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METHOD OF FORM NG A SEM CONDUCTOR STRUCTURE COVPRI SI NG

A FlI ELD EFFECT TRANSI STOR HAVI NG A STRESSED CHANNEL
WRRHYSERIBACKGROUND OF THE | NVENTI ON 1. FI ELD OFCH{L§2007/022682

| NVENTI ON The present disclosure generally relates to
METHEDQJ; FRRYIEYG ASEMICQNPHCEQR STREGTURE RISHYCeA FIELD EFFECT

par ti cul ariRANS{STQRMAYEY(A STRESSED CRANNE]RECIQ)Y

structures conprising field effect transistors having

GO, 2, 0SS0 PTI N O T

circuits conprise a | arge

1. NUFhErD BF WM%‘F&N circuit elenents, e.g.
transistors, ca rs and resistors. These el enents
ar erh€ YriR&E laaelodufet g%rn&ﬁllyl bélate@ th QRITYERMBh OF ifikgr#iddl Lifuits, and, more
such as nenory devices, |ogic devices and
partitalagly,ap e Cemdh Sf se?ﬁit@ndﬁ&ﬁrfs@ﬁm eemm@fsing Mile effedd texdsistors having stressed
circuits can be inproved by increasing the nunber of
chanfigiregionsonal el ements per circuit in order to increase
their functionality and/or by increasing the speed of
operation of the circuit elenents. A reduction of

f [ ' f ti f t nb

2 of B RPOR RO MR ARG BT 00 0T £ 0O e
an Irﬁ SJ:u%Uitsolo #?1% Itllarg%: lu}%ﬁ@ 511 Y Qfduatl hc?rc (ftl glgr}iléns eg qransnstors
al so UCGS SI g pro agatl on d‘ell

capaél{épsraﬁcﬁl%ﬁst&g THRE RRERIarOfonRBERS RAletnRly teiconﬁ 'c&\%l’éx msJ,@ TRA fa§memory
possible. Field effect transistors are used as

devi@Wi1dgeddeRigesin@ MdidpSockskord. NTIRPeAdr@bhcE bf MitdpratSd cilddi@ycan be improved by
provide a neans to control a current flow ng through a

incregdirggrtheehumbergif dimctlianaldepenth pdr we@it i@ oo Us (neresse fied urauialalay and/or by
drain region. The source region and the drain region

incregying thispsd 9f caperpod of thecinspit gjqments. r Aaredicencnf Eeaturetsigesgiepysghe formation of
and drain regions are doped with an N-type dopant.

a g""@ﬁ'ﬁ\?@l"g &f %FC‘"T ‘ilF"P"‘f Wﬂe sf’?’%\i‘f%ﬁ Rengsradlowipgin eétﬁ‘fﬂ"e &8 tBf'nfél"C‘iO“‘T“i‘y of the
c1rcug and alsg ?%uc%ﬂsslgnaa [gr%p%g 1%1? deéll\g}y i u? SI’TIF;E(I:I:)]% en?glgrgz{) tﬁe spaed of oaeratlon of
C“mﬂgk&gﬁHQQ%kce region and the drain region. The

conductivity of the channel region is controlled by a

gate voltage applied to a gate el ectrode fornmed above

the channel region and separated therefromby a thin

i nFieldxtffeq garlsaysare uBepe ndichige dements in integrated circuits. They provide a means

to control a current flowing through a channel region located between a source region and a drain region.
The source region and the drain region are highly doped. In N-type transistors, 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 gate
electrode formed above the channel region and separated therefrom by a thin insulating layer. Depending on
the gate voltage, the channel region may be switched between a conductive “on” state and a substantially

non-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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the gate vol tage, the channel region may be sw tched
bet ween a conductive "on" state and a substanti al
WadMseHdlicti ve "of f state. Wien reducing the gp;@m%mwmzmmz
field effect transistors, it is inportant to maintain
dopaat fongRTEghE et e Jeeion. pamobditariies Chi‘ré“g‘iaﬁl"’rrsi the exr@siongp the channel

tivit f. th h
B SRR b Sl SIS0 S b e o

regi&th @Ht@l?ls cf)rgtg!) }nd?ngtlgxﬁaswg InJiél‘i thf W?e 29 Q{M‘cﬁo% o(“fﬁlg: \klgttr"l%f the channel

he extension o annel “region 1nt
regi(giI 16286 b QreBde of th@ch&ﬁn@l%ﬁcﬁ&tgrty aﬂguéﬁ[;n SR Rl fhgtenhances the channel
bet ween the source region and the drain region, which
condu&ivt NAWIAdra4seChe the tifke afrier GBI Rladslt@AThdrbase o¥¥é EHanmdl conductivity.
reduction of the width of the channel region |leads to
a decrease of the channel conductivity, a reduction of
t he channel |ength enhances the channel conductivity.
An Asnigrieasiessgfe redusede Hiaregiensioarof e rchmtjirtalqnyn Ithe aweidsh tdigection is also
i ncrease of the channel conductivity feature sizes
redugﬁde Argietr af e frennehieeth srialh a@iuratlw@f Eﬂ‘&%ﬁﬁ%’F‘a‘F‘b‘ﬂ%‘i‘i‘h first, advanced

teChlf ﬂues 0 g(r)]tglietﬁogTagCt I ??er:}chﬁs %}l'estg gef %r é: gl ?rgler (tﬁ‘ rel §l§ 6g(£repr0ducxbly create

transgsﬁjzs?ga:v?% E%S:JB Q%Jr%gl t’i%:é']eé lﬁ%‘ f&?ﬁg c£t&‘1° !mg gl%ﬁlep fm the vertical

dire@bRIR well & ih Bk la@hill Firedod, afeﬁ@c[uﬁaﬂﬁ thB kit Fegdh ﬁtdtlrr BGhiF LePibSin order to
havi ng short channel Iengths Mor eover, highly
proviie phiost sheatresthtidgpanta pwotdnlagtSiesidtivitgt hECM&JI’rhm(ma‘Mth a desired channel
direction as well as in the lateral direction, are
contyolighility.ed in the source region and in the drain region
in order to provide a | ow sheet resistivity and a | ow
cont act resistivity in conbination with a desired

h I t | abi th I .
e dboru B reierR vt o bt Sl Bl e i bas bcn
propl)sgﬁl ta'ilo eﬂhtcmcpﬁt p?ﬁ)ﬁﬁtﬂa 8§ gﬁlec{ tpanggto%)bd're %Br?%el tt!?tgrge carrier mobility

or nance O ect transi st ncre

in tﬂe h:ﬁanﬁé’i 8B, AR pfikcHie, m@dsl iwoYaphrBachdd Ena§ h)@'?i%lto ﬁr@ﬂhs@ I'ﬂhe Jhﬁ}ge carrier
principle, at |east two approaches my be used

mobilicr ease the charge carrier nmobility. First, the
dopant concentration in the channel region may be
reduced. Thus, the probability of scattering events of
charge carriers in the channel region is reduced,
mhiFeFi the depantt cancgpiratiofcin dhesehangel fegien mohbRUEIYcHE: tvlutafthet Mgbability of
hannel regi on. Reduci ng the dopant. concentration jn

oG O G eYIT5H, ™ HEWRYVEF, TR R eant 'SP g3l dptngingrpase of the
cond{iﬂ{vﬁf Qfotlhg cha%e‘ Qg%n ogle 1§g {hr %nf?'ants éoggentga?xl %iethe ;:Iitrzlrlmsel rengion %owever

duction
significantly affects the threshold voltage of the transistor device. This makes the reduction of dopant

concentration a less attractive approach.

Second, the lattice structure in the channel region may be modified by creating tensile or
compressive stress. This leads to a modified mobility 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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concentration a less attractive approach. Second, the
lattice structure in the channel region may be

WaBH 0S¥ by creating tensile or conpressive sPFEdS2007/022682
This leads tg a nmodified nobility of electrons and

ho|Ae'§ethqd@§§se@fs 4/fEld piieqhispeiten w’gresﬁhetch@nﬂﬁgﬁp tsdey@edip steepgd silicon

ressi ve I cant

tres tress ni
will B, 85 ™ e Oy W‘yf%fe"‘ff P st P FEO s senqpe cros
sectlgBF{ml:\)v ny sgn];xw(%dﬁ QJr Et?dgélre%y ina Ilrgt Q&%e o?% %q ? %Ec%sqgco%mg to the
I'con layer having tensi ress.
stateloPhA Y A f|eId effect transi stor mhereln t he channe
region is formed in stressed silicon will be described
I N Thi eenfi@hduoist A@ctvk 100 EoipAlee N Edstal ol g Th€Subdtte 101 comprises a first
Figure la shows a schematic crosssectional view of a
transenelenend U@t apd a Sdcondataosiseor EBMent M03a The Ifist trabistgreelenfental 02 comprises an
manuf act uri ng process according to the state of the
activg rqgion Theformediin the substtagsr 106+ Agate @}e@rog@()lo(jbfvppeidg)eg the substrate 101 and
substrate 101. The substrate 101 conprises a first

Sepafafegﬂ§fe§?’6 PY 8| 2aifrdtiplaton Jayamte! o Toe é%‘hﬂecfrl’%n’slp dt fanked| byt sidewall
spacers ?()9(/ lél? rearécr éu&?'s:li%vrg npséicll;e?rsélgg 1% e su Sl’ﬂ% 4 g)?gp srfbrgee rsegf\g'nnlm énd a drain
regm%h@s:;rg Q%d T et She AL a&qoog\mf the substrate 101 and
separated therefromby a gate insulation |ayer 121.
The gate el ectrode 110 is flanked by inner sidewall
spacers 109, 111 and outer sidewall spacers 108, 112.
| n Sirhiearlg, ueStdosd eansiddk elemers OQBr OMpris€in@ttivd B giommub, Agath eddctiode 117, a
region 113 are forned adjacent the gate el ectrode 101
gate ins@atign fager| 192, inmpresidswallomaters rl #nd | 8 buwer sidpveatiespacerd 0B, 119, a source region
conpri ses an active region 106, a gate electrode 117,
114 a’dgaif an regie 128t f"éﬁ"qhaS?EPo"lSEQC‘“r? HHi @rovidlpsraaiaird! insyatiom pegween the first
118, outer si C 9,
rans R HBEn 13 S 5500 SR 1o O Rore R B B e e 104

may ?{1 (llH(?éléé[rSal }ngAIatBB Qé{\lvqu l?h[: ﬁLn@lgtBrr ele %%Lt dgsll(bh %d Og’llgl' é? gﬁn‘é"ﬁ‘ glements in the
transi stor el ement an e secon

semibdn@R&k Sfublire @dcment 103. Additionally, the trench

i solation structure 104 nmay provide electrica

i nsul ati on between the transistor elenents 102, 103

and other electrical elenments in the sem conductor

st rlbe fisrtansisBo elerfdne 1 2 jandsthe segoatginsistorelegk® 1ehts Wel2s thaench isolation

the second transistor el ement 103, as well as the o
strucureakQd Hnay %foa’eqd & meanp Qfd’(eﬂﬁ(éovTG’ZFthoﬁsé’_sf Phodolithograpby eﬁpmgvéemgmn 1on

of well -k met hods of photol ithography, etch
1mp16né%18%?nt1|06 auop OW H%‘f agnt{]eaztcpgrfe%wa %g%aﬁlfz 6(H1rce |re$10ns %7 114 and the

dranp reéx ns HIBa[W ma]\_' 2afcrm§?{ bFI 1mp g‘lllll'(l)gnlsonsl 00t5 dopanQ matenzns m?ooh!)e semlconductor

structure 100.

In some examples of methods of forming a semiconductor structure according to the state of the art,
the first transistor element 102 can be an N-type transistor and the second transistor element 103 can be a
P-type transistor. In such methods, the active region 105 may comprise a P-type dopant and the active region
106 may comprise an N-type dopant. The source region 107 and the drain region 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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drain regions 113, 120 may be formed by inplanting
i ons of dopant materials into the sem conductor
WQ2P39547& 100. I n some exanpl es of methods of PEBUATINE022682
a sem conductor structure according to the state of
exa'ﬁPI?eCO&lPtlse arphtorpsist.thile thepraer of Be field effeetitansisyp clementsg@2.4M3 is irradiated
e transistor and the second transjstor elenent
w1th 1(61% ]'&lﬁ, ap éndgsuigblf: W%d“ftfoaﬁgﬁiogi'“&‘”h“ihﬁres‘ﬁb'ﬂ llﬁfexf/ﬂbta%typet cﬁ éhe transistor
t e may conprise a P-type dopant and the
ewmmﬁ k%?o?e%nman%g may conprise an N-type dopant. The
source region 107 and the drain region 113 conprise an
N-type dopant. The source region 114 and the drain
r egh @R 13rdAich0sTkd Serc@reBohsy 08, AaRANkthe drdin teiBns 113, 120, a plurality of
I mpl antati on processes, one of the field effect
implémtaains ipgk@tes ahag neNnpesforh@@ , forl Ei8h A Yheb@ansiosresl@nknisi 10D, &3. First, ion
mask whi ch nmay, forexanple, conprise a photoresist,
implgytdtibeprodeesesgnadyee fapmed; oforef theefbrhatidnfod the innergidewalltspacers 109, 111, 116, 118
elements 102, 103 is irradiated with ions. Thus,
and faﬁeré@sud%rﬁllépaiﬁm F8 gl &t 111 1B Thereriiam the inpei S@hwaéﬂrse“%!o% Rt 116,118

with the_ t of the transistor, elenent
can B350 o 1 GO P s FGPRAPY Sh SPPE HEPSBth e TP e and an
the drain regions 113, 120, a plurallty
am“%?mcaé1§ﬁsg "on processes may be performed for each of
the transistor elenments 102, 103. First, ion
i npl antati on processes may be forned before t he
f oraret theHor@rbtidn @ theNiR@F sigdva@\Wpdcrs SERAET, 914,098, sdcoldd ion implantation
116, 118 and the outer sidewall spacers 108, 112, 115,
procdse® canTte@eréamhd¢de rln the krgonid ienemplgntdienailoteswpH e dmmer sidd®all spactrs 109, 111,
1, 116, 118 can be forned by nmeans of known net hods _
116, dbhrphsers jiqng) impinging én the picisitieffeesgate) edpgtrages ’don’dﬂeﬁ'ﬁf&P ip gy ggcond ion
and an ani sotrqpic etchin process. After
1mplfr6q11%{)rpsi§§f %xpstztnﬂgly-nﬂ H(anr'mt%?rg mufzedérbg& élflgltylﬁgle gyte ilecirodes 110, 117.
ond

Thus %lop%ants maa be fe eC%l\ﬁ]g mtroducngJ m?o %oanolnso Pf IR% chx%‘g’ Sreech’onC% lI"F7 and the drain

gecond oceSses

reglc;nb?B' PRAvin! a%%%éelﬁoﬁxgﬂ%%{é§le&89es 1;(5]-:1-17 Wikdis glé'a&r ﬁ‘gﬁaotﬁlpkness of the

|onS|rrp|ng|ng|nt eV|C|n|tyo egateeectro es

innedsiddwalilshaters @ CIQ, 1161 18.he second i on i mpl antati on
process, substantially no dopants are introduced in
the vicinity of the gate el ectrodes 110, 117. Thus,
dopants may be selectively introduced into portions of
t h&@herenfiers dheropigl Bidewvall gpacers1 108, HRAJ! I6hH 9 dreafiormed apyd bind i0]1 Ji@plantation
120 having a distance fromthe gate el ectrodes 11
procesey affperdqimeds I he sftird fon implantatiop procepsh 84h e "F‘Ffé'dFYﬁﬂlesPace’S 109, 111,

116, Sillg ar\xlgat.Le ou? T s%ewaﬁ sil)'aggrk 188:!' 21'12, :HSG’I 191 a%sorb ions impinging on the semiconductor

structure 100. Thus, dopants may be selectively introduced into portions of the source regions 107, 114 and
the drain regions 113, 120 having a distance from the gate electrodes 110, 117 which is greater than a sum of
the thickness of the inner sidewall spacers 109, 111, 116, 118 and a thickness of the outer sidewall spacers

108, 112, 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, 112, 115, 119 and ion doses applied in the first, second and third ion implantation
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Thereafter, the outer sidewall spacers 108, 112, 115,
119 are fornmed and third ion inplantation processes

WO U808 drmed. In the third ion inplantation PCT/US2007/022682
processes, both the inner sidewall spacers 109, 111,

procepses, Thus.highlyorhistcagsd depantrofidshay besqsested insthe) iy, transisyor elgrpent 102 and
119 absorb ions_inpinging on the sem conduct or

the secopd fEapgY s el§Be [%hus, dopants may be sel ectivel y
i ntroduced into portions of the source regions 107,
114 and the drain regions 113, 120 having a di stance

fr QMnk t&ﬁ i% uﬁ;g&%rség% rr;llé'dQn }h; %mema}l ginhel sBur rg\g(fngrlm, 114 and the

than a sumo hi ckness of the 1 nner side
drainSBa&R 1 8, 189atorlslok the JdtBiratel (b nAf 6k sl heds HRMShe@fsitdsRthe crystal lattice
outer sidewall spacers 108, ?15% 11§%K119. Hence, ’
of thel @a@fidl opthekibstease 10M. ThRodMUhel®dd eghaatifactutidg a séhdichn@e@r §thieture, ion
drain regions 114, 120 may be controlled by varying a
doses hppbédnmghe fofmatipre of theeuresireiiana|!07, d phemdrthe 4:@19 regiohg 1131 180 may be
118, a thickness of the outer sidewall spacers 108, o
sufﬁq}q_@fo de_[IB?’ thg_ 1rgst;ﬂlﬁa Ordélhof &ngggnaﬁal Flé;a thiatnantaﬁ@'plquf gxft’erlal is obtained in
second apd third ion inplantati onprocesses. Thus,
the spreeBiPnY gh'iléf“idélgtdéaé" r n‘%ﬁip ofiles may be created in
the first transistor elenent 102 and the second
transistor elenent 103. In the ion inplantation
Pr @66 ShoR€ 4 gcgc{nmgcrbﬁ-séc%alfmhk Qerﬂli&flduhbtestﬁ&ﬁg {08 in a later stage
regions 107, 114 and the drain regions 113, 120, atons
of th® matufRtufapsdcea aoithd tdMY st ofnsSdie A RidBMyek 11 THanll B @ikeks-creating layer
sites in the crystal lattice of the material of the
126 grelhgmedadver DO Tirst tramsisodeenentTH rodl the écombinn§iaatelpmenglO8 The stress-
sem conductor structure, ion doses applied in the
creatfng fayest ! omaygbmprise a spistivebehardanyitesiplssuch@y silicpn gitrigdp apdithedingflayieml 25 may
regions 113, 120 may be sufficient to destroy the
COme‘rs‘i/%'tcﬁ‘i’ fipxide- B‘rtb"emeB%‘/O"toﬁ te Heer By ST 48> 20%'de SUSHCrFagng dgyerdR6, methods of
depoiy PR B 7 U] Bhdech B R g arver plasma
' = i onal view of the
emmggﬁ?%g%g3@?5§B§?§ﬁ2%8§§m?38&%n a later stage of the
manuf acturi ng process according to the state of the
art. Aliner layer 125 and a stress-creating |ayer 126
ar & poviawed they eresstcreatidgi lnyet 126 @naing ttier sealné nemststod @meind03 may be
the second transistor elenment 103. The stresscreating
remojvedy ¢Fo thip @ndyaymagkoeppipiisine aphotefesisticoeripe hefirit wansisteri elgment @R may be
as silicon nitride and the |iner layer 125 ma

formed) FBprpale. ) hloB FOER ARG 1 Te IR oY it PTG T pges-cretin laer

| i 1 d.t - i I 126.. .
20 B AT e B R S e e 5
subs%nlhglé)anlg)'i affe%tgc?py @e eta'l?r%rgr&gés. Y‘ﬁ@,qr\e Q&&Q%&Js&? ﬂamds{ogﬁed as soon as the

stress-creating layer 126 is removed. Portions of the stress-creating layer 126 over the first transistor element

102 are protected from being etched by the mask and remain on the surface of the semiconductor structure

100. After the etching process, the mask can be removed by means of a known resist strip 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-crystallization process,
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enhanced chemi cal vapor deposition, may be enployed. A
ortion of the stress-creating |ayer 126 covering the
gégﬁﬁﬁ“ﬂ?an5|stor el enent 103 may be renoved. PEHUSH|04/022682
end, a mask conprising a photoresist covering the
atongs iirrtgq sopreeyg&iPnst g 1 & am ﬁflram@%iongyl 320 pgsptie dhe crystalline order of portions
Thereafter, an etching process adapted to sel ectively

of "’r’ SYhSAL 0 Relpr the rS‘i’”éﬂe regfont HY- Eiftapdike G‘ra’éatgi‘%b 3a{8r Thuse crysaline
materral maé %e Bj?ameg quee scaurce re etng B@Eltl Et él?het ain rﬁl?‘]né ? C g%(/)g? 125
|s substantlally not affected by the et chi ng process.
Thus, the etching process may be stopped as soon as
t he«ﬁrhesSsearcsawtngmAtaMe 'ma} 2avd § 10vRMAMEIE: hBOELdMHe s@hiconductor
the stress-creating |layer 126 over the first
materiilanki ittidtlare h ela®dNy ofl Bmorptoes filidh 6C toodr haomndeBitngf edyahiad silicon.
by the mask and remain on the surface of the
Thergforyi tho mdigcal of the squeee tregrogs 100 14Aid de dtameregors Hil g 20 tends to reduce its
process, the mask can be renpved by neans of a known
VOIUWth%etfe’sfvﬁ‘q“ﬁa‘pﬁ)P@@é@% An anneal i ng process is
performed. In the annealing process, the sem conductor
structure 100 is exposed to an eIevated tenperature

o BSR4 B Bt g g o
comﬁrng aqglzﬂﬂvaf hi8 lmg{érsal l@cﬁ as gﬂ?r&n Mftride! ¥r§)1 ]Q'L\Jehtzaer%ductllcm Jf Iﬂﬁ volume of the
re-crystallization process, atons I'n the source regions

matedi@l in thd sbérc@Rglod 108 aflrtRd diaik RGbONS, sthiekhe had&liaPd &R touk@ rdgfd® 107 and the
crystalline order of portions of the substrate 101
draitoetiowl 13hagheges tir he streesgrreatirg 14y0r7126.14bd tterhdrdbdseofdheadtrass-creating layer 126
regions 113, 120. Thus, a crystalline material may be
may pisyeRt adetpriation ¢fehesisess-ereatipglgyep - 107, 114 and the drain
regions 113, 120. Anorphous sem conductor materials
may have a | ower density than crystalline
mat er | ul, ar

se 0 or sity of )
rnr_:?rhf) fg)ust%% atPI’InSCIBrt]hCI sgurfe re on ][%2an ta élﬁé‘?gfonq??may ;/rrange at a dlstance

whlc%ryg%a{%l' th!uptﬁe ﬁjll! l'at%%ns-trnte({f M r1al p&le E{Bgnea{e 191 ﬁIus tdp ﬁ)trmsrc tensile
and 't

source regions 7, rain regions 113

strest @AGS creaedrrsdré@andetr&gw\rqtmme dkaih &Qe 118 afd M S lcRdnhdl ze@bh @n of the first
process. In the first transistor elenent 102, the

transistor elegencroeat i ng | ayer 126, which, as detail ed above,
may conprise a relatively hard material such as
silicon nitride, may prevent a reduction of the volune

of the material in the source rggion 107 and the drain
red 8% Seﬂ@ tragfisir Sleppd 19 the rVP'!'s\‘Pe the ‘H@efgb‘i’fr“é‘e“’\"é"gre%i?f‘ 114 and the

nre . .
drain re%rcénsgg (r:nra% el}an%e%unnéﬁheganﬂ_eélglg prOﬁ%i;s t eénceh F aouéc§ éegro]n Hﬁ gre drain regions
120,%%]&'é?lsh§ E‘\l‘lraﬁéirké?& 1293 e sa'c%ﬁd mé{st& @M&P'i03%%e9&b§%151%n9}‘essed.

e stress-creati ng 1 ayer

The annealing process may also 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 126 and the liner layer 125 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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Therefore, the atons in the source region 107 and the
drain region 113 may arrange at a distance which is
‘VBF@%M§F”?han the bulk lattice constant of thePrE{US|03022682
of the substrate 101. Thus, an intrinsic tensile
chang%l Fegipg 1209 thsdirg frangisterelgment; 19% hewerete @ax egnaripined giter fhggemoval of the
rain |on 13 and in a channel glon 121 of the
S"esf Freadipe {"‘1“" JPidPheR et k"iU’?“-’ PFTRPIE ﬂ‘& S BASRE 2t PETTS PERQipation.”
el ement 103, the volune of the material of the source
region 114 and the drain region 120 may change during

they %B\@rﬁlof B B3R Ghetiad of RAfif: mcoﬁ&fé{?f?’ ?tru(:t@gllp ﬁ).atl }n4the ﬁnneahng

the drain regions 120, as we as a channel reglon
proc&k, dbjBt RS th the' VM rSdicHE 1687 EFIQHJ thd &@in rdFBYs 138, 120 may diffuse. Hence,
substantially unstressed. The anneal i ng process may
sophésti@@d bepak ppkiey@chted By méadedsf tHedirsaoithidaindmplhveatiohogradais may be blurred.
materials in the source regions 107, 114 and the drain
regions 113, 120 such that they may act as el ectron
donors or acceptors. After the annealing process, the
st ride Breteptaisclons if difpetpd 1 oarioqhethqde they %rﬁvq“gyw lepss medpqey the effects
an etching process. The
OfWFHfWPEg%%”%&%@@&“Wﬁ“ﬂﬁg ®source region 107, the drain
region 113 and thechannel region 123 of the first
transi stor el enent 102, however, may be maintai ned

SUMMNIARY JFBur AREMaToRf the stress-creating |ayer 126.

~ Thrs phenomenon s known to persons skilled in the art
as ThetfolpssgNReaitd Z alnplified’ sutinfafyOBl @8N idkntioh&n @BRY @ provide a basic
nmet hod of form ng a sem conductor structure is that,
understandige ofasvome abpert) op the dession.d djparsummay ey ha@lag eximugting overview of the
source regions 107, 114 and the drain regions 113, 120
inveptiey. Y isfrp{igtendeqierideatify Soph rdichlcltmeds A disariention of (deligeate the scope of
created by neans of the first to third ion
the ipYERTORn & %h“r&ﬂ“okﬁ SRy BBy e simAli{igd fra dgpprelude to the more
%E?d to various nethods that may
reduce, the effects of one or nore
of the probl ens identified above. SUMMARY OF THE
I NVENTI ON The follow ng presents a sinplified sunmary
of Acbgdihg s @hd 1110dkative eRbslidhient QsclRked\heidR, AmEASI o forming a semiconductor
under st andi ng of sonme aspects of the invention. This
strucBuENIvRIpAises roviditg asem@xiacietsubseatOv@iprisigym it ttahsistor element and a second
invention. It is not intended to identify key or
transgstor eleraeat e Ersbiransistesfelempns compyissy v lepst aoe firsiamgerhous eagio andithe second
scope of the invention. Its sole purpose is to Present
"3“5§£?ﬁéle’8?5‘h E"é‘l?f‘%"'s pirjeagt agp FFﬁ?WdfaP‘é‘iﬂh‘f”E) Feﬁﬁo%tsAé“?i? eraipgelayes istfpraned over

the f{IB transns%r 9 menfj ”Hl%sst(r:ersé—geam?gnla)t/ep Qoes not coverS g ge%oen trans'is%r element. A first

detalged%es drlp‘cﬁ tﬁat gs drscusse?

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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According to one illustrative enbodi ment di scl osed
herein, a nethod of form ng a sem conductor structure
W 3MSIP¥EE provi di ng a seni conductor substr at ePCT/US2007/022682
conprising a first transistor elenment and a second
stresy-grepag ‘éltebgoeéﬂ‘é et the spprad fransisior elemepls jAgtappealing @rpgess is performed. The

conprises at |east one first anorphous region and the )
annegglggrﬁ&ss(crognﬁrés?%wg atx@g %’ﬁéeﬁ’t‘co %Hﬁrrslulésgge \gﬂth llas§ 12 1at6)ﬁ.eThe stress-creating

layer?rgga%g gn aQZ%WC%ﬁ&ﬁg’t?rrsgl%krg?duriﬁ ﬁé rngéc'aﬁﬁ Cpl;()ecgsts.l ng_layer is

orned over theTirs ransi stor ement. The
stress-creating | ayer does not cover the second
transi stor elenment. A first annealing process is

BRIPEDESCRPEION Of THEDRAWINGR! i ng process is adapted to
re-crystallize the tirst anorphous region and the
S e@a@ discde Y S uldegb@inby rébleee td e flbwisd daspaa tked in conjunction
process, a second annealing process is perfornmed. The

with the pesgmpagyisgirawiggs,| imykeh like referans:s romertlk @eintike elprdencst apd in which:
substrate during the second anneal i ng process.
According to another illustrative enbodi nent discl osed

herein, a thod of . form ng a sem conductor structure
cor‘F&"‘i"'%, &l BVisgﬁeﬂa‘caF’%%??f‘%Bﬂ difet 8*?3 Sipugipgstructure in stages of a

mem§é°a'lPJréi§gittQ%e§\ & b5l ard f@Nsi stor el ement and a second
ransi st or elenent. stress-creating layer is forned
over the first transistor elenent. Thestress-creating
| ayer does not cover the second transistor elenment. An
anmrealet DY2PMOE 8&Smitk RRY-fetifofB diewd BLa AARaducBOstEIRE &P Stages of a
conprises irradiating the sem conductor substrate with
methb@zeqrdingithisadtivoembodimentsdisclsg -harieat i ng | ayer remai ns on
t he sem conductor substrate during the annealing
process. BRI EF DESCRI PTI ON OF THE DRAW NGS The
di scl osure may be understood by reference to. the )
f oI‘Y‘b'Gviﬂﬁg““éI@é H‘F‘i‘ebtdlsﬁ?fe‘i B isi SHCeRy Gh¥rPenmefificpfiophand alternative
e N R A
destith _lnqie&ili] Oleh%&:lH gmtiérﬁoo(a,r lgﬁéieﬁ %I thp&@éfnpgdn?rlév?ﬂ ggsp@;iﬁc embodiments is

sem conductor structure in stages o
not iREHIGS @ilingt deQnieltdnsd @b Bar@ulaf RBnsAHisciosed Mt &1l BAIERSary dtedRention s to
show schematic cross-sectional views of a
coves@hm@iificativad, equivatents) ahdisl@rativesstabigesitiod tha spifittaRd sbope of the invention as
according illustrative enbodi nents di scl osed herein.
defingihpy| the apppadedglajmsct matter di scl osed herein is
susceptible to various nodifications and alternative
fornms, specific enbodi nents thereof have been shown by

pETAREPDESAPM N bR THEGNVERMGIYS and are herein

Various illustrative embodiments of the invention are described below. In the interest of clarity, not

all features of an actual implementation are described in this specification. It will of course be appreciated
that in the development 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 ordinary skill in the art having the benefit of this disclosure.
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described in detail. It should be understood, homever
at the description herein of specific enbodlnen '
Wﬂé?osf‘)ﬁ‘l%ﬁded to linit the invention to the paF?T@ﬁ?‘“&?/OZ%SZ
fornms disclosed, but on the contrary, the intention is
to T@@g@@emasplpjecﬁﬂleﬁef pv@:llaltolwd}qsdescglgfg'w}tapgﬁg@e togpejattached figures. Various
alternatives falling within the spirit and scope of

SUUCHUEFS SYHRPEAPY Sicereds ef"ﬁ‘é%‘]”’b‘iﬁ‘f‘ﬁ%‘“é‘ﬁ’d’é%’@d % PYPGs. Of explanation only

and s%EaII L Dtescure Pr%s-legtq\écl%ure wi c{ Elly Et at are e\l{%o»\gnut% those skilled in the art.
I Fve'e iVenti on  ar

Nev&ltﬁé&g 'tlﬂe‘igacpﬁl d?aWrmgL fte Enlaﬁdédrt]d &EEHL anq pclelr?ﬁlhsg tive B3 pgl (,lyf the present

features an actual 1 nplenmentation are descri
disclbsdieS ’ﬁl@%fd@ lafaadhk 2983 - usddt hetinl shou®f beC@IdEr§i6bdRd FRBYr&& t@th@\fcl a meaning
that in the devel opnent of any such actual enbodi nent,
consREMBNiD te uhd¥plaedimnif eoseorvrds paCphfases by hoseSkilealSn ikl gdevdneart. No special
made to achi eve the devel opers' specific goals, such
defingtion @Hhipini erphrasewi ¢ la defingioe thatriedigferen fram thelordiniaryand custemery endaning as
constraints, which will vary fromone inplenentation
undegstpod, A thass skillggip d65\PEr IS ‘W‘et"d‘iﬂ/l 9 pe ’(B‘E’l"’é’ptmcéi‘:s t“e’dagF lRbthe &fre Rr phrase

I t effort N .
vere; REVEHEN ntﬁdeefmboca’?hr@%n e P RGPS TREnaE o iine ot han
that Qﬁgod%? agirs QQC%? ;?eﬁmlodregrl Wil §ekéxl:>rlﬁqllé Qettfc!}t% u{"ﬁé specification in

avi ng ene sclosur e
a deffitRhd Glhnn@Brhdt Bifechy dnkl uRQN RSy PRIALIHR]FLCIM dehmﬁ(ﬁlffﬁrtl%rﬂ&ﬁ of Shrase.
the attached figures. Various structures, systens and
devices are schematically depicted in the drawi ngs for
pur poses of explanation only and so as to not obscure
t hdn pme sebddingkins.cl soessiereating taper dheforariedl svet infist tangstonelement provided in a
known to those skilled in the art. Neverthel ess, the
semiggngygtopn aistiie atisergryl tapestar plemengeravided irdé%emice@uwaule%fﬁ ianom covered
illustrative exanples of the Present di scl osure.
by thid i<t & draisHy: aéérnsp t ISRt BPHILHSRAFY 5 @eriaet §P%“6’H‘h%uﬁbe‘ of the
maternz}:]]t gmragr gnnt se$mco du%t%r Cs)g)étm?v\%ad;la Sg%a %%hl?c’ntggggesv% t ?hggg
skilled in the relevant art. No special definition of
a termor phrase, i.e., a definition that is different
fr omik iR @5dhialing prodeks CARSEeOIRIt (B BRIGdeNDs0RS phiB&itHdid) @flgrowth of
by those skilled in the art, is intended to be inplied
amorphoug episissi hefirstusdeseaind trimsistbretemenr thgdacoad emnéningirstess ¢ be adapted
the extent that a termor phrase is intended to have a
to acgmqoaqnt m@tg{r@isﬁg the jtransistor ¢lerppatg i ﬁ(gnemrqb@qimquaﬁe feqend annealing process
under stood by skill|led artisans, such a speci al
can dgmr]ﬁe tlrira{.]Htl% fhr: sa@nc%r}gbetcgsglpiyratg e‘f’ltl\’ dasgr hradlﬁmf) ‘heThus, portions of the
nner t

SemlC(ﬁ')l%JClor su%stra e n th? YlClnll 0? a S 38&'3 t llll reof ma | ai(poae rﬁ]gttl\legﬁl g%ieﬂnperatures

voCa es e Sp C

for agazﬁlvél?ghmt gﬁle %&S&parﬁsﬂn@% @E%C\gﬂllgﬁl@ tslﬁ) d@ratlon of the second annealing
stress-creating ayer rnmed over | rst
procds§ ARNSuBstaRkallG breveRIY: atﬂé’ag\fédd&q dkffusiBn of dopant atoms. The presence of the layer of

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

intrinsic stress in a channel 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

Page 9 of 23



10

15

20

25

sem conduct or substrate. A second transistor el enent

Brovided in the seni conductor substrate is not covered
WOPBHEq7]yer of the material. A first and a sBEBHY§2007/022682

anneal i ng process are perforned, wherein the |ayer of
examplgesiliggp- egfhﬁ? i g8 SAEOdREnsId ‘@éfﬁs?flbw&?'b the Sph5%atg Ztlecan be a bulk

.. during both annealin oce Whi ] e the

S"‘“’&r?PPé‘éﬁg‘i Ny st gbadigentsy ‘ﬂ g’gs“é‘a2@&Cé‘dbetacf“ﬁc?{b‘t?c‘%‘“%‘%@bpd”bs“a‘e-
phase epitaxial re-growth of anorphous regions in the
first and the second transi stor elenent, the second

anng %d' A ghep‘s[l&ﬁ:ﬁé 01 C@ﬂrs%nm I@Ief%é’m tZ@Z ﬁ@ ta 'sé’c@rﬁdetraqgm r&temem 203 are
materials in the transistor elenent. In sone

form&dY0Q BindR REIKion bR R L0 ELLRANER1dted the Bk D & RSiStoCcldeftDIP hildSR: second
irradiating the sem conductor substrate with |aser
transis@e€lél@bien(03 frdi eh ot hild foRsotief cifclicelsent hardersit@aductor structure 200.
substrate in the vicinity of a substrate thereof may
be exposed to relatively high tenperatures for a

rel atively short tinme. Hence, dopants may be
ac tThg Hrsetrnsisigyjelement RR2 copprites BLACHYE] TeFNA05 pifen gscelfinde 210 A gate

e T R L R —
belo&)thb%nneek!:cg r21(9 fTh'é-:FI eﬁ@tr(%re 2%1 is ﬁznlkédh) m%grmdg\f?)zﬂ%ga%grQE 9, 21] and outer

trate fie second anneal ng proces
sidevhll" sBAcErS 84d, @m oﬁ, tRMSubsithiE ROYS b GouddeEch J0M af £ BBANE fon 213 are formed
region of the first transistor elenment during t
adja@mei@nale atoie®l 21y process. Figure 2a shows a schenatlc
cross-sectional view of a sem conductor structure 200
in a first stage of a manufacturing process according

to an illustrative enbodi ment disclosed herein. The _
serviplhpuba et tepsistos Fl&i’“@“ 200 "@éﬁ*ﬁ?q Engistey eleigRt20% FUNppises an active
The substrate 201 may rise_a sem conduct or

reglo‘rhﬂ)% A e ele?t{?fieeg(lgrﬁ)gaée mglla[ “Clﬁ)ﬁr 2%? Fl’@nne] ﬁgxgrb%?é inner sidewall spacers
216 S0 S T i 1 oY FRER oY P A" ©
enbodi nents, the substrate 201 can be a
silicon-on-insulator (SO) substrate. In and on the
Sulri fidd Rinsldbl eleMerdt RO2Sdnd e AEGAISE2Dist leRINEHR £02AAR b@fdENEA by means of
second transistor elenent 203 are forned. A trench
knownsioétimids ofpitotiticgraphe eRBidg, alegsition, osilldtign asioioatilegantaiien. In particular,
first transistor elenent 202 and the second transi stor
advaeqedeh@mn MRORAS ¢fgen Ewishtatoniresy basaipipyedrin ord¢rep provide bighly sophisticated
enents in the seniconductor structure 200. The first
d°P“P‘rPé‘?f§ﬁsé’t B source et 2021t yiphe dadsregns £ 2 S‘F@ﬁ i1 fpossgmployed in

the meﬂlod gf fgctl}el:'llnge 2(1: ge&?cgn?quglg'rostrucA a%‘iogdll?gﬂs H]l q%tle oﬂhe aIlydeescrlbzé above with

separa es t ectro anne

referaggtoll:%@l@; padl bI th sBH@en%H@&EJt@Ih@ ﬁx%g;langs%r Ql\éf'nér#] %2%@“ e an N-type transistor

el ectrode 210. The gate electrode 210 1s flanked by

and thé E€dnd %.{i@wﬁh&m@m REirSbe20typelrahsistadNth Sk hbodindmvyael first transistor
spacers 208, 212. In the substrate 201, a source

elemere @02can RO P-tggedradsistr &ud the segndafansiod eleieat 00 c4iebe 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
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adj acent the gate electrode 210. Simlar to the first

transi stor el ement 202, the second transistor el enent
WO380805#3Pi ses an active region 206, a gate el BET/U§YW7/022682

217, a gate insulation |ayer 222, a channel region _
regiop230, 33787 231 HRARS Farmedpaiesp ghe Sormatiopafghe spyyeeapeians d&ingli4|and the drain

.Spacers 215, 219, a source region 214 and a drain
mg%@ﬁ@dﬁ“zzo. The first transistor element 202 and the

second transistor elenment 203 can be fornmed by neans

of known net hods of photolithography, etching,

dep{%,sthig k) thegéﬂsgﬁé b@n\:ﬁﬁ“ﬂg iﬁa@i@te%@@l Qrpgoﬁ,tblaa(ﬁp(notl own). The ion beam

ods o

particul ar, advance nown met ion I nmplantation
comprRY¥ iBR of ARbRYNPhgietmedt hiich 16 nbtr @iiikle: Bt dwhber of charge carriers in the
sophi sticated dopant profiles in the source regions
subs@49e7201 2rbbridl rvdhed they dld¢ Atofporateg i@ its 2yk@] 1aBiZ0 , The hdti-dopihg El€ment can be a
those enployed in the nethod of manufacturing a
noble gai suchaelagand An).seron ¢Xa) pekrton 0K Fygicel gmplangensigizs end gpses faethe above-
_art described above with reference to Figures la-Ib.
identiffgd geyrioPiB Bl nRE ig thetrange ofj approximateln 3¢-600deV andeappraximatglp 5 x 10'~
,can he an N-type transistor and the second transistor
107 opgsent 203 can be a P-type transistor. In other
enbodi nents, the first transistor elenment 202 can be a
P-type transistor and the second transistor el enent

20 ' \ ' i st o
3In Gid? eng%ofﬂr%gtgt#eyrﬂﬁﬂ%pgng Qéfnggt & be e-lrrn:(?en'rehtr0§ {he Fogrglpé&ﬁ oPthe periodic

el enent urther “conprise a source-s
tablePTRIRERAUS ¢ SIE6R (Bi)%p PerARunf (G35, Anldn Se 8- RARNR RON S1idoR SibQAte. The
231. S|n1farly, the second transistor el enent 203 may
ions BAAIOIS B the SESIGE 20 1Sdwd L fradithep iRk & thea@ysQNlateid? 18 hergy and ion flux of
dr ai n-si de anor phous region 233. In sone enbodi nents,
the iprhigeara o thé bins ofeypasure ofABOsub3 202@ 2he iBBamaie adaptefl ouchgidt the long
prior to the formation of the source regions 207, 214
range qegen: [Aed EpsAly rther it Gage orig; obthe cryytyl lptgesis def and: e material becomes
substrate 201 can be irradiated with an i on beam (not
amm?ﬁ@%n). The i on beam conprises ions of a non-doping
el ement which do not contribute to the nunber of
charge carriers in the substrate 201 material when
t QY oRECeritdGRERO AL brhBlsOredidnd 266,Y581 832 Bt haG%e fARA during the
non- dopi ng el enent can be a nobl e gas, such as argon
formatAh Jof thé 8RR régk@} 207, 2 ki anpt@nirdikreyions TP @l In ¥ éibodiments, implant
energi es and doses for the abovei dentified non-doping
energésani ddses agpled imth¢ fegnatiomefehecouregoregionsi2ftitzéd 3nd 3i-ds@Orefieny 213, 220
and approximately 5 x 1q"'4- 10 17 ions/cn2. In other
may bpdrgietrich hat thp dong arneiefgirnind ancsthyethy sher Mange orgler. off thaympierial of the

of the fourth group of the geriodic ) o
substrate 201 1n the source regions 207, 214 and the drain regions 213, 220 is lost and amorphous material is

obtained.

Amorphous materials may have a lower 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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table of elenents, e.g., silicon (Si) or gernanium
é @? whi ch are iso-electronic to a silicon substr
WERYS5#E? push atoms in the substrate 201 amayP?T6ﬁ¥m”m2m$2
their sites in the crystal lattice. lon energy and ion
f 1 UXlinsT 1ayee2p apfl pelkens-Agiting Reer 22Gare 6‘?"“@3(]6\(5’58‘%“*61‘3‘% FY. In some
substr ) the i on beam are adapted such t
emb({dﬂréenp oﬁ&?lpeéﬁagr g%ﬁdla?,y cogwaserfgg?rr 910{& and| the ftreFSaCﬁeégnga]ayer 226 may

com%lse 9 lrlc‘on mtrldtehq gtﬁéésé%l?cl)dlm%nh thg ?% erolag g)n gt%nﬁmse srﬁacon P]lh’%e and the

anorp OUS I nmen

stres§ &glltl §ye2§2(3’m ?%Jmpng%%lcm?&gmm)'n Jﬂﬁ ertgér 'Eﬁlﬁt)d%is r!lgleSSh&le of the liner

orna 1'on of the source regions 207, 214 and the drain
layer'228) bifdNfe s&ds3-credRL laydr226 kg cofipae AiliBRYk Snitrild YPWIR] in some embodiments,
energi es and doses applied in the formation of the
the sg@uitreating Bgr 026smay B sub@dnfialgnalstielsed, dr @tienenitedimems th2 1d:ss-@ling layer
may be adapted such that the | ong range order, and
226 myyspingrise mignsghescomprespigraintonsitestress.of t he material of the
substrate 201 in the source regions 207, 214 and the
drain regions 213, 220 is |ost and anorphous naterim

dZﬁgm‘sl [] ffeﬁ?g}fi)’%é oh ?ﬁg(g%'r%fr}%% %P'eg%%havlgex 8%8 é)y means of plasma
enham&@mﬁ#% I’P%l' Jl R{an ef36h¢ @kxﬁed 1rp Xrt 1918\0 %}1 {)1 smta It]ﬁlgnced chemlcal vapor

crysta I con. nce, e port
depo§ifiont Jﬂ@seﬁ%ﬁcﬁ&&@ﬂ&g{@{ 208 (Wicl@@ f az%toff \n:ss\é\m | ACiBactaf€as is supplied to the
anor phous regions 230, 231, 232, 233 are forned may
reactbmeds@asie rehdtant 3g cohy@isarhanfidal coabouads vdich @RS feacfcHeinREly with each other.
| ayer 225 and a stress-creating |ayer 226 are forned
In thoglemichiheactymbrbe ma¢ral @04 depbsited v meatehiyoddipfrduency tlkeenatingnehtage and,
~layer 225 may conprise silicon dioxide and the o
OP“°§%1 eas%c @r‘%‘&ffF%‘@‘CY A &ias ydgeen®miy he@prbied keevesn 4 firgt§lgctrode prowded in the
ot her enbodi nents, the |iner er. 225
’ea°‘8 Yffﬁ""l %‘8 ‘%“1 161“&98‘??"???% ﬁ"f’%e AP0 heseud esiode H"égif“\ Hg‘hﬁ &f/‘é' y of the

semic n_gucppytrugt r@% S%lile Ta 1 uenC{)?lxe{rF?{‘:e ngl vonaéf, a?J Jhe tnas2 agg C dpate a glow

east ayer

dlschtall'ég iSthd R&SmC ?atrﬂ Mgll}@ﬁ@@haég%amﬂ% sﬁe@gp Edcﬁ gs @ﬁsl htmpor radicals, are
oxynltrlde e, I'n sone enbodi nents,

genefleld GRST (e eatﬂamggak.amns, Zaﬁwaamgnere&u&sta&atma@l eYobtained at moderate
unstressed, in other enbodinents, the stress-creating
tempkratyres, wRRIEmuygehglpcaingnthesigrsal belgs iof the ©micorainger eHgiunee200.
intrinsic stress. Both the liner layer 225 and the
stress-creating |l ayer 226 can be forned by means of
pl asma enE%nced chem cal__vapor  deposit

E PR PR e S0 e 0,20 ) DTS4 SHHSR S BBmat b comrole

by varyng parameters of the plasma enhanced chemical vapor deposition process, such as temperature and
pressure of the reactant gas, as well as power and frequency of the radio-frequency alternating voltage and
the bias voltage. Parameter values which allow obtaining a stress-creating layer 226 having substantially no
intrinsic stress or a stress-creating layer having a tensile or compressive intrinsic stress are known to persons

skilled in the art or may be determined by means of routine experimentation.

A portion of the stress-creating layer 226 over the second transistor element 203 is removed. To this
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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deposi tion, the sem conductor structure 200 is
grOV|ded in a reactor vessel. A reactant gas
WP Ed° to the reactor vessel. The reactant Eggnmzmwmzmwz
onpri ses chem cal conpounds which may react
etchléh BRfearsy bwvﬁ"@ac Mgty usefl i thh étclasvﬁevrp%ﬂ mayehg s o etch the
e material to be posited is
matefla

ff S VR TesHEs aFY n ‘lvl"ﬁg‘hevﬂi"f‘&b L& e aaaf Gatyieds nset
Hen(gcl{n rmer B)éer Ese lgz%'lyealgﬁc {1 s ch stop a)>éro p%:?% mﬁ t}@as con tran? gor eﬁemem 203 from

Irs rov

bemé’ m@i b?'ﬂg e&cnzﬁlt S?ﬂe ik %9%9 en%ggduﬁttepﬁlg el%lqgg %ce?s S@(&PE}Q etching
el ectrode located in the vicinity of the sem conductor

procsk, MhCirdds Rre @ laydr 26 k@i Qhefl firQ AMMNGY e DO bht Yt MO bebéHg Gransistor
and the bias voltage create a glow discharge in the
elemer@@@t ant gas. In the gl ow di scharge, reactive species,
such as .ions, atons or radicals, are generated from
the reactant gas. Thus, relatively high reaction rates

may be obt ai ned at nDderate t enperatures, which may
hev‘pﬁrftéeﬂfé@g PREFSY TR DRBITOBRFd g She TBY annpaling RIpRess afa:ftdarted to induce a

Ml L T
first Cagl%talgn l b1¥ayv ot %W&@Jlﬁ%%tocésbe Ip r MChmal annealing, the

hem ca v posI ti process, suc
semibHRRF @&dé{uf% PN &5&5@ W & vatd'@mpeAEe Mt DRSely 3Rortthd. In some
as power and frequency of the radio-frequency
emb@firhe@s YA rapig) ther@all anGpaling PebcéshMayHadSa dugdkibrag@bouPRN saddRds@F less. In some
val ues which allow obtaining a stress-creating | ayer
emb@iAents i ragd Serivsitaamebling lptoyesyimayi hateral dosiian of tho@tsiseand @ less. As persons
stress-creating |layer having a tensile or conpressive
skillgdninthen gt knosw rapiistheipal qepRalipe RreFeisesr Shsrein SR iserpigqidyctpr pirusture 200 is
be m ned %y means, of routine

ete
e"""é")%‘é‘g? ﬂ%’h%%‘f"?"%ff?‘“‘%%‘f)sf fheniPoys sty a8t PReEnet feagled aﬁgSP““" annealing.”
Rapid atxg%alzazrge]aﬂver &hl% geer&)Pmeq BI‘ ar?a% E el emt:;ndtuctor. struct‘fire 200 with

ved mn

elec@ﬁﬁén@flﬁdlﬁﬁ)n Wiidh rQa@r %PJxBIﬁ;Qe 1setl|§§t ggﬁefa% b;r 51%§6f%t1@crr more lamps.
el enent 202 by nmeans of wel -knomn nmet hod
phot ol i t hography. Thereafter, an etching process, for
exanpl e a dryetching process, may be perforned. An
et dinather anrbediments, the dire taairaling ppros e8y compyisdh atratleipd el séndconductor
etch the material of the stress-creating | ayer 226,

strucfugen 90 ﬁlgo fhevenrhgated jtaan glgvatedyiemperaiyse. A ag/eperapego which the semiconductor

substantially intact. Hence, the liner |ayer may
struc&Eet 208§ hgﬂlf’dé't changeiag?; qr(gg;é fan bf) P%Pté(tslui:lﬁbat 2 Haecr)ggglazﬁxan of the material of

the atn{oa guls Sretgpo%.hgjogéq 253%,55?% gfécrupsrenn”l% eang re app c{j mk%l%/ t};,'r'ls'l annealing process
may BE Qﬁﬁectﬁo ufﬁllc'é @Jhdtpna%e &)‘it%l &ggr&ﬁpmaténgﬁn the amorphous regions 230, 231,

stress-creating layer 226 covers the first transistor

232,@b% WR&Ein O datelidilbf (ROImdrphBusSQEANLBOL #3180 M9 paseeh RRRY crystalline state
203.

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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A first annealing process may be perforned. The first
anneal i ng process may be adapted to induce a

WOl | i zation of the material in the anpPph&hdl07/022682
regi ons 230, 231, 232, 233. In sonme enbodi nents, the

silicgm, g &yl aahﬁié%ﬂ qfrﬁl@pams dﬁgéggcuhﬁ);entpératarep abqbﬂutti&ﬁ%ll(ﬁ)a‘ic or more, while solid

annealin ocess. In rapid anneal i n
phasE R ot R PRt TP st B e By I‘bsr?%é PRRsg. the i
anneglﬁ%nggaggg H%‘yeoe p? ormerd a?a tg%?elgla?ury less't oa}‘x %boLKI &’68‘°c at a temgeraturﬁ‘ée;s than about

er mal” ‘anneal 1 ng” proc
700°080f Gt R tethipbrithick @35 Rbn %QUJOO%O Méte Q&E’iﬁcaiw thePRt- andNing Pideess may be
enbodi ments, the rapid thernmal anneali1ng process nay
perfd¥@dEatd Qﬂﬁ@itdr@% PtangoRHh adoud SIHBOOPCOE: 4 RfmPeratd® i € kPO Fom about
skilled in the art know, rapid thermal annealing
500-pO0OC ©5 feStempeeated in 4 RegeSeim Homd0C-6@rC.s tAdudtageoasly? Péforming the first
exposed to the el evated tenperature for |ess than
annegling procebs & @addatigeln o teyenratuiemeay hele mdteed dfRisidsqfidieant atoms in the source
anneal i ng." Rapid thermal annealing na¥ be perforned
fegloayz%?rléaildatl fhe gfatﬂﬁ@log%%ﬁc?@ﬁd'ﬂf@% florant peifet irepted Uhspyrpe regions 207,

magnet i i ati on_whijc exa

214 g RS GO PGt GG et O AR B e s Gy Bhimained

| anps. In other enbodi nents, the first annealing

process may conprise introducing t he sem conduct or

St I 6théHembedtents O iR nRMAIY prR&S &y bOpedOmRl 8VAtASkrature at which an

tenperature. A tenperature to which the sem conductor
activatidhWEdogin® i (B0 sduie fegiadsad7, 2 nt dndn i ti@inaatdiong 2 30 Z20@H$ oc@n

be adapted such that a re-crystallization of the

material of the amorphous regions 230, 231, 232, 233

occurs. The tenperature applied in the first annealing

pr de & Sisteagealing Poersp e densitycef it drpiceial dbihe W%ﬂﬁwe@ws £k ?%ll 232,233

romth of the material _in the anprphous regigns

may %6gse2éﬁthe %?d trzg%stor ﬁ!ﬁ‘@?"é?‘?? lhﬁ glaﬁréacl &y %lfim(g]fhotlshréglons 232, 233 may,

ons 2.3 231, .2 233 RASSS
w1thgut yest?al Q &ﬁ{éir?tglly hremk V\’In { e re- %rys%ahhéz} 1é)h fé)CCrS]S ncei tn? rgz?%ildm me >z/amorphous

mg&&ﬂ&ﬁﬂ39@?§ﬁmnthﬁﬂQBQhﬂ@Q&ﬁ wherein the substrate 201
conprises silicon, the first annealing process may be

performed at a tenperature of about 500C or nore. The
re-crystallization of the material in the anorphous
r edn drsfir@30psidB elemeR 3R2, (BSBrewwmy o gleustreicrebt@igeral2ér @sy have an
which are I ower than a tenperature required in order
influgnge g the yhiinkage| eb@ﬁtnsteriahinrtbﬁmogdlmilsm@nt xe @bufmrtk@gi gnidar to the
207, 214, 213, 220. For exa I n_enbodi ment
methaf 8*? foyping héemé‘ﬁﬂijé‘f‘?’aﬁ"é‘”‘fbies‘éf B ?‘ﬁ%‘fe%‘gﬁ ‘Ffe’(?{ffﬁ to E‘g‘l"Eﬂ l|a Ib, the stress-

Cfeatl tl J%r %%%Q}j}g%v& opl%cri]l}cesa l[g? Cti ?HIC VO \Jmed) %TIIH 11n ‘ﬁe amogihous reglons
230, Ir2§3r %&‘Me*?na[EHM oPﬁ&MﬁorﬁBusﬁ«%ﬁHﬂ?fﬁtié'i §<§1er@§‘ 0 ﬁl@‘;’t%fss-c'?&@x%qaﬁf 226, and a

nore. In sonme enbodinents, the first annealing process
StiffidYOf e stRALFQUiHEBA er2D6 Ryl PEVRR bALAIEEs deRBRatibhIGH e33R Lreating layer 226.

800C, at a tenperature |ess than about
Hence, atoms of the material of the substrate 201 may arrange at a distance which is greater than the
lattice constant of the material of the substrate 201 in a bulk crystal. Thus, an intrinsic tensile stress may be
created in the source region 207 and the drain region 213. The intrinsic tensile stress of the source region
207 and the drain region 213 may have an influence on portions of the substrate 201 in the vicinity of the

source region 207 and the drain region 213, in particular on the channel region 223. Thus, a tensile stress
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7000C or at a tenperature |less than about 6000C Mor e
speC|f|caIIy the first annealing process may
WOPBHHEY at a tenperature in a range fron1ab89?“mzm”mzm$2
500-8000C, at a tenperature in a range from about .
may B¢ ereayon the Ghanpgl regiop e g teptile sirass Bayr bgreggloyed doringiBrse) the mobility of
500- 6000C. Advant ageously, performng the first
e'“‘éﬂ’?h‘@ e Ch"g‘"% F"éE’% %%3 %{’“S éa“rhéllp &t mpravs the EFW"E‘@H% &t Gt {rsidrapyippr element
202, in epatqlcular i u%l%)oéa ?ﬁ.nzf wher&mq f? f Qnglrgtgrre?]em?rtletgﬁ% is an &fhee tra%g ! C €
ance dopant profiles created in the source regions
207, 214 and in the drain regions 213, 220 by means of
| Orrhé MRInAO LA @Rl BYhdBusdREibRNiard thy drdMirddlof 2 ds wdilNs the stress
ot her enbodi nents, the first annealing process may be
creatpin @ rchamek] edgion 223aiTge Ifiast uldn€istartelevdant @02, &idy BeCibfluéded ByanGitrinsic stress
dopants in the source regions 207, 214 and in the
of thg ptgg‘szﬁcr:?ag'@g layes 2261 s deRifpd pbgye.cio anwinsic [tansitelpe cdmipggssive stress of the stress-
anneal i ng process, a density of the material in the
Creataﬁﬁ%h StPsmive b emgolyé &y vorying Pargmeter of apdopopitien, ergeess, enrph)yed in the
cond tran ement, 203, the materi
formiag PR st B ecr 35 TS iy ST o St 2o my enhance

the t§ﬁ'§pes gu%&t(!r%eh){n ﬁllg rs{g]lp& IJe 55;7 ﬁmg d?a{nIY] 9rl £l|3za|?18 th% channel ore ion 223, a

cess nce, e natertal anorphous Teg
com,?f;’s%ye #r33 oY stheQBalingSibyas i8R Ed @&dcymy RAGIE mateh n, twgurce region
first transistor element 202, the presence of the
207, Hie ldRMTehdn @33 4nd Ghe lcRyiRd regid®22FRY mievén 18ud td AHbIMABSHOE a Bdinpkdisive stress
shrinkage of the material in the anorphous region 230,
in th@8 repiond. PA pampteissivelsagss inghendhhraie! régiont22® mage¢nhode bé mbilitpofigles. This
a sem conductor structure descri bed above with
may rhelp d¢ dpRievettes Ferfgimercs of shey fiyst trapsistos eleme 2PL dp ipertculag yregmbodiments
226 may prevent or reduce a reduction of the volune of
whergif) the ﬁ‘ﬁ{ EAFisier element R Cﬁ'i’??ﬂsf)’r?(fu‘%per“é@‘l's{?ﬁs 230, 23 1, since
the material of the anorphous regions 230, 23 1
adheres to the stress-creating |ayer 226, and a
st |];fgfu{éQ§ §hOQ’£ §cn§na§$ £r§s§ §ec9c§n§lavtlém [hk ?éﬁﬁcfon&&@r slt.mcyurp f(fé\{ﬁm:iter stage
or reduce a de ormation of the stress-creating |ayer
of the ZanufldRABEpro@tsO MFteOthe FiREanABIIRY prédessOf sebda@ afldlml bRtSs £ Qdrformed.
may arrange at a di stance which is greater than the
The bte@bstareatngdoies 2 2ntay oémdirnen thafubstia@| 20 Dflurink éhe Setost anadabng2dcess. The
in a bulk crystal. Thus, an intrinsic tensile stress
secopfafndgbinecurasess @y Famprifreradiningbe pegtfordctoTtucine 2Q0hveth daseri radiation, as
ion 213. The intrinsic tensile stress of the source
mdwﬁ‘é‘gf?wm%?ﬁ H‘rfdﬁ“fer?@ drain region 213 may have an
i nfluence on portions of the substrate 201 in the
vicinity of the source region 207 and the drain region

2 1%11 so'mg elmﬁ)rd]:lﬁeﬁty la@ﬁbb%tl(ﬁmhagercégﬁﬁﬂﬁ(le fJn%&L ag' tl?e%gmw(;l;xlallljc‘?or stfhcture 200

tensil e stressma e cre nnel regi on
beford 2% secbBarh@NSd préteS! MERSerAPf tREALRPAbPMRH2480ind RGHRRREN of the laser

the nobility of
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-like

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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el ectrons in the channel region 223. This can help to

i nprove the perfornmance of the first transistor
WRPRMBMA167202, in particular in enmbodi nents whePeTYS144&022682

first transistor elenment 202 is an N-type transistor.

The intrinsic stress created in the source region 207

cr dut i 2 é%ﬂ%i21§%@?ﬂ§ixv%sbe§in P GOPIPHES fver 228, Thus, e
abso;pti%nlg' e?’ 52% Lt@J"E ?I%Q%%hlgi?¥lélg ?aturg] f”l“ a(t"g hep SO%QIS%M)’%% is then

nSI C ress S-Crea I ng

trans%ﬁte@tol tﬁéjsuﬁsjt}gy 861, ﬁrbailtimlzfr 'tcplﬁé &uk@fééxbﬁs@zo@ rZIAPQMem r¥£ons 213, 220,
stress of the stresscreating ayer 226 may be

by heRRbidRdiibe ehrddigh WRIsiésElEredting ANB1226 Snddthe indl@BOS2A5I Micon nitride has a
process enployed in the formati on of the

relatistly @@6 har @adicagee] dlyee, id 2bodiffents evhereih @R Sirdsecrsdting hger @86 comprises
the stress-creating |layer 226 nay enhance the tensile

silicantniteidesheatrgengtated irj portiohseof the ghsgretiqnézg’brdﬁ8 @f7the firbigranbrster ¢lement 202 may
region 213 and the channel region 223, a conpressive

be eg'tcieé"si’s“@ﬁf‘“ﬁ‘ie“’ She gyge aeeiont 304 nd dipedrain IEi0aH 31 idRiese PPYEsial non-

ress created in the region 2
umfoa%rsnof%ééfa&mg 315 T R 0 PG AR ST GY oy Pesrce of e
stres% (Efnd §R0276naftvd s‘aﬁs%&;iug Dvoftba & FQIRERES! VE stress in

ese regions: conpressive stress 1n the channe

region 223 nmay enhance the nobility of holes. This nay
help to inprove the performance of the first
t r an&hes trodidletireiatabsdPion lhyer 728 iy eltinfted I seb@BYdIRRAK, Properties of
wherein the first transistor elenent 202 conprises a

the siﬁes[sypging layersi2gtant the Fﬁragqlnngth 2 theHopersradiatme [2@Trelay be adapted such that a
cross-sectional view of the sem conductor structure

relatiyelp) lopgg ffactioaptetiie @fea@é'aw‘ Zhe waiied dravel g S‘iﬁﬁsso“é@§'§ ‘ayer 226. The

Af t t f
BRI T TR R R TR
abso nﬁé{n of ?hrp?asg raodr}atlgn%7 ‘?’#Ee sﬂres%—tcx%atgig ?‘aﬁglﬁ{) nng b§ ?eﬂ?c?gn (r)}(tihe laser radiation

nea
2278gﬂg&&§gehaéggh§&;ng t he seniconductor structure 200
| aser radiation, as indicated by arrows 227 in
Figure 2b. I n sone enbodinents an absorption | ayer
228 may be formed over the seni conduct or structure 200
befTbe ebsorhi@nDE the taser adinger 12 dn e steesseatink Inggt 226ingely be tontrblied by an
absorption layer 228 and a wavel ength of the |aser
adappagiefi o e oyg vepepgth 4 ke ﬁ%ﬁﬂ@@n@g@ the matgmpal pc}mpot;itéfglé)f the stress-creating layer
radi ation 227 is stron absorbed in the absorption
226, %{yé’iamﬁ‘%he si"f‘iSS §i§iﬂé’g & %&%/ e ‘§"“Pft‘si'f§ Séi‘ﬁ%’o‘i B a 'i’i’/‘ir ay@i‘ oxynitride,
may "r)iavte anéev S (iog ol(l;_ll nhl{:gé ragiatli.oreilma{l v1su ne%rﬁ I]tréll\b'lo Strwatveleo ﬁ{ﬁ range.
coefficient for |ight having mavelengths in the
ultraviolet range. In

The reflection of light by the stress-creating layer 226 can be controlled by adapting a thickness of

.(

the stress-creating layer 226 such that a predetermined phase difference is introduced between laser radiation
227 reflected at a surface of the stress-creating layer 226 and laser radiation 227 reflected at an interface
between the stress-creating layer 226 and the liner layer 225. Thus, an interference occurs between the laser
radiation 227 reflected at the surface of the stress-creating layer 226 and the laser radiation 227 reflected at

the interface between the stress-creating layer 226 and the liner layer 225. In some embodiments, the
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ot her enbodi nents, the absorption |ayer 228 may
i se carbon, for exanple in the form of
‘Vﬁﬁgﬁﬂﬁﬂi?lke carbon having a relatively hi gh PCT/US2007/022682
absorption coefficient for |ight having wavel engths in

thickpp ol pesties-ciging |2y A3 B eetadrpéﬁ@lg@h thet JFETCTHYE R TFigRes isyplpined. Thus,
The. | Lati 227 b
o eSS P el N A EA TBLF YHERLY ERES pt i on | ayer 226,

Thus, the absof tion |ayer 228 is heated to a
relatively high tenperature. The heat of the
ADSOf Rl £ 1S radRGbningy trttecrtctr LA PAoh SREL 1@ 118225 exposed over the
substrate 201, in particular to the source reégions
secomdtransistok 4lembrfl 2030 a@n ShnRieMbsdafnNGe ikidiessdP e stiys-dd@adg layer 226 may be
conduction through the stress-creating |ayer 226 and
adaptel euch thaterreflestivy ofARSstresSicleating fayeni226 fooked hees tha firsetraasistor@lement 202 is
hi gh heat conductance. Hence, in enbodi nents wherein
substapjally; equalde a éqﬂé‘ﬁ‘t"it)h@f qteay)éion 2Hhe @Wprsgég fogingdj qvernthe second transistor
nitride, heat generated in portions of the absof tion
elemeny, 203 Honge, d’t?éf“o‘t"h af ¢eney t‘“"t’i’”zﬁ‘f?s‘?ys‘f‘% faseg I”é'l‘?té‘ﬁ‘t 223 @m0 ;f‘"t‘: dransistor

elem?r;]féb d‘?‘%ﬁng lnYage su %a g% regt%etfg])%ntarmgu ? fl’tl:frtgrgyi intr Hce% r%o t;e sefzeng transistor
ofi 26he heating of the sem conductor structure 200
Ich mght be caused by the presence of the
stress-creating layer 226 may be substantially avoi ded
or at |east reduced. In other enbodi nents, the absof
t i o ihensigy of2RSBlageRkadibeon Q0T piloeided ih the Sevold Mndalingki pi@Bds Syay be adapted
properties of the stress-creating |ayer 226 and the
suchyhayertengyf ithe ofbstratec20ll atsersurfageltheredf.ompatylanthesotyee ragieny £€id214 and the
such that a relatively large fraction of the |aser
drain( @gtplgﬂlé,nng,za;e pgatefl raA Spfﬁdftfr@ateq Hafn@ggthret H'é some embodiments, the second

Stress-crea er 226. The tr SI on of )
annepling RFOCgss, gid% 76 P‘ °‘t WP‘o"tﬁéWPe{aﬁ‘ge ‘?Eé‘?& Erhééf‘tvﬁ‘{j’“ g;‘?%ﬂ"‘“‘s in the

sour%%gglmyop ?14I aﬂg tnqu%gﬁj re@%h 19)/2261% O%B&QJ l—t’ot Qﬁinglfe Jt(bs%%ogd annealing

aser radiation e stress-creating
proc@BEhnlBY adptbLube®it i hpBhrute RRakABR abd1R 0B, |1rp[§5rt%212r A¥mpeRfire greater
stress-creating |ayer 22 The absof tion of the laser
than fabudt 8000 isZoBtainkd) Aheraﬁﬁlroese-sedbﬁatmagng yRes nzhgl (e ABipted Quch that a
controlled by an adaptation of the wavel ength of the
diffubiers efr dopanthi ia thieopureerggitrs 0TrRt 4 ridathe draimpag®ng 2 IBN220f mayhbe substantially
stress-creating |layer 226. For exanple, the
avoidedlr g gxagipledihe dyggtioneype e Qeehanmeﬁme@wrm%u ng silicon
di oxi de and/or silicon oxynitride, may have a | ow
absof tion coefficient for radiation in the vi sual and

n eﬁi?thlclbte&l&\é m%L tthevs\@};r?dl hnﬁ é)Fo?ngn%z}y ggénsg § rap1 rlmapanggalmg instead

ress cre

of ﬂﬁqg&ﬂagl)rl @fdthpyenﬁ&%t:tbpgru@turre I'2'06: ‘&ﬂﬁ%}% lefer Iaﬁ‘rguon 227 or in addition to the
stress-creating layer 226 such that a predeterm ned

irradRA&SE thd kdnfi®hBG B tricurd 200 M@ H the 6kr Behtvaepy.| aser radi ati on

elem

Due to the presence of the stress-creating layer 226 on the first transistor element 202, a relaxation
of the intrinsic stress created in the source region 207, the drain region 213 and the channel region 223 during
the first annealing process may be substantially avoided. In some embodiments, the intrinsic stress in the
source region 207, the drain region 213 and the channel region 223 may even be enhanced in the second

,
annealing process, since the second annealing process may lead to a healing of lattice defects in the source
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227 reflected at a surface of the stress-creating
er 226 and |l aser radiation 227 reflected at an
‘V9ﬁ B0pHFe bet ween the stress-creating | ayer 2P6T/A{E07/022682
the liner |ayer 225. Thus, an interference occurs
regiqhedOfanshhe frain jregion 213 Bipcs thegiresense ofy lattigecdefeesy may legdfg a reduction of the
trsur cglgf th &Fg dgrgatln | ayer ZZQHQQd the | aser
intripSICArR T§ ReahuERT PP (2L BSOS MY RECISRIE IS St ween t he
stress creating layer 226 and the I|ner | ayer 225. In
sonme enbodi ments, thethickness of the stress-creating
| ayster @& @c&ﬁ@n&@lm%@%@és? GheSGIptib@Yer SBS the Weekd ¥&iting layer 226 and the
interference is tai ned. Thus, a reflection of the
liner 13/8€M5 maglbeathdved. 22 fhisidy, daBing bt@&ksfed WellNknd wh tb ﬁdtbﬁﬁﬂhllefm the art may
reflection of the |aser radiation may al so occur at a .
be eppoyed.dfor ofamplh.ckndwmet etthepy@ess@ by bopals Gle iowiedic strbss crs@aiomdie source
transi stor el ement 203. In sonme enbodi nents, the
regiqnZ0¢ Kiredsyin esgiop RES apd theshanpgl eagion AP mayyhermapednedrgt ledsiepartially after the
adapted such that a reflectivity of the
mm%@VE@%“@Féﬁ?Wﬁ&”P&?@r 226 formed over the first
transi stor element 202 is substantially equal to a
reflectivity of the portion of the liner |ayer 225

f orﬂggaftgrv gi’ilClEJ‘%gl%l%C\Q‘n& rt'xefya%?'&mre %nﬁ)ﬁ?enzI C(%ng snllé_&na(ﬁ@/or a nickel

an anount of energy Introduced by the laser radiation

silicidrhayl Betf6medA tifel sbiirée rbdich 30752 ATan©hEHBIA tegidR22 15EN0.DRs SERE skilled in
substantially equal to an anount of energy introduced

the arnk®wW Inethgemand refra@ng ingtab sucke [ag bebalt a3 . nicRel mayt@ndepdsiged over the
of the |aser radiation 227 provided in the second

semiggndestor itrugtufsr28@ eBlereattey, asbirdodaqatinechrasess may braperfpaned ingmder tfinitiate a
the substrate 201 at the surface thereof, in

cherjcat FERctipn BRtweeh e EdaTiee MPalGng e S'ﬁm in the spurcs feetope20g 24 And the drain

s e Qe el enis ot et a “CREaHS Cblridn iy 00°C.
Thlsm yﬁgﬁ 1 UERY Rﬁxﬁﬁ@&t tﬁedmt?an(?éqstrLQgr#th@so[lrgmg Br?’i(ﬁr e drain re 1on 213 and

ent for the activation dopants I n the sou
the cﬁﬁl%l Qd3dn 288 76f the fifke BRstdr Blefh&iR 203 a8 tﬂe@lgﬂdqmal%é Proced20 | S
obt ai ned. For exanple, the second anneal i ng process
can be adapted such that a tenperature greater than
about 8000C, in particular a tenperature greater than
abdie subBOO@tter disclokpd digmmie ds. noAregtivtal th embadiments evhgreig @ fight and a second
anneal i ng process may be adapted such that a diffusion
annegjfng awaémrquffﬂmteﬁel"stberree'éoq"ef‘g'ﬁothsfﬂgewea'm Brogaimay|pg omitted. In such

13, 220 be substanti al | ded.
emb?_c@rpengxée eoarrllgeta e paqj:f:% Ihgﬁ cwg)g}seg ﬁ'raﬁlétén:g tlllehsgrﬂl)éon%uctor structure 200 with

laserqu?e{tlg Im%!irq!) the gecggi"i amlegll gh‘%@’ss &@8&' HS\E%&R retfé?e%re G %%G]g 2b, may be

analng process may C rrse ara

perfGREE AthisAhehRg HRALs Ay deha é)teﬁ E(ﬁ%ihaﬁdu% 1©ferybth\Bzation of the material in the
sem conductor structure 200 wth the |laser radiation
amopRolis Begiohs 230,A1 hridad adtiCatd ddPants in the source regions 207, 214 and in the drain regions

213, 220.

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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irradiation of the sem conductor structure 200 mﬁth
the | aser radiation 227. Due to the presence of th
WQ20M8484%? eat i ng | ayer 226 on the first transi ggyp52007/022682
el ement 202, a relaxation of the intrinsic stress
describeg inttascklaims belqw. K dsyihesstore evifiew thaptherparticplar egbedirpents dig¢lesed 9@ may be
and the channel region 223 during . the first annealing.
alteriﬂ, ‘Hc‘%@éﬁeﬁ'ﬁ\}d gbsuglb B§la5.(ﬁ‘f |a1§| qoysldévelvﬂtgla the scopeAng spirit of the invention.
Acc (gb? rot ction ou t herei 1s tf % ﬁ'ﬁ la Lhe source region
O5RElY: i BrolgEtion poupht é ﬁ QT§ & & @ﬁgﬁnel regi on 223
may even be enhanced in the second r annealing
process, since the second anneal i ng process nay | ead
to a healing of lattice defects in the sourceregion
207 and the drain region 213. Since the presence of
|attice defects may lead to a reduction of the
intrinsic stress, the healing of such lattice defects
may increase the intrinsic stress. After the second
anneal i ng process, the absorption |ayer 228, the
stress-creating layer 226 and the liner layer 225 nmay
be renoved. To this end, etching processes well known
to persons skilled in the art nmay be enpl oyed. For
exanpl e, known wet etch processes may be used. The
intrinsic stress created in the source region 207, the
drain region 213 anhd the channel region 223 nay be
mai ntai ned at |east partially after the renoval of the
stress-creating layer 226. Thereafter, suicide regions
whi ch may, for exanple, conprise a cobalt suicide
and/or a nickel suicide may be forned in the source
regi ons 207, 214 and the drain regions 213, 220. As
persons skilled in the art know, to this end, a
refractory nmetal such as cobalt and/or nickel may be
deposited over the sem conductor structure 200.
Thereafter, a third annealing process nmay be perforned
in order to initiate a chem cal reaction between the
refractory nmetal and the silicon in the source regions
207, 214 and the drain regions 213, 220. The third
anneal i ng process nay be perfornmed at a tenperature of
| ess than about 8000C. This may help to avoid a
rel axation of the intrinsic stress in the source
region 207, the drain region 213 and the channe
region 223 of the first transistor elenment 202 during
the third annealing process. The subject matter
di scl osed herein is not restricted to enbodi nents
wherein a first and a second anneal i ng process are
perfornmed. In other enbodinents, the first annealing
process may be omtted. In such
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enbodi nents, a single annealing process which

conprises irradiating the sem conductor structure 200
WWZ&E/OIS%@& radiation, simlar to the second aRAFHSP(EF022682

process descri bed above with reference to Figure 2b,

may be perforned. This an&2AIM$ig process may be

ed to both induce a re-crystallization of the
‘Nﬂggg£¢+%H&EQithe anor phous regi ons 230, 231 and to

act,i vat n i.n the squrce reqions.207, 214 and in
Ehe tr e B8Rt Self) AR BAHIE Sl G BRFRRT ot nent o

_di %Folvfaﬁgq SAROABuCRE ?ub!stl'a,te%l:n[n"f)sﬁrjg\éeﬁrﬁ I'Ex!abfsist §‘,§le|§1 ¥ and a second transistor
i nvention may be nodified and practiced in i {1 erent

but equiekabd hid MBD REkiSorMIRAEDBInpristhg taR&Eore Kirdt hiftpols region, said
the art having the benefit of tﬁe teachi ngs hereiln.

For exanrgbel trahdiser flemme®mpadigaslestine fecdnt Bmap@veregiry be
performed in a different order. Furthernore, no

| i hermime jaowmess-aieating layee nede chid rsttthassisthe elanéng vditrein said stress-creating layer
construction or design herein shown, other than

asdescr [dPREACtCoVer 1 seePdi tRESIIEFINENt | t is therefore

evid nt.th@ﬁ the particul ar enmbodi nents discl osed

abd® nﬁ‘ﬁ%la & aa?et'il' QS seﬁcb lstfapxég:almg REPeess lPein§ ggapted to re-crystallize said
vari ati r nsi within the scope, and spirit

of the i%ﬁrg\?aenﬁotrpﬁlgﬁs?egffg g%{rsgilg r%egff)ri?,amf’ WFéouerreélf) & é?dl on sought

he R dr BerkoPmifs safBirstfafehifhg i cds§) Berfok i g seBsil Ak SHnf bR sVilirein said
IS CLAIMED: 1. A nethoé of form ng a sem conductor

St r uct UKtess-GEIRY hyet @ aindvershid Fild QiratsiSicd Fle@EnD itk id second annealing
substrate conprising a first transistor elenent and a
second trosgssi stor el ement, said first transistor

el ement conprising at | east one first anorphous

region, said second transistor elenment conprising at

| east one second anorphous region; formng a . o

st Pess- APEETHA G (1249 & WhsTriRsaid siieg-crsatingdayprogrrsesysiiicon nitride.

el enment, wherein said stress-creating |ayer does not

cover said second transistor elenent; performng a

fi ,r3.St aﬁﬂ@xﬁét]‘loﬁ 9 iMi ¢ SARreinIAY gregsl-cFéEin %E}%@lnﬂ)rﬂgs al ir{A$HEie Stress.
bei ng adapted to re-crystallize said first anor phous
region and sai d second anor phous region; and after
performng said first annealing process, performng a
seaond &hevealhod nfylqin O Cfes®s combrdsingirdinoSiag chidstrése sisating Bgdri NQ

| ayer remains over said first transistor el enent

during said second anneal i ng process.

s. 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.
6. The method of claim 5, wherein said liner layer comprises silicon dioxide.

7. The method of claim 1, wherein said first annealing process comprises at least one of a

rapid annealing process and a furnace annealing process.

8. The method of claim 1, wherein said first annealing process is adapted to induce solid

phase epitaxial re-growth of said first amorphous region and said second amorphous region.
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2. The method of claim1l1l, wherein said stress- creating
| ayer conprises silicon nitride. 3. The nethod of
‘VQPéWﬁﬁﬁi Ywherein said stress-creating |ayer cBRpUSENE022682
an intrinsic stress. 4. The nethod of claim3, further
conpri si ng reaning said stress-creating layer. 5. The
met hod of claim1, further copprising formng a |iner
| ayer oVi&f methedpf clajmsd, wherelp, saidfiry anngpling-grpeess iy BC@HP‘-‘G at a temperature
%8618 of lrsasmsl stor elenent prior to formng said
ress- creatlng | ayer. 6. The nethod of claimb5,
wherein said liner |ayer conprises silicon dioxide. 7.
The nethod of claim 1, wherein said first annealing
Pr Q0ess ThO MRk &% chibm |18 ahkreid rﬁomngasafdawn@oma&akdbﬁﬂte comprises
process and a furnace anneallng process. 8. The nethod
perf@hing hriibivinip]antativ@periceds ®dnt@dice & 8dpaa RaeAdl infigat D 6@ S sdidSfirst transistor
adapted to i nduce solid phase epitaxial re-growh of
elemgr jarfl shid sespndransisten olgment engivdereinnadd ssednd amnediog progessos plpsedsto activate
region.9. The nethod of claim8, wherein said first
said dapA APtERRY process is performed at a tenperature of
about 8000C or less. 10. The nethod of claim1,
wherei n provi ding said sem conductor substrate

cornpr I SGRe Rxgtégdocff maﬂgl %eljclg Qala @énﬁ%n %llnggﬁogersg’) go%%?se Qracaatmg said

introduce a dopant ndterial 1nto a one
semibdnlicfor {ub@Di wWith Rler BhgHIANt and sai d second transi stor
el ement and wherein said second anneal i ng process is
adapted to activate said dopant material. 11. The
met hod of claim 1, wherein said second anneali ng
pr deess Thompthod efscliimriadiuatier ngmsisingl depesiting Gin ibiotption layer adapted to
substrate with | aser radiation. 12. The nethod of
absogh|sgifl lpet rpdiafianoyds &aid wevrsieRtir yer duloeid pacpnddransistontiesnpt i on
| ayer adapted to absorb said | aser radiation over said
stress-creating Iayer and sai d second transistor

el gent gfhod of %Pmmgﬁ semlconductor strugturae c%r%ﬁl]ls?ng:ndum or
struct ure pro di ng a se nduct or

su kbﬁ)tv{dﬁi Q sgglmﬁuc%r @\gast?atef éornﬁltlsﬂgraaﬂ@téﬁs%(or @lleﬁgﬁ? B aa:!égon@ transistor
second transistor elenent; formng a stress-creating
| ayer ovRmesal d first transi stor el ement, wherein said
stress-creating |ayer

forming a stress-creating layer over said first transistor element, wherein said stress-creating layer

of abo*t

does not cover said second transistor element; and
performing an annealing process, said annealing process comprising irradiating said semiconductor
substrate with laser radiation, wherein said stress-creating layer remains over said first

transistor element during said annealing process.

14. The method of claim 13, further comprising removing said stress-creating layer.
15. The method of claim 13, wherein said stress-creating layer comprises an intrinsic stress.
16. The method of claim 13, 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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does not cover said second transistor elenent; and
erform ng an anneal i ng process, said annealin

g@@?é@@‘%onpr|3|ng irradiating said sen1condu385@mzmwm2ﬂ$2

substrate with | aser radiation, wherein said '

stress-creating Iayer remai ns over said first

tranS|stor el ement. during. said anneal i ng process. 14.

The! "met HoE™ehodaf glpim 19g¥ he'feli‘rsf‘ﬁ Hper @Xﬁ‘r&]“fpé'f'ﬁﬁ Ej“cf’% AiBYden g

said stress-creating |ayer. 15. The nethod of claim

13, wherein said stress-creating layer conprises an

i ntlr&i nsi”ﬁ‘xe q‘l#éh%& f cllagn 13— h@he@% %Qdﬂ s:ﬁ(jl @é é)lléi(ctot Qﬁbtsﬁ?er comprises

conprising formng a Iiner er sail
perfSrinAB 8h h MplaAtafdiiiticess Bdntdhd a%&ﬁﬁl%teﬁﬁl@rﬁ@h%@ lonecdf SAIBAEt transistor
prior to formng said stress-creating |layer.17. The
elemdi taBd chidodecofidl &hndistdOglenvkiedne iwherSidisgld hint®ing prage@lis GRPPRd loSeiSvate said
silicon dioxide. 18. The nethod of claim 13, wherein
dopgorroardridi ng sai d sem conductor substrate conprises
performng an ion inplantation process to introduce a
dopant material into at |east one of said first
transi stor el ement and said second transistor el ement

and “wher'df ﬁwglaq B %lﬂﬂelér r“ﬁber ﬁP'BPféE‘% dF@S'%!&aaﬁtaeW*sn layer adapted to
abso%)gsaldYQér feaﬁlsé’i? on over sa:fJ (? sstresrﬁ rc‘:‘raet S lager and1 sald 5??0’5 Sar(l)sr;spo genqgn} claim
p ayer
adapted to absorb sald Iaser radlatlon over said
stress-creating layer and said second transistor
el eent .The Gethddé clabd g eh@éin & knddkRBsslat, saiMREsrdati layer is adapted such
t hi ckness of said stress-creating |layer is adapted
that sgBdetisrivdisaiddlaseahdiaiot fromsapf stresgcdatingbgt ismagdinged. on f r om
said stress-creating |layer is mnimzed.
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