1 4, The transistor structure as claimed in claim 1,
2 wherein the first semiconductor material comprises silicon.
1 5. The transistor structure as claimed in claim 1,
2 wherein the second semiconductor comprises silicon and
3 germanium.
1 6. The transistor structure as claimed in claim 1,
2 wherein the second semiconductor comprises silicon and
3 carbon.
1 7. The transistor structure as claimed in claim 5,
2 wherein molar fraction of germanium in the second
3 semiconductor material is about 0.1 to 0.9.
1 8. The transistor structure as claimed in claim 6,
2 wherein molar fraction of carbon in the second
3 semiconductor material is about 0.01 to 0.04.

9. The transistor structure as claimed in claim 6,

wherein the second semiconductor material further comprises
germanium whose molar fraction in the second semiconductor
material is less than ten times that of carbon in the
second semiconductor material.
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2 wherein the tensile strain is about 0.1% to 4%.

1 18. The transistor structure as claimed in claim 1,
2 further comprising a cap layer on the lattice-mismatched
3 zone.,

1 19. The transistor structure as claimed in claim 18,
2 wherein the cap layer comprises the first semiconductor
3 material.

1 20. The transisteor structure as claimed in claim 1,
2 wherein the source region comprises a source extension
3 region and a deep source region, and the drain region
4 comprises a drain extension region and a deep drain region.
1 21. The transistor structure as claimed in claim 20,
2 wherein the lattice-mismatched zone laterally extends into
3 the source extension region and/or drain extension region.
1 22. The transistor structure as claimed in claim 1,
2 wherein the lattice-mismatched zone further extends beyond
3 the source region and/or drain region.

1 23. The transistor structure as claimed in claim 1,
2 wherein the gate dielectric layer 1is silicon oxide or

3 silicon oxynitride,
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080%BYE: () - TS#%Fmﬁm@ng 08 OVEOR: (9§ LT 530gprising a lrst semiconductor
5 material with a first natural lattice constant, a

gate dielectric layer on the substrate, and a
gate electrode on the gate dielectric layer;
forming a first source region and first drain region

(oI« - IS B

oppositely adjacent to the gate dielectric layer;

10 forming a spacer on a sidewall of the gate electrode;
11 recessing the surface of the substrate not covered by
12 the spacer and gate dielectric layer to form a
13 recess;

14 filling the recess with a second semiconductor

15 material with a second natural lattice constant
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20 the first drain region, one or both of the second
21 source region and second drain region comprising
22 the lattice-mismatched zone.

1 35. The method as claimed in claim 34, wherein the
2 first semiconductor material comprises silicon.

1 36. The method as claimed in claim 34, wherein the
2 second semiconductor comprises silicon and germanium.

1 37. The method as claimed in claim 34, wherein the
2 second semiconductor comprises silicon and carbon.

1 38, The method as claimed in claim 36, wherein molar
2 fraction of germanium in the second semiconductor material
3 is about 0.1 to 0.9,

1 39, The method as claimed in c¢laim 37, wherein molar
2 fraction of carbon in the second semiconductor material is
3 about 0.01 to 0.04.

1 40. The method as c¢laimed in claim 37, wherein the
2 second semiconductor material further comprises germanium
3 whose molar fraction in the second semiconductor material
4 is less than ten times that of carbon in the second
5 semiconductor material.

1 41. The method as claimed in claim 34, wherein the
2 recess is formed by plasma etching.

1 42. The method as claimed in claim 34, wherein the
2 recess is about 50 to 1000 A deep.

1 43, The method as claimed in «c¢laim 34, further
2 comprising annealing the substrate in an inert ambient
3 after forming the recess.

44, The method as claimed in claim 34, wherein the
second semiconductor material is filled in the recess by an
epitaxy process using chemical vapor deposition, ultra-high

& W N

vacuum chemical vapor deposition, or molecular beam
epitaxy.
1 45. The method as claimed in claim 34, wherein the
2 second semiconductor material is in-situ doped when filling
3 the recess.
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1 47. The method as claimed in claim 34, further
2 comprising forming a cap layer on the second semiconductor
3 material.

1 48. The method as claimed in claim 47, wherein the
2 cap layer comprises the first semiconductor material.

1 49, The method as claimed in claim 34, wherein the
2 gate dielectric layer comprises silicon oxide or silicon
3 oxynitride.

1 50. The method as claimed in claim 34, wherein the
2 gate dielectric layer is Al:0s, HfO:, Zr0., HFfON, HESiO,
3 ZrSiQ.4, La:0:, or combinations thereof.

1 51. The method as claimed in claim 50, wherein the
2 relative permittivity of the gate dielectric layer is
3 larger than 5.

1 52. The method as claimed in claim 34, wherein the
2 gate dielectric layer is about 3 to 100 A thick.

1 53. The method as claimed in claim 34, wherein the
2 gate electrode comprises poly-crystalline silicon.

1 54, The method as claimed in claim 34, wherein the
2 gate electrode comprises poly-crystalline silicon
3 germanium.

1 55. The method as claimed in claim 34, wherein the
2 gate electrode comprises a metal.

1 56. The method as c¢laimed in claim 34, wherein the
2 gate electrode comprises a metal silicide.

1 57. The method as claimed in c¢laim 34, wherein the
2 first source region and first drain region are formed by
3 ion implantation or plasma immersion ion implantation.

1 58. The method as claimed in claim 34, wherein the
2 second source region and second drain region are formed by
3 ion implantation or plasma immersion ion implantation.

1 59, The method as claimed 1in c¢laim 34, further
2 comprising forming a conductive material on the second
3 source region and second drain region.

1 60. The method as claimed in claim 59, wherein the
2 conductive material comprises a metal.
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1 66. The method as claimed in claim 64, wherein molar
2 fraction of germanium in the second semiconductor material
3 is about 0.1 to 0.9.

1 67. The method as claimed in claim 65, wherein molar
2 fraction of carbon in the second semiconductor material is
3 about 0.01 to 0.04.

1 68. The method as claimed in claim 65, wherein the
2 second semiconductor material further comprises germanium
3 whose molar fraction in the second semiconductor material
4 is less than ten times that of <carbon in the second
5 semiconductor material.

1 69. The method as claimed in claim 62, wherein the
2 recess 1is formed by plasma etching.
1 70. The method as claimed in claim 62, wherein the

2 recess is about 50 to 1000 A deep.
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2 second semiconductor material is filled in the recess by an
3 eplitaxy process using chemical vapor deposition, ultra-high
4 vacuum chemical vapor deposition, or molecular beam
5 epitaxy.

1 73. The method as claimed in claim 62, wherein the
2 second semiconductor material is in-situ doped when filling
3 the recess.

1 74. The method as c¢laimed in c¢laim 62, further
2 comprising forming a cap layer on the second semiconductor
3 material.

1 75. The method as claimed in claim 74, wherein the
2 cap layer comprises the first semiconductor material.

1 76. The method as claimed in claim 62, wherein the
2 gate dielectric layer comprises silicon oxide or silicon
3 oxynitride.

1 77. The method as claimed in claim 62, wherein the
2 gate dielectric layer comprises Al.0s, Hf0., Zr0., HfON,
3 HfSi0s, ZrSi0s, La:0s, or combinations thereof.

1 78. The method as claimed in claim 77, wherein the
2 relative permittivity of the gate dielectric layer 1is
3 larger than 5.

1 79. The method as claimed in claim 62, wherein the
2 gate dielectric layer is about 3 to 100 A thick.

1 80. The method as claimed in claim 62, wherein the
2 gate electrode comprises poly-crystalline silicon.

1 81. The method as claimed in claim 62, wherein the
2 gate electrode comprises poly-crystalline silicon
3 germanium.

1 82. The method as claimed in claim 62, wherein the
2 gate electrode comprises a metal.

1 83. The method as claimed in claim 62, wherein the
2 gate electrode comprises a metal silicide.

1 84. The method as claimed in claim 62, further
2 comprising forming a conductive material on the source
3 region and drain region.
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O- providing a substrate comprising a first semiconductor

5 material with a first natural lattice constant, a

6 gate dielectric layer on the substrate, a gate

7 electrode on the gate dielectric layer, and a

8 first spacer on a sidewall of the gate electrode;

9 recessing the surface of the substrate not covered by
10 the spacer and gate dielectric layer to form a
11 recess;
12 filling the recess with a second semiconductor
13 material with a second natural lattice constant
14 different from the first natural lattice constant
15 as a lattice-mismatched zone; and
16 forming a first source region and second drain region
17 oppositely adjacent to the gate dielectric layer,
18 one or both of the first source region and second
19 drain region comprising the lattice-mismatched
20 zone.

1 88. The method as c¢laimed in <c¢laim 87, further

2 comprising:

3 forming a second spacer overlying the first spacezr;

4 and

5 forming a second source region adjacent to the first

6 source region and second drain region adjacent to

7 the first drain region.

1 89. The method as claimed in c¢laim 87, wherein the

2 second semiconductor material is in-situ doped when filling

the recess.

90. The method as claimed in claim 87, wherein the

2 second semiconductor material is undoped when filling the
recess.

1 91. The method as claimed in claim 87, wherein the
2 first source region and first drain region are formed by
3 ion implantation or plasma immersion ion implantation.
1 92. The method as claimed in claim 87, wherein the
2 first semiconductor material comprises silicon.
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93, The method as claimed in claim 87, wherein the
second semiconductor comprises silicon and germanium.

94. The method as claimed in claim 87, wherein the
second semiconductor comprises silicon and carbon.

95. The method as claimed in claim 93, wherein molar
fraction of germanium in the second semiconductor material
is about 0.1 to 0.89.

96. The method as claimed in claim 94, wherein molar
fraction of carbon in the second semiconductor material is
about 0.01 to 0.04.

97. The method as claimed in c¢laim 94, wherein the
second semiconductor material further comprises germanium
whose molar fraction in the second semiconductor material
is less than ten times that of carbon in the second
semiconductor material.

98. The method as claimed in c¢laim 87, wherein the
recess is formed by plasma etching.

99. The method as claimed in claim 87, wherein the
recess is about 50 to 1000 A deep.

100. The method as «claimed in c¢laim 87, further
comprising annealing the substrate in an inert ambient
after forming the recess.

101. The method as claimed in claim 87, wherein the
second semiconductor material is filled in the recess by an
epitaxy process using chemical vapor deposition, ultra-high
vacuum chemical vapor deposition, or molecular beam
epitaxy.

102. The method as c¢laimed in claim 87, further
comprising forming a cap layer on the second semiconductor
material.

103. The method as claimed in claim 102, wherein the
cap layer comprises the first semiconductor material.

104. The method as claimed in claim 87, wherein the
gate dielectric layer comprises silicon oxide or silicon
oxynitride.

105. The method as claimed in claim 87, wherein the
gate dielectric layer comprises Al:0,, HfO,, Zr0., HEON,
HfSi0s, ZrSiQOs, La:20s;, or combinations thereof.

106. The methcd as claimed in claim 87, wherein the
relative permittivity of the gate dielectric layer 1is
larger than 5.
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gate dielectric layer is about 3 to 100 A thick.

108. The method as claimed in c¢laim 87, wherein the
gate electrode comprises poly-crystalline silicon.

109. The method as claimed in claim 87, wherein the
gate electrode comprises poly-crystalline silicon
germanium.

110. The method as claimed in claim 87, wherein the
gate electrode comprises a metal.

111. The method as claimed in claim 87, wherein the
gate electrode comprises a metal silicide.

112. The method as claimed in claim 88, wherein the
second source region and second drain region are formed by
ion implantation or plasma immersion ion implantation.

113. The method as claimed in c¢laim 87, further
comprising forming a conductive material on the first
source region and first drain region.

114. The method as claimed in claim 113, wherein the
conductive material comprises a metal.

115. The method as claimed in claim 113, wherein the
conductive material comprises a metal silicide.

116. A method of fabrication a strained-channel
transistor structure with improved transport properties,
comprising:

providing a substrate comprising a semiconductor

material, a gate dielectric layer on the
substrate, a gate electrode on the gate
dielectric layer, and a source region and drain
region oppositely adjacent to the gate dielectric
layer; and

implanting an element with an atomic size different

from that of the semiconductor material to form a
lattice-mismatched zone in one or both of the
source region and drain region.

117. The method as claimed in c¢laim 116, further
comprising annealing the substrate after implanting the
element.

118. The method as claimed in claim 116, wherein the
first semiconductor comprises silicon.
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1 121. The method as claimed in claim 119, wherein molar
2 fraction of germanium in the lattice-mismatched zone is
3 about 0.1 to 0.9.

1 122. The method as claimed in claim 120, wherein molar
2 fraction of carbon in the lattice-mismatched zone is about
3 0.01 to 0.04.

1 123. The method as claimed in claim 116, wherein the
2 gate dielectric layer comprises silicon oxide or silicon
3 oxynitride.

1 124. The method as claimed in claim 124, wherein the
2 gate dielectric layer comprises Al:.0s, HfO., Zr0O., HfON,
3 HfS104, ZrSi0., La:0;, or combinations thereof.

1 125. The method as claimed in claim 124, wherein the
2 relative permittivity of the gate dielectric layer is
3 larger than 5.

1 126. The method as claimed in claim 116, wherein the
2 gate dielectric layer is about 3 to 100 A thick.

1 127. The method as claimed in claim 116, wherein the
2 gate electrode comprises poly-crystalline silicon.

1 128. The method as claimed in claim 116, wherein the
2 gate electrode comprises poly-crystalline silicon
3 germanium.

1 129. The method as claimed in claim 116, wherein the
2 gate electrode comprises a metal.

1 130. The method as c¢laimed in claim 116, wherein the
2 gate electrode comprises a metal silicide.

1 131. The method as claimed in <c¢laim 116, further
2 comprising forming a conductive material on the source
3 region and drain region.

1 132, The method as claimed in claim 116, wherein the
2 conductive material comprises a metal.

1 133. The method as claimed in claim 116, wherein the
2 conductive material comprises a metal silicide.
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