WO 2008/ 133832PCT/ US2008/ 004958 A TECHNI QUE FOR ENHANCI NG TRANSI STOR
PERFORMANCE BY TRANSI STOR SPECI FI C CONTACT DESI GN BACKGRQJND O: THE
| NVENTI ON FI ELD OF THE | NVENTI ON The present disclosu

general | y WRPYEEE8¥2 the fabrication of int egrat ed ci rPcﬁTi"fS@"sﬁ?i‘d’s

nore particul arl to t he fabrication of hl& %B Ll,ifhl sticated field
effect trandtd NIQUE IOR ENBRANCEING LR FEREORVENEERY to a

contact structure i NCTRANWSPOR $PECIHIC CONGTACPPESIGNIS. DESCRI PTI ON
OF THE RELATED ART

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION
The present disclosure generally relates to the fabrication of integrated circuits, and,
more particularly, to the fabrication of highly sophisticated field effect transistors, such as

MOS transistor structures, connected o a contact structure including a plurality of contact

plugs.

DESCRIPTION OF THE RELATED ART

The manufacturing process for integrated circuits continues to improve in several
ways, driven by the ongoing efforts to scale down the feature sizes of the individual circuit
elements, Presently, and in the foreseeable future, the majority of integrated circuits are,
and will be, based on silicon devices, due to the high availability of silicon substrates and
due to the well-established process technology that has been developed over the past
decades. A key issue in developing integrated circuits of increased packing density and
enhanced performance has been the scaling of transistor elements, such as MOS transistor
elements, to provide the great number of transistor elements that may be necessary for
producing modern CPUs and memory devices. One important aspect in manufacturing
field effect transistors having reduced dimensions is the reduction of the length of the gate
electrode that controls the formation of a conductive channel separating the source and
drain regions of the transistor. The source and drain regions of the transistor ¢lement are
conductive semiconductor regions including dopants of an inverse conductivity type
compared to the dopants in the surrounding crystalline active region, e.g., a substrate or a

well region.

Although the reduction of the gate length has been considered necessary for
obtaining smaller and faster transistor elements, it turns out, however, that a plurality of
issues are additionally involved to maintain proper transistor performance for a reduced

gate length.
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2



whi ch may required sophisticated interconnect structures, wherein the
continuous reduction of the cross-sectional areas demands highly
conductive material and reduced parasitic capacitance between

nei ghbor i nYO2HBAEBELrs. Consequently, in the respecti vECHERHIBWPEE | on
| evel s, highly conductive materials, such as copper in conbination

wi t h | owwhicHinedyaedquited sagiiaichtad imemmebtestmsmd:s wherein thef cogtimadus reduction
|nportancF for the overall perfo e of individual tranalsto

el ement sOF H§wEREseciiqnal pecgs gema l\yecodlgﬁ‘fté(‘?tm R gy dygrdcpprasitic

provi des ciﬂﬂ@itaﬁhb@ﬁétﬁb&ﬂ{ezg)@ﬂﬂ%?édnﬂﬂct&@t \W®asequitlyinahd redptdtiSOME @RI zation
regions and the netallization |evel. Thus, the respective contact

pl ugs or levglt Bighly sondustive mgyialiaseht 35 §APETH HecombiRaioR oYithalopv-k dielectric
resi st anggfis! Babe fbg same tinme not unduly affect other transistor
characteristics, such as switching speed and the like. It turns out,
however, t hat Of grepsinioktanasufor tierovetnilveanformaede @tlﬂ@tf@g@le@n@l@mr elements,
concurr eﬂ&lvé/vege@aistohaef%péc rcgr%ét s?&ﬁ‘é{[&ké wh?c% bite Gle ‘{i ?H] p%&mvem
reference to Figures ure a SC ically

i |1 ustrabasecen dreodrsinsadt sooral regipesnvaef tha meﬂallxzmnﬂutctrdr Teus] de rkective

i Si bstrate 101, f i nst . d
o any obfhuft: RIS b erelamene? ey AR PR viflt ot SRbieh B e dRls O,
si I'i con- basesns ﬁm‘lmaﬁngllacf&aroﬂ{aax&eﬁsml&&haﬁurehktﬁrsmbleas avifchRlgdp&ddfang the

transistg 110 is farnmed in détl?ove t he sem conductor |ayer 102.
The trand&thrumsgt. rPé’V""&‘Hn‘BP‘I léé‘? ult in eqnyeqtiosHSTRILEics 19 GoR ffﬁ’ﬁ“&“ljﬁ‘t e
i nsul at i gRsd AMAEqibmehRals WRPAELRHI8Hed Hith 9atRn& B¢iduadaahtd 1hrom a
channel region 116 p05|t|oned in the sem conductor |ayer 102.

Mor eover, a respective spacer structure 113 nay be provided on
sideval |5 Of {grIalen el lBuidd o ROS- bt Gwhr F18nlidubeY dovice
conprises highly doped sem uctor regions 1, 112 acting as a
drai n andO& cowgrigieg a edpuaiti Md| for Hstroes, ahiehqoe@awl subdtratqor rasyr ethemt
a source ' i.] e : t
choul'd_ el MobisTndiy SFHLE Rostpd o B0k SB p e SRl P Ry |
regi ons 102, Firiiermmene, méieks}Ldﬁ&ttaunansatdryiIDdeﬁIrmeaIm amd abgoy the semiconductor

wel | - est bI| d .transistor .architectures, ein,t |ff r ent
unct | ontgpt TG st eamspieg; R S <GreHs &sentt £lpsoen bt P Egh agee
112 may bﬂuldﬁ&i NSdr bYS te epdreids tthd @xeudiectdoatl 14 Sfrorh e clsmbEICR gloadil in
111 may tgplcally be cqonnected to different voltage nodes co ared to

the drai ROYERRIeE AN thepsemyconduddprotayer KR ¢ Wpzeayer, tarfé%F%‘feoﬁpa‘:‘ch?Fm

for an Nnfahagnglovided sl §a@wausté}euéogw&etee@gaeommlllmaaﬂm@ﬁwaﬂ1byfu&ﬁ&r
as a source of electrons, wherein a respective conductive channel may
bui | d upc9mpPrisse highhhdeaed rSé’@lC@ﬁd‘&?l‘E regionp bl . cldgiashndps adraip grd griogice
control t | aGt f 01 fbhe
i ai 1 si Hartelpey e P BoR A RREfeplest L WG RgBRIRE (B¢ ™1
Ki neti c engirgpyesant atch'emdfcapm Kiskraldbe epprenived Grbth oenfipyratines efdhe sayece

the boot A el 1 BoVLE BiyEl Alets B dotRius T o) CZL Bl

SwW t chi ngmmcrratatmactuﬂbhnﬂmm thentiffabnidunatiod of thegbams rekibn Ithywvitherespect

formed i he drain regions 112. 111 .and gn the

el cctr oalp B35 Relbacla TRNSRIRETPES 5H BRtuaPLG BR sbifee g 11
el ect r odea# iybiaiig bt @omd:uceo ﬂimreﬁ()ﬂilﬁgé né®S icinpaed td he tingn @gdinn 12M6k
source regi ons 112, onﬁuc(ét or device 100 further

conpr i sed B! fiedttupq %\fytéﬂr"maioa Eeg ?’iaE‘PiFa?%‘rzi"a gl (pnsisEPrethe SOL e regHY

passi vat ¢5] ;b adhiIHcBAsO sobid® of BcivdlisCWharBM A8sfe iRl doR@tiod cHatkel @lay
nore materials, Frequently, a silicon dioxide based material nmay be
provi dedbwikl emin the changel wetopldp onzpplicagon of Ag apreris el palsgr vatheng
char act egété tefeEé del\ﬁﬁwlﬂle s%ﬂrc?tsﬁfa 13 Rl(r'bodxja A&de TWhdrelpink X&Bt&gﬁk ¥lectrons

| ocated &bove the transistor which exhibits a hi
may have a maximum kinetic energy at the drain side after accc]eranon by the voltage

difference between the source region 111 and the drain region 112 at the beginning of a
3



The sem conductor device 100 as shown in Figure |a may be fornmed on
the basis of the follow ng processes. The sem conductor |ayer 102 may
be patterned on the basis of well-established process techniques in
order to dwbi2ous/i1appr opriate active areas for form ng tHEVEIHEHGESHr
nore transistor elenents, such as the transistor 110, or other
circuit ed)mpﬁlt(ﬁng $vdrchingi apepatiop oSPreostraimeabhsiticidaclgions ol Atriag e formed in

ol anar | 05 SHABE AR A A UPeAl LB O s SRR 14 6RBRET A1 g

may be cpephgtionidbRl i thlgatc@idRa6dd Ve adith VeuEeLli QhRadt estC4i0e Gaune erain
with the respective transistor characteristics. Thereafter, the gate

el ect r odandisowregregioniel ldal - i nsul ation ayer 115 may be formed on the
basis of well-established strategies including the deposition and/or
oxi dation or other nodification of a base material to obtain the gate
i nsul ati on | ayke semiSondueter gevies ilP@ durther cRmprses awan@ﬂamﬂi@ectrrc material

Avanced Fy-cTiERE! Bl A OO aG OSE HRAEhE, B, g QB d oL o

fornmed byr smord\RaROAB/ 1B8GBARCT kiER2Q0 8iodllé IaS:ddmpesalt inan bamd)wded in the

and sour demy ot bie! TPy RTe B Yol R B Prra B TURE fbreolelCu b "

appropri giopllyyed €191 gReghitayl R4t fiveale ansiusd N, twitcts peadiits 5 thighcétol e
113, which nmay have different latefil‘?tl ?fl ons d rin

- espect | SESGHHY AIPTRSH (8 liFcuekdl o hisly 2 a8 sftidnt cqparol of

I mpl ant agi @ipeRHVRCRES Bdcesd IR %ﬁﬁ@tk@ﬂﬁ‘ﬁ&'ﬂ@ﬁ@@ﬁﬁﬁ esfofmyrefRched Eshiamed
to activate the dopants and re-crystallize the drain and source

regi ons PluBs 1341132 cpnpeskng foctde seuiee regioal 114 jand gheglsaip aegioh 412 1ospagtiyely.
then be fF?f FEdnde tHe e HIR F1a fdr 92k nﬁfy%e%ﬂapﬂgga deRticHs ﬁftmeamcﬁ%wﬁve a
reglons 112, 111. Next, the etch op layer may be forned

wher ei n h;ghmccall resistivigy vaamameﬁoatnﬁmmbtatqf emsotrcmmmt@wei:lnweﬁon aichiog sidisgn
may be g frat.e I r i r

type and%g)%o(% lfag 4913{6%1%%% %gajcgh%nér%’é o %lh? on 1?3?%%§%E§H}% ithe
enhanci ngadihef myaapgmpuaﬂerqoeducm@rdatehyl whmeual s ;acndodskw&qﬂdi&dd micteds may

current ¢ ilit Vi QUS ai ne on . nitride an
other afily be st il aeCrR ARBSE s Rrd SR b R fe ne
hi gh i nt bvérall gerSdrirRfice of theraafstor10.t Rer edlh@plelmgsten| ypper, ARzhinmy, cbany
formed by any approprlate d p05| i Qn technlque?ﬁgqgﬁlblﬁ fol | owed

a pl anar PYSE iSRS RAY DRGHGER g0 PYRSTALY @PRIGRRA fiysgarrier layers !
char act egh&iil)Gsay R prévidddin eameihtidd wiP teaphycdddofRbiies HateGalsequence
in order to formrespective openings in the interlayer dielectric
material 120. Thereafter, the respective openings may be filled with
an appropri at %g@éﬁ&&@haoﬁmc%otag QAR F@M}l@wmay %f&ﬁ@& BR e aSis of
barrier material may be provided, as previously expl ai ned

During t the foplewng pracessest %ctscammdumr lagay, 102 Hveayplsr pasterngdcan ¥rdinaip fof

by the conace Oy pY PRt Bah el eh GRE: ARG ARuP R BE hARk,

regi on 1itereit bse ahameetansisgr deméﬂ,ﬁ siieht 3 thdreandistr 110, ogpdwar difcitatmnentsa

the neta cide re nd the tact e ack into.a
o r eepofa M Rapate P, Vensh Ryndr saRiS maf S oM BAuAREGehy et
i nt er | ay @epdditphest fpldafiBdien itedhnijaes. "Flmrealftalstaam@le dopiig coRhirmipnamay be
respective strain in the channel region 116 and etn ci ng the dopant
prof i | es CTeAteH HthR 46, TesPRFlNe GFIEY 1R8PS i aqepsdange; i s‘B?)é‘?S 8‘?‘“’§v6fat“g’ﬁ'i°ﬁg

char act eghgrhderfstiad) dl‘l@é:'édf@f“théj%dté/@le&ﬁﬂébllh hﬁd/mg%ytc%u%hh MRl 15T@:ay be
mai ntain a desired | ow contact resistance, éxpl cally a plurality o

respect | Vermedondhe basiscrfernllsestelished shaegipnigcloding fhe dsparitien sl idptign
and a pl ot dlHek hdﬁﬁﬁ&gﬂﬁ ety BRI Jcé%bf‘agm%cga&aﬁglss@némygf M9 with_a

region 112 are provided. On the other hand, the contact elenents 131
desired thickness, which may be approximately 1-2 nm for silicon dioxide based layers of

highly advanced field effect transistors. The gate electrodes 114 may be formed by
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capacitance with respect to the gate electrode 114, caused by the contacts 131 and 132, may
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o ort or ot top AR fe MeEEIchBhl ARIEE SOV BE A 160 (cERlenrty. o
t he tr anskmtiive gduo s eeusesndrl perfopnone dbnmed byelduce dcatinp taiad bdvagstds{temice

at the drain side so as to.reduc he fringi ng capacitange na e
conpensaimepeseSEs i SikauanuigEebhn S G el tuliin
per f or meggRrmite | Qid eduaksh eaRtREIduEasi Gb aBER:-Sipldifd &IVUfEanBidhee on
results in enhanced transistor performance while not unduly affecting
the switWRFIHE IBREERL HptacteHicéquent |y, for ot herwise identical design
rul es and process techni ques, enhanced transistor performnce nay be
obtained by locally varying the characteristics of the respective .
contact st r uckhgriseseniirisrlasute i dirpardotocsrigysdeshaiquenandgleices thylngy agpid,

i nf | uencgs, Y tElfRcORRE @f?éc&%f%&@éx"xhﬁ{e thd fibbitmeRshiidarpyhen designing
the contact structure. e Illustrative senlconéuctor devi ce

di scl osed herein conprises a first transistor having a drain region
and a sg I ity of drain contacts connecting to

t he drai q{tﬁﬂﬁ%lﬁ@ 16 the plurality of drain contacts has
a first | at erfle foldswiag peisemna sin@ifi20 08mA3AB8I2IRaintdBE 08 b4 8bPogkien.
Furthernore, the sem conduct or deyice conBriigs a Iuralit¥hoﬁlsource
cont act sPEGAREEEHE @“%8 PITRC ABEFE 8T MEJMERIONN APBiSHMERDH'S §pt 1 gxhaustive
pl ural i tyvepfiew b€ UsOIVERICRONE A€ 16t Mamded &eRlemily|l@y air akititaArdidtients of the
di rension that differs fr£n1the first lateral target dinension.

invention or to delineate the scope of the invention. Its sole purpose is to present some
concepts in a simplified form as a prelude to the more detailed description that is discussed

later.

Generally, the subject matter disclosed herein relates to semiconductor devices and

techniques for forming the same, in which the layout of contact structures in semiconductor
6



A further illustrative sem conductor device disclosed herein
conprises a first transistor having a drain region and a source
region and a first plurality of drain contacts connecting to the
drain regiA2088338Bver, the sem conductor device conpri@é$2Hs8eHhd
plurality of source contacts connecting to the source region, wherein
t he nunbédavieb nmebt dsaBy edrigdhe ofder mtloq:ﬂlluro@taiilt 9p5diifiﬂllér designodievive charaber
of contact.s.of the second I ur a n strative
sem cond&EtE: diﬂ/ s gYs I uﬂe?"gqrﬁct’(?gntffrt‘r%eé’s&'a ?n(r?asc krrLléﬁléei g do\réhe
havi ng aredliedtie cRiiOE A Iaa)s@uraa@pté(ﬁgi arhiging lecas @emnet, forainsthsdepeven
having a drain region and a source region. Th % Eﬁm conduct or devi ce

further V8RB %’&e HANSISHIT SHEPEAD QFdST KL ARPTYPT gyjee dhy ufvpniges o low

first anghmeceRdolwidteipRtObse &H&fghﬁmmaﬁg ofhef triSlistrQRhaGkrisiics UGEHEE
i's provided that connects to rain region and the source region

of the fihestrainripdusingtroechamisme Brpenaaiioncefrit bigh fanging sapgcigoce pryl g like.
through Ia&%@ﬁ&r 'n?x%;la%sése&fergt&sﬁ%ﬁ {r@% caMBE Y '@etéaﬁmr;ﬂ @3&1?&9% ct

structure i s designe ccording to a ayou fined atera
t ar get dienpustonastroked thelecmntramenaéhe eninteriyer diglegeic midteidmeysbe more

bet ween { he Ct‘é&% ﬁzgal}pg &g@? osf% rsm §plcan§%9 gfx%ﬁlress%% %t eSs Iflfﬂets%%iamed bﬁ’

conmpri se¥ & s nnec drarm rey
and sour pesdnelgi mll@tﬂetd@oaeexortdclﬁlﬁ@ﬁslmiprbeanxgnrfmmpry Silghgr (mmpaxeﬁ to

el enents exte rough the e ectr c mat
ther o1 n £HEBRIReth Hat Ve O e L hatd, §we°dre &8?‘6?%“‘&‘6“05 s less

second | gyt fod @fd mekhnhY thnkiglof stlce iR idfhsidltARMRLD A e Qtefidtd byARE Atikge
el enents and tar&et di st ances between the cont act elenents, and

wher ei n eaEeISBERIIY. s Aabet comparet @ the Nrphamne! rpqsior LipptRquemnshy pincrease
DESCRI PTLOM, O6ont e r%ﬁﬂ&lcﬁa not neI&@arﬁér S&:Igﬁ’l%é[ye RRMenBE N ALl %Hesby

reference to the follow ng descrlptlon aken in conjunction with

acconpanigsisgner;, aniha g‘leI‘lant {antioe maly b sher igsistpeqecs trg e félldﬁ'P*FClj@ml‘F(m&iUCF[i’Ike
o eTo Sl el g A ST bl pla Cheh
and a comapbt istuceicinuherdsproheel clarmodrrdgingg. t I atloarvcasesi mhaﬂ beea doumidtha sy
WO 2008/ 131?5% (ﬁg)r/(}ﬂ%zg)o%‘/lcggaégc? contact resistance may impact the overall transistor
performance more intensively at the source side compared to the drain side. On the other
hand, a capacitive coupling, and thus the fringing capacitance, between the drain contacts
and the gate electrode may have a higher influence on the overall switching performance,
since the drain side is typically the switching node of the transistor. Consequently,
providing a reduced contact resistance at the drain side so as to reduce the fringing
capacitance may be compensated for, or even overcompensated for, by a gain of switching
performance, while reduced contact resistance at the source side results in enhanced
transistor performance while not unduly affecting the switching behavior. Consequently,
for otherwise identical design rules and process techniques, enhanced transistor
performance may be obtained by locally varying the characteristics of the respective
contact structures when taking into consideration locally varying influences on the

operating behavior of the transistor when designing the contact structure.

One illustrative semiconductor device disclosed herein comprises a first transistor
having a drain region and a source region and a plurality of drain contacts connecting to the

drain region, wherein each of the plurality of drain contacts has a first lateral target dimen-
7



Figure | b schematically illustrates a top view of the conventi onal

sem conduct or device shown in Figure | a; Fi gure 2a

schematically illustrates the top view of a transistor having

di f f er ent | yyoghusdaBsdbnt act el enents at the drain side aldl/V§8isdyipte

side according to illustrative enbodi nents disclosed herein; Figure

Eb scherzrﬁbin ca#drmezhﬁdrusﬂleadeeﬁcogd@dt@s&mctdrmabs uilﬂmm‘y dtheoudey caeand
| gure 2a; I gures 2c-2d schemat i c rate top vie of

further FOMALINGSecTONFRETPRIOPAYRGHEN SACh %fa ‘c“Fff“éY : %S@%{F%E@H?ﬁ%’ﬁ?ﬁﬁ

respect {Qohd Rt Rirg& dimbdsimtthd Qifdrs irbS Bl RisNlaketAl rgi dickdiBionour ce
side by varying the nunber and the | ateral size of the contact

el ements, respectively, according to still further illustrative

enbodi ments; 4 funheﬁﬂm&an%esa&b&@}:ﬁ Al %Aa@s&a Hefiin TohfpRis& svmi

a sem conductor devi ce conprisin erent device regions, such as
di f f er entransistndiagingrasdrainaegioy and @cmwctreg'w arst a fiest phacatisyl o6 Araith eortieass s

O o o ke O 235 R Ryt b Rl VB G  sena

enati cal
Cross-s epmmmd)f s'vzshewmitadth eommectingao dmsbmrce c@wm whafeml-‘thgnumbezef camnatts
Fi gures | illustrate to of sem conduct or
devi ces PgtéF EﬁtH ‘Fl’géé“rﬁmf‘ e fumbenpico \'Afaf F&ﬁ%@f‘ﬁ\?@r%ﬁ'f erently
desi gned cont act struct ures according to still further illustrative

enbodi nment s. i ] i _ ) ) ) ,
Yet another illustrative semiconductor device disclosed herein comprises a first

transistor having a drain region and a source region and a second transistor having a drain
region and a source region. The semiconductor device further comprises an interlayer
dielectric material covering the first and second transistors. Furthermore, a first contact
structure is provided that connects to the drain region and the source region of the first
transistor and comprises contact elements extending through the interlayer dielectric
material, wherein the first contact structure is designed according to a first layout defined
by lateral target dimensions of the contact clements and target distances between the
contact elements. The semiconductor device further comprises a second contact structure
connecting to the drain region and source region of the second transistor and comprising
contact elements extending through the interlayer dielectric material, wherein the second
contact structure is designed according to a second layout defined by a lateral target
dimension of the contact elements and target distances between the contact elements, and

wherein the second layout differs from the first layout.

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

like elements, and in which:

Figure la schematically illustrates a cross-sectional view of a semiconductor device

including a transistor and a contact structure formed according to conventional techniques;



Whil e the subject matter disclosed herein is susceptible to various
nodi fications and alternative forns, specific enbodi nents thereof
have been shown by way of exanple in the drawi ngs and are herein
descri bed WO 4e1E3432 1t shoul d be understood, however, PEHHE2004484958
description herein of specific enbodinents is not intended to limt
t he i nventi onFigore he sgeniicalyatiufiotays dipsiéwaddhe botventiorh eersigertdugtoy
the intenti.on hl S LOpcove call nodifications, equivalents, and

al t er nat %‘gge?é)mniilﬁgl%r% n the spirit and scope of the invention as
defined by the appended cl aims. WO 2008/ 133832PCT/ US2008/ 004958
DETAI LED DESCR| PTI . Varjous il]ustrative enbodi mnents of..the
Chventi on ar 6 UL BREmBsaG Fei dhe PR oTot trerilsgﬁ?ftlgft"%%lfftaﬁepﬂy
f eat ur esspfd aBn@6t lemehii Rt ERERLAL isRR Adedesukdeb8de iaBedrfling to illustrative
specification. It will of course be appreciated that in the

devel oprembodimegtiylisslosed gsgisal enbodi ment, nunerous

i npl enment ati on-specific decisions nust be made to achi eve the

devel opers' specific goals, such as conpliance with systemrel ated
and busi ness- Feguet Boschonatically lustratesta absswiettionalyigw fof thmdewiee of Figure 2a;
i npl enentation to another. Mreover, it will be appreciated that such
a devel opnent effort mght be conplex and tine-consum ng, but woul d
nevert hel ess Pagueesr 2ai2d nehenntesliyakiuwgatt aopt tiose off fushei mansistakelbhentn
the art having the benefit.of this disclosure. The present .
ubj ect HAYIRE i TRHG, o aleoR WtreSieeh 1t o spavieiovpg i B G Bibouide
figures. aY@hOstfr&! fide by VS ingSHs RibeA Rl RVaGES spdk &f I64 esmhd: Ghdntenits,
depicted in the drawi ngs for purposes of explanation only and so as

to not oBseeRtelyhiecpidigdnstlyfuhenillyptetiye eRbodimsnss that are wel |
known to those skilled in the art. Neverthel ess, the attached

drawi ngs are included to describe and explain illustrative exanples
of the presenfigiresd whemaicalin dlugipiiess? @A iphefaswaicrddctpiedesics compiising
be under i r 4 . ' j '

inder st g g Spep Rgnd et bRl BainHES Habe XRlF) EFbuull oftnldn
r el evant tterhbasis N6 dgfsemt hlyowle fdcpidingom solt furthee dvsoativelembodimentse. | a
definition that is different fromthe ordinary and custonmary neani ng
as understood by those skilled in the art, is intended to be inplied
by consi st ent Figmeagef gthentueicdlyr itlustratgsh b agsessksect@inal vk bhehee xérgindndubiat
a termor ﬁhraftslﬁ IS i.ntsnded to have a special neaning, i.e., a

meani ng JEWEF St HEWC 2R under st ood by skilled artisans, such a
special definition will be expressly set forth in the specification
in a definitiognal manner that directly and une%ui yog{g{cl y provides, the
speci al def i nFtaUEs 28ohh schranatisplhy Biusttg topyiews of semigap@icigr dgvicgsijpciuding
subj ect Rt & (hSabRIAM LIV diflBhi8SddsEnble VRS st LLOBIMLES shIPT
enhancing the transistor performance of advanced sem conduct or

devi ces ep dhsirgtivggmpodignentie characteri stics of a contact structure
so as to take into consideration |ocal and device specific
interactions between the contact structure and the transistor device.
It has been r &dulprihesbjachmattaridisciontddreain isonsasptible speasiony srodibieaténss gnd
wi th transistor characteristiGs e di 1. f

of 't r anorlp e AR, S BlechigimgMaciBothaly Bictho kB by Wty oP E6Mpid KRGS

t ransi st desvinghardedry hereqrv tebicribed inedgoal et shatildfter udosalody haekapt, ithg thhie
character,j stics gf it he res.ﬁecti Vﬁ contact stru

. t l.e.. th
| ateral SFSELPHeRy hegin of SeghE STbefineRs et nitended 1o Himit the invéntion to the

particular forms disclosed, but on the contrary, the intention is to cover all medifications,
equivalents, and alternatives falling within the spirit and scope of the invention as defined

by the appended claims.



WO 2008/ 133832PCT/ US2008/ 004958 contacts, in an appropriate manner so
as to reduce a negative inpact of the contact structure. A respective
| ocal adaptation of the characteristics of the contact structure may
be acconpl Wolew#/18332 he basis of locally different procBSEUR8HEP{SHNS,
for instance caused by the respective manipul ation of |ithography

masks, eBDHETANMKIEBESCRIRTIONe | i ke. I n other cases, the design of the

ti tact st 1 be | | ] ied, . f '
pptopr i ot el y A TG E ubrtac ERE e B8P qeicopd BRLRECEn Y

nunber ofnteeat gctlaglyemdntall RhkOAG bdhean taaab impleomenhidn adi dactibodnin this
t hereby reducing the effective anount of contac terial that .is
present P?Fctfﬁétl?fbsﬁéﬁ{liﬂféofﬁs%lﬁg iagfrﬁ?’a@géf&t n the_c}e"ggp@ﬁﬁtﬂf gy, guch actual
appr eci atffodifRht, hilfiefiub NpRhRAEbSSHRFRIIRAIdRE nddt Behiadd ¥ achieve the
advant ageous in the context of sophisticated sem conductor devices

i ncl udi ngetsiaparsy specificc goaly, awsh g5 semplienearivith sysianeclfed ang husippsy-related
performa kD ' / if AR GHoEC NRBESVE, iSWbLAS
stress t?grgsg?@s’ n@?ﬁ:ﬁ?g?}%‘g fﬁ% Eé IP@%@%‘ﬁan expe%t ed when corlrtt_)i ned
W t h conuppreéigndlithat ontinetdevelgpmes. effviot might ibe qompbrsc aridy bmersoupyming, dut
behavi or of,the transistor characrerissi q - r
i onl y s g el RaEbEs Ay BGE P 5T buflesT R AUTIHASES e
si gni fi caaidfy obthizahsbduef f ect conpared to less critical semn conductor
devi ces. However, since respective nodifications of the contact
regime may be readily inplemented in many conventional process
strategi es W fTHo Ytesért GibjetCablicradAPASY ibe N scribed &GERE Cfdriifte §8ithe bifached
performance may al so be obtai ned for sem conductor _devices and )
transi st Edrewi VApUSSLURpTes; WEPMARMEARIGH e orhamAsicelll drpiciadyin tseirmpinghd
more.  CORSEAUSILY dexpRhARS cARLHd bGRY Not2Biculcthié Brekdht HlBIoARD QA B ails
clains or the specification, the subject matter disclosed herein
shoul d ndhat faee wolh&heter el these iskillad) in gy at.c Neverthglespbs pitacherk diapings are
di mensi og el ARl & of the presehil @4¢165uf? The yword
schemat i crﬁgcfl ‘Fd%gittﬁﬁt%'gﬁ%a@gse\k ]aﬁrggm\g}?igwg%? seom't ceo%rﬁshct or é}\?/tia ce ez“éoor )
conpri si agd phriasea msddstenrin 2i@uid by imdpraowiomd anterpseted othave a ARANing constlony
a pluralit. f source.co ct el emen ald t ai
contact. &jithiBhyaRUSRG BEL AT BeP il O AL iy WOy
ar r anged spdtid defifisb@ant b atrhyosphraieght., hidagnidbodgt ishdiffercanSomttbe oot h
direction, .indicated as W erein the respective contacts, 231 .an
755y BB SERARY Gipanpe 4% yhtieviabiet eSS e e o bR B BRfed
It shoul dyhenanpiiegh@l 60t héin bhphgal ieréihedlor g exi2Adihaps tad@l dr sast he
entire transistor 210, m_a){ be encl osed by a reSﬁlecti ve interl g%/er_

di el ect r iiMeRfigd dp have HAPESHT MPNINBe” ted EIEPHRE O thap dhat tpdigopd, by figilled
Cr 0SS- SeGhamakudti aesg/eégl%nitﬁn Rbifl We@xgiBssly &t th@ iR TROGHABRLtiof hPWacfidihe
contact structure 230 may be asymmetric in its design in order to
enhance tigeal peanhertheiriéiscty andnmegyiyeeily Pervides the specigldelinigion fay the term or
expl ai neg 4 Vol tage drop outside of the actual transistor 210 at the
source side WD 2008/ 133832PCT/ 1i S2008/ 004958 of the transistor 210
may result in a reduction of the current drive capability of the
device 210 to higher deqree conmpared .l ar t ,

the drain of o uguf e (RELRiRBRI R bR i 1 ey g fefiffestor
cont act s eRkbhcimgythbetrasisast pafomdscabe lagvancgh sasicbsduwonpdevided eywidchlly

t he respective design rul es. and process requir nts. That is, a

" epr esentARIREChP SPETGAFrIER A PN PHRCESP 45 46 FakR N capifesgtioBloqh and
respect i ievie®rjeaific iRRRIIiRGhedddendhe BorBRe Giridned ah@ghkanpiont deace. Whan
substantially annul ar contacts are_ consi dered, nay be sel ected such
that a d&&§T EGoFBHdchat Retinterstian gh&wspirsiye sentamt Hthtgansisior Ghafagteristics

cases, amyayOobdrrdr&RT ©F &fifrabhcY B pkalol iBhsitbABARI %%rnabénbd% #gRebat within
dependi ng on the actual cross-sectional shape of the contact el enents
individual transistors, thereby providing the potential for locally adapting the characteristics

of the respective contact structure, ie., the lateral size and the distance between the
i0



Figure 2b schematically illustrates a cross-sectional view of the
device 200 along the line Ilb-Iib of Figure 2a. As shown, the device
200 may conprise a substrate 201 having forned thereabove a

sem condudv@proopia3sész 202. The substrate 201 may repr esdiitT/E3yps/004958
appropriate carrier material for form ng thereabove the sem conductor
| ayer 2Qdntavhdj @b aﬁmpph@nmeSMhﬁrmorsebasmdresiem aomgatiteoimpamy ef the camyict
ot her sem conduct or sui t abl for farmng therein

Cher eon SHEES A< PREGTe 90T HRERAT f1a Shfrieiiifs B o nish e St nay

subst r ati aé8dmplised b masii enlovdlynditrbrenSaticeOahdnions, thametancGauseday
forma silicon-oninsulator (S configuration wherein the

Q)
seni condbe fespeqtiyy anangpdationo déh(fgé"l‘ﬂlf’éd“%ﬁl‘?s eetgp proggsses and the like. In other
2008/ 13%%?épﬁlwﬁg}?9%@9&?@&&%&5@&%@0%%9}1& ﬁ)@alw @Jr%ﬁt fok GnsEREE Hyal
(not shown), such™as a silficon dioxide |ayer and t
Fur t her rppwpriately tdapting $heof‘cantagt dapsiyonihel &e ta rg@nce té1= e@mbeﬂef Zoatact
that is f S y E%‘ S
gate el ec%ﬁé%g @?ﬁqﬁqg%n&égt%hglﬁ‘%{e E%g)lﬂoﬁ{c&%%% ur %iglr@ neg%gl%agilgﬁlt}ce
regi on Zbhtaandatariaizit s preghon tiRli2sppecdvepranyistesidand are in cont act
with the respective contact elenents 231, 232, respectively, by
respective netal silicide regions 217. Furthernore, a respective
spacer structiugulilse dppyclatd @i iedRthciphl diseloséd uréin att bpiag hivantageous

material. 220, which m rise two or nore different materjals, or
sub- | ay e sppiFxizel %’Hg’é?@[g)dsieﬁﬁc‘?"&%f“ govices Jpclidig NRUY praed Giaistor
222, mayelQfediO" BREE $RredFudiRr CRGERMEn@NGaiRASE MY eb% hathdr" AhiyS tedmphekO.
Wth respect to the conponents describéd so far e same criteria
appl y asmfﬂlewms pychess SHPSS e Hatsfer hmegraisawc @ayobe Hessqin cexpeged when
except g‘i?hh

conpar ed& 'En (;Jtl @c‘g%gsn@%%%oam %@\‘ﬁ"gz&ﬁ’hﬁi&ch Ogésaegﬁgésg g‘%‘?? gl y F%lg%te F?:vé?rl y
sized and thpuasisiachirageristicemanbs more pronoynged foe highhescalet deviessi sosh2@0
may be for n i S

t echni quce?éT g\?ﬁﬂoeirgm ﬁggpé%% i C}Iavéh'? %%el&@éllﬁ@eéﬁ% ?&ocgg pr oceég}g&:?O le%s gyieal
af ter f cemicogdadier demices. | stmed |smlcemspécuve:rmbeuf1|caion2 Bﬂthetchaastuegmqmmﬁ
pat t er ni ng f%gﬂuenc nai;eﬁbe nodi fied in og ttl g\% desi r.e ¢
asyrmet ri% RGO B EYNERLEe tPF‘iféis F&? %%6‘-" B ﬁ@f‘%ﬂ?&‘é

a r especidapratibist A0QGERPMNE pEAS kn RYfoRRanRE aivdydsich be Mxmdﬂefcdlsfeﬁlﬁfoﬁﬂﬁctor
target values for the lateral di melgill on .and/or the d| ce bet ween

t he contduicss sad trapsiptars with lessseicplydigensipnsy, %fc"fPQf‘B‘émi“ﬁ AR 19

lateral ¢a@ise@lendy,TRNSE YecliRhlly € f&NIARE Sppedded a%&srﬁi)fhé)ﬂ)eblﬂﬁﬁf&t aRd
as at | east one representative |lateral dinension at a specifi

| ocat i orsubjest manet pdescd derqih shaydd mghPe Forseradot heing rczsﬁrictedz@zsafﬁlf&t
the top jhek ensms&a &ﬁ&é@a{ho%g%eae of deviation may

uni nt ent| onal 'y occur o respective process fluctuations and the
like. It shoLﬁxaarbe?aaﬁq@peeuuaﬂedlluﬁmes duep rgevt 196 apagraiepilugigr glevice 200
respectiye openin etc

5Py SPURREY L9 AR BR A0k B Pheni B0 BRARRCTRIER et
reliabl econeet ¢lehemn$ 23 handcoplumdiposfdiraig cpathttetementy 2320 ddecespedtor contact

|nstance, due different ,aspect. ratio of, the corr ond
openi ngsAFBL #@12%% E’% arganged ‘f‘“% taﬁ‘ilaﬁffyépglﬁ?t lg{ecaﬁ "F %qr adi
(2);0 ur, Whieetion,h hthM@hVﬁlraS Wayhdfaan mfﬁm@l@t@dtabwb 28 h&nd?ll?;ﬁ”lmﬁji Bepsdﬁam&ﬁ C?y

1. Hence a_ hi egree of process_conpat.i bi e achi eve
with reshee e&estf?%ellédmlen&rffr@ﬁar 2%5 r 53@91% bésapa%ee%fegaﬁwh%&% Flerigefe
Wi th refauenceaydip ad tﬂ% g Ctﬁmgi%r Mb' hﬁy NV erdidied &3Sa GBdpRithieNBiterlayer
enhanced perfornance by reducin fringi ng capacitance at the

drai n sucheleqﬁq ragterinl reiele il en S%‘Pﬂdal'}’befr &affrsing e ghatcresgseationalc wew
side. |tgy Jhdp ABRS ef aﬁegmt,&mﬁmﬁth&m%tcmaf slmwng%b%ay be

structure vmt Sp ect to the contacts 231 and 232 may also b
asymmetric in 1ts design in order to enhance the performance of the transistor 210 As

previously explained, a voltage drop outside of the actual transistor 210 at the source side
11



WO 2008/ 133832PCT/ US2008/ 004958 if a further reduction of the |lateral
di rensions L may not be conpatible with the overall process strategy,
the di nension at the source side may be increased, since, in this
case, an iworewsasssf this dinension may then be | ess cPEHUZHI8/004958
Figure 2c schematically illustrates the sem conductor device 200
accor di ngf the tanfistod MY may tagslt iah radxceorbafdherentent rivd bipabitigsef, the device
respecti anoynt of contact terial.at the drain side, may be
ednced S RS ENELURRES EABPHRT IPAGTLA DRLREEAfHeR RO PingS et the
corr espoRgbig of @BhdclivelRaetihloff BE cant@dty €81 Y Bt aklettad gRidedichEhigh an iOf
the contacts 231, 232. That is, the lateral dinension L may he |
subst ant FaPpaibleg et thg) respectizgcdesign s anshiPiRes setpiremenis.” \\TBpte s 2

the di st AneR-REINe B UHUAG0L Gor AREAES the? dtantTRey @fetﬂeﬂ%sgeéi%hmnm
t hereby reéducing the nunber of contact elenents that may be
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sour ce sistieture 230.
Figure 2b schematically illustrates a cross-sectional view of the device 200 along
the line IIb-IIb of Figure 2a. As shown, the device 200 may comprise a substrate 201
having formed thereabove a semiconductor layer 202. The substrate 201 may represent any
appropriate carrier material for forming thereabove the semiconductor layer 202, which
may be a silicon-based semiconductor layer or any other semiconductor material suitable -
for forming therein and thereon the transistor 210. In some illustrative embodiments, the

substrate 201, in combination with the semiconductor layer 202, may form a silicon-on-

insulator (SOI) configuration wherein the semiconductor layer 202 may be formed on a
12



Figure 2e schematically illustrates a top view of the sem conductor
device 200 according to a further illustrative enbodinent. In this
case, the local variation of the |ayout of respective contact
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device 2 accor Ing to a rther ustrative e iment 1n whic
232 may also be achieved by modifying only one of the latcral target dimensions with

respect to a conventional design of a transistor of the same technology node. For example,
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WO 2008/ 133832PCT/ US2008/ 004958 bet ween respective transistor
el ements and the associated contact structure. In other illustrative
enbodi nent s respective variation of the design or

cont act st"YQuE‘{“Eﬁl@§ ray be performed in a nore gl obal ﬁ&ﬁﬂ@?"“s@%&‘ts is,

extended areas of the sem conductor device 200 nay receive a certain
type of iEadpmar reduction of de lateial Himaansiose L wew ngriedcampatiblerwitiohevarall

maxi mum S I A Lity
ur i g UPLErE Ry BE Rty i Dol AEPRE IncRNAGRLL HEI{Rt b
ar eas oflncrnmeéﬁwdlpmnﬁmmngaﬂémsbews s:umrial as random access nenory
(RAM) areas, the respective contacts nmay have a reduced size so as to
avoi d undue short circuits between adjacent transistor el enents,
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to di ffejrevitlinghang dedgfeSf pitkéss iniTeymitd tihile aeadrthyleRSignifibiauil prbalididg the
provided with respectively adapted contact structures, .thereby

enhanci ig"@88; GRAGRRSE; WG MpNIHAINg & degiiedyion Fraisnes ginfhrei Tl Vside, as

per f or MgRERoGH Bxplained. It JNRIPBE bpsrbdimbd b afdi 1Rl Surghit AhAREHA BRAYDe
are illustrative onIy, as the invention may be nodified and practiced

i n di f f eckegted b corfguniparith theayigaprstive sheglodit mt«@iwech&és WPIPYide infomke
art haviingsdafice Qﬁgglh’l&?fgf%é R igaf RbRER PR & Be sEiRbe ﬁé?;ﬂ%r % comifitible

process steps set ove may be perfor rreta in a

Fur t her mwittethe doviké reipistniantssang ithee teeimotngéad! capabilivesdet ai | s of
construction or design herein shown, other than as described in the
claims below. It is therefore evident that the particul ar enbodi nents
di scl osed abdigiraay sdﬂmmtid:@ltyéﬂumtamhﬁ daviat 200dicadrding te b fivdrer diusoatbre

Accor di BT ITEeG (i SRkt R <SBOLHEr 81hmrE nat “Gapght FoTlet elepents
cl ai ns i1 athe shiivad sﬂ:léwﬁha.h ﬁﬁdopnate lateral target dimension L and a respective lateral
target distance D in order to obtain a desired low contact resistance in combination with
appropriate patterning conditions. The contact elements 232 in this case may differ in their
lateral target dimension 1 and in their lateral target distance d. For instance, if a significant
reduction of the lateral dimension L at the source side may not be compatible with
respective design and process techniques so as to obtain the respective modified lateral
dimension 1 of the contacts 232 at the drain side, a respective moderate reduction may be
performed and additionally the corresponding lateral distance may be increased with
respect to the distance D in the respective layout of the contact structure 230 so as to obtain
the desired increased distance d. Hence, respective “mild” adaptations may be performed

with respect to the lateral distance and the lateral dimension, while nevertheless providing a
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| . A sem conductor device, conprising: a first transistor having a
drain region and a source region; a plurality of drain contacts

connecting to said drain region, each of said pIuraIiHy of drain
contacts NEQOPHEIH3¥% rst lateral |ayout dinension; and PCT/US2008/004958

plurality of source contacts connecting to said source region, each
of sai d dshirdatignificot redwtioe of dret rmepestiveafringpgacapadionet hral'ar efl the apliage
dinensiqg %;'9 &ﬁgé¥dé ateral layout dinmension differing fromsaid
second AP fayouf di mension to provide a first total anount of
contact material over said plurality of drain contacts different than

a second total amunt K of coptact naterjal .over. said plutality of
source cont act&ire 4 SCli‘ﬂBaté?éﬁY (ai]g‘ff&rﬁ'(‘?f AR é’fo"Fe PRI ‘fa%‘t{.er"é:lenzoo

sai d firgtortiRlad a BAHER I BiratBRRIAGHiBRE. Shithik cAsS, the Sval VidfatisRbIths REBHd
total amount of contact material. 3. The seni conductor device 0

cl ai m 1,°fiAPeeivE cop@ctSigures mpYs dlecspadi velNtos i pdditigpoigmodifying the design of

the contact structure within a single transistor element, be applied to larger device areas
such as different transistors 210A, 210B. For example, the transistor 210A, which may
have basically the same configuration as shown in Figures la, 1b, 2a and 2b, may represent
a transistor of a specific conductivity type, such as an N-channel transistor, or may
represent a transistor having a different configuration compared to the transistor 210B,
which may represent a P-channel transistor and the like. In the embodiment shown, the
respective contact structures 230A, 230B may differ from each other in the lateral
dimension of the respective contact elements so as to reduce the amount of contact material
in the second transistor 210B, thereby also reducing an adverse influence with respect to

fringing capacitance, stress transfer mechanism and the like.

Figure 2f schematically illustrates a cross—sectiorial view of the device 200 as
indicated by the line IIf in Figure 2e. The device 200 may comprise a dielectric material of
high intrinsic tensile stress positioned above the first transistor 210A, representing an
N-channel transistor, thereby imparting a respective tensile strain to the channel region 216
of this transistor. As previously explained, the highly stressed material may be provided in
the form of a corresponding etch stop layer 221 A, possibly in combination with additional
material having tensile stress and provided within the dielectric layer 222. Similarly, the
second transistor 210B, representing a P-channel transistor, may have formed thereabove
dielectric material of high compressive stress, which may be provided, for instance, in the
form of a respective eich stop layer 221B, thereby creating a respective compressive strain
in the channel region 216 of the second transistor 210B. As previously discussed, the
intrinsic drive current capability of a P-channel transistor may be less compared to an
N-channel transistor due to the reduced charge carrier mobility of P-channel transistors.
Consequently, the overall series resistance defined by the contact structure 230B and the
internal components of the transistor 210B, that is, the drain and source regions 212, 211
and the channel region 216, may be less dependent on the resistance of the contact structure

230B, thereby allowing an increased resistance for the contact structure 230B without
15



di rensi ons conprise |lateral spacing dinensions, and the nunber of
drain contacts differs fromthe nunber of source contacts. 4. The

sem condu vice of claim3, wherein the first an atera
| ayout diﬁ%ﬁépgﬁgk%onprise | at eral spacing dinensionsﬂwgﬁggwﬁgﬁﬂﬁ%ber
of drain conta tsfis.les t han_t he nunber of source contacts. _5. The
Serm condUETEHIA AEEIRE (89 £VHAY, SFET FROTAEmpT hEy g B FRECHFofBRing
di el ect rdagadi@h& mady b€ BflcamtlPFedidbd! ab ipkSliods[PXPladicd! FRARHerdRId the strain-
plurality of drain contacts and said plurality of source contacts,

sai d i ntigfycinge meghatisn t prokidahitys ifar iRgenosg then etdht sonsiarers 22 Hk smay be
Cnduce & S o . > . : > !
transt stap gy Bl Thdch (apiSRRYick SR eloBEY Bertnbthce i in the
speci fi cransiswr 3108 conparest toghe warsistoz 2404 dira teathel signiCioaplydsghiev eorspresiva

orient edsu%LsOv%%cg 08&%@5‘ %ﬂ; rc-'l,s Q(QIR/Q clgéngigeﬁtvlagor}"deposition (CVD) techniques compared

to respective tensile stress values, and thus a corresponding reduction of size and/or density
of the corresponding contact elements 231B and/or 232B may, therefore, create a reduced
stress relaxation in the second transistor 210B. Consequently, the overall performance of

the device 200 may be enhanced.

Figure 2g schematically illustrates the device 200 according to a further illustrative
embodiment in which a corresponding asymmetry between the contact structures 230A,
230B may be obtained by reducing the number of contacts in the structure 230B, that is, the
respective distance D between neighboring contact elements in the structure 230B may be
reduced compared to the corresponding distance D in the contact structure 230A. Hence,
the respective “contact density” is reduced in the structure 230B compared to the structure
230A, irrespective of the actual width of the transistors 210A, 210B. That is, if, for
instance, a width of the transistor 210B may be higher due to the generally reduced current
drive capability, the contact density may be reduced relative to the transistor 210A by
increasing the respective lateral distance of the contacts therein, even if the total number of
respective contacts may be equal to or even higher than the corresponding number of

contacts in the structure 230A.

Figure 2h schematically illustrates the device 200 according to a further illustrative
embodiment in which the contact structure 230B may differ in the lateral size and the
lateral distance compared to the respective dimensions in the contact structure 230A. It
should be appreciated that each of the transistors 210A, 210B may also include a respective
“fine” structure with respect to the symmetry of the contact elements. That is, the transistor
210A may itself include a contact structure 230A in such a form as is previously explained
with respect to the contact structure 230 as shown in Figures 2a-2d. Similarly, the contact
structure 230B may also be varied in accordance with the principles outlined with respect to

the contact structure 230. Consequently, a high degree of design flexibility may be

provided by the principles disclosed herein so as to locally adjust the mutual interaction
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7. The sem conductor deviCe of claim1, further conprising: a second
transi stor having a second drain region and a second source region; a

second plugal, drain contacts connecting to said Al
regi on; anﬁﬁazluﬁs%lg%ﬁé plurality of source contacts conng(g @ﬁ%aﬂ@%sngi d

second sgurce regi on, said at |east one of sajd second E%urality of

drain coRFHEER TSRECIYSi YRrsHEndepenis 4P (e 3Fsosigise cerniashstrstureor 1 pther

second t GIAREhBFmBbAMhGNE, 8 résPedtic vatRlodof lRYRMEn 8 BHOG STRohH& striSures
| ess than the greater one of said first and second lateral |ayout
di mensi oy be performed in a more global manner, that is, extended areas of the semiconductor

device 200 may receive a certain type of contact structure, for instance, designed so as to
obtain maximum operating speed, while, in other areas, enhanced reliability during the
fabrication of contacts may be obtained. For example, in areas of increased packing
density, such as random access memory (RAM) areas, the respective contacts may have a
reduced size so as to avoid undue short circuits between adjacentrtransistor elements,
whereas, in other areas, such as logic blocks, respective adaptations may be formed so as to

obtain enhanced operating speed.

As a result, the present disclosure provides enhanced device performance by locally
adapting the characteristics of a contact structure with respect to the respective transistor
characteristics, wherein the respective layout, i.e., the respective lateral target dimensions
and target distances, may be adapted so as to reduce any negative impact caused by the
respective contact elements while not unduly increasing the overall series resistance in the
conductive path defined by the transistor and the contact structure. Hence, even within
single transistor elements, differently dimensioned contact elements and/or contact
elements with a different density may be provided so as to obtain overall performance gain.
The principle of the local adaptation of the layout of the contact structure may also be
applied to different transistors, which may additionally be individually provided with
respectively adapted contact structures, thereby enhancing design flexibility and also

providing a significant performance gain.

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 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

the invention. Accordingly, the protection sought herein is as set forth in the claims below.
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8. The sem conductor device of claim7, wherein said second
transistor is a channel transistor. transistor. 9. The device of
claim7, wherein the first, second, and third |ateral |ayout
di mensi ons conprise |lateral target dinmensions. 10. The device of
claim7, wherein the first, second, and third lateral |ayout
di nensi ons conprise |ateral spacing dinensions. 11. The device of
claiml, WW@Q@&?nEB? first and second lateral layout dinensions
conprise lateral target dinmensions. 12. A sem conductor device,
conprising: a first transistor having a drain region and a source
regron. A semiconductor device, comprising:

a first transistor having a drain region and a source region;

a plurality of drain contacts connecting to said drain region, each of said plurality
of drain contacts having a first lateral layout dimension; and

a plurality of source contacts connecting to said source region, each of said
plurality of source contacts having a second lateral layout dimension, said first lateral
layout dimension differing from said second lateral layout dimension to provide a first
total amount of contact material over said plurality of drain contacts different than a

second total amount of contact material over said plurality of source contacts.

2. The semiconductor device of claim |, wherein said first total amount of contact

material is less than said second total amount of contact material.

3. The semiconductor device of claim 1, wherein the first and second lateral layout
dimensions comprise lateral spacing dimensions, and the number of drain contacts differs

from the number of source contacts.

4. The semiconductor device of claim 3, wherein the first and second lateral layout
dimensions comprise lateral spacing dimensions, and the number of drain contacts is less

than the number of source contacts.

5. The semiconductor device of claim 4, further comprising an interlayer dielectric
material enclosing said first transistor and said plurality of drain contacts and said
plurality of source contacts, said interlayer dielectric material having an intrinsic stress to

induce a specific strain in a channel region of said first transistor.

6. The semiconductor device of claim 5, wherein said specific strain is one of a

tensile strain and a compressive strain oriented along a channel length direction.



a first plurality of drain contacts connecting to said drain region;
and a second plurality of source contacts connecting to said
source region, a nunber of contacts of said first plurality differing
froma nunber of contacts of said second plurality to provide a first
total anount of contact material over said first plurality of drain
contacts different than a second total anmount of contact materi al

over second sajid sBhioRddctor d%ces@f%'ié}ﬁ }C%lﬁpéoﬁnpns%?g-- The sem conduct or
device of claim 12, wherein the nunber of contacts of said first

plurality is lasseondimnsisthehayingsesecasd draintegionsangfa sseond sowise region;

plurality. A‘Sﬁcc;m%l&rg(gygﬁ?Hg\‘lfctoﬁ[acg%&:ife%tu? to sa@il s@:c;h% dd)’ﬂ?%;%&pn”a daI d

drain contacts have "a ate tar ared to
sai d source caneaotdplurallty.of a'dwceﬁmmact@rod:uebm'ig tdemkicseccmﬂ seliraé ragioh, said

wherein the |ateral .target dinension of said drain con s is |ess
hon i e Faeragg of sit, 060 piliEROR B Sop Ll SeTRaaais of fourdre
sem condugh@tts @EVdig SecBhd FhiRisir hdving M bt REhtc &P MRHLSAiRBision that is less than

the greater one of said first and second lateral layout dimensions.

8. The semiconductor device of claim 7, wherein said second transistor is a P-

channel transistor.,

9, The device of claim 7, wherein the first, second, and third lateral layout

dimensions comprise lateral target dimensions.

10. The device of claim 7, wherein the first, second, and third lateral layout

dimensions comprise lateral spacing dimensions.

11.  The device of claim 1, wherein the first and second lateral layout dimensions

comprise lateral target dimensions.

i2. A semiconductor device, comprising:

a first transistor having a drain region and a source region;

a first plurality of drain contacts connecting to said drain region; and

a second plurality of source contacts connecting to said source region, a number
of contacts of said first plurality differing from a number of contacts of said second
plurality to provide a first total amount of contact material over said first plurality of
drain contacts different than a second total amount of contact material over second said

plurality of source contacts.

13. The semiconductor device of claim 12, wherein the number of contacts of said

first plurality is less than the number of contacts of said second plurality.
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a second transistor having a drain region and a source region; a
plurality of drain contacts connecting to said drain region; and

a plurality of source contacts connecting to said source region,
wherein one of a nunber of said drain contacts per unit length in the
second transistor or a nunber of the source contacts per unit |ength
is less than the greater one of a nunber of drain contacts per unit

| ength of the first transistor and a nunber of source contacts per
unit length of the first transistor. 17. The sem conductor device of
cl ai m 13 [4f ur Theesengomdnétei dryiceafl skeowhd, wheagis sad draithewiaayg havea ai n

regi on a r regj.on: .a plurality.of drain contacts connecting
togsaid g?%ﬁﬁ§%§6$§l?egﬁﬂmﬁKm(%ngmﬁpﬁ?gfﬁfwng?“?gﬁFCe contact's
connecting to said source region, wherein at | east one of a | ateral

target dipensjon of said drain contacts of the second transistor or a
| at er al ﬁgfge hegferisre: HﬁmékVFﬁ€$§@H?é$‘@5%@%9F§MEWfFéﬁ%mﬂWBﬁ?%9fIeast

one of agli@li@fAdonta@fsq&fesHhmRme I Q8 aPhdeNEinfh8bNo AN R6LeS cQadihle first

transistor or a lateral target dinmension of the source contacts of
the first transistor.

16.  The semiconductor device of claim 13, further comprising:

a second transistor having a drain region and a source region;

a plurality of drain contacts connecting to said drain region; and

a plurality of source contacts connecting to said source region, wherein one of a
number of said drain contacts per unit length in the second transistor or a number of the
source contacts per unit length is less than the greater one of a number of drain contacts
per unit length of the first transistor and a number of source contacts per unit length of

the first transistor.

17. The semiconductor device of claim 13, further comprising:

a second transistor having a drain region and a source region;

a plurality of drain contacts connecting to said drain region; and

a plurality of source contacts connecting to said source region, wherein at least
one of a lateral target dimension of said drain contacts of the second transistor or a lateral
target dimension of the source contacts differs from at least one of a lateral target
dimension of the drain contacts of the first transistor or a lateral target dimension of the

source contacts of the first transistor.
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