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WD 2004/ 040619 SEM CONDUCTOR DEVI CE W TH TENSI LE
STRAIN SI LI CON | NTRODUCED BY COWPRESSI VE MATERI AL I N
wé 28ldRuéd OXI DE LAYER PCT/ US2003/ 032770 TECHN €aL/uShdaBmDs2770
5 The present invention relates to manufacturing
sem conductaiRYuReerRBIICHWIBL B gyteaky, to an

i npr oved sen1conductor deV|ce conpr|3|n i con on
i nsul at or SESEN NTEORYGESSY. CBA %E%¥%

[ NVENTI ON An i npornNayg UREIMOXIDEhgOERg research in the
sem conductor industry is increasing sem conductor
performance whil e decreasi ng power consunption in

TE £ 'ﬁgﬂ%uctor devi ces. Planar transistors, such as
C}mriej%ﬂa 0O oxi de sem conductor field effectEptsr ansi st

(THeBEET) inygpiion selptes te graHicirippiemicgqduetarfleyigss 2
improvedis@hcod@idst deYicd ddtn@@iRts@idonCnidulatti SO clinhibgsi ze of
MOSFET and ot her deV|ces decrease, the di nensi ons of

ns, channel regions, and gate
BACKﬂFL“IeL‘C'I{ir odes o% Qﬁe I\cél’ew ces, al so decrease. The desi %‘%‘F 4
ohn impentanis ] of @PEopIE ApFEHCY if ARFsTEICEIdECtqy; IpdystEy g fRcrepRg fFaiconductor

performlal%@ gftuhﬁled'f&klﬁl@pdvkr REEBBEARLY sehx(hormﬁ@w deh@ces. VR singr eAngidtdrgwmch as metal
unct.i

I S e in Ens1
ot ZGHERELT8) Bl Uek 0500 SR AT TG ASuB o e g
integratefop@mitss Asntho sitehef MAgifesnd oftiep davices gaareepe f tflcU gm@pﬁ1ons of source/drain

regions, disad %ﬁ%ﬂﬂfﬁﬁ%h‘t@ Lléfctr@&é@ b thdudlies, alse ddcRadage currents and
poor reakdown_per f or nrance our.ce .
j 'El'ﬁ élrfogB ﬁgever\ﬁnfﬂllf Blalfaﬁ Fwtgrg gwtliﬂwrit hémrg?larégrths n}agef %(51606%\&8 to provide

very shhiR®/Spur@fdenin JgﬁcnatsaIShegﬂow guciionede fegessae eyoid ezl diffusion of implanted

dopantspﬁ&)f rdﬂ?xﬁl&l%ﬁe@ sﬁ“&%ﬂfusﬁn %ﬁ%lmta@&\iél? %&ﬁlbﬁei toCledkag¥currents and poor
ator (SQ) technolo

formati o
breal D SR Shalsh SP‘BW‘]‘%E%‘B‘?? kA e of 1B rgllggr(]);\ orless, are
generalfp@quietd Yor a@sptiblepeitar@anpe infshurrmhmeod dbyyees. educi ng parasitic

J §1 H(%E r? [ﬁsﬁﬁ&%l ?E}ﬁlglogﬂllt)@pﬁlgﬁnégon ofafentsp&h ns@il@@}junctlon devices.

or marice Hjsunctl on {%?ho " SOI
In addla@v |S@Ie §thCPFa]thF°é%1 aetfoEmaete Pe Fedyoing AFTe s 1UEdoh (Si‘Pa“iité’i‘fST us

technolbdyQRiprShak the fperforaraept sallodigvicd@sdevitrisCvviagsahdt exypier &tnsr fnctions do
not benBtetrllr[ I tsJoY eFo(r)% V\'h n,e%vme%%ﬁc% %e@enga@rgﬁre st t@cn& whitf EJ&Q]EJQ deep implant

8 when rormn strate. In a
perfornshghies trhept fermedinig plk #8stepks de (BOX) fil m made of silicon
OKJ éjﬁ)ﬂ sBbsfras, rﬁaﬁm&ﬂoﬁdertgbﬁ) ﬁ]‘rryﬁlhcmof sifitdni ox9i8 is farmekdan single crystal

: h SOI
o 3 P P S S a0 . g R8s o
substragsisknowt. enegpch niethodhis Sep@g@o%hydmplﬁxgqmgqngsm/IOX) wherein oxygen is ion

1mp1ant§@ﬂ@ra§itng19&y4@ay 5111(!69 L@E\ia%do @‘Iﬂ Q@fﬂle& &N@E@X) fﬂlﬂle rein oxygen
SL N S Sl

Séﬁ(glfef ¢ odtog ?QFBIIBW ggt Pﬁtrgta 130%&6 léon(i 6)8%erfe1n two ge%%:on uctor substrates
with sitieh hgide ofifafeolpyrisrge bon8€ togats tirthe &lidog opjdé é‘F‘faEPé el ifcri@,a BOX layer

bawﬁxﬁﬁ[ 5Qm$M@m§§g%§ggguctor substrates wth silicon
surface ers are bonded together
AP B st ST GG, PEITP T B TRy o es troseh
oxide ThRA. Tvbe sam cafldutbd ons oflibd emtcosinct@Guitngeshie dop@ﬂmth hydrogen ions
prior tot beo(r:u;] r(ljg g hyl d§ Igéﬂﬁt[)&c%pggts&l;sgqtu?]w hifols ﬁk%ﬁlréé@?f Rh 6 d RRREieNYbe split
on su

ucto tes roug I de layers. In the
from thsh@nd%d sahsirgiesyleanipg brbigd 2 Bindayst OftS‘H%f’n% &%ﬁ%?u ctor

SRSl alies tbdﬁncd@@&ﬁko%lb\hs iny (ﬂfrﬂg&m of bigher speil devide® One method of
formm%J otgagnlﬁggfrlcgn tran51st¥)r% 9 gyege&)l)sotp %PAdQ(gla?éﬂ Q? St régl]nxnl?&ll(ﬁé@) on a bulk

gen iond o be s
silicon lpefad el thipiyst ofailieen i @&wwgﬂsb@msﬁ?ﬂl k| ﬂ%erﬁlﬁ?rp | %hy distagge between atoms in
the SiGH brlse@ MR id B6ated Ulkah aReL distict BétR@E aBinds ii€ @R ofd@IyNudlco yrystal lattice.

also allows the formation of higher speed devices. One
met hod of 1

810ferpart1c18a{r§f, to an
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35 formng strained-silicon transistors is by

depositing a graded |ayer of silicon gernmanium (Si Ge)
wono@/edik  silicon wafer. A thin |ayer of silPCOWS2®3/032770

subsequent|ly deposited on the SiGe. The distance

Becauseb[ﬁéré’\@eanna%ta@ PRdelndy oftafehs Dhsfde dafedenit @fstalsarb blighewithSong afaiic® fvhen one

han the di stance_ between atq Si |l
crysal i ORISR B BT S L e e
or "straﬁie &amge viith eliecatérss ia teaSiGe aditice.e Mtkemey iofhe atadied silivei @‘@eﬂence less
remstance an ? eL{Btto &?ofgstrgreg&éofn%rﬂafﬂ%s&fhhaﬂﬁ&? anot her when one

n anot’her cryst al
R Gsmseicesiois govises: g wed peieingh P o HEARG° Pl Siscosed
embodn%@rﬁsetSGIhlcoanﬁctor Qévicad, Bs ustdhepdid, giolutd 4 Widd Vreeta bheletromic delviges including
flip chqugleér #]@%Lf%c assembﬁl%g rm%QsSst()lrsn cgpla?c 81'% x?-u@Il V\P&ggess%fsl faﬁ&)ﬁl access memories,

F 8L rasi st ance ran p to 80% faster
etc. In gehexal, semicodefitan devcesciefpstp any dleniaical fiqvice eAmprisgngrERRicpdpgiers.
sem conduct or devices, as used herein, is not to be
suMMARYdragEtQvEREoNpeci fi cally discl osed enmbodi nent s.
sgwlpliege{?)(?ntg %?nteegilr 18gleeev%ﬁl}ec:§ﬁd8§or cléwce arp ? a élf)\'/lce tﬂ%lcbquﬁn tl\M Ige%ormance

evi ces’ I nc
1mprovénrlenqs ot rcipabkugd stmd witifdndeghnofogyn n@egate@ptg a nqgg ﬂa@s ftr(t) Fosprowde a
semicotii&dr UL QGER SO Rises/ BRI RARQEAR AR Wiltfut foldfiy a bile lattice on the
general, sem conductor devices refer to any electrica
substratftey/j ce conpri si ng sem conductors. SUMMARY OF THE
| TENAHd Qithet Credbls itee me b tegibadimeisclofi the tpkrsent drvertiondukiglp provide a
senncorglﬁé{cl.)rccgw@er Eonfgﬁgmgaa de¥i H&uckh %Ibs&m'd NeRyek ! e c(ﬁﬁfrefsﬁveﬁﬁﬁl@&d on the

ovenent t echnol og st r% ned - 1
Semmtdéﬁfﬁﬁeh%a&y A 1%&?%“%’3?# &ificon s f?f&‘éi‘j‘”} the LR 0 °%{Pftres€‘8‘* ‘B?t%{? de
aTheSaTrcORdLEdsAre albe wieCy chrbnintembodipentsé the fngtprtiinyeption which provide a
method o% mqgeagsex%b!n{dﬁcg& dgﬁé%%tﬁ a\é\ératulé&) Hﬂcorl ﬁ&@c%gr@inﬁ)t@ﬁdlh@ denfBnductor

ate. These and ot her "needs are net
substrafe m@éwmgtasla@fr efheompregstya ripatstidly & theoWPsHfi ch FrBYH 8 cop layer Is
subsequbRlySBeCSBANCEhRF otdempresew@mnmal sing a sem conduct or
S bss 121\5e%t e rgsse%t e% e%r {o?lc:m 1&8{59&%%{;% syded E@ﬁ'ﬁc%ﬁdu@thr (Q:Olcé 'Qﬁm improved
sem €onduétor su ayer- of strained silicon
electriCiﬂshafrmenfélels on the I ayer of conpressive material. The
e‘?ﬁel ﬂox%ﬁon%t Al heNREWDSs, &E&ctéﬂaﬁ@ a(l%ﬁta@sy ofcé pRbeAt invention will become

apparer}rré[t %860 1n$ Sertzﬁ]ie% gescnptlon %e ese 1nven {on W \Mﬂgnctgkegrlﬁ) X(Bngﬁctﬂ)n with the

sem conduc evice Wt
accompetyirgidrasthgsi | i con | ayer conpri sSi ng provi di ng a
sem conductor substrate and formng a | ayer of

BRIEFORRNPRBIRINGF THr BRAWINGH the substrate. A strained
SE@&? ?gllﬂ-lal o ) tlc‘ie forrgatl%rlil be engnt ndu&grn@vweo\xﬁf Eapg of compressive

essive na nvent

materizhigldbedd esidd lhyer wwed§mﬁr0€utapr0¢eﬁﬁpr oved h| gh- speed
S%SCQA‘%Qﬁu%atedtﬁé/ fdi;fﬁatl% bha EOPBmliucte! RGitd Widah layer of compressive
characteristics, The for(ggm n and ot her features,

materialia g bpried oxidg {gy e‘é’fﬂ}’ﬁﬁtwﬁﬁ’é%"n Bt esent invention will
bEssTRA-38 Ijpstragnthe formatibe off a)fldld)v{ifentgradeettcal oh @B esernipdngicip substrate

- . taken in conjunctlon
witha i F}&gﬂ@g&g@ﬁ%%dggﬁgg% e e, B o DESCRLETL ON, et nd
OFIGH- - FRoAlA S PP Lo (e Yieq dpsisioE VT ST aDgo Aoaamel &
higher Rfelsof REInicIGF TNt sicatiradesgione Wi th a | ayer of
conpressive material in a buried oxide |layer using a

DET EBrDtEfSI i (#\y&f?ﬁ]gml\ﬁllgﬁ 2A-2G il lustrate the

sem conductor device with a |la i th
ofhecaserpt msfioreenabliy thygEodyqtian ofiimprayehbigh- %’aedd?f“&léld?cé%? Hfices with the
benefit4! S HO@ SBT WAfs@4ined G ctinA@hioRG MG Peesent invention further provides the higher speed
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FIGS. 3A-3E illustrate the fornmation of a field effect

transi stor on a SO sem conductor substrate wth a
woOayaro4ed19 conpressi ve material in a buried oxi #eTiuay®s/032770

FIGS. 4A-4C illustrate the formation of a field effect

offered bty AR $HiQh te‘éﬁrﬁﬁgﬁcoﬁﬁlé@«hﬂﬁﬁ’e redubdaGRidsitic @@l cabichneetbegig of SOL.

evel s of arsenic source/ dr.ai
s gD DR RO Y LSO S h-E A
ITRY @ivérition wiingebdeasibédnia qonjottiot i the fformatiymonf dlgp semiconductor device

illustrateg I?Ele %%Flglgm}gfgrﬂr H%g] %ltogfgvefj %{é 6= al:ytbntyrb@ theRBESI ifv@nth is not

Icon tec no ogy. The present
limited tp thg Emition offtherspasisic dgyics Ylugientsd inle Hpvyher speed 2 WO

%%&ﬁ&%@é&ﬁng%@&uhb‘ia&% L3R 8 HSOF shietraelushiyg a StmeraCwdchnique will be

con tech cOo A o Gfer 12 is
L o e
provideda pssshgyroiv Fidie tA- by lagen pdsheningity esovasiliggrypaide 14 i forrpRd o Hy gificoayfer 12,

as showﬂ ipRG. SBM LOBAWE tOFIGS W@Sﬁyﬂﬁgﬁ 1oﬁ|§,hﬁ dr@lf@ﬂhlhied)ﬁh silidoh vaeer 12 to a

escribed in copnjunction the f
predetergmglﬁcil dpttglicte 6?““&@1\/]]11)8%[ Se(ft]loP t &5 g;a;lante ggn 109J crga@y?uﬁrocav1t1es

acco
microbltt@ i Mg bubbleyie e ippléntridsvafes Whertpd densjty elrﬂ sjge a%th% Psrocavities reduce

the cav1%f(ﬁ)sltaﬁ?edbeioglv antlﬂreéléldnﬂtercaétylﬂa%@&c&r Qnd ﬂ@pafg@é' ﬂﬁ&tgh @percolation

ecl device iJlustrated. in t eldravvlngs A
type propgst- Hidés UBF“aF]éfﬂﬁﬁﬁiﬁ%@a spLtiag e Lo s HELFES8Y a sa

Salos/i sadtion 406k provided Sntmrtondei to(the) upbee sdvtioncj@e Thei Iper [sestion 40 is formed
as fo llo\que S/f srelrn.}i)cgrgduzt%r sﬁ‘n trateA% 19&9@&%%@&55&9& oil-&n{plgessfn@ ﬁr%galbc\/fmﬁchlﬁereon 22

ocrystallrne silicon wafe is
(See FIG 1BV E‘@dﬁomﬁess@m%‘iﬂlal G40 by @y of nungbey of GRIRPIESFIvG ‘Haé?r |"r° ding silicon
oxymtrl@J QUO,NG) blhﬁﬁrbnﬁb)ﬁbedech&tﬂlcddSvaf)@rdl?@(ﬁilt{aln(PEﬁ'@DS iphdsphorpusyesflisen nitride

(SizNy), W% Ibcgalg%hospgorous iigped sﬁ_%ca s (€§SG§ho[\ﬁ@13&{}lolflcghpr%§va material 22 can be

are ant I N Si con wafer 12 t b
deposited th0a prmlete tod eprivensienal @ehrmum incydng oRFFRE VERSpdPPosiet W@ The

compresjsgle mIt@x@al bIRhPaiedo BMkﬂﬁﬁﬂl a0 Arieatos 2000ck.ocavi ti es,
% rﬁ%( lﬁyér %ﬁe 5 iolnfxvl bg ﬁg Mt %gp?oc]gss a}.sl,lllll tpa?ed nppllGafﬁ eﬁil tﬂ\@ilﬁbx process

m crocavities reduce
Oxygentibwes 28w pladipdsin@riesetisbuincter westeia R e gppdiments of the instant

1nvent1dnn<;x§£e9 A4k S dYard foPhil 89 1RGEHEondhtibr BibeRaPA heantehaigh tha range of from

s Bt e B B SE T3 oy S TR Ly R 0 o
After inspmtaiion thd Bwersequiprodd islededed abretelpperrtiagin ths rangelreppihopt 1250 "C to about
1400 éi%f{bb&q tJ':Q)out-grlllgurl: ﬁ\ﬁ@ Etm%%&é Qﬂnpﬂgng an 1rfeﬁrgﬁﬂiﬁld ﬁ3{5 albtut 0.2 % to about
. A_sem conduct or subsirate 20 IS g g’\é ch%laerﬁonthe
2.0 % Gy tp foy7m fhe FOXABH1% S8 Do orfhf BRTRHTS FBIPEY ‘TP Y
lower sécB6@ 40| The okid} layd 28 impryes egsiquent Adiksmi talthedadrogse lmylpbﬁted upper
section 3. nurmber of corrpr eSSI ve materials including silicon
oxXynitride (SiQ pl asma _enhanced chem cal YAPOL iher at the
depvsit Ed1gPECID}P Pﬁ"rfégﬁﬁ & gdshe Iayqr el ARicgeoplgd (0 exch oher
interfack Pl SHNKk)r respddtlve bﬂﬂ@lﬁ]feﬁ)sh@ﬁmr Mrtdﬂ)@ﬂﬂdmlbﬂts tha bgyidiag surfaces 19, 29 of
the upp%[ 3631621 10 anl?iqhe lo er se r %P %%h Y€ fg@tsFrE 'c@mlo éﬁ%esg aly., bex um’> RMS.

OSl te onventi ona teC ni UeS d heated i
The lowanedetiehi Hoe ﬁpe mmwectwa (98 1arechesssd et 2 oy in Hifje 1G24 heated in an
inert atﬁ@s!ﬁﬂé‘r@§c§|t el 8 dhétangeZof iEBmABRO SA0°E tb zIbGutaZ(ld’?CCf&l’BB% 5 ofinutes to

BOX | ayer 26 is forned
about 56'9“Iét°§fsﬁx%$<l°m“&8°é‘§%ﬂ}aégg’e rs?t““"?é%( in FIG 1E. In the

ShMeXaip erotpdigsnts, @K Y &iper scgﬂsaszazldrm«é ah e selerion of H2Qer9e HNOs and
H20, 1§ My RONHUGd Rlerrtt RStEAL Be dfber dcPridhO0taRd Mhe Q5RO Géc{mﬂl(B e oxidizer

mprovn o, OHBGTT O UV FUIBLY et St SRIupig g ot s
compertsit®n bR p@RidDE dbpaoimin &b dotdingQligkie \WHiah vellb pretlucg @(bok@ng laypg which has

at a dose in the range fromabout 1.0 x 1017 cm 2 to

about 1.0 x loll cm2. 25 AMter inplantation, the

| ower section 40 is annealed at a tenperature in the

range from about 1250 C to about 1400 C for about 4

to about 6 hours in an atnosphere conprising an inert

gas and from about 0.2 %to about
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2.0 %02 to formthe BOX | ayer 26. The 02 in the

anneal i ng atnosphere forns a thin oxide | ayer 28 on
woheod4/0hesaer section 40. The oxi de | ayer 28 i npPOYAS2003/032770

subsequent adhesion to the hydrogen ion inplanted

closely HBERket costfbehis QP thdGhal é@aﬂ@ﬁ)n SO WO asubdhibte W:hﬁrs, ﬁﬂ?lamlﬂﬁ)r@&fontanunant
section 10 and .t

Ct O ed
nugratloatbﬂélfe use oftdﬁgants 1?]?1@}3?%181@ 11&11 6tfat H r?wq? q:)onc{) giq Vyeer %1)%1: 18 a%amer to
diffusioh efynebie chdtarsineaits28. I n certai n enbodi ment s t he bondi ng
SHE fc&%%%d %& rlsgn%co%tlucto'i' Qx%sdéggfg s aﬁfegltsd f Qbo;lxpl 1@(‘“@ f&xhl@odt OWhits. This

section are pol1sh | ow surface roughness
annealing Sigp caugps ihe Wrowges 1n-ﬁﬁé\yqreﬁ% gopg%wfrdwu&roloatmﬂoqaﬁaée ﬁb%l’the wafer
12 to spEECA b@IR sifl€dn @61&011344&3 iR dipped gRtidhel0, is tsn Ko Wi therlowdr Gctidn(G0 leaving

behind 1nﬁghefe%%1thcon 1 ThlIJS ne g(%l s%gqupv{} eﬁ)f C%Tgrggmg fn?t%ﬁlaﬁ f’orrh&l in the

ange o “from abou bout
BOX laboist ob@meni ragtshewn in BES. dfbutln SefWuP%boﬂl@eW%s"ételt fhe fPgpeen of the
semicordf&dr sBRukQ6 AR Fid18 HY B 8fuchfLCAslid1ihad bebduseQBd shidi SOI structure exhibits
enbodi ments, an oxidizer, such as a drop of an aqueous
nucmr"%%‘ln‘fffl on of H2O2 or HNOB and H2Q2 is provided in the
i THe SOI sepdrolpisttwesenenirh €6 eoppees s Gt inewtrtinDlagen A6 floreer BOWeyen, and a

second Elglﬁattﬂn%? ﬂye‘l1 Qg (o%ﬁ@la?ﬁg dige §8 (ubﬂEP E@XQ%ert))h %nlb@la%r BOcoRpREBE Material
oW n rel a er at

e
22 1nterbqswpedqbﬁt§/eqﬂe {l‘{leéplclgnﬁsegé)g the g{fhlﬁ%lﬁ 1Fy8f’1¥ d %3? d@ﬂrﬁﬁ%iﬁhng layer 48 are
each fr&hdpisont 500i A tot 4beutliodAngn Icerqtlnl ahbadtiinetdts v the prpsemdm'@euca the layer of
nal een the firs 1nsuan ayer
compre%%fi_ﬂlf%%%%%% g%ﬁtm%lggbe%ge tﬂéQm%QaQér!reQé‘iQ@lt% the first lating layer 26

mat ched coefficients 122 t0 b
and the sqsapdripulagneayrdB otitheugh it hsaft"t peesspnsiapibe leyyr 8t ?ﬁﬁ%fﬂéve “ﬁﬁ’aa to be
vertlcaﬂylcEﬂtdrédfb@tw@éﬁrﬂﬁeaﬁhlﬁlﬁ@ﬂayerﬁB@ A&t The Mydr\pf ctoh@reasS/e moterial @hmdices a lattice

mlsmat?h of %rom f‘ﬂﬁ)ut{bdi?ntg abougll'g?dmtt&%;hcgﬂc}wfe% Ar ov i de a bondi ng

barri usi on of nobile
oMt o PEInE o ASIERUET oS B o Blicon laver on a SO

sermcoxﬁl'd&l&tsﬁ@&ﬁe ﬁal d 1§yeﬂ6ﬁb6ﬂb1€§§1vahlat&liw trmedefedn B@X lagdaOwill b2 explained.
ste u
An uppFrnse(tL\ﬂlé 8(}113 6ormed H%lél}eﬁ%gm&%te%s 1P 11%1??/ §?‘P§ci%)n%uma§’£r%§ gl\{(!oh bfﬁ grown

opagat
on a hegvaly Ipped 81t1<h>e suwafa@rSO aﬁzhcm ig BIG. £A. Anjstiiglager P Eé‘H’SfﬂB‘?nle Epmed on

the 5111&)6 1a9<f;r 3ohéy déﬁ@@émb%@’lﬁkﬁtp rdxﬂcolaye‘i 34 REBkd byt @etmarf dkidhthvd of silicon layer

secti.on eav ed silicon
32. In ‘feﬁ?%i)th?fmbo?’t‘fﬁgts’ °§d*§aef§ g‘)tp PAPE b Sucg? WY 7 i ayer of
cHgeesstion 82 ivatoeidideb b pneed do thaunpkresectiBCi- | Tag kofverjsection 82 is formed
as folloQ&QI al ﬂ?&i‘l y déjped %ﬁl%eﬂnﬁorﬁhgﬁr sllﬂ)ﬂtrat& R0 GErbaded veloEyeRBNEdnpressive

matenat Zé’efgm}g@ %grefT'o_é‘s rsrl?c{v&hglpg[%r %125: t(zﬁy%esr’li%]s Zgarﬁ)gx}p’ag‘t%d 121 orbS(:J;‘rE:(E"E:onducto£r1r gubstrate
20 by & ISBMERIpkdeesS@ dsstitied tiurhe pesvhonbertedinkd. ifhe rsomioudintns sebstrate 20 is

subseql;gnt%f %%aleﬁq BQWE% 281 LsSUGS M ﬁ Iﬁé FOMRRd SBSliR fs'ﬂeﬁ&rmed in an
atin ayer | ower BOX |

smospfl gt e Y 27610 bR T Chayiar ! T 98 TRl et FIO
2E. In |c&§éﬁJe)n)30du\zMnfsJ’bxﬁle lagsteR isofep@maipsuats siby € Viva flieeertaih em@@iments, bonding
surfaces QAI ?%r%%ol%sﬂe%ré)ggretg%%r '1g tﬁg %etr Igécﬁmsaﬁfﬁ)wgf se(;tllaﬁ 85 ' T&tupper and

and sec ating | ayer g
tower seioht Spf&?meawened 5OHeRNY 5 S5ORIIATEE B O BF (R e e Iaers

34, 28 R BREINIRRStf antl iR c&ﬁlﬁﬁears&uctmmsl sBdwn it HIS. bR ysemnealed dtSibout 900
°C to aE’:q?ilgP{QQ §(f %Olégfl‘l_lrlrlgtfese t() a out g g urs tose%bé ﬁ)%nr&t | a n c¥rta§x§&gﬁb%(§1 rngnté Q drop of an

Fection between I nsul at (Wg
oxidizihgaspbrio@ich gl aghreussyeiord Hereside ait Hinig aﬁlé%ir hydrggenzpeopige gRjution is

depositkd onl ofe @eé)glﬁitﬁ@ SRRk 84, @f piid €& doRNA thleppéé &{detS\&S Sektvs 80, 82.
materi a 0 ver.t | ntere
i SR At PGy lryavez?s 38 gl ¢ aﬁ%%avw{??edo%b $t \y?néssrs‘?ﬁlh‘%d such as by

preferemtatl@etctidg 2 dedvitgddopabsubsirkta 8Q fopmvidera S%bfclhoné‘ﬁcmff Aeyiee ADwith 2 strained
0.2%to about 1.5%in the silicon [ayer 21. Another
met hod of producing a sem cpnductor device with a
strained silicon layer on a SO 20 sem conduct or
substrate with a | ayer of conpressive material forned
bet ween BOX | ayers will be expl ai ned.
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An upper section 80 is forned by the foll ow ng steps:
A lightly doped epitaxial |ayer of silicon 32 is grown
wonoe/aedayi |y doped silicon substrate 30, as SROWUS2093/032770
FIG 2A. An oxide layer 34 is subsequently forned on
silicon 153}%9325 Whér&g the s@aY@i@ n;égced l)ﬂ a GG R LSRR ChaR AL 23, inte¥dselEbetween the
ayer 34 is forned ermal oxidation of silicon
BOXlaXeéVéf” 32. In certal n ot her embodi nents, oxide |ayer
3the iifgertsd eOEpréseich; maerh 22asonh>y1se€\PBCV25>hdSphomne rBPSEc BiOgH, 82 SisNa.
The thlc:kr‘f’essD of (&1\91 ?rdof Eo%g)ge%l\;%%?@ggl 2% % roli}FabHLR @&)r A &%ﬁ&dt QU@)O &O Thd M@kness of

orne
the loweg @@éfdass?r 76 20 o 3epet BRI 3 |are§epb§lt°m&{°<é“ 54‘195} ga g%‘\‘f%aé‘d In certain
embodiMéntsibf @hel 1ﬁ%ﬁfon,Qf1e BRIPI @SHievsdve nifktifra2ad suBanfiadly wexdered in the vertical

irection Lepeao l h c e, 1emaer1
aesiof RSP S Pels o e Bt e i PO EENEPR, 1M f oAyl 2
induces p tagce Bismatalsof drew ebduE%itnabottd S mhestirined piliesd ﬂ% e Th e

S@ 'ﬁleﬁlQJ‘ gfé %;'(rﬂﬁg 2 %Eoﬁ@l{c@r A8ide Ssuctd 05 Betuieside yserﬁlﬂcﬁﬁﬁﬁtcﬁ dield effect
orm

s QST g e Sy ST PR B RSLBHEY BBy gy pyer 2 and
layer ofgaspressisle miteriat 220fo@ned/bétocca ouBOR 4ya 926, %@ frovided Wl@‘»@ gite oxide layer
50 and h g%eeg n&l%u\lﬁaygrosrl qgrglecll frﬁgte&h% dxlde B &350 1s%§meci ﬁ aQ,%ﬁ\teﬁ\:ioﬂal manner,

I nents, oxide i S de(gosmng 53 g%;raldﬁ
such syl Guben fF SBbAbReR 8 CBBnd iy condifive B g difges from
convent&ﬁalaxhﬁerpml swhed olysitidont @ Hardi.ngrhe veuapp @t is eetiarsd, 80h as by
photohtg%%rap g\f)v:ﬁ{emi?ﬁg (Eo fogxp struc-:ui}g 951 REE L gQQ gondtlcQ)W?ff as ﬁl%&lh &G, 3B. The

uéez8 her so that the bondi ng .
resultan; gifuptefe dlien Miergs@ IEPlafttfﬁlén P%%oa@é o fon %9%10%4@&1}1 gyarigns St The gplective
lmplantaroﬁ (Brda,yaglh s pd%ﬁlea Wyt @atenddddl inktBode Onthiding dinSdertaig tegnb@liments, the
formatl(fn of aabg ?orefl\é\{graasg olyer %eSS‘%IFﬁiCﬁlbd?lcétg‘n{ég%% gg alﬁlt thér’l Eﬁ%‘%ntsag&ootsc%n&nUOnal
dopant.ef f ect bonding. In certain enbodlnents a drop of an

ox| Qﬁc%ﬁ Nilride0 la&%r' i@%uﬁs@@d@nt@s d@ﬁsﬁ&ﬂldﬁ@utﬁe hylﬁlit’:@gﬁibr slrt;ructure 94 and
e or.ntric._ac 0]
amsotmrggzalglafg 8% th fé)Hn aﬂewgﬁ espac?rs %E s s% gelﬂG pg? Xﬂhéj? éra&’) duictot P Yructure

a.
™ BONC I ng aces
subsequentlyomdergvesdomvit faping hefompivatce/graid rqg@weif% agcezslmg mn%uonéznethods as

shown ﬁfﬁI@r 35, Nene Q¥R itﬁyt% 94 gﬁanné}aﬁd% getilidas @dsce/bihie r@ﬁﬁ&y B8, Yproviding a
oped subst rat

MOSFF&Sé’F‘Jé?‘é‘H‘tt‘i’féifﬁl%?%‘é’Pﬁ%‘?nﬁ&O? FT“@SW?S% r‘ﬂ‘S“‘%‘i’(%‘%Sél?ﬁ6 Frate 30
t In odeoaspadl®, saaiBdisilis@rthyens poiforimed oG brerD ONmntaﬁe@ (As) is doped into
senuco:ﬁiﬁ.ngtaj cﬁ:@gesA&oMngmQ Qi%gﬂ'&%%m? gér Lf'&%l@@@l{ Q%?(?Jl@ye? ithd 89 Biffuses more

, Wherern the strain is
Sowy OGS G178 FHEL PP B 1TEaeted S EL e e e formed
on semicedBdt@ sa@Birate®@D withlh Sidedayer Acthalbermends seiate regidngp isglate9PMOSFET 98
from ne.cf%‘gpr nﬁ%ﬂzsnesg\%gﬂg& @@ Qlﬁ&lésslatu@:) sﬁgfn nﬁi Mn 1294 6@' a’é M silicon lattice

ayer tygdpr essSi v nmat eri.al 6% " q
strans foguefoh S 5B BRSBTS 8 S 1R ngé opd S g Sh e forme
in the sBaitel €ilitAMGEr 6BOX | ayer 26 and the upper BOX | ayer 92

a:‘rgShg%?n@ F%(E qg‘ ﬁs%% ustlmﬁgrgedaa‘l &nan%%H td?sg’ gqgmpaé'nsalerfo% sio@J d¥fusion of

vent ayer of onpr ¢ essive
As in thnSiGeilakr 60 The sSTBDURITE idayige\P8 e FHbesasH Fnedd 9 G R apuice/dran

regions@bf €Cti on between the | ower BOX | ayer 26 and the upper

- tidiend R e ioh 1SR SR G g e e 96 and
source/diio uitgichs B). VB mortdhasive silicideriedrs giel fpunsdh by depesiting 2 mejl, aghg gobalt or
nickel (szgr tﬂ@gemc&glu@oﬁﬁm&% qycpstugsreqtgﬁl&' aﬁﬁah %Belﬁ&n&lcfﬁﬁ ttaukture 98 to react

oxi d sen1conductor fi.el effect S|st i d 72 Th
the molgh Ty W PO RO B W R coUBRPE A E G dsided> e
unreact@fmsnhl i bulRedhtitia ref@ged Sioni serginondayee devB2 9% gkbewn 1F1 e ACof

conpressive material 22 fornmed between two BOX | ayers

26, 92 is provided with a gate oxide layer 50 and a

gate conductive |ayer 51 fornmed thereon. Gate oxide

| ayer 50 is fornmed in a conventional manner, such as

by thermal oxidation of silicon |layer 32 or CVD. Gate

conductive layer 51 is formed from conventiona

materials, such as polysilicon or a netal. The

structure 94 is patterned, such as by
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15 photolithographic patterning to formgate structure

96 with a gate conductor 52, as shown in FIG 3B. The
woesalodead structure then under goes |nplantat|BGTmBmmymnTm

dopant to form source/drain extensions 54. The

Sﬁ{eeﬁ&rbéé& ddsd"Rf aRtiddsi RMucef e Q‘B@mresisﬁncpaifftﬁkf sa@eteldysin regions and
anvent) onal nethods i.nclud rs)% reés,lsgﬁot ”[the m.creased dosi:(of Aselrons also

souce/ B SETHRYS bR & PR SPesrstehis
reduceststigorgsdlivide amdetadsiotancd e i additi@vithe fogk btﬂhlef Hieiglyl teafhe BiGe dayerdprther reduces

Sﬂmmvgﬁn%%ahkggg&mmgopant 20 A silicon nitride |layer is
su squentl deposited over the sem con

TSt Y8 PIETH ™HIo8 BF BpICEPP Y BB PR i e ighpeod
capabilBibiF Waddn ofs Paled andsaindisilsbiowdhndlayiek:| The 14383, of dmgpressive material on the
senﬁco%dlelc%rpsg‘tpsg‘%g glf'c))(zvs ?hte rf(kf'%l&t%ﬁl%f stl%ih@t? ?g&ég %«l:ry wﬂﬁbqﬁlrem the formation of a

eavi er doping to formsource/drain regions
SiGe ungedtayerdi ng t o conventi onal nethods, as shomn |n FI G
3tne e}HB&ﬁrﬁﬁ_ﬁ Wil @Rdd 115 ihé st dBc1@fhreiafe f@MB@dtieEpubsaGhlyV @hey should

not b ERRED et B 01 8 5 Qo5 ] slBEIRE oo g gisclosr
encomp$spsal widethamgdtyl of ewbpdipkeals n@ISPeCIZiEﬁHV ﬂluéﬂaﬁé hergigpect s,
strained silicon layers are formed on Si Ge | ayers.
When arsenic (As) is doped into sem conductor devices
conprising a strained silicon layer formed on a Si Ge
| ayer, the As diffuses nore slowy in the Si Ge than
in strained silicon. FIG 4A-4Cillustrates a MOSFET
sem conduct or device formed on sem conductor
substrate 20 with a SiGe layer. A shallow trench
i solation region 66 isolates a MOSFET 98 from
nei ghbori ng MOSFETs. Si Ge | ayer 60 induces lattice
strain in a silicon |ayer 62, as the silicon lattice
30 strains to match the lattice spacing of the SiGe
| ayer 60. Lightly doped source/drain extensions 64 are
formed in the strained silicon |ayer 62. As shown in
FIG 4B, As 68 is inplanted at an increased dose to
conpensate for the slow diffusion of As in the SiGe
| ayer 60. The sem conductor device 98 is subsequently
anneal ed to activate source/drain regions 70. 35 As
shown in FIG 4C, conductive silicide |layers 72 can be
formed on the gate structure 96 and source/drain
regions 70. The conductive silicide |layers are forned
by depositing a netal, such as cobalt or nickel over
the sem conductor structure 98 and subsequently
anneal i ng the sem conductor structure 98 to react the
nmetal with silicon in the source/drain region 70 and
the gate conductor 52 to formnetal silicide 72. The
unreacted nmetal is subsequently renoved from
sem conductor device 98, as shown in FIG 4C 5 WO
2004/ 040619 PCT/ US2003/ 032770 The increased dose of As
ions reduces the sheet resistance of the source/drain
regions and source/drain extensions to reduce the
parasitic source/drain resistance. The increased dose
of As ions also reduces silicon/silicide contact
resistance. In addition, the | ow barrier height to the
Si Ge layer further reduces silicon/silicide contact
resi stance. 5 The nethods of the present invention
provi de an inproved seni conductor device with the
hi gh-speed capabilities of silicon on insulator and
strained silicon technol ogies. The |ayer of
conpressive material on the sem conductor substrate
allows the formati on of strgined silicon |ayers
wi thout requiring the formation of a Si Ge underl ayer.
The enbodinents illustrated in the instant disclosure
are for illustrative purposes only. They should
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10 not be construed to limt the clains. As is clear
to one of ordinary skill in the art, the instant
wdizefoaealy e enconpasses a Wi de variety of enbedirmsmios/032770
not specifically illustrated herein. 6 WO 2004/ 040619
What isH@kheds G ainmed Is: 1. A sem conductor device
conpri si ng: a sem conductor substrate (20), a layer
of conpressi terial 22) on the sem conduct or
stibst r 268403 tor Kige cogpy 'I‘gayer of strained silicon
(Qﬂe)mwﬁduttbreuﬂsaéy@(flo)of conpressive material (20).

PQE?CH.J&?CQIQ@/ Q@%Zt&a?(ﬂ)ﬂﬂ@he%%&%gﬂQﬁ)é@lrate@ﬁ)?' a€ Of claim
risin irst 1nsulati ngp\/ayer (26)

i plagsr a%g%ed@élf%@ﬁ oy %%laveay%%m@rsswaﬁlﬁ?f@% e materi al

(22) and substrate (20). 3. The sem conductor device

of. cl airm sdmicdnductdn @¢vice ofglin $ fm@eecomgﬂmgd firshimgiilaging laygpr (26)

r of

1nterpoLe§¥&§/eeeé§1|§%/éer opéo%%gg)sﬁlg??%ﬁéﬂﬁ?&d%&% ae;%(g of strained

Si I icon (21). 4. The sem conductor device of claim

33 fur ifwesremle@ﬁ?ﬁtqr €9virg OB A St ORBFSIgY SFOrIIplafing R
interpoted @etieth gk ladref dodilessiia thatehi@ (125306 the tdyerodsamedslicue(21).

material (22). 5. The sem conductor device of claim4,

Wher ei B sgrﬁlch Y dQJEceS @r&@%ﬁr‘th&%oﬂiﬁﬁsﬁg aft nSL(l;gl%g la%re? (26) between

centerecf e vertical direction between the Tirst
the S“bF‘?‘F@l@Oéﬂ‘}dﬁl@ 1*!>’8‘5f’é?°“{%§‘" egpFrie{&)second insul ating | ayer

(48). 6. A nethod of form ng a sem conductor device

Wst h  aThd sesticsr@abts dévice 0fcldiayewhefed e lgyems congirasgve rldferial (22) is
centere| tinotgel \g}upaq difectSh Pt 9(91%%8 Ensﬁé{fﬂi {agé?t(ﬁ) 411% g)e 'sect)rglr iSudBhgdayer (48).

conpressive nmateria

sem conductor substrate (20), and form n str

sP1 i coft Medpépf forpung agepgpon lr?@f fleyipe Pty Stf&la?f‘ﬁg’é%%‘f‘xs’«é ¥ prising:

material (22). 7. The nethod according to claim®6,

wheriginga eheogionprassite/@0) ayer (22) is fornmed from

k a la%p Qtacgl‘ﬁﬁgssﬁyﬁmrﬁ@{ﬂ)\/ﬁ%rser&%ﬁ%{& éugﬁranQO) and
osphorus, deposition of 'boron/phosphorus Hﬁ
t hod

S ifqrmlebﬁwg%nadsﬁworzleyes@@ OVRgfhe lgjfer sty mofr
according to claim6, further conprising formng a
fi7r st Thoodtiat hegrding yoetain Q,G@hereb@tem@nessiwdaﬁe@?)d@fqdmmm plasma
B kiti B phdhokRYehos b &Y d%[h'c&}l 1
enhanc %ﬂ Eag('a%%{] inél hod a%:oorﬁl 1?1051 to clai I%T%%h g
SiONeof#MNi-si ng formi ng a second insul ating | ayer (48)
between the [ ayer of conpressive material (22) and the
s®r ai natk sdtiod e@ording yetair B, fyrthe2omprBing Tdnpingre fitygidsulating layer (26)
108 o Csufidetb BoPand WK & Reddfosdhve hferidi B2y ati ng
betweeﬁ%%&(og%c Suthrt hgjogaélcongi&l r?sﬁoglgt |Ssnge a?e?ﬁ%%) are
burled oxi de | ayer 7
The method accordlng to claim 8, further comprising forming a second insulating layer (48)

between the layer of compressive material (22) and the strained silicon layer (21).

10. The method according to claim 9, wherein the first insulating layer (26) and the second insulating

layer (48) are buried oxide layers.



