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Integrated circuits are typically comprised of a large number of circuit elements

15 located on a given chip area according to a specified circuit layout, wherein, in complex
circuits, the field effect transistor represents one predominant circuit element. Generally, a
plurality of process technologies are currently practiced, wherein, for complex circuitry
based on field effect transistors, such as microprocessors, storage chips and the like, CMOS
technology is one of the most promising approaches due to the superior characteristics in

20 view of operating speed and/or power consumption and/or cost efficiency. During the
fabrication of complex integrated circuits using CMOS technology, millions of
complementary transistors, i.e., N-channel transistors and P-channel transistors, are formed
on a substrate including a crystalline semiconductor layer. A field effect transistor,
irrespective of whether an N-channel transistor or a P-channel transistor is considered,

25 comprises so-called PN junctions that are formed by an interface of highly doped drain and
source regions with an mversely or weakly doped channel region disposed between the
drain region and the source region.

The conductivity of the channel region, ie., the drive current capability of the
conductive channel, is controlled by a gate electrode formed above the channel region and

30 separated therefrom by a thin insulating layer. The conductivity of the channel region,
upon formation of a conductive channel due to the application of an appropriate control
voltage to the gate electrode, depends on the dopant concentration, the mobility of the
majority charge carriers, and, for a given extension of the channel region in the transistor

width direction, on the distance between the source and drain regions, which is also referred




25 conprises so-called PN junctions that are formed by an interface
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desired stress conditions within the channel region of different transistor elements by
adjusting the stress characteristics of a dielectric layer stack that is formed above the basic
30 transistor structure. The dielectric layer stack typically comprises a dielectric layer which
may be located close to the transistor and which may also be used in controlling a
respective etch process in order to form contact openings to the gate and drain and source
terminals. Therefore, an effective control of mechanical stress in the channel regions, i.e.,

effective stress engineering, may be accomplished by individually adjusting the internal
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One efficient approach in this respect is a technique that enables
the creation of desired stress conditions wthin the channel region
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transistors in the first and second device regions 120A, 120B may comprise a gate electrode

121 formed on a respective gate insulation layers 123, which separates the gate electrode
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121 from a correspondi ng channel region 124, which is laterally

| ocat ed between respective drain/source regions 125. Furthernore, a
sidewal | spacer structure 122 may be forned on sidewalls of the gate
el ectrode 121. Typically, nmetal suicide regions (not shown) nay be
provided in the drain and source regions 125 and the gate el ectrodes
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increased thickness at this area, due to locally different deposition conditions compared to
30 other areas, which may further contribute 1o etch non-uniformities during the subsequent
patterning of the layer 130.
Furthermore, in this manufacturing stage, the semiconductor device 100 may
comprise a resist mask 103, exposing the first device region 120A, while covering the

second device region 120B. In this case, it may be assumed that the intrinsic stress of the
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silicon nitride layer 130 may be appropriately selected to enhance
the transistor performance in the second device region 120B. A
typi cal process flow for form ng the sem conductor device 100 as
shown in Figure la may conprise the follow ng processes. The gate
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After the deposition of the silicon dioxide layer 132, the resist mask 103 may be

formed on the basis of well-established photolithography techniques.  Next, an
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10130. Consequently, respective material residuals nay remain
between the transistors in the first device region 120A, which may

result in respective non-uniformties during the further processing,
for instance, during the deposition of a further dielectric |ayer of
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the subsediaenbsepuent eichipragessdquentwingohe xpastporiies pb gl silgcog oniride fayer
opepyj ngs. g Mlarly, the void 132A in the second device region 120B
may al so result in a reduced stress transfer nechanism as well as
degraded et ch Qoviséqemnist, yespelive m@tcirhéresmlbsleqwermmpmdmmm@z transistors in
Furtherm) i 8t the manu ur st age,, shown i.n o

cor r esportte sl TRALIATH 20 QP Bt 3G 3 PP i i v e
dielectri mnhay;ﬁbce&.ﬁﬁ)g dor i mmgnca: dmmgethpdepzlnmgn 0B@ fetiledn dpl@eéskydQl High
removi ng 1 he expose ortio 140 secand

Fogron 3 st SRR B b Sulcs e Srap St pet iR of frerRE See g dhe i

di elsect ri devicayegionl DA, subst antial |y the same criteria apply as

previ ously expl.ained with re o the Ia 130. ,Henc duri the
deposi tion of TEES| Ry Ehemadca ﬁ?e’@bﬁ@f‘i” ‘B %“Cb(ﬁr%ﬁ?‘éct"ef@

adj ust ed idvaed nARfAORFihAkRLIBARRKO®S 4 msndadlele&he ashchiigh ntals}ttrel fofh&l
stress may be obtai ned. In _sophisticat ed applications, i.

cer conduios? Meofikaad seeond Aleuics regionss 29 SN owitich SPgesBeding Eaigrial

| ess, there@alfdido refeﬁealeu Ad iaaeﬁldqfonmﬁlgdﬂmrial SMnPREEEA 4n@r360%Mmng
t he Iayer 140 may al so play an nEortant role during the etch process
10990 si nclée ffisﬁec&'biﬁ‘frﬁ?f?%%q“%ﬂﬁ 1spp ppidtIF2A Y Hitldbe lgeseeatpeghf‘aa@wdg@ﬁ@ﬁ R
during t h@oﬂemgéqham Oﬁuettﬂﬁlérﬁ’éf@rfal ileéQualai3§ %E@&Eg@é&}{n&%g@h@&lﬁemmt
removal of the exposed portion of l'ayer end on th
deposi t i onateadsBn mawé@vw ctlﬁﬁ@erstdmgeeqﬁmnsue%@gs toropprdofo e ggeynding
device g , be
S then SrRMEbs (EARRE 140,08 plellob] Exdafile, kel BURle el (YDA
the | ayermfm@e drterionateds exhalncaddisond by, ﬂvegcsottuanmanawxpnome pespeativel gicky non-
af f ctin . .
[ ed gec tiv %n‘%ﬁn%&e{n‘%g su%gclf’qﬁgﬁ r;')]at%égmké g{@&%e fﬁg%n% 7al} ecIUn!fjcgornt%h 8penmgs.
deposi ti oﬁ'lmxifarly Hhe tfasletrfimzhﬁ thanseoptedeviae refibi aammw ai@nmmét tnhae reduced
exposed Ry rl’ctsl Eher eﬁ srf( t he pr ocC%ssdéL{)St whi ch 1 oengurbgé 8
on the basrs ¢ P ‘cvﬁ gt ﬁé‘?é‘ﬂif"“r“é‘ ui fﬂ% quen
moder at el gtocttﬁs’.l:flg)r Fnderetdnlt}cﬂqﬂaﬁﬁacmrngsm@s bleovin il Hiyure Bpd ecirﬂalslyondmg
;rg_tm;:’/: 2? r%ggttrﬂ%i(eir yal pr%gléle(? ?or pra/tectmg the XVI eltectgg tlaylép ?ﬁliﬂ gurl;negrrng(grpc pon mg
30 etch process 105 for removing the exposed portion of the layer 140 in the second device
region 120B.
With respect to the formation of the second dielectric layer 140, substantially the
same criteria apply as previously explained with respect to the layer 130. Hence, during the

deposition of the layer 140, respective process parameters may be adjusted in an
N 1



15 Figure | c schematically illustrates the device 100 at a
further advanced manufacturing stage, wherein a correspondi ng
interlayer dielectric material 150, for instance conprised of silicon
di oxi de, may be forned above the first and second dielectric |ayers
130, 140. The dielectric material 150 may be formed on the basis of

wel | -established 20 techn es uch as sub- at erjc _de OSJt
pr oces s e<PHRPRHRHALT 80 Gt ar%ése%l@ﬁfrﬁeﬂﬁl? REESS (RAY gﬁﬁ"*ﬁﬂy do

respect i ueplRhaGA! | £kl RidnOERSSOSicet bf FREIE 5Bk of 4}?1‘(&%&@5{ ;50 nm and
respective contact openings 151 may be forned in some

cases, f 953 Heeahbk cansbipsef M\Jrﬂpcégwarpgoceé%#?ﬁé%mgomﬁ F?éfe'db‘%ﬂ vay plsger
?Leaggfs p|l %Ejlﬁ]gm%& Y&e Buﬁ@?@%&h%@o&&@ﬁ%‘ )/m@eoﬁf?@cﬂnﬁnﬁz@n]@ﬁ 'w?ih%@ su&mys
responding irregularities may al so affec he
cor ¥ esporeiogtphy geresated deincely depesitien 9§ then layers £30; & F@B‘laé“%]dn‘f%]@e or
even tot
dovi e seTFALLAEL St iion of e lavBEL @ BT RANERE Re AWRRID ol .,
di el ect riof tmn@ﬁqlmhsdeomlmrgﬂqr p given devies gromels. Henper bethickaess of Bgdascr on
gl;lcz)nﬁ t L?é@ | gé&g%%%aﬁl?%ﬁa%gﬁcx h\%t& &)h@g E)asﬁgs(?ﬂgiv\gﬁg(}mﬂlagl&(}%nove the
t he respégkr V40 sﬁthasemonmdhymdeglyn tla@,swmb:s sedurgilly| affettirigotherataali atss
ggi? g‘L ﬁgﬁrggsfgr: fgllllglﬁﬂéﬁ'lé% Oarréaspecth\?e ]‘I;Tghe%F%‘X gtld(:eoglfgﬂerlgpgl:l{l] P }Ser I%q 1redt 1%1‘
enhance ttl’(eaiepmtﬁcmtafm lsypead0 of ortidrao effzieailyg tamasze :he expged pa’tlemﬂ'l,ereof by
despite the continuoys redu tEon f the 9 % |mp Si % e eb\b!y
Fequi r i nd% HacH S0 MRRCRER BF CORlEG ORdRE B Hdhtar el d 3 e
appr oach ryuirbhg o ﬂsmaézyn@faﬁﬁ edyedihigk@eNd bt Qibsthtiallg EPyplevdy h:n"[d?ﬁlg the
oo Pl bR Ty vt ot RS BRI ey o o,
or1st |east reduce, the effects of one or nore of the problens
identified above. 5 SUMVARY OF THE | NVENTI ON The fol |l owi ng
presents a si Fighier iledsdigmatigally oflluptres berdsvisa 19 Ataar ﬁ{r@erpraév?‘ﬁé a
basi ¢ undenst.aidhd dagé, ﬁ«ﬁ&emaﬁ P& iespoabiin Fhﬁnerm}/&n&k@am ThheSrif UBTRY fr
not an exhaustive overvi ew of the invention. Is not intended to
i dent i f y inseapceeomrised efilicen digxides may be figrmed above the first and second dielectric

layers 130, 140. The dielectric material 150 may be formed on the basis of well-established

S

20 techniques,_ such as sub-atmospheric deposition processes on the basis of TEOS and the
like, which may be followed by respective planarization processes, if required. Thereafter,
respective contact openings 151 may be formed, which may in some cases, for instance in
dense RAM regions, connect to the device layer at areas located between respective closely
spaced transistors. Thus, the corresponding irregularitics 132, 132A may also affect the

25 corresponding process, thereby resulting in less reliable contacts or even total contact
failures.

As a consequence, upon further device scaling, the respective limitation of
deposition processes for dielectric materials of high intrinsic stress may require a reduction
of the layer thickness to comply with increased aspect ratios encountered in advanced

30 device geometries. However, in this case, the respective strain induced by the stressed
dielectric materials may also be significantly reduced, thereby also reducing transistor
performance. It is, therefore, an important design criterion to enhance the operating speed
of the transistors in logic areas, despite the continuous reduction of the device dimensions,

thereby requiring the above-described adaptation of the dual stress liner approach with
7



10 invention or to delineate the scope of the invention. Its sole

purpose is to present some concepts in a sinplified formas a prel ude

to the nore detail ed description that is discussed |ater

General ly, the subject matter disclosed herein addresses the problem

of a reduced efficiency of strain- inducing mechani sms in highly

scal ed senm conduct or. .devi Qvi,d nced str

|i ner apﬂ?gﬁﬁHoﬁgﬁe?ﬂc?%ﬂgpﬂgmtﬁgm§%é@§‘ g%ﬁadﬁgga? ﬁ%\g? onng

t hereby ak&eesenhancing the overall speed of Ioglc CMOS devi ces. To

this end, the_patterni sequence of farmn ifferently stresse

i el oot o | aFbs BespbyadyBETs dnrge oraneratdodyayf deler thabay BHet o o

conpl y Wit Rask Ft@uéeedié@e@ctglaf/mee)rdmd?@aﬁh@ﬁ@sz | RnEfddanevdIg t he

transi stor performance of the N-channel transistors. That is, the

patterning 20 sequence for providing two differently stressed

dielectric layers may be pgmWNidARd GiTHRAONRINTON pProcess paraneters

that enable a highly efficrent deposition of_pboth dielectric

materi al s, wh&hefolowifzpspsentya siraphified [summayRidhe BHendion if oxsr fprevidea

| ayers, f g, I e I

havi ng Bk BB AR 0 e PRl el ST B 5D TBURL

pr evi ous onerflmwmfdhetlmnmropltnlatn@r ira¢rged Fraidensdy fhoy medritiFal Wﬂﬁrmetﬂﬁeofzﬁe
H eSponngthgod\p& tged%ﬁnéw 91' @%0 &etfl@ eht UC n&) @P&'rﬁose is to present some

patterning-Tnduced non-uni %Ves uring processi ng

whi | e si gonckpts ang klmpﬁfihhfmmmg atpnedudst tp dlmmmdaalladgicﬁ@mnﬂmsaﬁsmmd

N-type tﬁan3|stor Consequently, the respective process sequence nay

be readi eadapted to any further scal ed devices once an appropriate

patterni ng regemaeaifyokhetiubjeer matdryistosebbeein dildesed ttrcq:rdataymrosﬁ ahaducbéen

establish d SOCE |lluatrat|vehnethod gﬁ%BJ aﬁ% here| t ri.ses
fornming & cher"?f t AU YRR MR Ty rgetm“f? P58V o Phed
ab]?:ve a q;uh&iuigfataﬁ enhbifde@i Sirekh @inki gﬁl]gmml[] BB SintrBghity fig h}&)t&_rongIFt&faﬁﬁdESd
a first type of stres urt her ri.s ormn secon
2t ese | ARG (PeryeF A enas Beanral et LB CHRS sFieet g Buteie
stress-i pgUsttBGi fgaééq{:exﬁ@laelf@rhﬁ@ AifRRGAN dirdsyqiedibctfit 1888 AVohe feshéttife
the first type 0 tress. Mreover, a third dlelectrlc | ayer 1Is

formed abavestethdevies si designed A ri@miphya Naths the r ieducip dexicr dimensipns, ghile

dielectr bﬁlahaxgmef@@sﬁ@r ?E}tf&hﬁﬂée St the S8chamiee bradRONe trhe 15 i the batterning
transistor that is less than that of the first and second

st Pbss- i ArAvenaador ppeiding trgrdifierentbr wresseA digkaeisicl layRsy may b gexfpymed on the
material phgs Bpgfs%gssaﬁ?é{ﬁatér@%d(t' crnﬁlgle aanﬁiig@?cémgerh rcﬁ:ﬂ§§1§&95§ bot¥lelectric

cont act openi ngs connect | ng to first and second transistors
are f or moutepiplsy wherging [aerf the srt:mamﬂ 0§ @ewnme%perégg& phihgee lgers.adtceast ag

the L0 T SulePhERLE S BUPEASI R ELAR 1B1AR TBRdly reduced inARl HRks

illustratlve ose ereln ‘conp firrst
di el ect r ieyel ay@arwibmwbe ar@mhlarfnehedt ¢tetnstpgtrmenal~hma¢|hq fphecdf witkin the

dielectric |la |ndu OnLess, [ f
O B chsfimsPing RUSE oy FRER D 0B blbudsiin@ 800 B Silicl
second didedirecthe lft(rttieaymcesaingwénla rs:gmfmlamnneihanm@wc stta)n—,mdnhmg anmhanhm

second di ric uces le strain

of Cthe NOEHEGIFe, ikElor; AroSEReRly, B eima N thids Raflefd 3RE b D"
third di ed#peddree any Aytier gk detibe dice h:amp;ed;priarmsexsmgrregnﬂ fbhdafferently
N- channel istor, wherein th hird dielectric layer has an

i nt er nal Stéetsf"% el?cér\Véllay‘frﬁgﬁseiieE“ ?Séé’é‘sﬁeﬂan an internal stress |evel of
thgp first andogseansdatiic@h@Bdd diSclbsRY Bein comprises forming a first stress-inducing

layer above a first transistor formed above a substrate, wherein the first stress-inducing

layer generates a first type of stress. The method further comprises forming a second
stress-inducing layer above a second transistor, wherein the second stress-inducing layer

generates a second type of stress other than the first type of stress. Moreover, a third
8



15Additionally, an interlayer dielectric material is deposited above
the third dielectric |ayer. An illustrative sem conductor

devi ce di scl osed herein conprises a first dielectric |ayer forned
above a first transistor, wherein the first dielectric |layer induces
a first type of stress. The device further conprises a second

di el ectri far ove . .a $eco d tr wher nd
di el ectri !Fcéé%{ay?rdﬁ 'czglbbosvg(tzhéandr L 0ecs %qfapégstgm eéer”"t }"Fﬁleﬁa ﬁ%
first typeydthashi Bisnal Moresdaret abdvhehcsﬁm aandmttha idkyd then ﬂm phiae first
conpri ses th|rd dielectric |ayer formed on

diel ectri® ISS\%PQ? glre EPR 1D FPW%IaEd‘EtF‘itl"é’e'i %V&?“‘ﬁ&?geé‘ﬁp‘srﬁ?‘é‘}e

stress | eygle tHeafirsi Snd @86nd @distis,| AMedonakt SpehRgs ch@éelingdfo thbeirfii anat
and second dielectric layers, The senjconduct or deV|c§ further

conPri sesSCemd] RNEFPE A Fmed by pFing Uirntiat ) SerR e SIBENEIng RESTS ARd the

di el ectrId?maaaé@etfxcw;@aae@htsabq{m&m of the interlayer 25
dielectric material is greater than a conbi ned thickness of the first

and third di elfether dlusugtisiesmetiyrd gisclpgeddreren| conpeises ogmipgayfiricdielectric
The di sclgaungoviByp. %nua%hﬁ&tep%l@w &fe%gzrmae&@c fah& ih@lcb oM SMpressive
descrlptlon ta&en In conlunctlon wth the accoqgﬁnylng drawi ngs, in
whi ch | i ktrainefnes @hwelnmmnamfsthpdémamgl Bosisige Eicemethpd fuglivg comprises
Wh' formmg'ag%cgﬁd jd;e%ctrgc Fd é{cgl%@t %nc N Jl%nhflll ﬁla?ltsi'ééf ewhcr?m the second
Ccr OSS section views at varl US manuft act uri ng st ages In 1torm ng‘

di f f er entdigleattic &ysethduantatnsilet ¢iains tnop chanyel egion of e MN-clomdel drappistor.
device ingl udi ng,den : t r

convent | TRREHETREGRSRY SRREEE AuARS L bR SLETRE e FESH Al Holfnd
Cross- seatranmstaf awd ﬁmﬂ\lmharﬁlelvﬂrmistoe,gwbﬂsmlthe: khidi digleetric Naytey pa an internal

transi st d t {

et not aregoud b RS e SRR R RL b SRR Uit T o et} bl yers.

di fiser entAdd’l‘lﬂicFriamﬁlaﬁ igérgesdicdbmiembiesal ik deppiisddobsved tbé thindelibidayricdaysnf f er
| ayer of reduced. stre or h a bstantially .neutral 5 .
bahayi or . soc AIRETES srigetd el BV en B el CotbBies 3 et Bflgetric

Figure ZClaﬁﬁ A ARE bbcve la)firktl thabSi§tb2 iBSroth BE Gigs dmtricqu mdh&&ladfrstttﬂ& of
sem conduct or device, gﬁ&reln the additi.o %ﬁ | ectric terial 3
treated avesr HiHEeits BherocoRAriTE: 2 et e‘éﬁa aeE Lyree eV SEeRR

addi t i onajanglief, SkfeliCthk 83¢8hd dibRErik MEfeAMEBees AdRsbHE | lt)gﬁ of Bgesk Bther Ral the
stress level, in accordance with illustrative enb ment s dlsclosed

her8i n:  LORi R stepss Maseayen thgiseipicopdysiar dsyies fusther oawrises & thisd dielegtris,y
of the ng}e? P8NdE LR the first and the second dielectric layers, wherein the third dielectric layer

has an internal stress level that is less than an internal stress level of the first and second

nd

dielectric layers. The semiconductor device further comprises an interlayer dielectric
material formed above the third dielectric layer, wherein a thickness of the interlayer
25 dielectric material is greater than a combined thickness of the first and third dielectric
layers.
BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure may be understood by reference to the following description taken in

conjunction with the accompanying drawings, in which like reference numerals identify

30 like elements, and in which:
Figures la-fc schematically illustrate cross-sectional views at various
manufacturing stages in forming differently stressed contact etch stop layers in a
semiconductor device including densely spaced transistor elements, according to a

conventional method;



device during a treatnent by ion bonbardment for selectively
adjusting the internal stress level of the additional dielectric
| ayer above the N-channel transistor, according to further
illustrative enbodi ments disclosed herein; and Figure 2e
schematically depicts a cross-sectional view of the sem conductor

device 15 havi.ng an i,nterlayer.di.el ectri er i_al . whi may. he .
patterned to ;ﬁ&'%?scgﬂ'? c%cgl%nﬁeur?fm éfﬁlbsﬁa eh%rgﬁg%%@“g 9e § rdg‘élseed'ggmns
di el ect riiaclhdiygrs angpt hearaddr tdndnal P-dipel watsisioe, kapetivéigyidndng harious

reduced internal stress.level, according.to further illustrative
Crbod: merbeni Bt ingsgyar irfine sTSed Pt Pt of st miffissRlrest Soove
di scl osedhé ahfidtork Folfdh@dat 4 Biffer 1el af fedised Faeksfdr Gt ©Bshsagdally neutral
alternative forms, specjfic_ enbodinents thereof have been shown by

way >of - ex Rehinron, preording @ilhiRiyS caadigieats disrlorsd LRy i bed i n
detail. It shayyfe e LRAGRIRWPP HushAVE Y rosstsB@lonkINGie@ESIC e PlchRédbnifdi&l N
of specific enbodinents is not intended to |limt the invention to the

parti cul alevicer mberins dreoaddifionpl dielshirichpaletiplt e alrgated; piger| dppesition o jadiutto
cover al | ool fh otk ARSs oSl bR SAT Sicle@RE 13k BMALANE Sidfulind RE iddbrhhi N
the spirit and scope of the invention as défined by the appended

clai ms. 25eHHTYRLIERFORBER Wil dnstrative cmbogamensyidis¢lpsed Serett i ve

erhgdi ment S Ol e AuMWABhLRINP iR RSCL! BE.BELAN. vibl diNhe! AhfldhTle S
clarity, not al eatures of an actual i1 nplenmentation are describe

in this sieecefdideg i ematmient by ioh bofmbardmestdfobscleatipely aillusing th atternal stipss
devel opnent ., a ny; S 30 i .

ot emontate ohUBRiFRi B 1 pER RN Rl MARE Secordipg o futher
devel operillistapecefibaiigoad disclesad heraig; ®dnpl i ance with systemrel at ed

AT T T T e .
a devel optxeng aefiftatdyendigbttrib macaalphibsh maglbd pnerned nsforh rggtad whenings wind
SGRLEH S NN N A N W AT A
subj ect rredudced intdrhdl st@wldel, desaliddre durtict hiusiefiet embeadients Baclatdiaeirad
O s, A e il & Stter oS hertin is Sasceptible & varions modications dnd
depi cted in tﬁ’ghlaar &f t matter disclosed herein i p
alternative forms, specific embodiments thereof have been shown by way of example in the
20 drawings and are herein described in detail. It should be understood, however, that the
description herein of specific embodiments is not intended to limit the invention to the
particular forms disclosed, but on the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention as defined
by the appended claims.
25
DETAILED DESCRIPTION
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
30 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

10



5 for purposes of explanation only and so as to not obscure the
present disclosure with details that are well known to those skilled
in the art. Nevertheless, the attached drawi ngs are included to
describe and explain illustrative exanples of the present disclosure.
The words and phrases used herein should be understood and

t ted h t t d [
{nose wor By RHTSS 08 Sagh PR 4ERH Gk e ”oﬂv¥“§% ki) O ER g2 b

speci al dﬁhéﬁtldfﬂﬂg’]d@ﬂosard ermor phrase, i.e., a defi n| t| on that is
different fromthe ordinary and c| sto ng,as. under st ood
those ski || ed hf HEENtaHUPIeCE waiier iR P %@f@ﬁ%‘ﬁ@deiﬁﬁ“&%f&ﬁ?t%ﬁf ed

usage of fhgest &LALAY stRBLAS S yReME hiti delitet b}@s@a&ﬂbaltyhﬁpm@dsmwmmgs
phrase is intended to have a speci al neanj ng, a_meani ng, ot her

thaft t hatfoupiraesss elguPlspatiae anbyeind#p @ o4 0b8§a@ﬁh%1?f§i?@t:ﬁhaqlosa@r‘f/w} t5tyh
W Il be expresslet Iél@%nftﬁ’rtﬁ(ﬂe isRiteden aReM. f NeakihORss, hetar@&icdtrawinds are
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form ng s I nduci ng layers ove device regions wh I ncl ude
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r appyoa h h e scal r i
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patiser ni NghnkBgAdReSthhlireb®y MdGieflieodailgbloyides the Spetihl défaliwet for the term or
materials, are taken into consideration in order to significantly
reduce arﬂf“*ﬁﬁrn uniformties during the patterning sequence and during

subsequent pr QEasaHP EPubiRE maféHifdhbsad hesRaslhicy @ aPBihARded Préddsd WEe,
by extending the dual stress |iner sequence by formng an, ad i t,i onal

di el ect r i Haypefior Farming spsscinduging faygre dbgvardoyice Bipinad kst gay inglude AFseled

of silicaf,cedOrfpbislol dRmeAROME tHeNBasRl &Vh i MrebONiRGappldaee SR bAHAREA,

wherein the additional dielectric |layer has a |lower internal stress

| el conssdﬂl@htyt oA e sgessdingrpproagle pity bepiwdep)od ay dqayensh ok Asnositiag @
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found to f n f
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t he basi S, of [.oces ar ane Yol tre
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30 therein one or more transistor elements. Thus, the device regions 220A, 220B may also be

referred to as transistors 220A, 220B, if appropriate, wherein it should be appreciated that
each of the regions 220A, 220B may also comprise a plurality of transistor elements, which
may or may not be bordered by isolation structures (not shown). The transistors 220A,

220B may be located above a substrate 201, which may represent any appropriate carrier
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25 tensile strain in the channel region 224 of the transistor 220A
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The device 200 may be formed on the basis of similar processes as are described

with reference to the device 100. That is, the transistors 220A, 220B may be formed on the

basis of well-established techniques, followed by an appropriate dual stress liner approach,

in which the layer 230 is deposited on the basis of process parameters in compliance with
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30 additional dielectric |ayer 260 has a | ower internal stress |evel
conpared to the layers 230, 240. That is, the additional |ayer 260
may act on material on which it is formed with a significantly
reduced tensile or conpressive stress conpared to the |layers 230,
240, which act on the under | yi ng material with a high corrpressive and
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Figure 2b schematically illustrates the semiconductor device 200 with an additional

dielectric layer 260 formed above the first and second transistors 220A, 220B, wherein the

30 additional dielectric layer 260 has a lower internal stress level compared to the layers 230,

240, That is, the additional layer 260 may act on material on which it is formed with a

significantly reduced tensile or compressive stress compared to the layers 230, 240, which

act on the underlying material with a high compressive and tensile stress. In one illustrative

embodiment, the additional layer may have a substantially neutral stress level, that is, the
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30 further illustrative enbodi nents. Here, the device 200 is exposed
to a treatnent 215 for nodifying the additional |ayer 260 or at |east
a surface portion thereof. For exanple, the treatnent 215 may
conprise a thermal treatnment, for instance in an oxidizing anbient,
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t he basis of as previous escri

w 80 ref e“nﬁhmel]tisﬂ'aﬂidfwrﬂlmdlrﬁf&thOHereJ lhe alewce 200 is exposed to a treatment 215 for
modifying the additional layer 260 or at least a surface portion thereof. For example, the
treatment 215 may comprise a thermal treatment, for instance in an oxidizing ambient, at

elevated temperatures that are compatible with the device 200 at this manufacturing stage.

The thermal treatment may result in the formation of an enhanced surface layer, for
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next manufacturing process, respective openings 251 may be forned, as
i ndi cated by the dashed |ines, wherein a high degree of process
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The particul ar enbodi nents di scl osed above are illustrative only, as
the invention nmay be nodified and practiced in different but

equi val ent manners apparent to those skilled 15 in the art having the
benefit of the teachings herein. For exanple, the process steps set
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transistor performance for an N-channel transistor in highly scaled semiconductor devices
by forming an additional dielectric material on previously patterned dielectric layers of
15 different types of intrinsic stress, wherein the additional dielectric material has a
significantly lower internal stress level compared to the stress layers, thereby providing a
substantially neutral stress behavior. It has been found that this additional dielectric layer
may result in performance gain of N-channel transistors. Hence, process limitations
imposed by a device configuration under consideration and the capabilities of the respective
20 deposition processes, possibly in combination with subsequent processes, such as the
formation of etch indicator layers, etch stop layers and the like, which may optionally be
provided during the patterning of the initial dielectric layers of different intrinsic stress,
may be respected, for instance by using a reduced layer thickness for the actual stress-
inducing layers. The additional dielectric layer may thus locally provide enhanced strain
25 conditions in N-channel transistors, while substantially not affecting the performance of the
P-channel transistors. Furthermore, the additional layer may act as a buffer layer with
respect to further surface treatments that may be desirable in view of process and device
improvements substantially without affecting the overall stress conditions in the transistor
level. For example, plasma treatments, thermal treatments, ion implantations and the like
30 may be performed on the basis of the additional dielectric layer, while the desired stress
behavior and thus performance is “preserved” by the additional dielectric layer. For
example, measurements indicate an overall performance gain of approximately 4% for
N-type transistors, without a performance loss of the P-type transistors, for devices having

the additional dielectric layer compared to devices without this layer.
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(220B, 220A); and form ng contact openings (251) connecting to said
first and second transistors (220B, 220A) by using said first and
second stress-inducing |layers (230, 240) and said third dielectric
(260) layer as an etch stop material. 20 2. A nmethod, conprising:
forming a first dielectric |layer (230) above a first transistor
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a t hi ckne®ay bg prgéxfig;l rtvm'l 2 dedyced @esl}el vy cp@y@sswa stress, or as a substantially “stress-

10 neutral” material depending on the process and device requirements. Hence, a process
sequence is provided for forming a highly stressed material in a device geometry complying
manner, while additionally increasing the performance of the N-channel transistors.

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

15 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 described in the
claims below. It is therefore evident that the particular embodiments disclosed above may
be altered or modified and all such variations are considered within the scope and spirit of

20 the invention. Accordingly, the protection sought herein is as set forth in the claims below.
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CLAIMS

1. A method, comprising:

forming a first stress-inducing layer above a first transistor formed above a
substrate, said first stress-inducing layer generating a first type of stress;

forming a second stress-inducing layer above a second transistor, said second
stress-inducing layer generating a second type of stress other than said first type of
stress;

forming a third dielectric layer above said first and second transistors and in
direct contact with said first and second stress-inducing layers, said third dielectric
layer having an internal stress level above said first transistor that is less than that of
said first and second stress-inducing layers;

forming an interlayer dielectric material above said first and second
transistors; and

forming contact openings in said interlayer dielectric material by using said
third dielectric layer as an etch stop material for the etching of said interlayer

dielectric material.

2. The method of claim 1, wherein said internal stress level of said third dielectric layer

is substantially neutral.

3. The method of claim 1, wherein said third dielectric layer is comprised of silicon

nitride.

4. The method of claim 1, wherein said third dielectric layer comprises silicon and

carbon.

5. The method of claim 1, wherein an internal stress level of the third dielectric layer
above said second transistor is substantially equal to said internal stress level above said first

transistor.

6. The method of claim 1, wherein forming said third dielectric layer comprises
depositing material of said third dielectric layer above said first and second transistors and

treating the deposited material to adjust said internal stress level.
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7. The method of claim 6, wherein said treatment is performed to selectively adjust said

internal stress level above said first transistor.

8. The method of claim 6, wherein said treatment is performed commonly for said first

and second transistors.

9. The method of claim 6, wherein said treatment comprises performing an ion

implantation process.

10. The method of claim 6, wherein said treatment comprises performing at least one of a

thermal process and a plasma process.

11. The method of claim 1, wherein said first and second stress-inducing layers comprise

silicon and nitrogen.

12. The method of claim 1, wherein at least one of said first and second stress-inducing

layers comprises silicon and carbon.

13. The method of claim 1, wherein said first transistor represents an N channel
transistor.
14. The method of claim 1, wherein a thickness of said third dielectric layer is

approximately 100 nm and less.

15. A method, comprising:
forming a first dielectric layer above a P-channel transistor, said first dielectric
layer inducing a compressive strain in a channel region of said P-channel transistor;
forming a second dielectric layer above an N-channel transistor, said second
dielectric layer inducing a tensile strain in a channel region of said N-channel
transistor;
forming a third dielectric layer above said P-channel transistor and said N-

channel transistor and in direct contact with said first and second dielectric layers,
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said third dielectric layer having an internal stress level that is less than an internal
stress level of said first and second dielectric layers;

depositing an interlayer dielectric material above said third dielectric layer;
and

forming contact openings in said interlayer dielectric material by using said
third dielectric layer as an etch stop material for the etching of said interlayer

dielectric material.

16. The method of claim 15, wherein said third dielectric layer comprises silicon and
nitrogen.
17. The method of claim 15, wherein forming said third dielectric layer comprises

conformally depositing material of said third dielectric layer and adjusting said internal stress

level by treating said material by performing at least one of an ion implantation process, a

thermal treatment and a plasma treatment.

18.

The method of claim 15, wherein said internal stress level of said third dielectric layer

is substantially neutral.

19.

20.

A semiconductor device, comprising:

a first dielectric layer formed above a first transistor, said first dielectric layer
inducing a first type of stress;

a second dielectric layer formed above a second transistor, said second
dielectric layer inducing a second type of stress other than said first type;

a third dielectric layer formed in direct contact with said first and second
dielectric layers, said third dielectric layer having an internal stress level that is less
than an internal stress level of said first and second dielectric layers; and

an interlayer dielectric material formed above said third dielectric layer, said
interlayer dielectric material having a thickness that is greater than a combined

thickness of said first and third dielectric layers.

The semiconductor device of claim 19, wherein said third dielectric layer is

comprised of silicon nitride.
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21. The semiconductor device of claim 19, wherein said first and second transistors have

a gate length of approximately 50 nm or less.

22. The semiconductor device of claim 19, wherein said first and second dielectric layers

contain silicon and nitrogen.

23. The semiconductor device of claim 19, wherein a combined thickness of said first and

third dielectric layers is approximately 200 nm or less.

24. A semiconductor device of any of the claims 19-23, formed by a method in

accordance with any of the claims 1-18.

25. A semiconductor device formed by a method in accordance with any of the claims 1-

18.
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