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METHCD OF FORM NG A SEM CONDUCTOR STRUCTURE COWPRI SI NG
A FI ELD EFFECT TRANSI STOR HAVI NG A STRESSED CHANNEL
REG ON BACKGROUND OF THE | NVENTI ON 51. FI ELD OF THE

WRRAERIIER The present disclosure gendfafUsg07/022682
M#ﬁ@gg@gmg?&%&?tl q{#%%f i nt e%t%é ed Ci rc}gl t%[&lp&l?mcr
structures conprisi n | eI ;f% s havi ng

stressed channel regions. 102. DESCRI PTI ON OF THE
BABEGROEND ARTTHE INVENTIDRt egrated circuits conprise a

I arge nunber of individual circuit elenents, e.g.,

T3HE [ These el enents
are_connected internally to form conpl ex circuits,

Suciﬁhe @es%ﬁﬁflgﬁuraegﬂe@é)é relqteégtp dhed@{ﬁlae@sofaﬁ&gxated circuits, and, more
Paf{:@im?lgﬁ P{t%cfgrgl?]tgééf SIBHI}-EE)OF%%\B Z{jsf;roc;t/urlr(ias E%?pérgré% tlmﬂi e?fﬁ:t transsshgos havuégf stressed
chahidnedida@nal el ements per circuit in or der to increase
their functionality and/or by 15 increasing the speed
of operation of the circuit elenents. A reduction of
feature sizes allows the formation of a greater nunber
of 10, EPUBTsane area, hence all ow ng
glns%é%rﬁgﬁ éggtsgc{oa rge B?rnegg%manr?!’é nm \él uaalyic::sllrl%f Ic,:]ergne%%sll t&%ﬂ h%anszslors
caphcGt BAEEQE. ThBe I5RAE bhe AfnnPBEHRHAOR ©Bfn EhpiEWictuin LL@W%&OW

possi bl e. 20Field effect transistors are used as
deviesi bgihlavgesahe manpgcessors.i Ateqgranec: o ineuitet Sirculldly be improved by

provide a neans to control a current flow ng through a
*“Cfaﬁ‘awi%r‘u”ib@gqf Gictiowt seeears BEtlRE i ddes Mﬁ%%ser‘@glfﬁ‘ﬁilﬂa‘%‘fﬁ agdfor by
mcrgasnﬁé Lﬁe sgﬁ?oiooaerauon th? Qi}"lcr F{T‘emeﬁg A reduatton E’E fh a?ure SfZF]S apow(gqx? &Oémanon of

are t'ransi Stors,

a greufeel b @ o Meirt G RENS of (€ safhe E}Qadhemetafbuﬁf@ abbxkeH R oﬂmﬁﬁonal:ty of the
Conversely, in P-type transistors, the source and

circglt; aidrplsp eqgicensgna repdape delays, tikus aaa}ﬁhgtayprered@ pane speelilve operation of

pi of the channel region is inverse to the doping

C"CHTe’Tﬁ‘gS@SGPce region and the 25 drain region. The
conductivity of the channel region is controlled by a
gate voltage applied to a gate el ectrode fornmed above
t heriddaBdi @hnsiE@YirORe B it B RAMiHe Rin tRBHLET F:RNAs. b’ﬂlefflprg\rﬁe@ means
i nsul ating | ayer. Depending on the gate voltage, the

to cestralrrrpedrent Rugiingrthromalya Hennglwisfon hededietwameasc@ceaevd wat 4 dren region.
"on" state and a substantially non-conductive "off’

Thegctung gaion ’«mblhg @618 ie@gmge]lg@myomgzé%wm@@g@rs, the source and drain regions

are doped with an N-type dopant. Conversely, in P-type transistors, the source and drain regions are doped

with a P-type dopant. The doping of the channel region is inverse to the doping of the source region and the
drain region. The conductivity of the channel region is controlled by a gate voltage applied to a pate
electrode formed above the channe! region and separated therefrom by a thin insulating layer. Depending on
the gate voltage, the channe! region may be switched between a conductive “on” state and a substantially

nen-conductive “off” state,

When reducing the size of field effect transistors, it is important to maintain a high conductivity of

the channel region in the “on” state. The conductivity of the channel region in the “on” state depends on the
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dopant concentration in the channel region, the
mobility of the charge carriers, the extension of the
channel reglon inthe width direction of the
‘¥Q§H§V§f%r and on the dlstance betmeen t he $6HUEW7/022682
g and, t he % I s commonl y denot ed
o T gL U hﬂgfﬂﬁ“’@low by Pfé‘aﬁfmeaﬂf B F ReEnigngt e g
mgton & GDABNGheckR Ot A0 18aelSnd & i fB6LBA58, at séung eﬁ{ﬁr@m%@ drain
conductivity, a reduction of e channeél I'engt
ngBﬂhﬁﬂﬁe&mhhamchﬁﬂﬂek‘&&QHdM@&PVW&Marﬁﬂdhﬂ@m&ﬁ&&h@fmébﬁmd
charge carrier nobility [eads to an increase of the
reg@h gﬁiﬁ &2 decerivd althy 0}74nt1cy conductivity, a reflgrtifnef the ghenng jlenglsenhamess the channel
g t he xtenS|on of the channel on in the
cofFRH i PUBROGH TG Bl el © RO GRSty
channel length entails a plurality of issues
associated therewith. First, advanced techni ques of
phohokehdih Gighs apyuandne i BaVRntePreReh RNIRIERDirdetbn is also
order to reliably and reproducibly create 10
redycpdy fsiedsietion of thpaprinprd) lesgtomtailsoipburntie of ibsem gdeiied ivbrev@ON Birss, advanced
sophi sti cat ed dopant profiles, in the vertica
oGy O TR oS Fog e Py A @tﬁbw@w by s
0 dra eg )
b SOSHERE 4 A U SO DB bt et Pl PPl
direC@A haeell o iRGHE BibdaMirEYon, e RQUIRT DAL JoQB: Mhidh Raddn ﬂ&ﬁiuf z@éﬂon in order to
channel controllability. 15In view of the problens
proddes o divathest resistivity and mrievh epntaptedusttiiyon cofibitatre eihanmelred channel
it has been proposed to al so enhance the
“mﬁﬁ?g%¥nance of field effect transistors by increasing
the charge carrier nobility in the channel region. In
principle, at |east two approaches nmay be used to
| NCheaasef iR erbhas geochil Witeh fBRiddidide of 2RFihkad: alen%tl:ﬂ,at has been
dopant concentration in the channel region may be
propoged trots enhafoale petfdreange oflfiald effectipnsbors S atrtaging irgheyeentis nobility
_ ch% e carriers in the channel region is reduced,
i 15 Eﬁe‘ Si0fs I ingiple.iah [oph OAPRIPACER RS rIERICP fgiEAssy e fhage garier
motffd@nnel region. Reducing the dopant concentration in
t he channel region, however, significantly affects the
t hreshol d voltage of the transistor device. This makes
the reducti on of dopant concentration a |ess
at tifrgictht depans ppsrcyminn in2Be channel repBecmnds retihel. | Tabst ihe @robability of
structur§ in the channel region nmay be nodified by
SCAEYB TR’ CERECTE O ‘Cotpredsivd tFds §“’°“T*Pﬁ"%“’l 98 dgisase @ the

concﬁictmpbff theeglarﬂgt?é olnt &Icmg n@%&*&%ﬁ«:&ﬂﬁw tﬁe ‘fh‘"inﬂ region, however,

respectively. pen I ng on e nagnit
signBitAne Sifect@Lthe CHIRKORIS Sl iV 0B i %Szﬁzstﬂfac}éw&ﬂ gﬁhsfdlaﬁérliel ¥duction of dopant

increase the nobility of holes in a silicon |ayer. The
conqggitgfigniafogs ayctiedd apprpacons may be i ncreased by providing a

silicon layer having a tensile stress. 30 WO

2008/ 054679PCT/ US2007/ 022682

Second, the lattice structure in the channel region may be modified by creating tensile or
compressive stress. This leads to a modified mobitity of electrons and holes, respectively. Depending on the
magnitude of the stress, a compressive stress may significantly increase the mobility of holes in a silicon

layer. The mobility of electrons may be increased by providing a silicon layer having a tensile stress.
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A nmethod of formng a field effect transistor wherein
the channel region is formed in stressed silicon wll

escribed in the following with reference to
“ﬁ?ﬂUng(Pa Ib. Figure 1 a shows a schematlc*’C'”US2"0""/02?3"32

Cross-se ona nduct or .struct

A RTTCT G s ViR SRE O PF R bR s Re b Parrdg e
waiﬁ l% chﬁbﬁtuﬁﬁ:@ foﬁcfwutghﬁth Webrencerd Iﬁ%uése LiGORGUE D hoBt 5 H?GJHH{IC CIOSS-

O conprises a substrate e substrate 10

secﬁﬂﬂ'ﬂfeh&&ﬁsualc&ﬂd{c&t stilid@d) 500 $d Ofirst Sh@ RN hankQ2ur@p ﬂoc&sss&ﬁr@[ﬂ@to the

transi stor elenent 103. The first transistor el enent
Stat1?7’2heét§rrprises an active region 105 forned in the

101. A ate el ectrode 110 is forned over the

te
Ub SV IOT T O AFORY+ EREFER ori s p peompris s
tl'al'IIF Flgl’nl'gleglgllt g(;j;ﬂ ;{nﬁ% %FOH% Ig%‘lélbb(;al;:% %Sqa@e §§§§%éggﬁio%&%6ht 02 com i‘l‘sBS an
acti®d F@wal0l fosRa GERSsudsl8s 101134, gatk Bledib® 150 ESJrhaitcﬁerth]subs@tc 101 and
source region 107 and a drain 10region 113 are forned
sapailj?datbfmﬁ@mtbhe sgatneiagdreleter de ThOdte clectrode 110 iGlamkdd oy linpgr sidewall
. ;E fgg transi stor el enent 103 congrlses an active
pa(f,eés d b outeasu%gatliespaé«i:r%@@,rléa eln e ?Jbstréte d I ésquaﬁ%ﬁp%& [0Hd a drain
regllorgylg are ?o?r%u adjz{gg}l?&le %!egl@é‘\?(!le (oSPACers 116, 118, outer
dewal spacers a source region 114 and a
draln reglon 120. A trench isolation structure 104
provi des electrical insulation between the first 15
t r aﬁ@ilfslw adire seshgnmeriistordppherd e chihveises econd regroa @ sgagrlectrode 117, a
t 103. Additionally, the trench isol ation
e S Foipnragepl EF0ReEIA o oo S| S AL By @ soure region
] 149\F Q/\@gpreé {;hei ZF rfi‘ﬂe% ]§1§q?a'i:on sk?cm?e it()§’ %& elechv?éalan gat&g pe%veen the first
ectrica ements 1 n e sem & uctor struct
trandi€16} clehdn@ 1 0B bifdSHe sdcbrd SrsiShiQlem@: ﬁﬁﬁﬂﬂdntl)%y,aﬂdreﬁch @olﬁﬁﬁ@rﬂ&'ure 104
transi stor elenment 103, as well as the trench
may pseyldatlecoinal inputiert hetedn the @andi@dr elemenys 1B% | F3andeie degtripbdarsnioih the
wel | - known net hods of photolithography, etching,
semisRRIHEI eughe 9%n i npl antation and oxidation. In
particular, the activ,e regions 105, 106, the source
regions 107, 114 and the drain regions 113, 120 may be
f or The €lrstapnsistyPdicaiakt i1 S2Chnd @NScofd raBRRRREMmABIDE hd BI85 thdHefkh tshRion
sem conduct or structure 100. 25l n sone exanpl es of
strughese Hdwpy Of fofimsd i nepeps af well oo mdtheds of phege! itheeranhy etckitc espditiprgion
, %o the state of the art, the first transistor el enent
mpiRerEiop A1 opidigh ReYYPE: ¢ SHEITEHoBY | 0Brgo s SOEE EBies 107, 114 and the
0 e 0
o A o nRgSS T Bk Y EAPUBoOR TR AR P bbb
struffck Y0 dopant and the active region 106 may conprise
an N-type dopant. The source region 107 and the drain
region 113 conprise an N-type dopant. The source

ion 114 and the drain region 120 conprise a P-ty
S‘Aﬁw TSP FSH LIRS L SR R g (B e e

the Hstq}agzs%t gl&%tu lbf Qapﬁ%(ﬁxtbg{ypeet aﬁs%pgr? 1ri'e%%]1%§sns¥5%en?eﬁt 103 can be a

cover ed a mask whrch nay, ftor
p- tyﬁ&ﬂ%s&ﬁ‘iﬁ%%ﬂo@ﬁﬁ&@t?‘fe €230 B2 may comprise a P-type dopant and the active region
106 may comprise an N-type dopant. The source region 107 and the drain regien 113 comprise an N-type

dopant. The source region 114 and the drain region 120 comprise a P-type dopant. In ion implantation

processes, one of the field effect transistor elements 102, 103 may be covered with a mask which may, for
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exanpl e, conprise a photoresist, while the other of
the field effect transistor elenents 102, 103 is
irradiated with ions. Thus, an undesirable

WHPHEHde?i on of dopants which are not in |i RETARSION7/62Aes2
type of the transistor elenents 102, 103 may be

mﬁ'v'&u cerary'se Gihptoresre Whigsrtirertliet theflield hféectsreftwfefee'em@gﬁ 94 03 frradiated

R e e s e S S e T T T
elehd® 167 m%ﬂeqcom%h.errent s 102, 103 First, ion
i npl antati on processes may be forned before t he
formati on of the inner sidewall spacers 109, 111, 116,
118 and the outer sidewall spacers 108, 112, 115, 1109.
Thekehs iﬂé‘r‘“m‘tfﬁ@c SPrEE rresqngl dall 14 agib&e dieig rpmos 1144 120, emwahty of

amp:"antat;son o&rocesscs ma&ep Oncrtt)c%{'m%in%&feacg oﬁglte t‘;afusésltor Fla:g;@?s l:?%gPoan F:rst ion

lmpJaQ@t'iUn%BEersstorh& b@ﬁoﬁﬁh Egorpﬁlgfbﬁl%ﬁon of the inner s:de@gl; gzrcerg h@ L, 116,118
formati on of "the inner sidewal 1 spacers

and kGuterkhiByall S@e@dS, il o 1S aTHe@itleOhe mﬁeeﬁ@saﬁ;sacaamaablet 116, 118
performed. In the second ion inplantation processes,
cantbh éﬂrméﬁr?e meagy digited | mesiiydsceomgrisi@9n isqupgic depop@on of b @natgtisd Gaydy and an
q@; glng in the vicinity of the gate el ectrodes
am?T@weT P"Hhce, in the second ion 15 inplantation
process, substantially no dopants are introduced in
the vicinity of the gate electrodes 110, 117. Thus,
dopafe shemayutbe o @k @atri sweky spntk ogucedl 6NEe, PRAd iod Aspi@ftion
the source regions 107, 117 and the drain regions 113,
PTOCESEH CHRRE] PPF@”&?ddi[@{wasﬂ“@Ed PR Bivlapthien paceses ehedener Biged! s&ams 109, 111,
1mlﬁ§ wh%ch is.greater hanfﬁ t hi Fkness of the inne
SRR |'0°8 FREEPE M 1R5gcinfty Pf they g elogtrpges lﬁ’o‘r‘ﬁeﬂf‘é‘é‘i?twe SeEQ fon
1metHl§t%E ﬁé&&ieé{&@s al‘:t:aﬁpﬁ\%gaﬁts gtlg %nroc{]n(],eg in tﬂe]\alnlt}gfgheaggt el&g'gcg? HG 17,
ird ion inplantation processes are perfornmne
Thut,hﬁpahth infagl bd @RctiverP Indedudet 1106 pREAC &SKeSurcetOlidis 1d1€1 I7TRRECIhe drain
sidewal | spacers 109, 111, 116, 118 and the outer
regians d M(ﬂha% Adatange F_[n@tgthe gg@zlecn]_)g_@ ilO]_l]_Ig whithgipgrinte] O thickness of the

n conductor structure 100. Thus,
"m%ﬁfﬁﬁgsmﬁéﬁﬁﬂépig H&tively introduced into portions of

the source regions 107, 114 and the drain regions 113,

120 having a distance fromthe gate el ectrodes 110,

11 7rnedaifet itk sug@rsaata@rspddarnsal iguns,ofis 2btohed bt Gkdes Snp@fitation

the inner sidewall spacers 109, I1ll, 116, 118 and a
progesifscieriedsmaf I threthighiereimplsitelienerrdesss pathdiesnnaroBiewall sicers] 1, 111

pant profiles in the
63t ] %‘%%"“"ELW“H% 08 S PF R e FREBhY e
struémy ldg CTi@, '?!B]fam :lnz@%e Q%cty\@l?» YAU chlce@ !ntlomoglglp &R sglfrcetr&%m! 1'?)'3‘ q 4 and
si dewal | spacers 10 8, a thickness of

the drki@regiois @13, &GdedgmkihncesfﬁﬁCteer @te 1!&&odes'|.ﬂlﬁ. 1171dich iskdeQteraldd a sum of
ion doses applied in the first, second and third ion
the qhﬁﬂe%ﬁf thg ingspsidewall spacers 109, 111, 116, | 18 and a thickness of the outer sidewall spacers

108, 142, 115, 119.

Hence, dopant profiles in the source regions 107, 113 and the drain regions 114, 120 may be
controlled by varying a thickness of the inner sidewall spacers 109, 111, 116, 118, a thickness of the outer

sidewall spacers 108, [12, 115, 119 and ion doses applied in the first, second and third ion implantation
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WO 2008/ 054679PCT/ US2007/ 022682 processes. Thus,
hi ghl y sophi sticated dopant profiles may be created in

V%?% &hﬁf} transi stor el enment 102 and the seco
REPEETr el enent 103. In the ion inplant at"cawsz"‘”’“zzmz
? %ﬁseﬁgg orneg n the formati on of the source
PrOFEGT ones 18P sopPycaishdprioherofiies myr &5 grapdigithsidiest qapgstor piggent 102 and
ﬂmgkgﬁﬁmgﬂmgggm§ugstrate 101 may be pushed away from
their sites in the crystal lattice of the material of
the substrate 201. In nodern nethods of manufacturing
a sem conductor structure, ion doses applied in the
f or brethei i@ﬁmmntdtiw@r@@m eeomedjit thn ©rda0dh, of hd uandgiva @07drabd the
jons_113, 120 may be sufficient to destroy the
e PP ’ﬁoeafEiFSd’é e PR &0 iy Beregded ey frong theitsitesHmthe gyptal latiice
of lm{tm%%ﬁ%ggﬂ}rstﬁta Ieﬁldr glrnr? e?ré lg%ttg)ngofﬁgptfagti%rg% s%_lglgonduc%r strucsture ion
dosksl gplle@ id e BAMIGn & RCHABLiGs G60S 5 a%@%'d@anai'eglyds avy, Q£O may be
the sem conductor structure 100 in a | ater stage of
Wffiﬂhef 1%@\@!@5’ ghe rruttilling ondar o sssatesid GO st broantolpous taxbrel i©btained in
he liner |ayer 125 and a stress-creating |ayer
mefﬁ%eﬁ?%“f r B g drm feginsf i3 B0 t ransi stor el enent 102
and the second transi stor el enent 103, The
stress-creating layer 126 nay conprise a relatively
har elguritySfolvald schhGld cASs-s&ckibrhIGRY ofthd deh PG @RHsbliGe ld(} rhearlater stage
| ayer 125 may 15 conprise silicon dioxide. In
of thegpamefackugme rofcess hrsorfiingnte e btay e bR 5 Adingl 1dyére 25 and a stress- creatmg layer
stress-creating |layer 126, nethods of deposition well
1265t fhmet 8vepis §6hf§a“%5|kqf PPt | 0R apchibie sepand trangielpr olesmers HBT B lstress-

cran&H%gr lqg B%Scloéﬁparge qbrglrlg n)bfardo ma{;l ria KICE as s?‘co%engrbdg gl{dﬁléechner layer PQS may

comBilisk 66Sn &Gﬁﬁt i@ rdrAYieH of ghgﬁne(;l@)\éﬁﬁb B [}Ielg@esssc@&@{%%yer 126, methods of
transi stor elenment 103 may be 20 renoved

®mema1Wdlhuskmcwmpmweﬂwgnawphomdregmemmcewankpgummammrmmma
first transistor elenment 102 may be forned.
enhapged phemicp! gppor dappsitigncpay fgeloydess adapted to sel ectivel y
renove the material O the stress-creating |ayer 126
can be perforned. An etchant used in the etching
pr Q¢ p&SonBR YhehResa it Lidyes lil}_%rbo‘?ehﬁ’gt thé B8onkt1 Ao} AV ﬂﬂ?«%ay be
is substantially not affected by the etching process.
mm%ﬁhs“B@hemetmhkmgmpwm&e@emmawmbemsﬂompedMQSMemmﬂnaﬂnnybe
he stress-creating |layer 126 is renoved. Portions of
orm TG B ey ?C?fﬁddf‘%“;?é)rs"‘ifﬂ@”d?f@ﬁ“’ %ewl jafaf the stress-creating layer
126 t:arﬁ gﬂ&g&bgor /ﬁlet%lﬁﬁt%ed %Q%O%m%?ocpsg %gy ed s c%rﬂat tﬁ lm?‘ﬁgcr 1251s

e mask an Pacd' ‘o
subs&ﬁﬁiiﬁn@;ﬂﬁﬁé&@d@y tilelchGd pddc8ys. 184Qs, m@fett:iﬁrfg [)Ha&s ﬁEﬁIJE'siagped as soon as the
process, the mask can be removed by neans of a known
stresp-greating layet 126 3 19 repo G e®gions of the stress-creating IAvar @Rneahd fitg «PKi0e eBiGent

iswferforned In the anneal i ng process, the
102 @B APESHIGEDERE SPFU s reskrpbreman piowdse PBheaﬁqmernéWt wture

r00.LGIPRS e@c%“é [gocesg hthaQ(rcgndb%Ee%ro]@d enqmgs OEEknow stnpg:gcigc%% lsl ng

process, anorp hous materi a
107, 114 and the drai n regions 113, 120
re-crystallizes. In the re-crystallization process,
An annealing process is performed. In the annealing process, the semiconductor structure 100 is
exposed to an elevated temperature for a predetermined time. In the annealing process, amorphous material

in the source regions 107, 114 and the drain regions 113, 120 re-crystallizes. In the re-crystaliization process,

3
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WD 2008/ 054679PCT/ US2007/ 022682 atons in the source
regions 107, 114 and the drain regions 113, 120 adapt
to the crystall|ne order of portions of the substrate
WOROHSFGW t he source regions 107, 114 and t REI/H$A9722682
regions 113, 120. Thus, a crystalline material may be
a‘°%f UiF FPRTS B0 HY S ds dpidseins! 13,070 adpy ‘haﬁfd-“aﬂ‘ﬁéoféﬂf afpﬁmons
of the s%sﬁﬂes IO:I':’ng w l?iezsg)ur sré%Ané?lE P(plo ﬁ]% cle tEn ‘ﬁonig#gng 9{3 %t '?hus a crystal]me

ave a an cryst

mat&@ﬁh@@@gﬁhﬁ&@xﬂ th@ﬁ)‘h:@é de@dns ld']’n[ 1R latle @:le“n %10115@[3‘:1%3' ty of

anor phous silicon is | ower than a density of

crystalline silicon. Therefore, the material of the

source regions 107, 114 and the drain regions 113, 120

t erra"gowhauf»ﬁé*a*a%miﬁf gatgls U K 4 lwerrdansiiy (s exysiallipemisppducior
BB T T o aposts B B a B Abvatl spbUE, ston
ThelPRYe, GO MRMEH25 & @ sﬁﬁée‘ﬂ:élo\ﬁﬁ hos, h]@ragd g Gh ‘“e%t)ussﬂ"fmil(ﬁézds to reduce its

silicon nitride, nay prevent a reduction of the vol ume
volupfe it tiege-irpstaBizdtiad process.t he source regi'on 107 and the drain

region 113, since the material of the source region

107 and the drain region 113 adheres to the

stre and the hardness of the

str ezhse iy gra S‘S“}‘gﬂﬁme%gpz ]]féh?‘fﬁye%?ge\é}’@h?% sz‘f Brdvater g ormay
com‘nh;@ aSélzﬁt@&sﬁagdr%lhirl%hla?l’xﬁcron J!gr@ie n:llag revcnt a rcducl-gn &f tﬁg WS of te

the atons in the source region 1 7°a drai n
materigign tersorde3egimy 07auhd e gen @gional 18lisisde aha ﬁ:@cerwhiffhb souGe @Fi@aUBId the

than the bulk lattice constant of the material of the
draig [pBiat Hétﬂ%hefim the FERYSCreatnlg livpt i26.riad e hagines ofehegtrgsegeptingdayer 126
may*%ﬁe_eée%ga dg ormra]moerl: ogvﬁe s?ress frealugiglay%regligg g?ﬂt hteh]?i ?;?I n region

transi stor elenent 102. 20 In the second

transi stor el enment 103, the volume of the material of

t herhgefue.ce aoeginate shiré ragid 10N @d diedia rEg@@ il BNmal 30anBBY a distance

change during the annealing process. Hence, the source
Wh“i*‘ésgﬂf“éﬁf tap Ahe bylk ttighy capsrrntyod e owerial giehe sypsirage Pl Thws, a9 intrinsic tensile
e DS Bk o O k2Rt 1 RSP LORTE Sl BATE g o
{mm@&pg§§§”ﬁgy al so be enployed in order to activate the

dopant materials in the source regions 107, 114 and

the drain regions 113, 120 such that they may act as

el ectron donors or acceptors.

In the second transistor element 103, the volume of the material of the source region 114 and the

drain region 120 may change during the annealing process. Hence, the source region 114, the drain regions

120, as well as a channel region 122 of the second transistor element 103, may be substantially unstressed,

The annealing process may alse be employed in order to activate the dopant materials in the source

regions 107, 114 and the drain regions 113, 120 such that they may act as electron donors or acceptors.

After the annealing process, the stress-creating layer [26 and the liner layer [25 may be removed by

means of an etching process. The intrinsic stress in the source region 107, the drain region 113 and the
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After the annealing process, the stress-creating |ayer

126 and the liner layer 125 may be renoved by neans of

an etchlng process. The intrinsic stress in the source
WRYPER4TB7, the drain region 113 and the WBCT/US2007/022682

2008/ 054679PCT/ US2007/ 022682 channel region 123 of the
chaFr‘e!l,rngontIfi%ﬁél'feg‘fsb‘rang%t% ARt li)@)élowq,\igvméf, malﬁcﬁycd [fer the removal of the
streFBcl'e%ngliagg%&?_fﬁEnss huﬁg‘%g{fg mg)wr: !0 gec%{?nstslglﬁed lﬁeeazt?% 3 ﬁt‘gﬂ;a rtn moﬁ;fauo&

in the art as "stress menori zati on.

probl em of the above nethod of formng a seniconductor

st r fotoblem of gie trbvat methad of Frenign ealicomigetd proEess thatd GPBNAnnealing

materials in the source regions 107, 114 and the drain -
pro?eésgqoaﬁgmaieilgam 11260uffﬁy:glaq';fl 7 E]é andp.lg:ﬁl@éz regsoebﬁpstg@ @wdg&se Hence,
sopﬁ%iﬁ%@%&o{o% !lesecgera]t%c{) bl)((ai)r%:.:glg % ﬁg st fBr;nr%llon 1mlpazaat10n process may bleljj)garred

present disclosure is dlrected to various mnethods that

may avoid, or at |east reduce, the effects of one or:

nor B pfesetthigsclipom ¥l drergd todedi:d hétteds td awewoid, Or SUMAVIARY e, @fe effects

THE | NVENTI ON The follow ng presents a
of 085 FRPTe P b l§Finidsficd fotthe i nvention in order to

provi de a basic understandi ng of sone aspects of the

invention. This sunmary is not an exhaustive overvi ew
suMMaARROF NMEORVESTON t 1S not intended to identify key

or critrcal elenénts of the invention or to delineate

t heTtg dapeingforelddt hiesimplifientumemry df tig Seh®adbropBS® prévidea basic

present some concepts in a sinplified formas a
“"dwf’é’fi%%f PEe pRESHY il deptar| SBis fETE Yo cklativg everview of the

SC
PR PR Shiseuibeny e dEroeRa b B S g opee o
the fn@;-.rnmnn Gis DISERFLE QN YRleRlsomd dokellih & sEPIMRA 'fo?rﬁ §s pErQlMde% 19 more
a seni conductor substrate conprising a first

detatledalprsripgitrohat @ Hienwaitiaitand a second

According to one illusirative embodiment disciosed herein, a method of forming a semiconductor
structure compeises providing a semiconductor substrate comprising a first transistor element and a second
transistor element. The first transistor element comprises at least one first amorphous region and the second
transistor element comprises at least one second amorphous region. A stress-creating layer is formed over
the first transistor element. The stress-creating layer does not cover the second transistor clement. A first
annealing process is performed. The first annealing process is adapted to re-crystallize the first amorphous
region and the second amorphous region. After the first annealing process, a second annealing process is
performed. The stress-creating layer remains on the semiconductor substrate during the second annealing

process.

According to another illustrative embodiment disclosed herein, a method of forming a
semiconductor structure comprises providing a semiconductor substrate comprising a first transistor element

and a second transistor element. A stress-creating layer is formed over the first transistor element. The
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20 transistor elenment. The first transistor el enent
conprises at |east one first anmorphous region and the
second transistor el enent conprises at |east one
“gb%%ﬂﬁ”ﬁmnrphous region. A stress-creating PEJEF20pHE022682
rmed over the first transistor elenent. The
S““*%*tcfeé‘é‘é layer dogf P gO"Fféfg?é?cmtﬂ‘d%%“snb%*e"%v AP 2pENERESESHig performed. The
anngaqa?g;b?dcég %Ep\%ﬁ&@ﬂhﬂ&t & S&IIII{FO%L%[LCIOI’ snbe(a ate \.ﬂlg lap Ser raglgl C?g '{‘hg alrefsa:rcatmg

or ne annea process

laydi @mGihis)os thakemicaRiudidd Qubfulate 3ﬁr:n§ﬂ@5nﬁamé%ro&§g ion and the
second anor phous region. After the first annealing
process, a second annealing process is 25perforned.

The stress-creating | ayer remains on the sem conductor
I EDRAW, nd annealing process.

Ac ot her strative nbodi nent di scl osed
he?lgnieﬂascl ure mt ﬂbe dmcie]gstof)& E;y Ie réncg to, tgerﬁoliogwé lﬂi&g{’rg[’mnstfk]crﬂetcﬁfp@c“o”

w:tfﬁﬁgﬁ%h%ﬁnﬁ@vﬁﬁgglnr@\g;cﬁlﬁé%@réﬁMQH&IhgﬁenWplé'i:l% &, and in which:
conprising a first transistor elenment” 30and a secon

transistor elenent. A stress-creating |ayer is forned

over the first transistor elenent. The stress-creating

| ayFé&"fea e NYt schapis crpshisctvard ginds ofraaamicondugrr erhiayemtstagednl a

rocess is perfornmed. The anneal i ng process

ma%gmmmm§%9m?mMegﬁ ST AY the seniconductor substrate with

Iaser radi ati on. The stress-creating |ayer remai ns on

t he sem conductor substrate during the annealing

pr diwess 2a-HBRIvEhddEGCN s kL oMN! Qs oF HIEehIRAWENGRucture in stages of a

The discl osure may be understood by reference to the
metlfog prBHPE ity SRS CrPptteandiclked ke conj unction with the

acconpanyi ng drawi ngs, in which |like reference

nunerals identify |ike elenments, and in which:

Fi aumlies I |

B S o R BBl g el
formacpwificl Enigdinentd di€eos tiaad Be0fhoby Wy tof ex@dtle in the drawinksl DU KL Serein

2a-2b show schematic cross-sectional views of a
descg@ﬁ”f"é‘é‘ﬁh Jicshed be padgfetpady e wier, Sialg descriptionghenip bhordific embodiments is
oo SEGH P LR s et e HEeERr i Sef bRt HepaR R wemon i
cove$Mﬁr@&im:dt@nseeqtnoaie\ﬁﬂra'ncpﬂt%mmgg' il akid 19511% smqncﬁslc:(g @%1“{ m\){aﬁt on as

fornms, specific enbodi nents thereof have b
mﬁmﬁ%nmhmexﬁﬁﬁM$.ln the drawi ngs and are herein

described in detail. It should be understood, however,

that the description herein of specific enbodinents is

DE]‘_E%EIJ &Eﬁggf_go&g 'f}{EﬂwEEﬁ : nvention to the particular
contrary, the intention is
t 0 ve@MENus@diilve KREH;fdnG L t]]@ﬂ%mtmﬁgyhe&%hﬁ@gl&w Igmgmterest of clarity, not
alternatives falling within the spirit and scope o %

all fdatoes df Ry entl ioplerasa@ de fiesnebek b yhid sheifisdppe noan oS appreciated

that in the devetopment of any such actual embodiment, numerous implementation-specific decisions must be
made to achieve the developers’ specific goals, such as compliance with system-related and business-related
constraints, which will vary from one implementation to another. Moreover, it will be appreciated that such a
development effort might be complex and time-consuming, but would nevertheless be a routine undertaking

for those of ordinaty skill in the art having the benefit of this disclosure.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON Var i ous
illustrative enbodi nents of the invention are

descrlbed below. In the interest of clarity, not al
WRHPHIRE of an actual |nplenentat|on are dedETUSEYTPRI6S2

th| ecification. wi |l of course be appreciated
5 Tifdtehe b m&@v&”&&%ﬁewa?ed m et Qe gphed figures. Various
stru@tUrJgso ws@ﬁ%g g&#%‘%gg néd\?%ﬂ% g%g‘se % O a\ev%ngs,efocrlé)fwlgg‘;esdo axpﬁnauonson[y
andgﬁ)&ﬁ 6 notSbite @8 peRIRlsHANE Sitictall B S QN Ex%tv@toQﬂ)seas‘ﬂmed in the art.
busi ness-rel ated constraints, which will vary from one
Nexieﬁp]egﬁﬁqwtg{hizcbm%r@s aiodudesito debdoibeamy explainiiltustisdive kexamgles of the present

reci ated that such a devel opnent effort m ght be
discy ‘ﬁfpl B3 orl 209 RhRseE 815 Eﬁ’i‘i"hiﬁo““b‘ﬂ?t ungEIPY Y BRIEep dityg 2 meaning

C(m ‘{é‘p&gﬁh{t&ﬁ‘g{’/{%ﬁg‘r"%ﬁ’glhggﬁ‘ér 5.6 1{1 p%%u?e?ﬁyo&oa dlkgllce: 18 éh\Y,u Fe eléz!nléﬁt Ib@@m{:mi
defi 21@&18}/!‘ QA4S A PRGsE! (US2 Q8 Hfidd 2268 dfterent from the Jm%r)parn@éﬁmlary meaning as
subject matter will now be described with reference to
underiiend y traestviitedfin geipie &. indMeedi co bisimplied UE tansiasy usaly St BABARN Phrase
devices are schematically depicted in the drawi ngs for
"Hur B EETH P a‘rPétafed%f“faﬁwo B2 erish geapiae. hota W@w@rf@ than
thattupogl\"/snﬁ&sz/%ﬂ{]]o Salél?an sou uarsgecw r:ltefI [%Etw be%wg,ss rsgt?onlﬁ ér\é\ge spicl{ é'mon in

a deBhiliAR ARG ARAW LGS lld@ﬁéaulbﬁﬁlly ﬁ[gﬁges th@ spg&a:ﬁ &rhibs i@ r}g H=Rgel pﬁxlasg
illustrative exanples of the present 5 disclosure.

The words and phrases used herein should be understood

and interg?eted to have a neaning consistent with the

und@Fstesn dH‘@’“‘E)F S‘t"Ffd@é““@\BV“d § foamel Qe r‘é‘éﬁétsﬂnwf P‘Ht*?ﬂ@mwded ina
definition of

t
scm%!)(nd to? gubstratﬁ hE geé:(glg tralmjsmelor ’element e?vmgd 1 918 ﬁen{:clgléd%xct?r §ub81ra¥:f3élpte0ﬂ\fered

by tﬁer I% dr@ makeGh). N&Fi¥t a@ﬁgse&h@gnmrg){)ro%@d% ford&, Ulﬁgﬁlrtﬁét]%%f the
by those skilled in the art, is intended to be inplied

mﬂ@yhemmsp@m@mmwmﬁﬂgembﬁMhhémwahmmemmphwaﬁe herein. To
the extent that a termor phrase is intended to have a
special neaning, i.e., a neaning other than 10t hat
undgrstoqd by skilled arti
def|ﬁ?“%on“m%fﬁm%gmgﬁc?ggs? E§g1m¥me%ﬁmgﬁmﬁ‘3m”mreﬂmmh“

amoﬁ;ﬁ@@ieﬁlbr@a{thﬁﬂst hifd @ se@&fi Er&klttérQl@ﬁém e Sk arInQ]ﬁxtg p@cc!s@&& !)é/adapted
and unequi vocal |y provides the special definition f

0 aqtilpge dopmprmerialp birteestansistor element. Il somg enediepdodé sweny S‘;neqang process
stress-creating layer is fornmed over a first
can (PN STABRNE| BRETTHCOpY YistRg ity lésé‘nfﬂé‘éﬂ‘?@lu cthot Pomom of the

semé&lgﬁﬁ)[: &ES?[ ate 1n t}%%%?lg}{j f ta u%grate ﬁxterg{f mea%)ge ex%J Oed iqsrB atlvgh elgt\ [gr{}péi,a{ureq

sem conduct or subs rat IS Nno ver

for aQ&latidILshBRE RS, HRdce, dddadd ia$ be RNHed wﬁlﬁ(?c&@a)rt@ﬂﬁ%@!)ﬁtln:gecond annealing
process are perforned wherein the layer of

procerRiershigantiaynpadverg orereatt ngucs e fiffein ditopaoratgsl DB br&i:l&e ckutiel 43¢} of
bot h anneal i ng processes.

the material on the semiconductor substrate during the second annealing process reduces a relaxation of an

intrinsic stress in a channe! region of the first transistor element during the second annealing process.

Figure 2a shows a schematic cross-sectional view of a semiconductor structure 200 in a first stage of
a manufacturing process according to an illustrative embodiment disclosed herein. The semiconductor

structure 200 comprises a substrate 201, The substrate 201 may comprise a semiconductor material, for
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Wiile the first annealing process can be adapted to

induce a solid phase epitaxial re-growh of anorphous
ions in the first and the second transistor

“@t ERtS™t he second annealing process can bBCHHHEEHE2682

to actlmate dopant materials in the transi stor

"'”"8’? BIYETE. M SOHE EMBUUTTEN (8 Preteiemerien Y Ss0] Fitg be @ bulk
. t 0 r
szhog{l %%F?i t:ngat\%l e{ﬁ é:gtg rﬁm EJbg l?g?tﬂ Oc%.{b% %hc%n g’n '8“’#‘@‘.““%%1‘? O%tr?{F‘l
sem conduct or substrate in the V|C|n|ty of a substrate
t hereof nmay be exposed to relatively high tenperatures
f orin androg thg tsibgteale\20 s  Grst trapiigwe eleian2@ anddopant [snsivay elbent 203 are
activated, while the short duration of the second
f@f'%tﬁnfé HPTh P piPhtaise Hh 5iecirpytisoiter tF it uppsisigiesipmens R02znd the second
transi ?o?a%]men elg%gor%’l o(fh%gt% (ifll‘oltpaotileerrctrgop?HEH{SI}]ﬂeIQC scmtconyuctaﬁtr%cttzrenl((‘j(?
substrate during the second anneal i ng process reduces
a relaxation of an intrinsic stress in a channe
r edlhe firstiofansishreciénen02 tananses sitacive elgi@irend tanddUgaie REcHolE2 10, A gate
second anneal i ng process. Figure 2a

‘““‘?Pftﬁ‘\)\ﬁ“éz’s%tfé"‘tfhth? geciegiode HaEpm o anrel P 2% loggted in the substrate 201
belo@%@lﬁ&g) Qeqyo%g 91 he gHeC c‘::lelilz{rode gR) arr‘llkeg‘ Fy mnrers sttde\ﬁzﬁias'%ferrsgp? ? g and outer

acturing CE55 ACCOor(
side@AMQAEEBIRL 2:1d %Cth@ﬁ@s@at@ edi1eh Eburca_ Fb@m§§ﬁ‘a§tpﬁﬁjrﬂﬁ:¥e br 213 are formed
30structure 200 conprises a substrate 201. The
adaguhienatienrd@®liomay conpri se a sem conduct or naterlal
for WD 2008/ 054679PCT/ US2007/ 022682 exanpl e, silicon
Wiile, in sonme enbodi nents of the present i nventi on,
gh %en?iﬂlgt%hg %sﬁgaﬁt?&or ele ﬂeenp g(ﬁlgs bls'lec K nd %r%limr ell’]emeri:[: Q&tclt)%tgnsés aln rz}cttve

regidhi 206, G Qe ORuddOS M, Abr m&l@@ﬂa)l&y%@b@t [ region 224, inner sidewdl) spacers
and on the substrate 201, a first transistor el enment

216,200ugn gdegalisgront 5.2t Bnswst ogiondll €ne nini2B@donare 5f orned. A
trench isolation structure 204 electrically isolates
the first transistor elenent 202 and the second

t r%‘ﬂé‘c‘f‘ ?ttrgt{swtg e‘lee nrgt2022 thfe Eeggpd ranstgor%zegfnrt 2 rclzgn felrﬂquzdgﬁgteeans of

Clrcul enents In € Sem conauctor struc

inowkN@ettfolly” §lpndididOghoRs, Qlchifd, QEBHEon 20 2aH0 mr b ﬁrﬁ)laﬁ’tﬂioﬁcw Yafticular,
region 205 and a gate electrode 210. A gate insulation

advahay EowR Rithagle phivatebntithe ngabeerglogaitis ade @ Alvidemahly aophisticated

channe| region 223 located in the substrate 201
dopant protiles in the sdurce regions 207, 214 and the drain regions 213, 220, similar to those employed in

the method of manufacturing a semiconductor structure according to the state of the art described above with
reference to Figures la-1b. In some embodiments, the first transistor element 202 can be an N-type transistor
and the second transistor element 203 can be a P-type transistor. In other embodiments, the first transistor

element 202 can be a P-type transistor and the second transistor element 203 can be an N-type transistor.
The first transistor element 202 may further comprise a source-side amorphous region 230 and a

drain-side amorphous region 231. Similarly, the second transistor element 203 may comprise a source-side

amorphous region 232 and a drain-side amorphous region 233. In some embodiments, the amorphous

10
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10 below the gate el ectrode 210. The gate el ectrode
210 is flanked by inner sidewall spacers 209, 211 and
outer sidewall spacers 208, 212. In the substrate 201,
“ﬂ)gﬁﬁ?égvreglon 207 and a drain region 213 AEEUSHPHEAS2
acent_the gate el ectrode 210. Simlar
“’g*t”zf 3.5 B mBIst B Bl FRepittionx( the souiseregiens Y R14 and the drain
tor element 203 conprises an active 15region
r%%%2n§%ﬁgate el ectrode 217, a gate insulation |ayer
222, a channel region 224, inner sidewall spacers 216,
218, outer sidewall spacers 215, 219, a source region
214Teand eal, the aibsrareedgl cin b2 2Qdiated with an idnh@ark (nbSghown). The ion beam
transi stor el enment 202 and the second transi stor
comarisghianst of 2 98- Eakie Ei@mﬁfo‘r‘“ﬁ%éo BY cPRTENS tothe juvdwre! pretsh orriersgfi the
sub&rr]togtﬂl Ia?egzﬁgv;arﬂp% are lmcor olrart] méod1fs§8sni%6w% dvgﬁ%g%&%%%& gan bea
nobf&%lsm&isas Rfonic QN xénUrp(lxérM 1@};;'{09 ﬂ{rﬁﬁxpa&?;mﬁ% lzrgéfggganh s '%(9 B above-
to provide highly sophisticated dopant profiles in t he
idergiDadmoiedopi@g blenmsits 260 Th, theddnge SFbrdxBRICHIHAISOD K@ GidAPSoxBrdly 5 x 10
220, simlar to those enployed in the nmethod of
10’ wwﬁﬂﬁacturlng a sem conductor structure according to
the state of the art described above wth reference to
Figures la-1b. In some enbodi ments, the first
: Lgngdelez gﬁ%dlﬁ%gﬁgéﬁné% glgﬂt}engcgn %gghlémexlp ?thg Fm?‘r _Sglfoﬁ;go the per%dlc
tabld Gr@RGEnSE OF. . silikdh (S RQEmRIROGETRN S e :§otb€‘ectf-olm(: §)ta sii&mﬁﬁs%@ Mhe
25el enent 202 can be a P-type transistor and the
loﬂs§esé@iqms tnrﬁaﬁmsts#ecﬂﬂl etae frien theiPQS i dn ol BmceNHdnyepesy and ion flux of
h Irg The first transistor elenment 202 may
we PUre ’ﬁé?" ‘E‘“’ 5 greosyre Qb whstras e ‘%%Pbl’?é'ﬂé‘fe @@@‘F‘bﬁﬁch’z% the long
’a“gggg‘gﬁa‘g[‘?dgﬁs,ﬁ‘é ?@Pargfg!e ﬁ@%{‘l&zéggﬁ%pla%ce is !os and e " derial ESomes
amoBauk.ce- si de anor phous regi on 232 and a draln-S|de
anor phous regi on 233. In sone enbodi nents, the
anor phous WD 2008/ 054679PCT/ US2007/ 022682 r egi ons

238, %31 232, 233 may be formed prior to the
AP SOt HIpRYS reliong Bo72320%2 nahae foeed ugipenthe
formﬁz%g'op{ﬂts so%é!:g’le %r?s% P4 atn!ﬂ lhe d/ﬁﬂ qe xo%shfl t’; Sﬂﬁ 1 e o(()hmcnts implant
be irradiat ed an 1on The
enerp@an] dvseE @Fpnéd S &s fdrrﬁlﬂ&n @fihe Bounte Rg@QPONG I@Jn@ BEE fekin \M@!oﬁ‘shz 181920
not contribute to the nunber of charge carriers in the
may Sp geiphtued 8O herep emeadrdanhehmesteye soe ringrodepof at edtedanbihe
lattice. The non-doping el enent can be a
SUbs‘rﬁ“b"‘oZIOg‘“é‘ﬁ§°“f"§ (rennsE’: %\‘r“ng?r{he(%‘")“g’%éﬁg P24 iyt apglrampipRpst mrprial is
obtaifdgr ). Typical inplant energies and doses for the
above-identified non-doping elenents are in the range
of approximately 30-600 key and approximately 5 x
1014- 1017 ions/cn2, 10

Amorphous materials may have a tower density than crystalline materials. For example, amorphous
silicon may have a lower density than crystalline silicon. Hence, a volume of the portions of the

semiconductor substrate 201 in which the amorphous regions 230, 231, 232, 233 are formed may increase

during the amorphization process.
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In other enbodi nents, the non-doping el enent can be an
elenent of the fourth group of the periodic table of
, silicon (Si) or germanium (Ge), which
“g?amwgﬁgglectronic to a silicon substrate. TAEUSHALEN22082
nms in the substrate 201 away fromtheir sites
n f‘H‘éergfnys?lz%Ia”dl BAEFEBNIE BT éﬁﬁei‘r@f’%‘ﬁd""f‘ 3 &Ptrw %914 i gome
o e 0 TS e AREEH RO PR
con@Fid@liconaMelic MBS dthey ehRGmSRO L 1FANGS 28 ﬂ:@rrcomﬁxfse stul?:& nitride and the
crystal lattice is lost and the materi al becones
Stegrerspijph Bies 226 may compiisa sibitoh dipxidenibodil fweirt enbodiikets anerspinowrshe liner
regi ons 230, 231, 232, 233 may be formed during the
laygr 6%:1’&1 POWCHFeHRREH IR0 @By Fagiis Alcop gpnitpla. 4Whiln quns emoairqqms
the Eetﬁglrcglmgl Qeg%fﬁénggbe sut%tantlaﬁy zaxqrassecf(j Hnoﬁ?r emhod{mnpts %e Ftrefsl%reqtmg layer
226U EGRrisE S GRS L@Q%sswggaf}mmesg.he drain regions 213, 220
may be adapted such that the | ong range order, and
nostly the short range order, of the material of the
substrate 201 in the source regions 207, 214 and the
dr B Pelicfrer 33%3and gl gtrpsg crpaan ‘aﬁ’h &20tH pr fhoted braees phplasina
enh& §ed9t§%¥n%alnﬁ79r depo?’tbx‘&rlo EXF he?slélr% s etd?nrtl\e [%OWBX Pg%ég%r]ccéj cwemlcal vapor

ensi ysta i ne at er |
dep@NOX, BB %ﬁorﬁ!hdtdr GEUBruA B0 iD@NGedinl a%ﬁﬁ& v@@aﬂ SA k%taﬁt%ﬁﬂs supplied to the
crystalline silicon. Hence, a volune of the portions
reaceyf vesshle Teasrtmome cropdses cbulisit coapa@nd @fich muy wiadt cHamic 4@ with each other.
nnrphous regi ons 230, 231, 232, 233 are forned may
In thegpqmeeald E’“tﬂ’ﬂrr“}er‘i@“"f‘ﬂé’ b&ﬁ‘ﬁ’f’i&‘Fﬁ b2 Etﬁai‘eén‘\pf}d@cﬁé%my alggmpting voltage and,
opugngigag ]9(;5 or ov? fE:: uen Qazlv ayfi g:np]:ed bet ee? n@r&[ e[(gctrg?e p{(}s{éed in the

a stress-cre are
reachH RSl @t %e%%eonhtﬁtoﬁﬁﬂ&ur@ﬁ@p@an@&ﬁcﬁelec{r&@ [c!c!lt@ieiﬁ tlleac%%qty of the
225 may conprise silicon dioxide and t
semigend@Es stortgadon hé aiefe@20y Meyraing mﬂmgeSﬂd &e bihsC\@ g8 brbatd O@ow
In other enbodinments, the liner |ayer 225 may conprise
discharee ficBhredsiant tpsa dn Hp elow H@Chérﬁ? éﬁé%“’ft:%i’@a?f |svfg a4 mﬁeertonz 26rafignp, are
gene?a?;;owénm t%e ?ealtgnpgaq] easi 1e zﬁwei)bfhxg? reactlon ratcs rmg 11& b:étlnedzaésnodcrate

ment's ner
tempaftrel, RBictShdy 88 Sre@tORd thedBhl bRy ss tk%%@m%ct&%mtwe s@. silicon
oxynitride. While, in sone enbodi nents,
stress-creating |ayer 226 may be substantlally
unstressed, in other enbodinents, the stress-creating
| ay 8P 228 “i'féy“i:iﬁ??‘pfrgﬂ"@/@ 230, f“é’ﬁ‘@?‘! BIGRUITSS ﬁﬁms@@@fv@ay be controlled
by vla ?&lé’ ﬁaﬂﬁxletgrs l.(e np a§rfm J%Qanggtél%%lcai vap[())r defaosx?flep&ozcés? suaép as tenl?pe?uure and

ress-creati ayer can
presfule@$ (KB reackh g@ﬁm%ﬁpoﬁ’@l% fr he:uyyac‘?@{e rffé%ﬁ@cﬂe&cy Qlamatﬁf? vottage and
persons skilled in the art know, in plasm enhanced
the hish eqttpgs a Paramapovalugieas hitolvotkpinibdrestseniai o ieC O Navia subkGintitl eo
200 is provided in a reactor vessel. A reactant gas is
intrinsiq SFFS B S E D CrHIES frishlaing 2 uiles FomPTFFfé/" FIESAEG SHPFE Argykpgwn to persons
skx[l&iqmgart%ﬁﬁay%p&:mhn%%d b nF olflgagtfc’n'a exp%r mcntatﬁ%{ mr igICt reaction,
t he naterlal to be deposited is created. A
radi o-frequency alternating voltage and, optionally, a
DC Agrrtiprodithf siiegguenioy ay’C 26 o es thy ©tohdug@siscomelymebeorippineved To this

between a first el ectrode provided in the
end, a mask (not shown) comprising a photoresist may be formed over the first transistor element 202 by

means of well-known methods of photolithography. Thereafter, an etching process, for example a dry
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15 reactor vessel and the sem conductor structure 200
or a second electrode |ocated in the vicinity of the
sem conduct or structure 200. The radio- freque g
Waﬂ%{’gffj??é‘t ng vol tage and the bias voltage cr8ST/ESHOHI2RH2
i n e reactant n the gl ow di scharge,
"“’*P‘&a"é‘%CFSV ‘"‘§ B&B‘T‘EE”"’" s (R AHRE v ?8%‘““ SERGHETOT Pydiedpid tOaff:“é the
ma@Sh &f éﬁ @gss cFeQ(m; tia'?& 2%@%%%@“18 g fal ofmfésl’lnerrle)!cgh% s%st)‘{mllz;“ygin act,
reaction rates may be obta ne noder at’e
Herlo€ M2 @@ tayidr @35 mMhitCRlaeRy sthiekylr, b@é&ﬁ@th& Ebeonﬂ BRkiN& e R g8 tom
of the sem conductor structure 200. 20
beiifer abfpread thiy gl etshant. hBhegtaslenay-te ramvdd mder| teeyaahin® 2@gessi MAfter the etching
articular an intrinsic stress thereof, may be
pro Bsnth Hiepse Efatﬁlﬁ IV%{I’Z% ﬁ)écrsptg? glrﬁérezéisgr 6@1&{1%@2 ﬁptdgwﬁe second transistor
clei@nced chem cal vapor deposition process, such as
tenperature and pressure of the reactant gas, as well
as power and frequency of the radio-frequency
alternating voltage and the bias voltage. Paraneter
val 4 ést apieilph pradebsowy brperdirmid nthe dirsstnnegling poregsaaly egrddpay @rinduce
226 having substantially no 25intrinsic stress or a
<SR of BaPrAg! [AiF RO A 0eHb Db 281 s i
ﬁrstI XL'ﬁJa uﬁsér&:eétr{a?zn tae{‘ﬂﬁ’]d Khepwg aanalt ﬁér%c%g;s Isﬁkrlfq;llcl %ermal annea?ng. the
sem&&rﬁ@cﬁdr RRRGLALIOR. exposed to an elevatedAe;ﬂﬁfaMeQE} zprfelaﬁ\@@ short_time. In some
stress-creating | ayer 226 over the second transistor
emteﬂiemnvbe @Gfgthw@alrammocesﬁ'mamhves demdh oabamEksecpmIObr less. In some
rising a photoresist may be forned over the
embr’i’ F’a‘fs LPf‘rf r@i‘%%ﬁﬂﬂ@“@ﬁ?é%iss fzmha\tsy dagigpefeovofseams of Lfindyigrsons
sknll@@‘n tgéj%t {owpng&l Ql]aer ah?rge ﬁr?g 0C Trgeurhgrgift tth%rebmlcondu%ttor strucuge 200 is
pr ocess, xanp e a

exp RS hOSARIL R MSZH RS/ (AR 682 sL4nd B BieheRheQ GBS as ARYe agx%almg
performed. An etchant used in the etching process may

Rapb‘ethadlaptre@hrtgomx Oh peffrematabye iradibting fthe kenidtde@s Ssromeat?dm gvith
r 226, leaving the material of the liner |ayer 225
e'“%%%‘te%ﬁm laipr) V"ﬁhﬁlﬂhéﬁf exaiiple QEPrise Hght gepgsped by BgARY of 9T fgaglamps.
act as an etch stop layer, protecting the second
transi stor element 203 from being affected by the
et ahamér. embbt@ndiBSke HBYnRAInE BRRVEFyabhflke thQu&lGh Riconductor
process. After the etching 5process, the
Sth%‘tﬂr 8 g meati Inged ayerev@RGemmmers A threpefa'turesﬁ whithahsie@k@fuctor
emen nt 202, but not the second transistor el enment
stru%l@%z 0 18 heated in ”}5 ane?,lgg PrOGRS g‘ﬁlb? zﬁbotcﬂ PH5h Bt rerfé%;talﬂj@non of the material of
| nneal roces
R e P T L
may SRR KU iDFhSse 23kial 2RowthdBhe mAdal in 1A amd?fkBus regions 230, 231,
enbodi nents, the
232, 233, wherein the material of the amorphous regions 230, 231, 232, 233 passes into the crystalline state
without there being an intermediary liquid phase. In embodiments wherein the substrate 201 comprises

silicon, the first annealing process may be performed at a temperature of about 500°C or more.

The re-crystallization of the material in the amorphous regions 230, 231, 232, 233 may occur at
temperatures which are lower than a temperature required in order to activate dopants introduced into the

source regions 207, 214, 213, 220. For example, in embodiments wherein the substrate 201 comprises
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10 first annealing process may be a rapid thernal
anneal i ng process. In rapid thermal annealing, the
sem conductor structure 200 is exposed to an el evat ed
‘¥%Hﬁ@?ﬁ?ﬁre for a relatively short time. |nPEB#E2007/022682
opgnents the rapid thermal annealln rocess may
S8 Us S 1 GFPSBR PSS TP oo ORUET el solid
phféﬁg‘\qgﬂg %%\2? fmrl @cu ﬂgt‘g ratnpe%r tgg(gto 1?"[11%;1‘@ gln Porm%gnelbnamg? Y the first
annSHihg dr@eks ikl e B@foﬁ\’(e& ath Rbratdir@ids Chad 1361 BRbC, @ﬂﬁ@@hht[}g less than about
processes wherein the sem conductor structure 200 is
70016 oex pasmdattre lesshian ebayve0®d Meoperi@blyr e figranheisg ptob@nmay be
about 1 second are sonetines denoted as "spi ke
PerigRTE A1 EPOrRaldi "o Ren S et o RSNt g arieperiere ot fappeniead about
5002?6%Jgr +OF 8 ?r%tgrtﬂ;%equgt 1rr|? g &ﬁlget 10 Qld t(‘SBﬁg(}{)‘%I r[ynf ‘é)nllflaréez)&sﬁcrigqrf\/\gmﬁng the first
ann@ﬂr@;ﬁd}c@s@ atlair@itle, Q60 f%ﬁ:ﬁerra@ﬁe By B RRR. Q&lfﬁgﬁﬁ onIdem%[o%s in the source
| anps. In other enbodiments, the first annealing
regions@0R &8 amEly the GaPREies 2 i3n120. ot dogant faeites exted NEEUOE@FegiodQ07,
structure 200 into an oven heated to an el evated
21 apdip Bp pipredons Al Bhporeatsgf et impleniiphnytohabatpl conwited- or
structure 200 is heated in the annealing process can
be adapted such that a re-crystallization of the
mat glhoiha! em@fdinteRte (RTRY RRAKS p'fo@(gi ARShe 2 Brmed Bk ten%r’égxmrc%?’\%uch an
occurs. The tenperature applied’in'the first anneal ing
acti prtigrod depaniFanythdyeurackapterd?, £ ot ahdiid the @rais @kibd 2 BNZ28 &aepid.axi al
re-growth of the material in the anorphous regions
230, 231, 232, 233 mherein the material of the
armlrn H]e?F{%nn(azS 9 pr?cess énéleﬁs h?f’]hte mf'ntﬁna’l mzllg, am ra ogserg’g:olnsn %38 ZtBihZe32 233

crystalTine's ou ere
mayl QLM din@ledond -AYLE RRES 3, hdmfOROH 'thggﬂxgr&()m&%ﬁé ﬂztz'ﬂ?mdy
substrate 201 conprises silicon, the first annealing
witlhpposess. subsyntipls spek hcenedysatizagod pipe r ddntt] Be @dteriRdOM amorphous
500C or nore. The re-crystallization of
regipny &3 2ngp @ rgrain spbspialyafgedfous regi ons 230, 231, 232,
233 may occur at tenperatures which are | ower than a
tenperature required in order to activate dopants
| Ntih QRUGE GadsidbOcidnRR BOSAUEEEE SO B ss2Rbiing Zbéh 228 3y have an
220. For exanple, in enbodi nents wherein Fhe substrate
infli2@% oc GaPringgs! @00 8/ D5AGHRRCELUSZ0 0721 0R2B8& ar, similar to the
silicon, a full activation of dopants may occur at
metifod ﬁfb@F‘a‘tgmSéfglwafu‘“ab%fﬁ%wﬁswf%@9‘@& Uﬁh Feisieace fanFigures s bt the stress-

crca&%q‘@gf 22@%%%)8/% or regucg? reé{\'t cnon gﬂ){e ny%) une of thetmdgere;q( netl{ef%&?rélgﬁs rggflons

230,281 &R khd GaRl2 08 B BndFAYus be%mx%@@(f of Mol ul stheQURG Rk bk ?26 and a
| ess than about 800C, at a tenperature |ess than about

stffit@OOhomrestreding l@RIR6 atypreeent @ sguck hddtorabionds e QRE.creMRE Ryer 226.
specifically, the first annealing process may be 5
perforned at a tenperature in a range fron1about

o0 3fg Pos L AR A LR AT ARR e

Iattte%QQfSt@Q@lQie rREMABE tﬁeg;@tglr'ﬁé 1 RSk JSHE Nhud, BEindibsleSusite stress may be
anneal i ng process at a relatively |ow tenperature may

creafa@ Inpherseuhy cgiom 2@ afd wisdram regibn TOP At intAtsd RAsile BrebshHe ths @€ Rgion
re%ions 207, 214 and in the drain regions 213, 220.

207 perifedreingegart BYYORTeI2 Sepear eertiqnn of thresubsisr 108 inrtesgicinity of the

sour&qzrg:on %3‘74“9[?19 (I:Jam rctglon 21@r 1‘?1l paprn I;IS toerla r%l?e ch npe:j ke%;ﬁrip %]2 Z\ ;r ﬁ’ég‘_qg’ffgfs“"“

[ antation
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I'n other embodinents, the first annealing process may
be perforned at a tenperature at which an activation
of Pants in the source regions 207, 214 and in the
Yo AHOYEEi ons 213, 220 may occur. PCT/US2007/022682

In the fist annealin rocess, a density of the
Ayt EF AN “Ieﬁhdf‘ﬁféfe&%%%hg@féeﬂf%@%wy?s poplogio | zlsrzase tiz%xaobﬂﬂy of
e]e&rﬁﬁel‘%y ntgét c@?nlncg %%%n Z%nTitush c%n f?eg)hog %dro%eré enpgrﬁosrrgw%r lh%%% trfvg&;tor e’lemem

202 bRV ik 8bAiAnRtwheSHRS f@ M1 @b ebémé'lb’fdz Bk & nyp& lpagsmtox
re-crystallization process. Hence, the material in the
anor phous regi ons 232, 233 nay renai n substantially
unstressed. In the first transistor elenment 202, the
pr eE‘lﬁ; fREnsip flregsigpsated ip @ savgp gaipr 1 d’lda‘gﬁé‘ﬁ”ﬁ%mﬁb% dSh*&U eS fafnstfess

cre&g in t fcthng?eelog 5123 oggcbts rstfﬁlstor%%mgnft 2({2i rEe% {gg‘tn {elg,‘cg yl agli,mnp%c stress

anor phous™ régi on I'n paf

of tﬁeh@esﬁr&t:ahﬂlbdlaﬁf 226 O I HdRGle bS8 T GRMCM G LY or%&rﬁdﬂ&stn}é sffess of the stress-
descri bed above with reference to Figures | a-Ib t he

creagity BRS 28 Bat hengntadiyiely ARG maymquresendep@ition #6Hd8 @mployed in the
reduction of the volume of the material in the
for%aﬁﬁbﬁrgssp@@qnbhgr @gowmgg fensilg pliggs @f Lﬁqﬁgesprgj@aévgi laypr 28 maylgehance
h
e B QRO B PG Penndh. Bt Rt Bt e pnphgrsion 22,

comPlefs RS Sire G LEAL 110G cleANE 1yl 28 NBYduR EMERTe s &e@gyﬁ:@he@ource region
deformation of the stress-creating |ayer 226.

207 Herigan regitn G Bnd e thiveeln@toerizal m@leveh ket 6 ubsﬂar@toEa c%ﬂ:esaiaeystress
arrange at a distance which is greater than the
n ”le%?tf%we%e ’b%?ﬁ@’te%im sugfs i hecheat] exsion P23ty eiHencs ibwebliat o ha@1 This
ntr|n5|c ensile stress

r an
may helpq% lmprorvee by ysﬁ“orman{;ehg} t Se Of[jsrt ér nsPsté ?t’dlﬁ:nlz?@ ”é\ﬁﬂmfﬁﬁr in &Fnlgﬁdwents

whereﬁgﬂe(ﬁ&t aksdstor dIEHSend 205 50'[7\91‘?’5%50 Pt[ﬁJ@ §!mL1§0rSt ress of the source
region 207 and the drain region 213 may have an

i nfluence on portions of the substrate 201 in the
vicinity of the 30source region 207 and the drain
r edittt %TSWS 5 sphepaic piogsicatal g 1w phke serpigardrelr sireiedfo iR 2 Bter stage

of t%%@l}fﬁé A@%g%%?@%%%%b%‘ﬁ process, a second annealing process is performed.
The stress-creating layer 226 may remain on the substrate 201 during the second annealing process. The
second annealing process may comprise irradiating the semiconductor structure 200 with laser radiation, as

indicated by arrows 227 in Figure 2b.

In some embodiments, an absorption layer 228 may be formed over the semiconductor structure 200
before the second annealing process. A material of the absorption layer 228 and a wavelength of the laser
radiation 227 are adapted such that the laser radiation 227 is strongly absorbed in the absorption layer 228,
In some embodiments, the absorption layer 228 may comprise silicon. As persons skilled in the art know,
silicon has a relatively high absorption coefficient for light having wavelengths in the ultraviolet range. In
other embodiments, the absorption layer 228 may comprise carbon, for example in the form of diamond-tike
carbon having a relatively high absorption coefficient for light having wavelengths in the visual or ultraviolet

range. Other materials may be employed as well,
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may be created in the channel region 223. The tensile
stress may be enployed to increase the nobility of
el ectrons in the channel region 223. This can help t
WOBIE¥he performance of the first tran3|§€6ﬂ5ﬂmWMﬂﬁ2
el ement 202, in particular in enbodi nents wherein the
first transistor elenent 202 is an N-type transistor.
5Th@he lrEErr !Id(ﬁ“ﬁll)rp Qﬁtrﬁzg%% ﬁ:l)rt%h@ddbd{) b J QQh sorp%on ra Z%n %ms, the
he drain region 313 f* as 't he

absﬁlﬁﬁﬁﬁa@ﬁl 2281s Rehret 6 hannely niek Gnpdlande %h@ftealt(hﬂle tllisér&ton layer 228 is then
transi stor elenment 202, may be influenced by an

trarismigted tn & ibwrite @Y sin pftichlaeo gt Fessgme A7 NG abdaleairaiid2dions 213, 220,
detai | ed above, an intrinsic tensile or conpressive

by 8%} adcip Ui Gt pleesieatog dpnigo P'HV&‘?“”ZQBY%V pdlicon nitride has a
reldi & Ir:g(ﬁlhea?gonﬁxtancear Meln %ﬁp%o%mer Eere;n the inﬁssegatmg ,aycr 226 comprises

process enpl oyed | rma
sili®h hifRS h&l @RkileNg p!}r@%@ﬁf 1e2B0rp¥N 'Ealyé? 28 ot/(@ A= 'ﬁlsﬁra%‘sfo?ée?‘nequlm may
the stress-creating |ayer 526 may enhance
be eifirigil} Gastered3s e rsedteelgiénn207 hved &ewraoﬁregzagaon Qeﬁ&’e, pdtdﬂeax non-
drain re%lon 213 and the channel region 223, a
uniforsyis efdheineanesf fhe seanicpduqin srugpre d0avhish Bight b grupea hethe PRGIce of the
th stress ,created in the source
mm%é%ﬁgﬁg28$MHwﬁb 3&§Wﬁgfgﬁ%§%aﬂT gn 't he channe
region 223 or may even lead to a formation of a
conpressive stress in these regions. A conpressive
st riesgeriembotiimentscheanbmetion legt WAmB23 omiayd. enharedinas, properties of
mobility of holes. This may help to inprove the
the b‘é*ﬁ“f“éﬁ‘“ﬁ‘ﬁr‘?é@ 26F adrke Y9vFIeEintof Hip & tadiaticn ?r@m b%@wd.swh that a
relaﬁ@r lﬁr? Lfragﬁ)n Gﬂheqyprorzgdl genb'? is transmt?ted thromfﬁiﬁ qle 6“6551' cFegthrg lzg%r &?6 The

stor el enent
tranﬁhlgldﬁ B (BdlassNQNBor2$ Qhﬁ[,mt]é §re£ Er@ﬁaﬁg §ﬁ9§ﬂ6%9lbe MhL%We(ngEh by an
the sem conductor structure 200 in a | ater stage of
absqrptien efair @ ctlinon AY ipthogessieatibf hier 226 el Hyiarskctiari ea lakengdiation
process, a second annealing process is performed. The
'”7§¥W%§§ﬁ8F§§FNﬁﬁmfayer 226 may remain on the substrate
201 during the second anneal ing process. The 20second
anneal i ng process may conprise irradiating the
S ening AREHHIGH Off theSthskUGdidtb:£207 QQlle\MtrEch&ﬁ§§lrayeF @ﬁ'nﬁfr bORnireBeR by an
i ndi cated by arrows 227 in Figure 2b. n sone
ada;efmbrod ithreategngthegt tha lvso rqgiudioo and ta:yrettenﬂz&nmyonbemé Oles¥@ating layer
ver the sem conductor structure 200 before the second
225aﬁ‘ﬁ EEMP R pTGTELUn loxer At é“l“‘l“aP'“Ftﬁ‘Fmét Hisombes prtdmbwwpwéwnde
mayﬁmrg\g aaglg%s?rg\gﬁ\é% g% |? {aglt: Hm mﬁhé: Swesura?and nea 25 iu[aeigletat Pen%h range.
strongly absorbed in the absorption Iayer 228. In sone
enbodi nents, the absorption |ayer 228 may conpri se
si |'The ghectiohsf !melrts'@tmstreskdrdatuedhyérrzztt hebamnbuodkaidwadagting b G@Kness of
has a relatlvely i gh absorption coefficient for |ight

the JTER F R MBABIEY R e RS 2 Prrieterinediphese dffFrencets intragverd betyan taieweqﬂanon
227 ?Jﬁpc%g anPsfrugfﬁe ofttpe szr?%*é’%&[@% Lycr %46 aXae lr't?er r&?:auon ¥%’{ rFt{rgt d “é gry ‘B‘S’ﬁm

ar bon or exa I anon
betha@Viﬁ&r%@eS@Crtfa@Jg%ér\Zﬁ Md Rk GR: 1ARSBE Pl lﬁ@,eefra‘n&e%c@mm&éas the laser
l'i ght having wavel engths in the visual or ultraviol et
radi@0r @i gpdecteOuthi@rsurfineet o thie athess-craanng pger @ dnd Yhe tised Budivudh D27 reflected at
The laser radiation 227 may be substantially absorbed
the inigriqer, Betoppis BF pesRrating At 2981 Urnlipgt layen @253 0ig 695t qoibpriments, the
| ayer 228 is heated to a relatively high tenperature.
The heat of the absorption |ayer 228 is then
transmtted to the substrate 201, in particular to the
source regions 207, 214 and the drain regions 213,
220,
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5 by heat conduction through the stress-creating |ayer
226 and the liner layer 225. Silicon nitride has a
relatlvely hi gh heat conductance. Hence, in
WEhHBRTAERL s mhereln the stress-creating | ay8FT/psw07/022682
i %F' ﬁ‘ ses Si |cpn % itride, heat generated in portions
e be SESEFAE BHT 12858 be Saned sir fridprisuciyeringrerepes [ gptanegy Thus,
ansferred to the
a reg%g{pg)gttn? %8%"6({?% ﬁ?m%&;@ Li %tefﬁgtﬁllé éécrf] tb{deg i on 213. Hence,
potential non-uniformties of the heating of the
sem conduct or structure 200 which m ght be caused by
theApﬂ@@@ﬁ@@ebﬁreh@mmﬁghh@®sn&meammmgmémyemeZ&mwmyoheme
bstantjally avoided or at |east reduced.
5“"8?%’?‘5‘@ SBEY En{tsomt tﬁ‘é’o%tfb@tﬁr‘?ﬁ‘il gHest %fy‘ers“‘-z%%eawyayﬁé% may be
o LA TR RO L R BREL L8 0 g 22
subhaASAY equaddd atQOvig 27 thlBYidASr BElARE B %Q@mﬁm& tke second transistor
relatively large fraction of the |aser radiation 227
Bfenilest 208-aHlemi: tip ebubtint ereglh ittldicaithy g Jasorraktibmny7 lidy @6 iR2Gnsistor
he 15 transnmi ssion of the laser radiation 227
e'f’"teﬁf Bugh termadestispnaliygapmh ojap gnuaypé prerp Buromspd o the second transistor
eierAegtéb:yenced both by an absorption of the |aser
lation 227 in the stress-creating |ayer 226 and by
a reflection of the laser radiation 227 by the
stress-creating |ayer 226. The absorption of the |aser
r adhraitierogy 2 kim rgdRigonsT e gded fnalt decvgd hnadatry pR26s fByybe@ipted
controlled b 20 adaptation of the wavel ength of
suchy (habPoFtigRsf the & “é‘f P8Rt *%Frfaffaftf@f%tnétrtlfalar féw@fgt&qnw7 @f4 and the
sl a8 80 Bl S Y e Btsprt ST e o
anne@lin®ptodkRs ANMeQbapeh kick O aolgr)(;ﬁtature sgtﬂexenmy A AMCatidn b ants in the
absorption coefficient for radiation in the visual and
sourppregriony P v ¥ gl e the vaiv edgiem@ti h 2kaing@ined hiter ex@dipl© @ik isc@shd @finealing
the stress-creating |ayer 226 can be
P“’C&Sa?ﬂ%t R WY “‘ét'd’a[?ﬂﬁ”ﬁ‘(j“ éretttﬁ%emt@vg 8003, in passicyigs @ temperawre greater
lhansa Ju?ﬁ)%{)"er F%ti ined AG}MS{ on%?%e secong a%tez{ﬁ{}\pkperocp rs ?nag&e adg:éeﬂ él{(,‘f] (r)lﬁt a

ase difference i s I ntroduce
dszu&&? ofl Bpah© 6l @ soate RpiSHNIAEE A wl BEiIn$LlBSH3CHE ﬁu‘é)} B ubstantiatty
| ayer 226 and | aser radiation 227 reflected at an
avoiderdt lar éxamie. betuvwtienmdyhelesthessodnadtineg | ayer 226 and
the liner l|ayer 225. Thus, an interference occurs
betmeen the | aser radiation 227 reflected at the
¢l SRR Rl B R Ao m A B P e e
of th‘éturrzﬁﬁﬁoncdf %@Ebrﬁ&m&t@%ﬁﬁm&@@ 2@t he1aded RELioh @)’?e(!} i 2Ritiod 18 the
sonme enbodi nents, the WD 2008/ 054679PCT/ US2007/ 022682
iradafyiinokthessicafluctchwuditre. 98 silcheatirmgidndyer 226 can be
adapted such that destructive interference is
obt ai ned. Thus, a reflection of the | aser radiation

ZZButhe t%seﬁc!e Qﬂlhé‘ gtr(é‘s‘é‘ ?34(:}{1; [Elyeeg ﬁg on rihe f??st tr%r]:sistgrc elem :? 2?Zha repxauon

| aser I on may occur
of thd indfigsic slrcﬂycﬁtfatcd?na Qe &9&&@?&@6’:\ DY & dbil Rgiom213 @ﬁQRQItaﬁﬁeﬁ@gﬁdnszﬁpd’urmg
el ement 203. I n sone enbodi nents, the thickness of the
the figs pravepdinecr@ess magbel salyentiaR2Goidey Iftﬂemadﬁbpdlﬁdttssmlchtr:hd’lastresam the
reflectivity of the stress-creating |ayer 226 forned
sourcs i8ion £Hef P8 resiop Asd th fha@te'erﬁﬁéqttﬂgw qvep @wtﬂetcsﬂwtmswynd
i e SELLAPLLA 8L AOSBRLSRR Biosh e soves
203 ance an anount of energy introduced by the
| aser radiation 227 into tliie first transistor el enent
202 may be nmade substantially equal to an anount of
energy introduced into the second transistor
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10el ement 203. An intensity of the |aser

radi ati on 227 provided in the second annealing process

nag be adapted such that portions of the substrate 201

Wﬁ@”gwrface t her eof , |n particul ar the sdGTaE2007/022682

re 07, 214 and the drain regions 213, 220, are
“’gh"égb t‘hs dgingseiod &te r¥ih B P"f’sé’i’ff)ér’%&‘ﬁﬁ fAefects| ipy digdig @ reduction of the
mu@m@ théks”ﬁmémg Jf@.ﬁh ARG oy i-ARRER il w&c%re?cess may be

adapted such that a tenperature sufficient for the

activation of dopants in the source regions 207, 214

and in the drain regions 213, 220 is obtained. For

exaftréle sechid sasdon phoapnbalbiamgoplpeCEs Shecaess- -beniggdaypt 26l and the
i sg&h-that a tenperature greater than about 800C, in
NGV POUTRPE BN B8 etk eich é‘é‘feé"f“s ey éfr?wawarﬁonw@'@bn the gt may
be 8%0@%1” %{q xa’%{)lg g!‘log{x} (\:zv tnL ﬁf octesllees énsag euu§e| on%?)lgr% d[c stn%sr% régﬁ%ﬁ" r[?arf%urce
reg®OYOTC Ge BRF P05 213Q4 lh@&lﬂnn@ﬂ%mﬁ) hes gy 3k naxﬁtﬁgédqpt%as?ﬁlaﬁmlly%gzg the

may be substantially 20avoi ded. For exanple, th
remgual eftthcowessyreepting &ydr @%s t han approxi mately 1 ns.

In other enbodi nents, the second anneal i ng process my

conprise a rapid thermal annealing instead of the

It Ir']re%%gtg%k Q{IEQ T rg% (b\? wﬁ J}l yéroq l’éxcatmgl(% Gp%hgrgt% E\ tcoba% ﬁ]Pmde ancL’or a nickel
silididernag batbdnedin @ s&uh:@ reBiBIY1260 DAURE & dreSit bt d38208 08 ﬁé@s&npskxlled in

the | aser radiation 227. 25 Due to the presence
the gft Hndye e thisens - dcrp@atpwngetd! ayeps PG @iort Fieke!f haySte deposited over the
transi stor el enent a relaxation of the intrinsic

-"e“%‘if’?f‘é% SEcRE ey ?hﬁeﬂtﬂﬁe @%weeé‘”\g@@itwaz@?per@wd Brogierfo initiate a
cheéﬁ% Ié% lIGfﬁggEg\g?‘glgeexrgtI;agto eang aa ?c oglt}%%s%r/c%gg gn%ggr}?ﬁ zwd the dram

regiSMITE3, 10D QR tARNKRatind ﬂi}&eis e beporkdemed ol ﬁ%e:‘aﬁ]retohi@ss %Qﬁ'lcfb&f? 800°C.
region 207, the drain region 213 and the channel

This gy beln 0223 yeipxasnenthbitriesiharse @heissur Rgio B Ot rain region 213 and
30anneallng rocess, since the second annealing

the ARl aeEion AEhDT P Uity clomek 208 durios the thifd Fnecalingepesist s | n
t he source WO 2008/ 034679PCT/ US2007/ 022682 regi on 207
and the drain region 213 Since the presence of lattice
def 86 timjctBhtd @Rdbsddtein (EAHUELHRR Qfmbbdfends WakidiD$ biGt and a second
stress, the healing of such lattice defects nay

anngahgrpesgeyeart fadoringst i otfsi epibgtimeps.she fAf dnenling h@cesom@ Adbmited. In such

anneal i ng process, the absorption Iaxer 228, the
emtgq Pt %*%Edme%@b ?‘%ﬁ‘i% e”hﬁwmawas frtinggghy siewéwchywmo with
]dsenﬁ%c\i/nmgﬁt o per e Seco b%g]ab d uprl:a r erence N Il'l%ure Ja may be

perfbrdkd. €Dha AkABing ﬂf&&%amtadz@te@la bQE Q@&@é&%%ry@f){za@ﬁ oldéﬁ@,then}l'h#me
intrinsic stress created in the source regi on 207, th

amoghheiis Fegipes GG A3 1 2430 agightet dupent inatieniedreenepnort7, 228anmriythelii@nin regions
213’g%#ntained at least partially after the renoval of the
‘ess-creating |ayer 226.

The particular embodiments disclosed above are illustrative only, as the invention may be modified
and practiced in different but equivalent manners apparent to those skilled in the art having the benefit of the
teachings herein. For example, the process steps set forth above may be performed in a different order.

Furthermore, no limitations are intended to the details of construction or design herein shown, other than as
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10Thereafter, silicide regions which may, for exanple,
conprise a cobalt silicide and/or a nickel silicide
na ormed in the source regions 207, 214 and the
“ﬂ}é“WmV@ﬁlons 213 220. As persons skilled PRT/UREOHE82
ow, to this en a refractory netal such as cobalt
dﬂﬁ%{ﬁ%ﬁ/‘a?‘e ik Wé*PW n%.g% theygfors &Yidsay tftaé*ae RIVigar erphadisestridisdeseipbavemay be
after. a third annea

1Etc§ﬁ &Ec}fﬁeg suc-:r hveaaaqlons dlre do{mdered W{tm C scopecar?grgﬁ: lpt q?che 1Rvention.

e per orne

Aco!bﬂﬁ@ly |it@'ﬁmk3ﬁfoﬂ\@)%tﬁenﬁa IJd@geE fal Ay aliBi @lowand the silicon
in the source regions 207, 214 and the drain 15
regions 213, 220. The third annealing process nay be
performed at a tenperature of |ess than about 800C
This may help to avoid a relaxation of the intrinsic
stress in the source region 207, the drain region 213
and the channel region 223 of the first transistor
el ement 202 during the third annealing process. The
subject matter disclosed herein is not restricted to
enbodi nents wherein a first and a second 20 annealing
process are perforned. In other enbodi nents, the first
anneal i ng process may be omtted. In such enbodi nents,
a single anneal i ng process which conprises irradiating
the sem conductor structure 200 with | aser radiation,
simlar to the second anneal i ng process descri bed
above with reference to Figure 2b, may be perforned
Thi s anneal i ng process nmay be adapted to both induce a
re-crystallization of the material in the anorphous
regions 230, 231 and to activate dopants in the source
regions 207, 214 and in the drain regions 25213, 220.
The particul ar enbodi ments di scl osed above are
illustrative only, as the invention nay be nodified
and practiced in different but equival ent manners
apparent to those skilled in the art having the
benefit of the teachings herein. For exanple, the
process steps set forth above nay be perforned in a
different order. 30Furthernore, no limtations are
intended to the details of construction or design
herein shown, other than as WO
2008/ 054679PCT/ US2007/ 022682 descri bed in the clains
below. It is therefore evident that the particul ar
enbodi nents di scl osed above may be altered or nodified
and all such variations are considered within the
scope and spirit of the invention. Accordingly, the
protection sought herein is as set forth in the clains
bel ow. What is clained:



I .A nmethod of form ng a sem conductor structure,
conpri si ng: provi di ng a sem conductor substrate
conprising a first transistor elenment and a second
transi stor el enment; i npl anting said
sem conduct or substrate with ions of a non-doping
el emrent to format |east one first anorphous region in
said first transistor elenment and at | east one second
Whansrepiaes region in said second transistor el enent;
formng a stress-creating |ayer over said first
transi stor elenent, wherein said stress-creating |ayer
|, does mMAkodCAV8limiSRd SbnSiBGRINEkoF SARBES B paligsENt ;
performng a first annealing process using at |east
onePeFidggr apAintchelar pljipe cemsysiog agfiuitansisor clement and a
: NG P ss, said first annealing process being
mm?ﬂﬂ%?%&ﬂ?g%ﬁ%gﬁce solid phase epitaxial regrowh to
r e- orpystiak Ishidesesdioddfdtors subainme phibusns efiaomnadghirgatlidment to

second anogphous region; and. . ~after performng
TorB g detp Pty SRRAPTOHG "B B ARSI it f1aPiT e B et B bast one
secaN@RdbRELIsREQEEBSaldYseddntaghgtbindesa@itd sen conduct or
structure with laser radiation to activate dopants in
sai @rPingst ssErcatHN RYER AV idofirse apEsies clewival evherein said
strSELAa B 8RS UGLARL LA LAY Kool PR AR QEenpal d 1 TSt
transi stor elenent during sald second annieal i ng
pr omelsming, a The ametdod bk aisimgl 3t b rogie nofsairebid annealing
tress-ereating l.ayer conpr.i,ses silicon nitride. 3
Profi et REH6 PRl P ProcE e 4 oS A1 0g woses ey ffgreed o
indhayilidohagy és@siaregidwth i thSt-6ryStales Said4irsT hgompRéR0E@eh and
kglain13, further conprising renoving said
SAUGICPUALIRYTBRAY el get . 5. The method of claiml,
fUrderncaomhs Shidnfs0 LAhdgnd p'réd%%{ deA¥ERInG Vi kedR Dnnealing
first transistor elenment and said secon ransi st or
progdserienirggliitiop sl foninpmlycoai tustircesdthc eat radgitibayter activate
dopg%tﬁ;i-? ggiggft:1J§t?$}dg%:ﬁgng$g%515gqrmgt%rqg{tsrj wsh%lre(?n lsﬁigesru‘elssg(}g'ge{ting layer
remains over said first transistor element during said second annealing process.

2. The method of claim |, wherein said stress-creating layer comprises silicon
nitride.

3. The method of claim |, wherein said stress-creating layer comprises an intrinsic
stress.

4, The method of claim 3, further comprising removing said stress-creating layer.

5. The method of claim 1, further comprising forming a liner layer over said first

transistor element and said second transistor element prior to forming said stress-creating

layer.
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7. The method of claiml, wherein said first annealing
process is perfornmed at a tenperature of about 800C.
or less. 8. The nmethod of claim 1, wherein providing
said sem conductor substrate conprises perform ng an
ion inplantation process to introduce a dopant
material into at Feast one of said first transistor
el enent and sai d second transistor el enent and wherein
6. sailthesetiondziuredl vhgepracdss: lageradaptisd stioadivkidat e
said dopant material. 9. The nethod of claiml,
further conprising depositing an absorption | ayer
7. adaptefeth® apsianb 15 Andreh 28 rAdhatdial Py R&Hefformed at a
stress-creating layer and said second transistor
tempgratggeml about 800°C. or less.

8. The method of claim 1, wherein providing said semiconductor substrate
comprises performing an ion implantation process to introduce a dopant material into at
least one of said first transistor element and said second transistor element and wherein

said second annealing process is adapted to activate said dopant material.
9. The method of claim 1, further comprising depositing an absorption layer adapted

to absorb said laser radiation over said stress-creating layer and said second transistor

element.
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