TECHNI QUE FOR EVALUATI NG LOCAL ELECTRI CAL

CHARACTERI STI CS | N SEM CONDUCTOR DEVI CES TECHNI CAL
wOo-EEbi2Bener al | y, the present invention rel at eBCT/US100&018357

formation of integrated circuits, and, nore

particularly, to the formati on of sem conductor

regions of different characteristics, such as

di f fr@bﬁm%@ﬁe ?6ﬁ%ﬁmi&ﬂﬁc ORI BIERSRIOAE lCcTERKIROS IN

of a fiel fect transistor, on a Single substrate

and the eval uati on ofEMICONDUGTORBEYIGES:s BACKGROUND

ART The fabrication of TECENICMISHELDrcuits requi res

t h engQ{athﬂe g&se%t m@en]ﬂ(%rrgl esntU @?&mgtgon%k [n? #a{gd %rcglj:[rse ﬂl%ismore particularly,
gl ven area according t speci

to ﬂreafgf@awon O@H@P%duptyr regionp ph fifferant s}wwerﬁ%éé@sas théferhfrﬁ eltaesg fasger mobilities
in cRdnfel fepliofis@h Fidld ErfediGlahsis®e on WARIESubkiratt BMd teQRTha8%n of the characteristics.
circuitry, such as nicroprocessors, storage chips and
the like, MOS technology is currently the nost
prom sing approach due BACKGROENBARTor characteristics

| Yhoatir@fioR Bt @d 20 SRS RGRDBE HEmABNBI ERIRMERLL Afbuit clements on a
gweedﬁ;ﬁor cost efficienc During the f br| cation of

| 3 ﬁc??fdélﬁrtﬁtaeﬁec(’ﬁe 6ﬁ?uft§aya i n(éen &‘ﬁ]ﬁﬂ Q;‘g%cess technologies are
currantlly [praotivsd, ohertin afasdogibler sipcuitry,esuch ah\hmdn@meﬂsori ktargd Gitpe aml the like, MOS
techﬁa ng c&e&@qﬂé’]ﬁg&t Elroﬁlﬂﬁl% %ﬁp‘?&a@l} 1!1@ & thfe Qﬁﬂgﬁg gﬁac%nstlc in v1ew of operating

Strate i'nclu sem conduct or
specd oS POFE TR fon e é%sbéﬁ%lﬁn% RjFing i (408 Reio Rprapigxiesiated circuits
usin NNAOS Ite&]ixﬁrogp rmiRiofs- Fhamsneks, t.6. ﬁN&hz&h@ ltrahsSstosO4hTlofl Efc&(ﬂnel transistors, are

fongeglgpa u%slsate lu&g%%?rgstaplge Le(rjmc n uctor ?n d@{M%%%answ{or aITES npeé/twe of whether an

I nt er ace O rain source re
N-chgnech trgnsisigpgsradhetpreltapsisio frednsidaghretprisesgiogiled in [rostéags that are formed

by iﬂﬁﬁté’iﬁeﬁofthfgﬁlydm@d T&ra[n%gdl Qﬁlrc@&gloﬁshﬁthsaﬁ ldﬁ;ﬁ@)rlﬁt@lg |d6Héd chyﬂﬁl region disposed
con %tl Vit g%n%ﬁ he channel region, .e., the drive

betweh Pe e £518 YO Re conductlve channel i s

controll ed by a gate el ectrode forned above t he

chapebndu&iPsr Maﬁ@lgé’gﬁ(ﬁt £d tﬁehﬁc@&ﬁ@mmlﬁ% b conductive channel, is
i nsul ating layer. The conduct ivity of annel

confedig Bh? %ﬂ%ﬁ&c}erfm% Fogt the CBRRHITER S SEREeA SHerefm by @ thin insulating
layet. MEhe agnﬂhamm df @R chdnnd regiapiod Prin@ive o0nhductive vihiedde td the application of

an aggkpprg%tc%ntﬁ) gcﬁttcl eotg %e%gtg %ﬁgjd%de @e?%ﬂg aglt){ée({ ers, Qrﬂthg Eog)ant concentration, the

ant concent atio
mobaliy of t]é:rcgarged:ﬁlalers,faéql foga gwwte@s;ané)ﬁ@p ehgnmst regqafem &R gpﬂq@qor width direction,

on thegktQide bdﬁweteﬁl e ts&ﬂdé&h&ﬂtﬁhﬁ rapfiodd, Rvnidh KseGb |r£féhed @ astch@nel length. Hence, in
comgmgtl:o?nc ca a gy top Ia fﬁl?fure%t?nﬁ%ncqngucg Ienchgr%e bepow’ the mSLﬁ'gmg layer upon

applicatidyi of é%teu C@nfro‘l/mlhgq tadhecgajsetyictrade, yﬂlfoqfonfhab‘flhn of thg rcéaenml megioa substantially
inflRdgl uﬁtpelv&mgiaaeﬁﬁﬂosttﬁmmst hrehuis, N e ictisddor! (BY @bnnHiPOLRth, and associated

thereewF Exlc err(gé],létlont éhe cgmag%ts{r}‘gt!tyyr\é rstaﬂ% chgﬁgh%% h arzfgglimalﬁ design criterion for
accanpbigirgat ingkdsynjtpfopueing psedtofitbe peehod renicse of MOS

transi stors. Thus, the reduction of the channel

| ength, and associated therewith the reduction of the ,

chahigéprtinwag ipkpgeqf the frangigiar dmensignschoxisyre | entpils g plupplify of issues associated
therehaiti tinaltive BBE hddfessed dota€toinbitindudy ofRE R APIahisdel SthiRM by steadily decreasing the

charilnglcl%r? %}ng l.k/]@ﬁttugsm?o?se r 654 ng_]srﬁf %ﬂ 91]; thgs r%ipﬁcgge%r %eveﬂ){)ment of enhanced

e continuin ran
ph0t91 fh%hib‘ﬁ’é ctch ggeegiey to reélﬁh i sep@dwh!br %waiet ojrewifelemgris efgritical dimensions,

suctPes &@%h’c&&l&@o&eh&fh@ ’eMnhEloxE hHetta nBR¥Rict BnBBiAINRSEE HigBP soBBisticated dopant

prottg%selggnl Iv %?géé%é og s n\)éetll ahlg%% ﬁge eﬁ gt e% ozlzad%‘o %ctlugrlfg ﬁ%%m and source regions to

provieders $hs<rc endsont@h esistiyjtpin cpmiviptiemvithe debied clresh@otollpiglity. Wi addition, the
vertQVEhQR Te Bk Pﬁfju&fﬂgh@%ﬁ%spect to the gate insulation layer also represents a critical design
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phot ol i t hography and etch strategies to reliably and
reproduci bly create circuit elenents of critica

walRove0zi9ans, such as the gate el ectrode of thePCT/US2005/018357
transi stors, for a new device generation. Moreover,
hi ghl y sophi sticated dopant profiles, in the vertica

critegiion @ctidvopf leakageeduireng sontrpl. tHeacel tiesing|thedihprmelt lewpth alwrrequires reducing the

depﬁ'r%g{-ﬁle ﬁl@ﬁ ah@somg regfoﬁ’é ﬁthqgsgecg fOUheCiftedtfed kRS ﬂthJ)é’aQ\{ﬁsgl%on layer and the
| ow sheet and contact resisti vra%nl n, conbination wth

chanpelisgipth RPN AFATEITS SORVSHGICH AR LHIBEY| APrinet epther approaches,
epltM@ﬂW pro@h repiomsatd foimed vith h@ecﬁ?ﬂ)ﬁldpfﬁ&tﬂ) e @ste Wedithde, @Bifled refexded to as raised
drai an% s%&e%e ngé qj) ﬁl‘D{/lQ@mlﬁr%&% t%llu &Qﬁe%?eqtﬁamaanﬁ Au&cle Fe%lons, while at the

aesi gncrr eri on in VI ew of 8% current contro
samp{memaintpipigg & shallp vt b veck e respf‘éﬁg eap weplatiaglayeres

reduC|ng the depth of the drain and source regi ons

I n S cgt%i?epcﬁgt%ngct)ug rs}zcg lﬁe uc tnecgfft aégcgltﬁgeafélfngnsllog ﬂ rgxegzeblength of the transistors,
necgsgiglas the sigrtsop hnd@de)iM teq‘hew pickprnent ?félrghb’@emmm%% techniques concerning

the ﬁ%gg{dgﬂlﬁgl ﬂr&e&tsgﬁsr 1t%9301§e91aﬁ51;%§ed t@ HEJ &Xdrdd heyncg E)éi%fﬂnance of the transistor
ed offset tg th

regions are formed wit e
elel’éﬁ“@ OF (SRt PRSP é*’f”glrl‘?é‘ag’f’ 6i“‘5§el FE51O8 &Y of ﬁhaﬁigFg ength, thereby
offeBio khCi@tenid) foo mbijevib®a rfonagte immer\ens thet ic@nglaratild withithe agfance to a further
scalgcﬂgchﬁ(ﬁ%g? ﬁgde%ﬁé 'ﬂfoiaﬂg ﬁﬁxﬁ“ﬁ' &€ ago%r&:@s% ’adam{ldng matetl] %1’(1?‘&%6 scaling.

time ntaining a s l'ow PN junction W th respect

the gate insulation |layer. Since the continuous srze

r e dLuGirin@ple, 0t 1dadt@we fnictHatigths WiyMRNBed) MS conbirtion drhi€pag@lyLto increase the

mobl q‘agtt tﬁ]e c%grﬁ% caler%e%]sr a[l]1§ I%gue{ ior) ePcfrgtS%é %1%%1% %?ﬁcgh%rat%gl%r 1t{1§'i11ie Uhnnet region

e new eve opnent
masﬁqeo@de@é theeecbh FridepingSeaEierng eYeRts ifﬂg the ﬁ@rﬁu@}v@s Pltﬂlélms rlrcreesalg the conductivity.

Hovryi;&qeaﬁm§ the BSpantl cBncElﬁéhdﬂQ@ﬂie P RRNSA6h digihfﬁluﬁlQ aBRBANRGIReshold voltage of
or,mance of .the tr

o
e T T PR R OB P ORI PP PR HE RN Hiposv soprosch
unlgse gthap moeflgnistas ge demlopdddm adist § dasgedhthresbldrveliage.ofSfoend, thy lattice structure,

tpr:ah? mb)esmféc@ L)rlé‘nﬁﬁo@ﬁlhhe%‘ﬂnﬂg rr%log %fa{r 12 H@tﬁﬁ’e@ fofmgté?ﬁ!%@anng tensile or
IS conparable with the advance to a furth

) COH@ffgﬂlVé gresde H]ﬁ@.fCB 8 S:Prrﬁsparéiuwﬁrqnbm the Shagpel, ﬁglﬁﬁ I’WHCB fesrtl’rﬁ & a modified mobility

for b apd B(ﬂﬁSﬁspacdﬁﬂif aFirersnphs gatihgtemsile wainhin dle\cha@el region increases the
mob‘?lﬁg 8% pe%tronls nWr%{e ngépplld g oﬁ‘tthe lnﬁl aI’Etrude A48 dﬂ&ﬁ&?&* 12 tns 319 €n increase in

nat I on r sep y, to Increase t
mobfig pf lﬁw olyfore Fay kerpReged E’hlﬁ}r rnetrle ey direrdly E¥alAt dtto & @EpsBding increase
in tiel dofductivity) eoldﬂap adr helmn &ﬁ@feﬁsa}te isieih Mitelthahné] heio han Release the mobility of
ereh educ] scattering
noidy HPL PR Feb RS Sk BN LEME D FERAERLTS |
conductivity. Fbmever reduci ng the dopant

Co n'@l%ﬂﬁt&ﬁﬁdtl@lﬂ of et s@tﬁﬁl RS leern® Gitd nntscglrﬁal dirtG@abdcHion is an extremely

affects t hol d volta he transis:
Progiggs %P@m %‘BV €% %ﬁ’ﬁr’r‘%?“ﬁ'rgﬁ‘ieﬁrﬁr FPRY §EATe E‘%QP T ge considered as a
“nedfO pyan bf eotiroaduttoa nhtenrl, awhich Seaysntticatit ifabeicasipp PO &sthpowrrfig sgniconductor
devf%%\I hﬁ&o%ﬁﬂﬁ% &B&s@é‘ &nﬂ@r’dﬁét&&%@nh@ arﬁqhald%ctlﬁmg ?e@ﬁnﬁq@g Consequently, it

esh tage. Second, the lattice structure
has tbﬁi‘é‘r Rrenopeg ta 1‘(‘11)6‘6?)3 fop ioparce PRPlettipiy iopeans ft ¢ [SHicufgaRRARIm. layer or a
silidoREHrtdN lag@ Yorh&l dimdilitdnathstrftaxt obtaisthadsesdbyaiCin @ ichange! region.
tensile or conpressive stress to produce a
corresponding strain in the channel region, which
r eslyl ether jappreachps.dlopdlle Fragedistrast yrofused BY. et fetprse.aeverlaying layers, spacer
elert@is Ofenchli@BRGCIHuM@EYand (O Ihkeﬁlx a0phe, in 6 ﬁ@ﬁﬂ)tﬁ& c&@@zséiels@d strain within the
chalgF{_j g!??rb kgovge&%eﬁrh %rr})geesls éontéula (sl;{'%lgntelﬁ“;fh n%x&nﬁlﬁt ra%on ‘tg agj)glymg a specified
exteghial gress impy stowhgly h@eltdeqnshel devisstarchitenture gpyodess dechip@ies, iaterials used and the like,
smcg‘a*a'trlaﬁsia}{orpgf MQ&l@EreJﬁafsﬁesm f6n aPhalRG) re&@d ﬁ Iaffecleﬁ] by, for instance,
turn, may directly translate into a correspondi ng
i ncrease in the conductrvrgﬁ (Mot he other hand,
conpressive strain in the c anne? regi on may increase
the nobility of holes, thereby providing the potential
for enhancing the perfornance of P-type transistors.
The |ntroduct|on of stress or strarn engrneerrng into

o T 1 e, r 1. 0 g =
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"new' type of sem conductor material, which nmay enable

the fabrication of fast powerful sem conductor devices
WORhOA946 equi ri ng expensi ve seni conduct or mat BCT/HER05/018357

and manufacturing techni ques. Consequently, it has

been proposed to introduce, for instance, gl obal
howsstrorglyrthelzyanne sagn Gsfbomded jol thedoriddgesniptingilaym ih 8QK(ilige-ogrinsulator) devices or
the éEL,hﬁg &41% ahRam L@hy 8&victOho® Qmému@ss $hd wﬁmméﬁmfea{oﬁtcﬁl fe%broduced in a

obtalh t desired strain in the channel region. In
speciffe e, é‘tﬁ‘ﬁ}i‘ed thes, locally created stress produced by,

for instance, overlaying Iayers spacer el enents,

t r elgechtl% t?t%asal;e!anoﬂ}opoged ‘t‘o%é%&é o Al ehggﬁad sjutgﬁgteg tRat Eplgéie SI%I@(QI regions of two

eate a raln wt
dlffqmawwetpnqne 61%‘?} a (Hghewtage origtpdionyng @ 659) syfface prisatatiopg duefiethe well-known
fact tlaf @E Hold ﬁoﬂﬂhsemCdmj@iﬁl;onn@@pﬁMMymMmeb 0Q ndbEFaE (100)adicon. Thus, by

R e L L
orietitht@n [prdxiding S supseiot biectrpn amah‘atm ¢ dyfinnlivegidns o lteyN-chrapt &ahsistors, the
perf§11ir{a1§:§ %f 'cﬁ]é:uﬁ’s %n[a%r% Boﬁl {yﬁ% o@%ﬁﬁ%&s Iﬁﬁ'gilﬁﬁhchﬁlya;efeﬁﬁ%&q for any given

i nst ance, how strongl region
tranﬁ%(ﬁdlg:aneparet I,’]l"ge B]Bfl)q uét&)n oif]gvm %ﬁe ] cr}ls gliten aHonge]a single substrate may require
addifiedal domplex @ovessaspsl at or) devi ces or the remai ni ng bul k

silicon in bul k devices, how rmuch stress and with

whi ch direction can be produced in a specified area,

andAt heonsqaReace, R pdyprepd, inteprated, %%%%chgbbgw qug or more of the above-
iden@fi@Vib B 56 tﬁ‘eaéléc&dalfbyhﬁdteﬁstﬁzu 315} 1 E@hﬁﬁnﬂyhﬁﬁend o hhdd'ﬁally achieved channel

COH(?HC'[llvlltgo nq—dna%l oor111e:S p rfnorte the f cIo srd%{ét b I %O%ltil %\qgr ha¥e to be monitored. In

surface or| en | On an
partisplpresipinehginering dseconsifierep @ pmsm Raveidrtc foa‘élturq Jesige seh@ath@i dn view of this

situd¥BR 'ﬂleletﬁﬁsﬂs t@ b EQ)a t&hﬁl&llfé %’t érﬁbl@&%ﬁ_‘ﬁ:&ﬁﬂ cﬂ%ﬁaﬁbﬂ/ ofa_oo'él_ deliPBaracteristics, in
111 con. u rovi dl n a . e R
el st ﬁﬁtf?ﬂéé?f@ﬁ%?s ot Ok ey AdkeRie e Shaftd cBippsamobilty, in

diffgent gibstis asedsi | @ mai ntai ning the (100) orientation

providing a superior electron nobility in the channel

regions of the N-channel transistors, the perfornmance

of circuits contai NYEN, sistors nay

Si grieffolB@ang brgsehiea ﬁmbﬂfﬂad: @thnfatyrof &l yav@itivrein ofderadieb €de@rbasic understanding
of sgrgag aslﬁ% thtll{e mve;l-tnﬁ ITEH:S %lls%t QI exh%@ﬁv‘é )()pe%?iev? ]:)f fal Xm%n@i!)n It is not

nmasmgesusrae require
intepdgd romieeiafa ey riicebelepryt efghs Bierisa or fAéelaleaéfoth%%em@ﬁ@@ invgngion. Its sole
m@%ﬁa RCREert Bdn@PofdeMelinGil sifiglifitStofnkid Gatiddo DY mdfidegiled escription that is
di dgore of the abovei dentified techniques, the
lscgﬁse #¥ical characteristics may significantly depend on

the finally achieved channel conductivity, and, hence,

ONEGEkralikD e ﬁ’fgseﬁthﬁveﬁﬁ&lt R Greslatt |r Méahxﬁkﬁie R allows evaluation of electrical
conductivity have to tor

p cu
chagrgits Bt KRR FE b Nop P eas 15 B e e b e in
direftivn-dépatdentenagiey ileebygeoadinet thagrotsntial for esfimating partidalady stress and strain induced
offesik &t{ﬁéed agcgggﬁn&wr%m@s need for a techni que that
ena efficient evaluation of |ocal device
characteristics, in particular the stress and strain
congéchidBy ® oddlhs@htive Erhl&fdmﬁﬂif oﬁt‘hieﬁleireﬁt idkiten tisehgcdnii@tor device comprises a

ch e carrier,.mbi u . .
e BP0 PRy B FAL) L PPl S8 3 B398 e provies
and giergjshtiifailpepugledipdlicyperpifongysior regigr for measuring aigpagieqne gigectional characteristic of
the %ﬁzz\shdd&oﬁegﬁs I ACHrbtEIS biS ket bdag ar@ﬁmigumloagsm@tt Bre®ibn 438 second two of

i nvention. S Vervi ew
e 5t b v PRpEAo B STp Feg o BRREEOR B P e ey
or critical elenments of the invention or to delineate
the scope of the invention. Its sole purpose is to
present some concepts in a sinplified formas a
prelude to the nore detaihggig%§gription that is
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di scussed later. Cenerally, the present invention is

directed to a technique that allows eval uati on of
we@bk@meneive@al characteristics, such as conducti vPECHUS2005/018357

electron nobility and the like, in a highly localized

and, if desired, in a direction-dependent manner,

t hese@yting oY ifdthagillhdaetive cirbodimenkt of ¢ie pegédt rfevetiog) a semiconductor device
comgl@s'ést 5%%@5nd1¥cto trg ?o%sfoﬁﬁleq a%Bvread gub'sipageu Qtﬁd ?eslf &rg\lztﬁre Gt tLJ;] Bormed in the
per f or nance ffansi stor. structures. Accor to one .
semcqu%qrf%topv@eéwb%ﬁwe istcorseuehia dpferains dtcondpspizing 4f dg sergiconductor region
in at3@RAreONAEL Bifecil@y i Ce conpri ses a senm conduct or region

formed in a device |ayer |ocated above a substrate. A

plurality of test pads are provided and are

el ebworilipaltd gtillcogibreitlustretive lrabedimdng o tha atresent rievgitiom o wethod comprises
de’cef}ﬁﬁ§é'I r\}vlﬁlg re@ﬁectl Rasgt leeg.p @wcﬂ |llﬁtﬁﬁ§ |11Qﬁ}§"e‘nde‘ﬁh @ﬁéﬁ&n@r b bleGiri@f property of a

sem co

e tes
sem g {0 Bl PR T T PSSP i i e GRttod s compries
evalgdting dtdeatt@sd sppafttshascgristicriglugetig alcloang carrisrembditith il ke eoticondnctor region
e first direction. According

on%%?%f ﬁ$?ﬁ&££%f?%g%§gﬂ%%§ enbodi ment of the present

i nvention, a semn conductor device conprises a

sem conduct or r BHIENDESURIPTIONON EHE DRAWINGS € and a

test structure that is fornmed in the sem conduct or

r eg’l‘hg elﬂaﬁ m£€§e 1}n§4 {{%ﬁtog ;e?erénl?e { %&519)%% qies{: ph%laﬁgnlﬂ po%_luncuon with

a con UCLI VIt m conduct or regdi on
the qeqapaliying dreeies, i whish tikegpigrencaswrenral iAgytifydi %@tlmep’fsaawblp WéWh
|IIustrat|ve enbodi ment of the present |nvent|on a

rectrons, an el ect
for pqt@pemg yelegtficah psmﬁ%mh@a (03] rhn?aéglu@npm‘ffﬁaft dijegtiong irat epcifipd plane of a
semforldBNdr ¢Bich 3Yigkre®f a sem conductor device. The nethod
further conprises evaluating at | east one specific
characteristic influencing a charge carrier nobility
i n HigveesSkerid corohattcblyr shoegin eianorievt heesh agicreodcedrdim to further illustrative
embd8L85M ned el ectrical property. BRI EF DESCRI PTI ON OF
THE DRAW NGS The i nvention may be understood by
reference to the follow ng description taken in
C 0 NfiglideC tel s€Hamutdcilly illulieated 6 CroRadiyiange velsfawdst b Seturd chdlig@lpate structure in
ke referer l. ] | ements, and in
accor ance Wltg geur?lglgtrap%r%gdng nks%?{ﬂg% %é tulvk 01\% in pI an vi ew
and cross-sectlonal Vi ew, respectlvely, a test
st rmg&w @h&@ﬁcadﬁaeplemn@aagleelae@t dirhidha@t inPliREaHS Hi€Srerly @RGhted transistor
gm&nde uggeggm%hreqtlons in a specified

“mﬁvgﬂﬁmﬁggﬁcsenfgﬁn YoF"egron of interest; Figures
Ic-1d schematically shom1|n plan view a test structure

aC Clﬁiél.ﬁjé D GukiQtef Vnr ﬁlﬂle\rlevll hd &h?a& ro@te%tvﬁdseﬁaﬁ}gﬂg HEduSed Iﬁhlgéil lo§ contact pads

e schematical | én %trates a cross-sectional view of
a“%ﬁ%&%ﬂ“@??ﬁ&?ﬂ# eWﬁ@P ding a gate structure in
accordance with further illustrative enbodi nents of
t heFl@.ﬁeeﬁ esﬂ&ws' HV&\&E éegtﬂmal FJl&“ Beces? %H&' 'th:lhcﬁr‘%I !i ¥efg§f3é (’fetsts structure for
an view a test structure I ncluding
detemuplfl% rsglﬁ,{aplvllb riFoEPRie Fleetical sGharpebFristics it %ceﬁ\r%@cei pyith a further illustrative
embaGmedt.dance with one illustrative enbodi nent; Figure 3
illustrates in plan view an array of test pads

requi ring a reduced nunber of contact pads
While the invention is susceptible to various modifications and alternative forms, specific

net rises.determ nin th
IH nearlirlFsc!heI:rrha ca % 88 ﬁ_rtx 191 an xqew %nd CIross- seaf())na? v1eW reslpectl}re?y, attest structure

embodiments thereof have been shown by way of example in the 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,
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according to illustrative enbodi nents; and Figure 4
shows in cross-sectional view a test structure
w0 p@baebong a reference test structure for det eP@i/nE20g5/018357
substantially isotropic electrical characteristics in
accordance with a further illustrative enbodi nment.
equipipritse andpdteingtiyemfailingywitlin the spixitamil [s¢ope phthy Gwéntiorsas defined by the appended
caif@di fications and alternative forns, specific
enbodi nents thereof have been shown by way of exanple

in the drawi ngs and are herein described in detail. It

shoul d be unddGDEISFO [THENRVENTTON pt i on

her ﬁl'uﬂraﬁ)sfe eﬁpc%ﬁhefn{s Gr tﬁé@%ﬁﬁdﬁ%ﬁtﬁsc{ﬂ%d IBQBW ' Iﬂtﬂg eggt J;f Qlant% ot all features
[imt the invention particular forms discl c?

of *’B&f’t“% ATRIFRIREM ¥ F@smbeqn@ 4“?1 eRsfifivagen. i & vlbofcisyreq beggppreciated that in the
devﬂﬂﬁheﬁtl o ahy il 2 @GU blﬂlibhﬁiaﬁtSnunafbds ﬁﬂ\pﬂe&feﬁtéﬂohlélﬁsmf adclsloBgmust be made to

achlave tﬁ‘e Jé\éetl &s ’Ss ecgf{c r§oailgm d é}ga% E:F%phance tw%%gé{g %ﬁ‘%ﬂ?ﬁﬁ@tﬁd constraints,
whl@Lmll vwﬁpwvmmqtalhpmts epodfies- \Moreayiyoi Witeheterpresfatetl Hat such a development

effohmﬁgntbb Q&n@erxeanﬂi %ﬁl%énblﬁxgngb 8kt OWuld! d3verth&esh BE £kRBle Rfiertaking for those of
of an actual inplenmentation

°rd‘5%5kél{e’§8\9 éadmigﬁhe ?ﬁeét"g%’égs‘fl? &tion. It will of course

be appreciated that in the devel opnment of any such

act Tll‘ﬁ:l re@éﬁpﬂ%nﬁ&%ﬂ nm&@%d IWE{P Le@eﬁ@l@ t@ﬁfe QR %g\lrésl Garious structures,
deC|S|ons nmust be made tq achieve the devel opers

SySIEA (et FLemUERIR Cepieted JhiDF FPARDE  YHPOSSy S GREREPRbeEmd o 2 o
not Biclrdis prases Snviestlon tvithl daddin Sibtragd willlSnowrto Gttosandeillbd M dtfe irtf Newditheless, the
attaQBE d].lamgeﬂce Hltcﬁ&édoty dés ib@ que %}(g ain 1%&?:91@( ;a'mlp eg oy\fh%] k;re%et invention. The

appreci ated t suc o nent e
wordtoitpg IpEsrsea Higd iR skasldsa i drgioot md s iebae W@Pre@scowmt with the

und@stfrdisp bfBoskl ﬁdﬁé’ ztna lﬁhrﬁbgs EnylﬁoseI fhos€inGe rQEvdhtRAr Mo §Js¢uh 'deﬂnﬁlon of a term or
theatJna of this.disclosure.

s e eon e b R o e bl E B e PPt b e
skille@inttlpeart oip m&e@é@ Hellrgnjm@@ coiggtepiowage of theietmur ehrase yrsin. eTisthe extent that a

ten@&q)hgl@é/is q&&m@ffe h&@meag@e&an eRiding, epi Glagely bl Kbt BWMeRPSI by skilled
for purp and so_as. to not

X nat I

it & B PREBE PrEREPOR o R b o st mannce
direvitylahd knaguwacdlp piohides ¢he sieriblldefthition fdr e tambr phdever t hel ess,

the attached draw ngs are included to describe and

explain illustrative exarrpl es of the present

i nvERFER DrRRCRGY becdamdhprreebs’ drfeige Rierisehchangtists e  localized
manh:lﬁd@f_l‘ 1Ebvadtk @@dpﬂldﬂi et pireted thad nlag\be rendile adpleR@nted in currently established
proc%%?lg{gi &SJ %‘Eﬁt c s{unmé Qﬁniﬂ{g q}%&fhﬁ(ﬁ? iegrgttée?zfee i ts E?S ce)n tpD reli%%on%uc%r substrate. In
futuseg]@@peagenqg@ppsn pt{eps(ﬁqd gffamapnglgqemgdpaymwoggén ifppogant degign criterion and it may
signtREdiR idiu@Be thél@erall §erﬂ|)hﬁaﬁ1&rc@ e dévﬁdémpt)ﬁﬁly@d' GeBRLt¥n a'ﬂﬁjthe introduction of
hete%:o'l%%}cguets 1ny ﬂlesn%?ﬂlleq élaa gm% 6@%1%}%%? 3 dhf Svnt caﬁtgﬁlfo&aglﬂ% orﬁgtgté)gs within the
samg fubgtiats. ﬂ\@nmfdhesmpeats eahkgigtiraduced during the eppdrvturitghsaquerce and may also be

applfie@ Falld %dlﬁ@irtasvgry' eSenl WitHENH ﬁﬁiglé &bﬁl@féeso Gha® Bﬁﬁlﬂl @}fecﬁ%‘r’}ﬂéaﬁware required to
ot her than that understoo

nin
moniry i SGR e ORI OISR BPeSTP eI ogoTY esa%mﬁwﬁmql gfrain inducing
pro@@ts. fSaesh bndi siait bgingqpdg hsfwetlat the provisiomofdkkffeteni drysaldtaphic orientations may

I
be p@ﬁ&-ﬂ&f L}@#y Igdaﬁzgg ¥nL1 era%devé{pcﬁﬁéfén\{ g?é% Jﬁ YearRfs (3% fﬁgzg'or&rpﬂ%entary transistor

specl a inition term rase.
palrlrrﬁy, BRtiTeGliffeeenhzealagnty ﬁhqs Hlée tgsb%@tbqes xaafy aé@p’qag?pw@/ be de51gned to provide the
desifet @Edrkta itk b egpafal edolutidn” @t dllbwothd Q6:dAtioR BCk1IREHD EHlaraBi¥ristics on a scale,

whi@;aggs:agl n%rm? Q/Eﬂ?&%l at e eet‘?atnsm or eremen I‘ eZ%x%r c%tultn?e%lertljts é%e s‘perforrnance: of

Teadl |n current proc

whigh| Stxw;ﬁcwlx 4\39@1515 wokrdersl ql?gtﬂ@hqu@tméﬂ@rm unt of r eaI
estate, i.e., space, on the sem conductor substrate.
I n
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future device generations, stress and strain

engi neering may becone an inportant design criterion
wa@eaeior2ommy significantly influence the overal PCT/US2005/018357

performance of the devices, possibly in conbination

with the introduction of heterostructures in the

c hahiséd bemeigd bats samchbntivr @emgqr Wmljm inclyfles d plufabty @fidircuit elements formed on

the bakiy %a@leh@(g{dﬁﬁm ﬁ:laté}fal %ﬂ&ﬁﬁ 1h48 Sirctt El@xh&tsta%sﬁﬂ%rmed on a specified level in
substrat e. hese g@gect pre i ntroduced

o R P PP Ut on (PP LB S S Tl P gt loments, such
as tafplorsechp@iats aeidhe likeds te®rredan ys 2deeioe layer.nOn tha othertgddethe individual circuit
elen?eﬁt@ ?otnﬁé’%ltu? 1 Qevl Qﬁg rlaf' tg{' th @Jdtm%}tdla\}{c% hﬁ%%ﬁ‘e Bt t?lcéilg g&t’lhé'cgﬁl in conformity

noni tor an ntro fects varil ous roce
withsg gpeifiqdceimpgiieydue it uddh gp spésﬁf‘élcfrwwl slf’ﬁkéﬁst de§t‘qeé’rn?1 or more of the
indibiBEUGicM D108 ﬁﬁﬁeﬁ&vmeﬁﬁfeﬁ 98 canipléx ﬁﬁefgﬁlkeﬂ cRgd, e elédtﬂibQII odfmection between
the \gﬁlllvlglﬁa? circfutolrnseglrelcl)t}s” SI% 2% be festg)lhshac? quﬂ}n t \Sntceia%%eé UL l[é)l%l 1?5ua11y require the
formmtiomefrone arsmery eﬁlﬂwnﬂf’ mnezi’t lastegﬁpeosudelg hrgrﬂerrpsn@ttzyp sneis rndgvias, wherein the

line§ Wheea[ﬁqﬂt% T))ér bdnBdgh:S wiile RAiks T8N de! LBk Qorfactbededh Bdihboring layers
treat nent,

the test structure
comppRpIE BT Lurefr ” b orraRepEpRTiTTEd S 15 Pee TP i adviggmay also be rferred
to as @ fo@faitiaition teyw t AltheughSiratbielaperfpresak WE b Getticdnthator déviceisalso significantly
affegtgﬁryecﬁet éh %r@t'ﬂ:s of me! n?e@aﬁlfzétﬁﬁl kay&b a f%P 5}@ rnbl@ 'iﬂe q‘rﬁro@ﬂm ﬁf mechanical stress

wni c | east conforins Wt si ze of
may ngyrasestn ORI Ghe BHIEHY ef metli ltnesei‘ré‘n‘é‘?ﬁl &'ias.t thp present invention is
con&ﬁfeiﬁ G}Jitmilﬂﬁlﬁqlﬁf fashontollng gl bdiatiig yardepenittuedding fetrical characteristics
ox LB Ll ARAGHEL0 Skl e, L0 Do o ed
fuh ? a sem’conductor evi ce pl1 Ca I ncl udes a
plurality of circuit elenments forned on the basis of a
Senmﬁ”}&b@ﬁc'b e tﬁmﬁcﬁ&h}ﬁhymg\/\‘ﬁﬁhﬁésn filrih&S Bludtdative UWdntbodiments of the present
mveg{ﬁ%gvg ﬁ?vil E‘f :f scr% dz' fiin ét%{)recdg %}?TE lglﬁon a|a88n %i(l:cla{lji gws! 1?1\}/)E1n v1evrs) aBemiconductor
devappPe certirising aaswmke@rbowupln gpay evredsent oy uphrrrpglatersnbﬁmtt, such as bulk

semﬁl)m&t §1bst1§t@§ hns@ﬁtlﬂgr Absisd Blvihg fGl%Qé‘GchetféBﬁ S é?sgalﬂng %ermconductor layer,
[i is ref erred to as a device | ayer.

, On
Whel%’fae seqjgendpGioylay Py frofiflq qug prmozy s@%ﬂ‘f@"tﬁ”rd’i‘aﬁﬁﬂs IPI pac“FFélar embodiments,
the dmmaee_ol ayerepefent atmikssiivdrcabrtiare boin B \($iken-biaingildiap) dobstrate, as the vast
majgjitf %F 5(411‘&)?&'1%&&&&!&%%9&1& dsg&lpascxﬁ@rg&[x!&st)% ﬂr&g@ d@vu%p e}@I sj &E the like, are

speci f funct onal
fabricpigd opdly haﬁ% piigicopndt 8@11%? émalfasrq#eh?vrmrrvrhwaq eralrorle@rtf shown and
des@ﬂb&mﬁfﬂinsma}ﬂbet Balilgd empleRd liryeaibination vﬁmrﬁﬂjz epprdpﬂite grbafaed such as gallium

arsemde sLi %:P?ﬁa talﬂﬁmeslugst Elt%l cl:nas{ﬂat%ng nsgbetcrates 1% reo 8 or more strained
Cl I Cul el enen | she

Senwmdqrtwl«’t}’ﬁead@llrble | ayer and rray usual ly reqU| re the
formation of one or nore additional "wiring" layers

i ncl, udi uctive 1] nes and .wher e

t horronoth B et et e irttoab B5SeBi ol M o i esocipents may ve
enclped &y pr mlatxde stelciept 103, odile Doteaaibodimenieebrrdve pighdmmicorgluctor region 102
ma}J Y Eréc%efrx}%@ﬁéﬂn% L) m%%l:%fé&rhﬁé@ b+ hJ‘gﬁ@oxm@réﬁBﬁJ st RAY BLi0& circuit elements

W rin ayer inclu i nes _and vias may al so
or ofjigr tFSe‘?“@ft\“ésanfl e - ghﬁ‘é‘ﬂ%{’l"P Torcher of: T agpeifed: N&r%ﬁ@’r‘i anygpe of isolation
struttk dhchper dhailovanad ivftida (SHEyhCofiduaitiptised@\iiatceld $mitb&ictor devices.
significantly affected by the characteristics of the
metal | ization |ayers, as for exanple the introduci n% '
of Hrsctrierndusior drvice 40 fryr doppriseraROBINNES 1RsigR IO 1Q4by104c, 104d which

are ﬁrr&@lntztch\elﬂrteé delebddudtor réfon 18, athe leét pos 1md10mr§t1@xlc 10iBBay répiBent exposed
surfl Sm)rg Vs%gl:,] Ianodr?lr%éﬁ? g)%ol ?(%S %21? avr)?é)% con¥act|e ag 8)§%r?afl électncal probe, or the
test @hde d 04 d&b, I@Frari@ﬂdmmr@m@samw@ﬂfﬁch bettiesn d ewfacepdriipp of the semiconductor
regit 603 a8 2 LBuckitd MAGHAL tidr GRLAE ploPRA i ¥neSN8 8rGh1! th8R8S within a dielectric
Wth reference to the acconpanyi ng drawi ngs, further

illustrative enbodi ments gga etg}iel present invention wll

now be described in nore t Figure la

schematically shows in plan view a sem conduct or

devi ce 100 conprising a substrate 101, which nmay

repr esent any appr oprr ate substrate such as bul k

.

=
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wherei n the sem conductor |ayer may include one or

nore sem conductor materials. In particular
wepdvemi2avent s, the substrate 101 may represent BCDHUR1005/018357

silicon substrate or an SO (silicon-on-insulator)

substrate, as the vast mgjority of conplex integrated
layecihstdufbimsd owubhseaicomuctpropgia@d 83 skvr sxample. diredgyepadelditc @b, 104c, 104d may
reprégt% lﬂ{éﬁlacte I%@twL:énktﬁe sé’ﬁﬁc%ncfu@tblr fegléﬁ Q@'z a1 at H@tal%%l & fﬁsed of tungsten or

[icon. It shoul g@ asi zed, however, 't hat
ﬂmgétﬁlbsm%megeﬂswmce@ﬁ@ma 8% B R REpTIrFomY bejav {hei pags 104a, 104b,
104€ Ndayee (He ﬂd’ped: nltoftadtaton tajedtddlishraysulssppiiallp bingit Behavior of the test pads 104a,
10m§9zéHo such as gal li um arseni de,

I'con gernanlun1substrates i nsul ati ng substrates

haV|ng formed thereon one or nore strained

sentie gmeau@toefest&,ﬁw @64‘&; 1084) do&hmd drk @rande (0BG 2BRANEL ﬂfamleast two of the

e 1is 0 eqgl.on 102
e Sl Rorvs ey DIIEARE ot R et [k ohit oo o e s
pads suchissttherpeds 1108, and\m4kiedefm¢ agtdaed dirseton off intermdt $055. Moreosr, theftest pads 104a,

1046, NBacS Rmi GRPELGL8Led 564 lﬂfana ée%;’edm dHce @dse%gioﬁgelhy fiRBdirection 1052 and a
defined but my be d nei oring regions

cesio oo A lemE s S BTG AP aBEher  Pest

structures and the |like. The isolation structure 103,

I f )24 p%(/'loqﬁgexaﬂﬁxgd e %gs?%ﬁ @{coﬁrhysta'hyep E()69f10fbsrgzly%g 'se?égted 511 conformity with

structure trenc I'solatron
desigigruleg anG B dhtomy ea%cam?nﬁ basrkpedtr eribiofie giderotf magnitude of a circuit
elen@@y hGE 8s 2 tHAASisiGaiTtRaeHhlde® ﬁlodéamﬂeﬁ @onkid&atiou.r IFlStelﬁstance the first and second
dlstTﬁgg&l)aSl%gmr%a rlglyg:é I lml(r:l% = {:rglft I i’]F]aPl eeersi'tg Fﬁv%rglr];l c? d nanomet’ers for advanced
dovieas g fpafbet eBhodivess et thy alsatiop Afslecbaltparibgere on 2 B syely s equired, the

first! 280 ERSRAMistaB6P @8R ehn Sl frd &Qerﬂ%ﬁdréﬂrhin&fetekh@ a few rmcrometers In particular

duct 10 t
ek Futn B o) e Lo e o el FRaigllp h . 1 shoud
be apddinted IAbe arfaekahentmy the eprmedseiita, 20#b il frcelOfdoaphistame &ast fur individual

padss‘ﬂ'fz[yfbél Qcﬁls@é?crdtak Q&e&fmﬁntg Qﬁeﬁﬁ%&%ﬂl&ﬁéc%ns Bﬁgﬂel@sﬁ] vahglgln@ﬂeqlﬁ@ distances and
conductive materi al i nstance provid

diregjjonsmay| bg spleetsd ppetge weiaﬁ?nﬁl mpdgy fné’rhéc&fw%ﬂ P&g’ﬁellﬁ% ﬁ%ﬁ’ lloéc 100 operated.
For Bxampe dhepadsr108d $@itineg Adine & mﬁtaﬂceglbldn’m&é)ﬂand @y al@xdaft aghird direction

of iﬁtggst {hgtsstlbsa atgaﬁ }o%ée‘a a;nglé kegfnapi? atel%f% Qiefﬂ@y wftl? %6 g%? Q%i su?)gd directions

pet ween the-s
105%9%|Whm tyfiretapshierosd disteroes 1[9??9@@ Higb are S‘tbﬁﬁ‘\‘tﬁléliyéﬁ?n%% dﬁoa@nvemence any
ﬁlrtﬂ&h Bikt@ces ad swztﬁca@ fre B&rshdvﬁhﬂn Blourt Neaenl BOMELHGEDIEter G @o not unduly
obsc e2ﬂlegna31c conce r1e0f’31e8rt serg 1nvent %048‘ 104b, 104c, 104d may be ‘

40 Eoncentration to establish a substantlally
ohn1c behaV|or of the test pads 104a, 104b, 104c,

1046 s&fﬁ@anﬁﬂcﬁ& advict yo@ﬁntﬁeﬁﬁmpﬂﬁg§ pﬂ:lglﬂ‘@’of FROYNSY paés%@a 107b 107¢, 1074,
104d g% ﬂged in . such a. man

caclsof VHEH Emp 8 30 1 BB e satiead boga TRy TpAS doae m e

" embddifnbm eﬂnoan fni Higtte Idj qaehcdontan paif107ant8h,d81c, WI& & clevitidallpcdnmoted with one of

the %gt fpgclg q 041;ae %b Q@QCS 104d 4 Q‘He @stalt fds ﬁ@ﬁs 10];94167@ p(g'd ]\%Aégent any contact region

I ne second di rection of Interest . Moreove
thatesrfénftgéfgé to5288% cangpg o an gyierral efqgtigal PIB?FLFBChﬁ"é?P ebeétf?ﬂiff g&d&f‘éﬂnﬂm@m device.
HenSd,I @hsoinb atbodingkets,| thedntkdt fpads 107aS t@FBRCW7A Q6@ nly spgesdnh € conductive material
layei g)étﬁgd dltﬁeéa%%shlgﬁlaé é@g%ﬁ)@ dﬁ(r)% 91%%' %gjg 6%1%92 Igl% gst gntz @onga pads 107a, 107b,
107pr18%4 so stegfically Hetispadcpreas H%CGFlfh}C%‘te airdiaks & N ferradh eleeye one or more
metéllﬁ)z@@on Ia]y% vhBre tHe@leSiBdaBsotu@Btion i «SBHEIRA BY hdandsinltafi@Sd 4B vias of the one

r ul es 2 t, Fq¥ in sone enbodi nents, be selected to be
m“WW%W?aHm? R&“Stder of magnitude of a circuit el ement,

such as a transistor of the technol ogy node under

consi deration. For instance, the first and second

di stances 106a, 106b may range from several tenths of

nanoneters to several hunqggdhg oneters for advanced

devi ces. In other enbodimen en the eval uation of

el ectrical parameters on a |larger scale is required,

t he




10

15

20

25

30

35

first and second di stances may range from severa

hundred nanoneters to a few mcroneters. In particul ar
wepwod2arent s, the first and second direction 1PSHUSDHOSmS3S7

are substantially perpendicular to each other. It

shoul d be appreciated that the arrangenent of the test

pads pifiddsr chBddimehB4the sdfidohdaonpegioni 102 nay rdpeadt a fsaiwed semiconductor
reglimrui 'aYégg)H%Lvu%qgténm sPFr&ANEL Rk gsiee@s R @éﬁiviehii Qfkcific measues, such

di st ances and directions o &re

as aé‘ﬁ"éi:lﬁff@F’dOndinglﬁréﬁ@ééhe&iffdmd’P B2 1iffespng semuspndyetonmttesial lexfr wmg a mismatch
in lahhe spﬁcﬁﬁ tatte @ﬁﬁiundiﬂgdambcﬂldﬁbfdr ahtefidl@nd B likePRAS ofl M, were discussed in the
tl(perated For exanpl e, the pads

04

Dt et

b“%?ﬂﬁfgn nTEﬁfm“mm%F I'ie a di stance therebetween and
may al so define a third direction of interest that

subgfniy @ilelnﬁuéa@}r Jﬁ&v@d%r@s@-%cﬁon@lfwm rtl@xsbﬁ@dnﬁihc)'or ﬂéllce 100 along the line

first .an on irecti
s GEET IR it 1 Gl SR BiES HEREme] GRshan doppdor stcon
nitride;, és Surbsit dhotei mé Isqvmciodcmmbr cgibon 16H mlmmm\/‘emesnmag:ln@myer 109, for instance
comaﬁ%% &%ﬁlc&f ﬁ&@e‘ilgﬁ% aasggn h fn?e%i s‘ﬂ@s% iMobardd %ov@ ilﬂg Xgﬂndofl]ductort region 102. It

escribed 1ater on so as
shoqifhgfuippreeﬁgdc%éhei fesseing 1B6h &Oé?p‘f ofpflustriive ppter @iy and is to represent any
mmmmﬂﬁnkmmgsu£hersemnﬁdmdu&mﬁmmd&ymgalLﬁgﬂkumhbﬁﬁofmmmhonehmnwl

char‘i 8&;@ cs ?g@l g ?EgBll LII(?l?.a tl}{a egtflrﬁa‘fe(arl)'i @%térm%@dj S ]s'(e)u?o er g‘x%erblF of a t§tra1n-1nducmg

rrca
sourgg; the @a]gigon@ﬁt@tu@f 103 pay heé’glfnecbg@lsspg_qﬁpg prog_qgﬂqgndlt]_c@a@ exe_‘[mgemﬁed stress to
the ieﬁnobﬁiﬁct&nibgdi e nRhd SRR thay afsb G EQsilicded aeacmu&quﬁﬁ&ncﬁgdle electrical

charachnatic]s E e 1’6%1 SltOS In C?%Zr%?ﬁ)%duenl r§s4gxe se%g(%)lgd/uct(i:%g_%c?ncl-'bg 81&1%6 located in close
proxgrgifyt ct sipadind g aegwllo@bﬁ she@mcso th@7ad carteipragwenitof @figin is created in the

semﬁ%ﬁ@ﬁtregﬁo%gbp Min ot entbSdimOR hcﬂﬁﬁ)@ﬂy tnoalt@l'ﬂﬁ@!al? tﬁ\eos‘éltnﬁ&huctté} region 102
an external Iectridigﬁgg% e such as_an el ectrode of

may, (epreseiit @ 19sip ofj SRecitied OETAP G R AL B A keen fopped on a substrate
havig® mis@oid {ifkalet ﬂl@gﬂlpgraﬂhﬁb),rlelﬁﬂﬁﬁm Fdlo%ﬁin}ﬂ&iyi phuefdiryesfasilicorregions having a

(1 ldi %ﬁ%%’é%‘ﬁlaﬁ{a%om%ﬁ% (i o@%?fOOf &b an[‘thn%ngue% QE elg‘cQHA'c | characterlstlcs fora

er e I ments,
specisA ARy EREPTOPEFY H2Y lfoissssedm%ewdv éhe ditferencp Wiaa%raplgw orientation.
designed areas of conductive material, for instance

f orfy e AP n f) MG eddid il e I’celsI 4 stl!()épcﬂanclzl ﬂ%lg arg formedeb(rgfrespectlve metal

the el eciri ca connec on IS es
Plugag&d|and {1 ¢3b dormerdin (e aligleptfic {api 1dh enddhe W@dmd%iei WAt Dopending on the

typeI A Yifdlesal |u§kd Radht biostl 1984 ﬁlﬁh@ﬁﬂ regfetiNve r R8s ﬁ@ﬂlﬁqnﬂﬂ%aﬁﬁ below the plugs

o G ot PSR BROF Rt ReteAr aes TLE SRS 3 sorpeygapboriments,
imwsmwammsdﬁdgmiegbaﬂHWMBQMﬂyeamgdﬂhy algpaonf the dopea Sencagration typically

prev§1‘1{§g1wﬂ§n fhe %én&&%@acﬁo@%@%m 1@)201'321}} Muﬁﬁ{eﬁtte 91'3v1dé Qxeohmlc contact instead of a
provi si on of di fferent sem conduct or mater

Schﬁigy/ F‘W&CTa Wrgo&gft ?ﬂ?“f"}?uﬁhéf“{t‘?dc gle éeﬁfa@fiﬁ’]]é)d’? dO{bhtgay beldlrlectl%zl contacted by an
extesdl grébd Nddpaading emnhe dimelishOand nigt cetifigadationant che tséricdnitlcedy dSBB00. In this

case ﬁlegm glgn %Eﬁraﬁe&sﬁ&%% ﬁlg eieﬂnéah&oﬁ?%@r ghllgtgrrﬁ go‘%rfpr)s(?t’i’l)no&e highly doped

sent a I catl on b schenatl ca
regigps ¢ iléesd bléiwwdrn &rovidpdearnesf F Enincesh d gase de tqaev%le‘idl G@Hd may also

représbi® i@ cbidt ﬂaﬂsﬂl@7d Adigat ee ﬂﬁ)furlhbf deﬂ:nﬁiog Whsisdumhed that electrical contact to the
test gé!.d]g ll@%th Iidég is estéﬁ heg{ é}/ ’mregng Iro n m lggpand %%?c(gl?t]e;% aads 107d and 107b,
whichbmpvherni they bsemee@n:d @Eﬁmrsulfaegpwnmzhe phise £Q8.N10Bb, or any other appropriate

comﬁi&tive §i§faber’ééh‘f?g!ufé' tol MRS acdk@y ahy Qfecth&gﬁr@féf @orc:esemiet @@dﬁéaﬁy des1gned pad
internal ‘stre

li.con nitride_havi
areap ’G%V&F 8%?"’3?5’6% grefhe ?@ﬂﬂzé%‘ﬁ‘é%’@ﬁ 8r °“rﬂ§d"ind Rasgippsion jayer %‘ﬂ‘iﬁd’i “Ei YO teads.

be appreciated that the stress-inducing |ayer 109 is

of illustrative nature only and is to represent any
means for creating stress or strain in the
sem conductor region 102, | uence of which on

el ectri cal characteristics %f { e region 102 is to be
estimated or determ ned. As anot her exanple of a
strain-induci ng
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source, the isolation structure 103 may be fornmed with
specified process conditions to exert a specified
W@ R20edR94® t he sem conductor region 102 and t heeBDS82005/018357
may al so be considered as a source of influencing the
el ectrical characteristics of the region 102. In other
enbBdi weivtsiuctothéevise 1T eneget dr Ficegs dm 1t 02y frayforied by well established

proJngsatxrﬁﬁlldan aﬁxlragc%ﬁ pﬂ&glﬁﬁdg}aﬁﬁﬁf taﬂso%oﬁg re\%ﬁ Sechlﬁ §:'aﬁ!1g degﬁiog MNmethods for
(not “shown) a Certaln am of strain is

forminecfhit 8ejation “F‘Héeswhﬁ“é‘tﬁﬁb‘ﬁﬁ“o} r Ebfir%"nprfb? or i g fapistion of the isoltion

stru€hirb 0CH ¢veradpending delplirittin@lelyenes nay bepatatnied @d Ysfablisi@ required dopant profile
S 'conqng,o [N tS& es an . of

withis tg%: Ise Le Pt rs? 1§1g #&Sth%{s)a?tgg% ep I Cﬁlorsle gﬁr‘?’t ]gctmlesg %équahe% r&a@ follow that are

typl%1 3 ufféémfor@rlmuéﬁ ependy i SPTRIGIEUCERE yisis aliaseng ¢nilie region 102, wherein, in

som@ bf thefr@BsesCthy febigh i@%ﬁﬁ@lﬁlﬁkﬂ% ssidipdhé ﬁ@uef&iﬁﬁﬁ%ﬁﬂ@&@he t@t pads 104a,

104@ rlblé{c {Ol4é o ncfil(ﬁgaallbovtg gh%?%éoe gp oor}%nhe gaw ?n}]g c?or gi%vmfszl%(f ;{:ror 18%281% the formation
of atghte eleqrpfla prnatiae way telaegded,) lﬁwﬂeém%m 182, inthgreds dire implantation mask used

for s%fé@tﬁz%lﬁt 'd%grfﬁ(?(% ?Jny EﬂdWr@é&&ﬁ %amm&ﬁie@?oscﬁ% &g f(WnaHan of the regions

rence in crystallo
11, T P B O AEITe TR PF ARt o FACRfifagee with device

requirbmentshie theelsst fopuaﬁis stit@4iokueingllagtcd 409, the diefeariaviegbr bAD, the plugs 108d, 108b, and
S YA Biead plugs 108d and 108b formed in the
me%ﬁeﬁ@%%r?c ayer 110 and the stress-inducing |ayer
109. Depending on the type of material used in the

pl URKSerdAda6l Figies 1608 Ahe sEﬂS@ﬂﬁthr d&ick @@l iO@Scribbdiviainbingbpddated to estimate

eleclcmc thgrg%t?nes{lﬁs oft tﬁ?n s%nééo%% E{% %e%M% ﬁ(ﬁ? ﬁgs :132 SWIe Ll%r%vgn 1tb aonductivity of a

semm@uqmtgwnl wclseérﬁl@ resirs A 8. ipeamiosg ot drines.ireqdy rgrortic@de tneharge carrier

mobH3 BytidhEn S & dddtcatty YnrREHORS byS@E nfnitdel b MW difebiRn of strain within a
dopant concentratio

ai.ling within the .
s SR AT ot m g B A B b sgaducor oo
102arFopbwrinpleciont §90) ¢ryrelegaaphio fsurfacSetrptatiday the dinfe awbility may be significantly

mchEJdeBIV &mp re@s?ve%@s\é'agfﬁgla)én%%%%eﬁ A&w tdﬁéﬁono%gﬁe Jogﬂig:sswe stress along a
104b directly tontacted by an external probe

d“e?}é’b @ﬂmn I35 P ST HERERGIY BaFfp EPRecdeHFfE PigRAbLi hpngspent. Similarly,
the &lEv@rors mOBilY Ayl alicote afdfeved drediff@eht maimets forsoasaye demeirdirifg)in a direction
[ ectrical probes, such
mm%@a%%%g%%%%ﬁﬁ%ﬁ%gg%h§§ﬁﬁélﬁﬂﬁﬁﬁghly doped regions 11ld
and 111 b may be provided or not. Furthernore, in such
a CRSEder lohWath@sslecRRsl Shalfdestics OF4Re REiYn 8250 a IRRES@SRPdndent fashion, the

contacg adC ?&t 2.2 (f 10 xglzic’y b% 90711 ac cp %y %%Zsbof e]]ecgncaltpro%e connecq c{ to fl mteasurement device

cri tlon I ectrlc con
thattehables, efSIt exprals dq.t@maungﬂ@@éﬁcinsal essistabsk befiyesy ﬂwomeangis @72 and 107c, and

thusttiféeres%'tlﬂ%f #08dion m&gtweéﬁdhett@ﬁpa@@fmﬁﬁh lmdsor Ji@cgrgunﬂﬁdhe resistivity of the
107b, which, in turn

esent,
eSO 107 G 50 (7 BT 0, S0 © POBR YL bt i trough the
regiapprighy vdthge repuretubtrefvemguief moeled @néwak}}m éd r¢sgtietyalih ether examples, a
spe@fgeﬁ gﬁﬁg@l}{ay%@ Lg)bﬁ‘eﬁttcf ﬂ'léé;ﬁhs L2y l?@lc aE@fhe ﬁﬁﬁﬁg Imﬁnent flow may be determined. At

speci fI cal esi areas_nay provided 1 n one
any ggte, f [yeltagepis a{eptpc%lgfvreghthf W@l‘l(gla and 194c, ﬁweﬂllfslarya]tage drop and an electrical field
ocaﬁﬁﬁ'ﬁhu\/ it k@ticon@y Bf regibiO 0], Whetdh thé EedrR @R i fuBstantially onented along the first

due%hon fl 5F meglg a corrgs Idl‘ﬁé u}rblig ﬂ%ﬁ i s%\éﬁ)s a1|111af:y g}éctg long the li"1rsr1;r§¥ec‘aon 105a.

processes, In C
Henggi {hg ﬁ@@dcabﬂmamrﬁtlm@rwéﬁw thedml%?ftﬂ?edmr@t Bavebetveee ﬂm pfqia é@ta and 104c

enatiiith d@d@@é‘nﬁeﬁe@&huﬂ%ﬁ&%ﬁ drake élwﬁmmn@a&a@lsﬁosa{dat J:()Qﬁderatlon such as the

con%\f;TVéty afuitgusft%e cﬁ% ge cgrﬁler 1%10%51 %]irglg%lﬁgfflle c\M}aSc% I%ads i%’/% may {ne connected
to ag eterrespondénregt devipd aathi etrependag qllq@lm@b@armstbenap bfr dstimatgidor the second
direltRn €6babl i sh a required dopant profile within the

sem conductor region 102. In partlcular enbodi nent s,

any process sequences ma.yggE Wy that are typically

used in formng circuit ele nts in seni conduct or

regi ons adjacent to the region 102, wherein, in sone

of the processes, the region 102 nmay be nasked to

obtaln the reqU|red conflguratlon of the test pads

A PN A A PN A I ~ o~
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of a gate electrode structure may be avoided, if

desired, on the region 102, whereas the inplantation
wore®k/0eoeel for sel ectively doping P-type regi oPGI/HSIH05/018357

N-type regions nay be nodified to allow the formation

of the regions Hd, 111b, if required. The further

process sequence may be continued in accordance with

d eVlln %ﬁlb&ﬁgéﬁtsrlﬁ %PL She! fﬁs‘ctam3 Ee@@]ﬁ dhis@ihaL tl&ﬁ 106b are substantially identical, the
stress-1nducin ayer 109, the dielectric layer 110,

corppRBE ARSI, vakoBERY B ditel SRBACY et OmepuaRie e, dicctonal
beha31Q>7 lof thRe:ﬁeeiﬁl“:dl RBprdc@riftic guided SodsHerhtivp. t GiBersBe)itiOMebis@éntnt values may be
norma 1%ed ]feosgic{ t% ﬂge chp e(ﬂstM]ee r}l\skf)?évﬁgshpgo?é’dalh %gy Be advantageous to select the

aracteristics
fust@mewﬁ diglences loﬁ@gi)@nn qupfermijyeithdynigal deviRpndmpnsiopsrse that any strain-inducing

meaGPI G ok weg)bbvi@lan & sﬁ@mna&n@ llh@’&@ rtherpﬁgismﬂ of h‘étéﬁ)@tr@ﬁreﬁ R4 the like, may be

cxaRRUSOY PPORAE T NG e AP EE R PRSP e s ceon
mobilifly, whessins inggrvisfopic aafifeéty sheif dsue rvereatiorh pf tﬂqelatnwgma¢mgd gnay be detected by

macwﬁ&slc %E}gmgérg ﬁﬁﬁ b Ot a§& ﬁﬁ%hé’é V¥iht B'Je%ﬁm@mgn@ 4 MsTe) QIQSJ GleR be readily used in
region and al so strong depends. o

°°n‘6‘}119’§taaFHe€}8?dab‘H?e&S B é‘?’ft F‘F‘Eﬁw"‘ SPEHR “"E"é rﬁe%‘??nb‘lﬁl&‘t gpsideration in that a
corréletfph @restiif)ighed betweed iz fiphidy, obfated decfritf@prigmymst of sheific &jpduit @lements, such
as h‘c’é}[ls sto?%lgmgrﬁsj tﬂé !achrtlrlcalt rge% Meﬁt cﬂBkUb ain&cy b}nﬁy tegestructure of the device 100,
|canf i ncreased Tor conpressi vé stress acting
Wheﬁlbbﬁ eprelEndy fne@ﬁﬁ papapsiaFs @f %Ereqeefrﬂowmph B g pPEg s peed, characteristics
of aﬁ;l' 8IS Sne@le@dg tedhnitjuéseaid ite Nikd) eay @REbeCasthiAishetl OCorFtepofditig @idlations may be
readll}/] gbtamn%%n 81? Ibysg 18y 'fe)lura11t§ 9 t;élsn subs a%% : 8%119%%%&?150'{)ndtu¥t0r dev11:e 100, as shown
mFmaﬁaﬁﬂécrgﬁﬁwhméﬁﬁﬁeé@N@H%ﬁnners for conpressive or
tensile strain in a direction parallel and

per dic r to. the di ctl f the curre low. In
PR oot oottt B on ot ] G sopfnaidlor region on
streds (agd gain KIeRndent chargdterisiics |nothatd@pemrjae it efagndrad. oFor ekdmaple, a specified current
flow" wb%%gtabﬂggz? behPebR v W tht Q)Zcﬁ 1%}’10@@ 1@4-\’:”{0@&: tohele Y% oﬁﬁ@&%he pads may be

0 el ectri cal ?fObeS connected to a neasurenent dev
used 3§ FraswiFRENt gagls. ¥op ustaneg I%laép eciffed TR A Vﬁ]éagf Prévese B pads &:%P and 104c, the
conthﬁﬁvhtﬁ banee to ehdseen aﬁchE)M:mmm(dtterﬂﬂﬂS inbOréancamchrel Oy desdnitled. In other

casets h[He votlta o%sdj&tecl:nvt!aé % 8%&04% Eﬁ g lmg bé‘Qﬁ%enpﬁgﬁﬁﬁ Qnagi %g used to estimate a

ete mnin

depfrné@pssm dﬂieftym of ong pemare AP dsAlhFRCGIstice ngsﬁaffe Shetppdsh@dapd 104D may be

usecgis p£d§ €or PAES oﬁ@éh@throil@ﬁﬁe re@orSINL 6 ahblﬁﬁfg Lhblitige %ﬂd'fﬁfypabﬁl 04a and 104c may
rrven

hr re and. the_ ade. r.equ
be el él?ogé §7é%f)e}nr°e cor egmie 0" é"‘%/le %}'ﬁg r e@as 0r4§d10§/° 104d may be
provided gtith ew insylaiip legey thezeon proidptfap @lﬁctv@l fiddyef dysirpd iyegnitugephdyen established

w1ﬂIoQt ﬂicﬁ't@néJ ﬁg&teglﬁyﬁmeﬁlt Q66 by @%ﬂﬁecﬁﬁ‘e& UJ)ltagean tﬁ@feﬁﬂ%&fve Ednﬁw pads. For

e det i.s cre
38 G ol SOOI e R U md o spectied
voltehe wpﬁﬂwd teathe ﬁde 0178 miglall 07t me*td)ll@m¢cgied\/ﬁlthcnl fichielong the second direction
105? St &ggaféw; toh hrcﬁgg inci0% thé"’@l?tﬁrfé!e rfoébha%d leSfdohie b 8L dpplica voltage.

Stant al oriented along the first directiagn
Slms_:l@s'aa%d@scp?ﬁétab%vec%? PYs pYRArh Y 7e ey é‘h psed pofRpasgengippds and an electrical
chaBtibs i Rich ad thy cdﬂﬂwceﬁtygdayaie@ﬁegsuteh @lohd ths firsihiie@idh i1 @M. FQ5Rtermining the
chal;D enst?c’ un]tdeqecP] gldgrgt?ogllea% 14 %h? G&r @0 tl\ﬁlgebé%ts%:c ded%‘sl{:f gggy g %rgvn%d adjacent to
the ﬂ@zbe squbllné“sguae Wi maein 8- ceréﬁmépémade&qnﬁéaelmﬁh@fchm 105a may be
pro®de@ GHifhi £ tn HABHAC 1298:] FhileCihd PAS lori€h@0 Sl Rt diRftion IVSNmMABbe used as

t he conduct|V|ty, and thus the charge carrier

nm%%ﬂ??f?v Sinmilarly, the contact pads 107b and 107d

may be connected to an external neasurenent device and
a corresponding electrical characteristic nay be
estimated for the second direction 105b.1n enbodi ments
in which the first and segﬁg o3t ances 106a, 106b are
substantially identical, t correspondlng nmeasur enent
val ues may be directly conpared to detect any

ani sotropic, i.e., directional
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behavi or of the electrical characteristic under

consi deration. O herw se, the neasurenent val ues nay
wheoonoe2ved i zed wWith respect to the respective BPUBUSI008018357

As previously noted, it may be advantageous to sel ect

the first and second di stances 106a, 106b in

C orifie mwkduergt trésultsygbiaiied bilengiof e dbeverisitiind tegimiqubrabayaigynsed to define

stan§atrc[s%k QréetnsQMQ fggong%%% gl%ctnép&gra@élsﬁcp gnd%z@;\ﬁ!lﬁ |b9 Elivﬁﬁtageously correlated
stress-inducing |la rovi si on

0 1R R GUTEEST BEscnbl vl FETIR fraeler Sraee e orsponding et
regitid Bt fofe@ 6n dctualwirenly lmﬁncmh eiior exdinple Géria Gpecifieesds Réquaiké étihgwhich strain
is in%ﬂtlo%lalsf eﬁéracl?é%l HALgls Fésantgyw]th@%m%ogé&&&oc@v g%’molxhag%ée used to control

wner el mcr OSCOpl c eftects, ‘suc varl
the prpgess| o fo @ghieyp 4 clpsirgd ﬁ?ﬂﬁ?lewa]d@ff@@?@ﬂ Oﬁﬁoﬁﬁt‘?eﬁg‘% (o instance, process
stepPRIEARS BE Qo&U@ﬂlocﬂﬁcr&bl&f m&a@ﬂlﬂy Ne(ﬂssieﬁgﬁby mhdAd8s of a test structure such as the

som GRS P TR LR LT O PIBe Srap gt vl or o o
morg ermeesmdmctcre vf ﬂ@beqmro,fess uﬂqmsewhemﬁq @ecsamdmm priogess ste¢ may then be controlled
on theHadi€drat @B LdnSd €313RLd SIGH oREEVEER b8 b ditBhdeMiy processed.

obtai ned el ectrical performance of specific circuit

el ements, such as transistor elenents, and the

el elntsome anbedbastyy dasahicehetcor altic HEdnEb'ybet trgnplegdtat a moderately early
manﬁ%ag % %Ee BI m&zﬁ@e xgl%}{ ke ?est#g& IOMcih ﬁf4§ ti al 048 £1£oeg£1@£ Ls%gntgcijpads that may

ecl garane ers of rocess OMI such ¥
dlreﬁ bREtECied biscofresaending |glgrtecal @P‘?%tlﬁl@g C?fF” Sgﬁ?ff‘é"ttﬁdé’ieﬁmca characteristics or
othee Té@btﬁ@ﬁ EhafigteisBiCsNfhy] thes be asd@sed il tokis competioh SO clit elements such as
transmo(frs po %rawgedth? cﬁ;gtre ru§S|og rc]:(g Itr%ﬁln%l(a{]pﬁxlﬂ)ae% | onu?ac{%X gr%cerssegrg %:hle }ﬁasis of the
meaguyeenirespléss i ncl udi ng t he sen1conductor devi ce 100, as

shomn in Figures la-1b, processed under varied

e H;re% nshepftgclalgrt Sli‘]l%VFS tErTbOd ﬁ?rﬁe{%‘%r(sﬁwhﬁ\: {Oﬁ ?%%gentmg a test structure including
at lease tirg devcieadd Bra, 1e4pi Bic,ovhick breaberialivcostecad v cdeppopdisg tontact pads 107a,

1076 N 2GhAkd Slak o5, l10ant TAL ark BHNOA 1 R¥DE: B3 R&Hd dfa@ﬁons 105a, 105b in
exa le, a sp ecified current f|OM/nH be establi shed

the 5 W S8 SORENH Pt AEpAdth respa0 tig ErARECHVE G EnCePY: §06b, the same
critdriM/@ppOit B3 @revidlislit dxplajpart] SMoregverdes dlisalgl dagissa® ailretnamet to[Fixds. 1a, a further
dlreEu%£ 165Q %} ?ﬁr%g’alog%&q BE %{)ﬁd fggmﬁ Wstade 9506{8 ay 94 &eﬂge% by the pads 104b and

tween 4a a e con UC 1 VI
1044 eRegerdine FIFYedeE’a‘ﬁﬁ%f mapaBetEig ﬂ!EG%F%Wb% Figaie df 3t Wél ag gsigp details with

resp% Wdléﬂﬁace@ﬂ(%\il 106t b 106 sdditeetle, e @an&tch%ﬁa @@@QSprehJﬁﬁly explained with
refelg e tc?ﬁeUﬁeésga an<P I%t %en l;oglme ?os\’?vn]h??lig ?c eprov1c}§s the ﬁ dssB%t of measurement

and may use 0 es enc
diregion-deveidont clgfiriph ehamtemﬁtwseméll agiedueddomanbeg i@éteatma@r rlmebyclsducmg the space
requitB o &ata&pads! Gt 3EHScidOfelcRRehp AR cHiPMeDEhidhSEH 3% bP aHS for product
for driving current through tﬁe regi on 102 or applying
deviges 9r9then 58 ST t he pads 104a and 104c may be used as
nonitoring pads. In other enbodi nents, at |east one of

t heFlB.@éj $d gcg&ﬁtlcai]lp Rws l%‘ﬁm 1%1%&5*1vg@¥boka§neﬂtr 19&11!1&%4hé’\4‘o{nhtest pads 104a,

an I hsul atin aer thereon so that an el ectrical
104p,j1@4cql04¢ argragst vé nﬁ‘%?g“ﬂ“ictﬁl‘i‘éi ?H%Fﬁ?d“ﬁ%f regdnd B fosepiabfisifopurtiifrent directions
of iht€rektl CrespeLtigaNtweXdf evhivdl| areC bifehted) berpendivuldily t@pfeh \othal Moreover, the respective

dlstanpes clbgc ﬁ%d Vio \lvgllaag %heoc{] sta‘ﬁ%? 1?16% SRE ﬁ)‘d) Y€ alﬁ)gtirgglg); iadl ggai 60 gq corresponding

meahmr@mfrefrﬂﬁmy bh@?eétb’rvoml’ﬁmﬁ With 94911 a*b?fn g layers and a
specified voltage is applied to the pads 107d and 107b

s o BB B BB TS Db B e PR QTSR mbis, wherinmany
modifektionemdaytby pérfogned ivath sosmset tq{b@tpsmmlngt thesizvetyrrelptig disfices, Fie construction,
the éﬁpp@lahcﬁfﬂe Mibdr ABHBe tesPbal I 4L 1¥4b, B, d@fCT | bed above, the

pads 107a and 107c may be used as measurenent pads and

an electrical characterlsghg aﬁgh as the

conductivity, may be neasureé ong the first

direction 105a. For determ ning the characteristic

under consideration along the direction 105b, a second

devi ce 100 may be provi ded adjacent to
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t he device shown in Figure la, wherein the

correspondi ng pads forned al ong the direction 105a may
wheoopozavidded with a thin insulating |ayer, whiPEr/Uk®05/018357

pads oriented along the direction 105b may be used as

measur enent sites. The neasurenent results obtained by

one of the above-identified techniques nay be used to

defﬁl %ﬂeﬁﬁﬁc‘lﬁ Howt 3T HEL seyt@)mr Sl s : QbdRhcit of the device 100

| ectrica aracteristlcs and may al so

wheraevfamoa@feém |oply ¢ fet pads @t Sha/mtih@osspestiqny 1}%’&1@ the semiconductor device 100
may&@ﬁlﬁ&ﬁ e pﬂfs 1044 Ahal 1044 Erduthd c@ﬂe@ﬂi&lﬁfg&netzﬁ pGilgs &Ba and 108b to provide

electlglca?co ta%tttgroni_%s er@ngt Sntac?%atlrrlegaf)t Mot Sie ver q} r&gvmeel%(ﬁ:oi} Figure le may also

cir u i ons
comreosarrpﬂrcelt elfrpgnt E0syrtedh ridydd ropreesaied as aé@qh@memuw}n@ appiyglipon line and

the 15k iR foﬁnédnﬁe%ﬁ ke R@dsd ﬂldlg:ﬁlg efatied, TR (%EJnl'E@JrﬂéﬁtelZ@%lay be formed along
rep resent e sem cond tor devi

it 5] PO HERD £ IR OB B PP 14 o T g popggent of in-
indubddreéfbctsednatbd ¢léctimdl chrescedstivaincieaibn-frpodent tnagter ndescondi@ns that are quite
simi ap%ttﬁéqﬁtﬁano?f o? G ﬁuaﬁén%{ﬁ? %lglﬁénfat }@ééarhlﬁ I3 Ihlé] @ecﬂﬁcﬁp "i’dr eggbhgh%&u)rrespondmg
creation of straln nay be assesSsed y nmeans of
meagpomgpreihle, BeRe HUCTE RSB REEOREIREBRTdevi co 100 at
di fferent posr tions on one or nore substrates to

eStI*a%prlel 2S schema ca{;ﬁ %gwsv & rplilan vgeglr ?xg eé i \%ﬁ)\r %mggd? NBP ot the present invention.

para ers o ese 0ocess s
A testofrpeeyp BPMti¢omprisst ® e@s@e%reepfanrrﬁv redie208 éla‘é%miiormﬂdlt@@%hvo differently
orleﬁtaﬁrahﬁs‘idr Sledntst2D@ar@ 3@ bhdr&h @6l trindikiGei30 YedindsQ D Birddid oBfnterest 2052 and

the E?’Pf)lf)taﬁ #?@ c{ aets t%%gctogd ﬁ;?eg%tﬁlg%? grgsrt]gé%{)r El(e/lgr%%grs ecglrres%)ndmg Hr%t and second
distapepP @&t =d 266b maynsdisfized élyytheemspestiverainufeh haik pﬁgle drepigtors 230 and 220.
Furtflteﬁorla RSLANE &u%@x%éloﬁs e (tf@&ttraﬂﬁ@?mb%{j‘be e%%pred td Q&ﬁspoﬁ%d:ontact pads

serve as contact pa di rect

20780%9%7& e pgaiediciel &%’mﬁv@ cuPERE g %%rrﬂaﬁ P%&é shavg ey be comnected
inte&l§@9 ortolf ik Koufce kit dedin epiost22 1. ceimilelyadrac dndrsdwdei reggone P31 of the transistor
230 %ta\?ﬁef coﬁrea&fqr) L GRriG *aartﬁ%aa{ 305 rnraaorra ?Jefme @@cn%&sg% %ﬁgibe comnected
e conpletion of circult enment such
toa ﬁerpﬁrfs Fagfaghad @e) slmamr ey pristepibepropend 11 BF O%tbf‘rﬁr%rrrd Swgce regions 231.
t he further nanufacturrng process on the basis of the
TR 53¢ b P Sy 0BT by BB i
specifter troknglogy pade basdiptrigsllastatilighgd prorehfr fednigees mmay hﬁ?ﬁeq ®4fgrm the test structure

2001R4Rw1a10 4‘@&01\9@& Bk 1R Rngh® Gkﬁl&ﬁs&dzb yndcz@@ REE8sbvided with individual trench

corres ng cont 7c. The tes .
ol O R b1 B B FY ARGRDE (OB e R spcie
1solealmdst1$retm©ntd isdlate éhe Elenerss 220 Bal, 230. 08 bredver, thigansistpreelawayts 229 and 230 may be
prov%ﬂ@ Yfﬂ:ldsg] rE}lngW {5 eAcﬁ Othm@'[)@lh QQMWWNH &eﬂgxf k) ?&tenaﬁoﬁlgttﬁlaeassessment of

respectrve di'st ances. 10 06b,” the sane criteria
the sgpisPRAGY Tegioa PP o0 §P) dlé“’)?b‘?“é?%é gnd ZIQ/fPraé Spatpntiallyqunifprmeegpgitions may prevail
at leghit S£dsSBAGorvibi df the &dnédoaducior gon20g) thatds dcaupied by e trdnaistors 220 and 230.
direction 105c of interest along with a correspondi ng
third distance 106c may be defined by the pads 104b
andPurda eperdien of B 158 SEYFP I E0atoperiEfte rr%rgesr Bt ber Ppd i dhe contact pads

207§t20ﬂ)c QME 0108 Lhviki @'d;fe@rﬁé&cu&%nt\mw cl@GicAl@B8ldgnd Bt a8 is required for

di.st ances 106a
estugaﬁ18g lﬂﬁ e{g cltrafaﬁtgns casrrgorce%(e} ‘1:2 straln 1ndlicecp eqpebts roré \%eoc%ar'gé carrier mobility.

Hereby,ping Fffretd OK/m'ctnhrfacrtteﬁle tectmimestfer arﬁrug EIPIEStOJi %\enantel mhﬁbdlreqtlyé)e correlated to the
meaSFRRH DBRAL 1S5 Whahdhe B BndyGf HeQ¥h G Sn tehfd RQHSH sRhtkdids Y
of measurenent direction-dependent electrical
characteristics with a reduced nunber of test pads,
t heFigBy schadi@ilnghotvhe fepac Bustetiydiembellithant ofto rbtastticpa den, comprising a
plurglnf 83 I%yt %lgsd%la 39)4% %4(9 i géengn gﬁaycﬂhp tcﬁ%@ & %{a&hmth a specified
may now be us€ed for product dévices or other test
structures. Figure Id scherrat&cfall ly shows a further
illustrative enbodi nent |n8§ud|ng the four test pads
104a,
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104b, 104c, 104d arranged within the specified

sem conduct or region 102 to establish four different
wa@leoenrioans of interest, respective two of whiBPCI/EHSE®05/018357

ori ented perpendicularly to each other. Mreover, the

respective di stances 106c, 106d as well as the
semigorsitmgegonl PBa Tan destlG6h 3r.e304u 9t @3t4dadrd yleitdheliyt tapadcted ¢o respective

contBJ? ﬁatds &k r3@$00 9@’@] |36’ﬂ1 'ﬁ@%ﬁﬂfg@ﬁ@%e Is€8 %:k&ucﬁﬁy regﬁveq:'o{lﬁﬁt ;Jnﬁ the like, the
onpared wi th each ul’d appr eci at ed

somg RIS EPRY SR BEP U e EJ&%}]@ES Ti-02 9071 MoReaye g test sructure
300 exadtisds e pluralinedsfantémdasivieciod 138 Gac 380b,BI8c, AT wWheth [x@driially Badect respective
test wd% t‘}lﬂ[ gaapﬁﬁ tr anhe at]rgngtglﬁ&lt gﬂo% 'tIQ:Qest ﬁgalaseﬂﬁﬁ € bonh&%d by the connection 330a,

ative st ances e construct
for inyigacepieidsd ingthe ﬁwéoﬁ:aégqal 1Btardgnng_q9¢anetaj_ glgpband 11@4@@ Furthermore the test pads

3o411£)4@bn{§dcgw Byethb Eonfdch@imBbY, alalptcy 364&QW&oﬁle&é’dQ§She$c6ﬁIeétﬁﬂ &0c, and the pads
rther

304%& F()émecteg beSFL S%nﬁ\e/cgﬁnngﬁg % ﬁ]ou d%e a%ecpges\(ha 031&% aré-aﬁ%engzﬂt%my be readily
%mwmmdbmgstEmmmbwbm$E@d@cmmh@mgéthﬁﬂdaﬁkdﬁodeV|ce 100

may conprise the test pads 104a and 104b and the

correspondi ng net al s 108a and 108b to_ provid

el Bteires E‘Gﬁtlﬁrétc"‘tl?im@ ?fé%eﬁ%‘t?atttge%ﬁtf&étu%w Perﬁeﬂs of the region
302 WM)obtaW 0¥ @pecifitd diredigoni «f éntd OO bp fusiky Gepe@ive e@stnmyls. aF® @xample, by
deteﬁMéﬁ Lr? aecﬁi 1I Joﬁdﬁl:tfv;tt?lo ttheé;%@s 36&@ h&i’%eﬁﬁ% fgﬁ dlrectlon of interest 305a is

resent e as a || ne enment

defup?ét Whefejnj rpeafyreper geslfs dor the éestiC‘kVé porfeRsiofige te%}Prh%)a ate|gbipipqgin this direction,
and twi@eis tikceifMHurehda bl Eie N@ridua y&ifs of 8is 304aeane I3042:Ltintea@1| e BlreduZdd due to the
Cl.I C u t . elements

modﬁrat¥leztingth sgarcgg qaere{)e%vcf% Wénnlﬂ%f éfv otHer dtlt%%ons o 1nterestb fuch ?sha’ dlrealon 305b, 305¢

m con Ct or |1 Ce
and ARSdsmpsehredefined by serregropdinsgliupeaidtingfticetest gads A04ani4e 3640 $G4d.alAs is shown,

dunﬁéw afteaa@sxe bf &b |te§é$ sthubrndi 306 c&éaamenctap@me B indBREEL Etat!éﬂcgﬁfelevance may be

Jtl a ite.s tothe situation for

oGRS SRAEIEI LT P B EHE HE " PR BT PP REEnE QO 8 ey eses it may
be cesided idsiitagepueio covesplandiarg oftecsrswicadetdr rag@g 302 tg pbtsim@more meaningful
mea; %ﬁnﬁgshft %;hh@thé‘ﬂlﬂblmyt ofa§oop£p§éé|o%ﬁg&/byq?ﬁa@oﬂécp%qs is Eép%{% ﬁ)w2level

schematically shows, in plan view, a er

illustrative enbodi mrent of the present invention. A

t eslh it antbeditiéne sEd@0), tﬁ@mmbbxsﬁmtaalls pea ichritee tpageRidc ORLECED pads may be

| [ t her,

operratgcg t(p %e grQ:tﬁlrd%ﬁ}sﬁi @Eg 61?595{11[6 Eﬁle mgn IZ géugi Eél\'gppgé:g%feg Vﬁo%l/eely nthattt hother electrical
configmﬁ@ts Srpbe 2BblisErRIfiR pregdagos yithsdesigl 4nd ereisprament retempRis pud in particular
each&@ﬁﬁ R dd iR @e Ee@t&&ﬁd‘aﬁ& o nﬁ?@e GdefctBes aRindieiaaid EbnAtiped tHoPEkample, two
or moreeco(g ﬁ %%flcst ta sﬁrg gttére esecg‘t\)/e wétb éeberernges te 9’%9%2?& lfelar % )r/n%{/] Eeecombined to an
array.espect i ve channel I engt h of the transi st ors 230 and

220. Furthernore, drain and source regions 221 of the

transis 220 be connect ed t ondi n

ConDEET* (eSS A KB T ORI & TN EFeR Ppames gomprising o
test BRMtuipel08 Gnludiag @ frst pugogioritracdionydte {ndetse@hbsemjcosiuctpraygion 402b. As
prevlfb%sly %ﬁ%& Qge t'eét] tsﬁfcﬁﬁg lsl%w‘h Qnd ﬁ‘é:s‘cr@red £ﬁ3€e 20 Hl%ﬁ? eﬂi@lgntqﬂ Qété?nnmng any

regi ons Simlarly, drain and source regions
dlrettlpmt ﬁ@racwaﬁlgq i GRISOHSRY> [y SBraified Ffpkichlesdarcsristics pish e t}lé charge carrier
mob@lidy) smed the &d&ur&ﬂ&l@ rediiid o Cofdspoidirigl Rira ofadt @acﬁhﬁﬁj‘tbl‘a @&Res2d 2s ratio and
dlrecma yln(P ceate tge rela e amo?:ﬁg o? ﬂ%ea%&{%g? f 191 cﬁ?acte s@? nOtedSth? sorx]cf cases, the
be 1 nterna y connec raln
elec@efa rcbaéacteégtc dhge mepsyred Mpjpexhipi a sstsfaateatlm psetr@@daehmm fipethe semiconductor

reglélpﬁrﬁﬁ‘dcoﬁdldéﬁgoﬂ/\&nﬂ Mhe6 taUlibriok GEItHE nRh@RRAL: Seshlﬁ may be desued to provide

corr.es ce Wt
ety R oty aprPlrtelivBE BRELL™ R et m o Cugine. o i
purpb, § smivpitdndorrgdn 462bmag tepreseni2Q €fererict reghwer whidhds formed a corresponding test
struét’tgp th@tcxlﬂ%t 1§cqludt: Q@l@ast t% tés{ ﬂ@ﬂoﬁ& d éﬂh@ L ?nag g@cdﬁﬂs@te@ w8 corresponding

be provided with individual trench i sol ations or

may advant ageously be forgpd wit,hin the sane

sem conduct or region wt hOlft any specific isolation

structures to isolate the elenments 220 and 230.

Mor eover, the transistor elenents 220 and 230 may be
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provided in close proximty to each other to be in
conformty with design rules, yet enabling the
waz®eszvent of the sem conductor region 202 i nP@DUR2005/018357
directi ons 205a and 205b as substantially uniform
conditions may prevail at |east across that portion of
metal hiegsSBRd LA AdRICYidr the egpedive @ Rcttpadst 4076and COTD| Hkbpythet thee pads 404c and
a0ad lt@fsg' ﬁéneﬁgrb&%&g@thdﬂ&&%h afMul 54 o@equats o] besrotnft ttv@ett pads may be

ture roprlate VO es m
enoughie peoémeaétfer@a@@eazee@m paoadi e o rhaygy Selalceet% rﬁglgh‘“’&a may have
fornSP etebr @ dir€tibd-RMitive @ struetve Cbbl[ﬂgﬁlﬁthonf m@ﬁcﬁhgaef]ﬂmhﬁt? of teltepads wherein
mere@ﬁtwlo;c{ %h‘ g (ZOIb are S%g\!:vrll qﬁ} *vlﬂ:gemt (?f (teest p%%l] dmage ?qg e%s is, for example,

eristics, ralin’i
shovrpnd ﬁ@cr@h(hwﬁere@amelteﬂw nle@flllng ﬁgﬂres HERsirprrespending frktaltlugs $f82 and 408b

may réﬁ&Héaﬁ? tdhhdchile bﬁlg Btk QL EF4H Qih f@ﬁife&iﬁfl: cdnkadaHS4094 and 407b. Moreover the
neasur enen

el enent s e Co e
s & PP 1) TR BT W B § 1T GRPR @ G o mechania
coupdingbester@ihese vel regiang o, @5hpat m§tgmat43ngtr@|s-mdﬁ¢1§g regBon 409 may be formed in or
on teeq@gqmobe alibdns haws s@ant attrtdp &fhitd tnb uéftrt@t te\gfsn 7350 %kﬁiﬁ@ tuam inducing

test structure rlSl Uralt of
]ﬁ%@ pryided bydkrspgions(§9: cIt Slee‘ﬂ ae %,Umegﬁ@de B°Weﬁefafttl &y fﬁffefrﬁ'f tﬂ%}on 402b may
neveliRelds§lin€lOR tadCerainioi diresd tha{aey b Indb sy a0 p itk @laifactu€ify @dtesses, components

externol%o '&h-erpeelot gét arﬁ%h%%ﬂc% %@%ﬂhﬁgé%l é} 41 402b31ga§q)e%£r§1dere as a reference region

connec Ive CO

| mthsrespact to3G Asst ceereramemﬂwh Ref@efoapqttgn rhide §ﬁeaiaeducglg Zegion 409 so that the

refeie B 344 d1Edire® Rom e kedioh ¥@2b RREb co@Mere@NdeftraiRe For ki@sast iikeparameter.
sane criteria apply as previously explained with

reference to Figures la-le and 2. Mreover, the test

st rRegrding thg @@ngostmping sethe testpfrugtuag #40y woll-estahlishedprpeess techniques may be
usedGf? %%ng d%§gﬁequ%§%ts for36lGal ciRaf HlebsGhht bk B @kl Yong with the test

connect respective test pads with each other. In the
Stm“étF?‘g)rqgenent shown, the test pads 304a are connected by

the connection 330a, for instance provided in the form

]ﬁﬁln? ella[tﬁ) Eﬁ&%@&t 400 %egé%}e a'tlent késﬂ@ ’ma9 @g %attﬂ(lﬁd Ifdr lﬁl% 'reglon 402a and
more, ads

4b are connec

the r@@?m@ét |v6ﬁreeetfbresutthef ttfaraeons”@%m@f@ weshaidbereiarery fqrﬁglmanng the non-
dire&GhHN eiﬁfabt@trbnaﬁ@@ ) suMﬁﬂﬂ?&soﬁ@ﬂSefﬁ&M tid sred3-Man@®t reglo409 on a specified
R TN T -
the sgye erésgip oprly %gteyloeﬁesqxg}ﬁm@gﬂﬁl Fféer@e‘hfﬁ digtientrs’. 35epld w3piseciated that the

test ARGres BB B8 regloBls 4028 arﬁM@Qcﬁlﬁiy aﬁ%&@mleﬁwalan &ﬁﬂ@tdﬁ&{ !trﬁﬁna?ﬁtffer in at least
one rggaggc%ﬁstgg%t [ ggggolgg %g{ g?rnﬂa 5}131 as %osgt]:n% |°§r I(jl(gl?)gtléa i’ g}i{grence in the
mangfhctiring esgesite, id thedikng respecti ve test pads. For

exanpl e, by determning an electrical conductivity

bet ween t he pads 304a and 304c, first recti .of

 ntBRS TR BB &gue RSP e s %ﬁmf oG messurement
resuftOdbtaink@ fro1e 8 pletiy wedifiget o simteodndiohom diffeen pB@Rnawihin a substrate in the
form ?ft %I ag(g € op \x):e%htgf Q)efagec a'lugngefrf‘cg dmé/"&@cftr lalnchg&gerfst'ﬂ:f qu Q&‘? even if it is

The vari ou alrs o 304a an 4c on eac

subs@pt?élv lﬁoeopp%weeﬁSI@&FeSEMOtdﬁeorﬁ%@rsatﬂ@wbw grelssisE irpshyre, may then be
estih ARG e the Diefilkd @by, ot her directions of interest,

such as a direction 305b, 305c and 305d, may be

defined by correspondingly operating the test pads

3044s, 2 BQLIshe BG4 invgQideiprovides p simpl audhhighiifieritye tspistreptureomnd method for
oper@lfmgttﬂaesaﬁl@% d&drhald€ 'iih'&ﬁorﬁ@%ﬂeﬂﬁ@&:&fcﬁ'@ﬁﬁct&i@tﬁ:y ot & sé?&conductor region of

|ncreﬁ%e statistical evance

mtergst i @ y ﬁﬁiﬁlﬁ% (OAger, ¢ n egcagm SPE © n?% & atalglaﬁy ﬁotrtopllé balavmr, meaningful
meafiBasH ®sul tnay Wb Redovet | Momm@om wessE Sinvehtiongepabiipe the investigation of the
inflE QA% OG5 AAUAN ﬁags%ssutse of &\éﬁrdeﬁenhé'ﬁ{ a%carcﬁﬁac@etlsdcb Githout undue

sem conduct or region 302 to obtain a nore neani ngf ul

measur enent result, mhlle the4qﬂgunt of floor space

occupi ed by the contact pad% ept at a low | evel.

In the enbodi nent shown, the nunber of actually used

contact pads is 4, mhile 8 test pads may be operated

to be |ncluded |n the neasurenent It should be

L 1 1. i o, o .
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configurations may be established in accordance with
desi gn and neasurenent requirenents, and in particular
we@2wh/0zo4¢ he test pads in the test structure 3POI/Is300H@8357
connected to an individual contact pad. For exanple,
two or nore of the basic test structures, as described
effoytp priprocess dlpw mogdifications| dylpreever,|clpar racasureghet signely miyebecdtaipbdieith commonly

used RedBerRdnf @Mipmgﬂt g&reealﬁﬁwﬁﬂ%icgﬂklfwg\%ciﬂzuit elements, thereby obtaining
cross-sectjonal view of ?%gurther illustrative

cleag, S HICTEN SR TG Do atesst At et BPueet + i icprplaon between
mackds¢opic aganirrogndugtantersegi on 402a and a second

sem conduct or region 402b. As previously explained,

the test structures shown and descri bed above are

hi ghteypagsiplqr cpbetimints diselpsed ARae 7 Pt 9t £ bmfivention may be modified
and phadicaC inQliffesshd Wi eciuiv@lel_lt nﬁiﬁﬂeﬁ QbgarBiyio tHfe RiSPRGHS airtQQving the benefit of the

| ectrical. characteristic, su s. the char carrier,
eaeR e “Per R RE e G o B e g PO et onter

Furtheymere.spodindietings praiintendes to the sietaifsad sonsmyptityeor alkyigrassackharg, other than as

desdriBdd i) 18 REind bEIBGT ttYs theddhbre Bli®nd e tife ShiBlulaY EGbARKAL dfiosidBove may be
am%Q'SOt&ggg of the characteristic examned. I'n sone

Sb &dififhand) WP CUPHWR AF°atoPEITE VT §° (5ePPhrait s pf the invention.
Accordipglextivi ppitdctien ssughidtemintii 2 kdt Yorth x0ha aphsheloehavi or i n t he
sem conduct or regi on under consideration and hence a
calibration of the neasurenment results may be desired
to provide neaningful results of the isotropic
behavi or based on a defined reference nmeasurenent
readi ng. For this purpose, a sem conductor region 402b
may represent a reference region on which is fornmed a
correspondi ng test structure that may include at | east
two test pads 404c and 404d, which may be connected
via correspondi ngnetal plugs 408c and 408d with the
respective contact pads 407c and 407d. Hereby, the
test pads 404c and 404d may be oriented arbitrarily
and, although any nunber of test pads may be provided,
two test pads nmay be enough to produce a reference
nmeasur enent val ue. On the other hand, the
sem conductor region 402a may have forned thereon a
direction-sensitive test structure configuration
including a plurality of test pads wherein nerely two
pads 404a and 404b are shown, and wherein other test
pads may be arranged as is, for exanple, shown and
described wth reference to the preceding figures.
Thus, correspondi ng netal plugs 408a and 408b may
el ectrically connect the pads 404a and 404b with
respective contact pads 407a and 407b. Moreover, the
sem conduct or regi ons 402a and 402b may be spaced
apart by a sufficient distance to mnimze any
nmechani cal coupling between these two regions, or, as
shown in Figure 4, a strain-inducing region 409 may be
formed in or on the region 402a to |locally induce
strain therein, while the reference region 402b | acks
the strain-induci ng mechani sm provi ded by the region
409. It should be appreciated, however, that the
reference region 402b may neverthel ess include any
strain or stress that nmay be induced by any other
manuf act uri ng processes, conponents external to the
region 402, and the like. Neverthel ess, the region
402b may be considered as a reference region with
respect to at | east one paraneter, such as the
formati on of the stress-inducing region 409 so that
the reference data obtained fromthe regi on 402b may
be consi dered as referen | east this
par anet er. Regardi ng the0§§%g$g2%uring of the test
structure 400, well-established process techniques may
be used in conformty wth design requirenents for
actual circuit elenents that may be forned along with

T T
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structure 400. During the operation of the device 400,
nmeasurenent results may be gathered for the region
W@ ma/0zavde t he regi on 402b, wherein the resul t SPOf/US1965/018357
regi on 402b may be used as the reference for
estimating the nondirectional characteristics, e.g.,
substantially isotropic ef {deMMSof the stress-inducing
wHAGOs @nA#8pONn a specified electrical characteristic,
such as the charge carrier nobility. Regarding the
details of the neasurenent process, the sanme criteria
apply asApmdsondgwt deviex piraitisiegd with reference to
Fi Meﬁ&oﬂdacté’mgkotn (ﬁﬁﬁ%&éd he d@x@&ﬁa%z@ﬂ 1§Ja£&*at100§4 sui;st}?ts Olﬁﬁtand

structures,_f i.ons 402a and

QoY S Y ea&ﬁfw@&}ea*ma&}ﬁ R iPetgd it R Y oy —
one charlast @ idsdctigalntharbdigisticed baismiOidaciaiekiodQR), a Hitketho of said test
as posi tﬁagan 194{} btalﬂg ar‘?alﬂge%ta'ioﬁgg’ﬁﬁsq Id{refcg({n Al % slecrcl c; gv% of said test pads (104)

nanufacturlng sequenc
enbodi netfing aﬂaalg?déi%g preqad gisctinn thpply d’éfere’éﬁo@bw grhtsuecmnn
the basis of a plurallty of measurenent results
obt ai ne fron1a l.ur.a of different substrate
and7 or ﬁho mdif %grnélr%t hﬁr(%ll G SBRE P PRiH g’stst% ?ftrp?ﬂss £10fypnd a distance
‘NWﬁﬁ§Mﬂ§FWﬂ6W0EﬁpabéWéQEHQmNMéWQMS@@>average val ue.
ance the electrical characteristic of interest, even
i's s bst a |aII isotro across _a single
conallEABIPEY By armiRaly PGP AT ot aepeds 104 nd a isnce
1ww@ﬁna@§mm@¢wwaypuh@ﬁ@bemﬂaﬂmnated with respect to the
average value. As a result, the present invention
provi des_a sinple and hlghl effective test structure -
and™ et W38 95e obairmds furbsr f%@né%plvrellfn ef wortaqt pasis (107), each contact pad
being blscdirhliyonnrda@in siadntt osd Eedid praalty aitsrpadt(ens).stics of a
sem conductor region of interest in a highly efficient
manner, wherein, even in case of a substantially
i SOt r opi The Betra ol dim Livaivinsaid wiicrudaesonesinanita sraizadinednmay
be achi eved. Nbreover t he present invention enables
the I nv th%z % he influence of current or
el &ct ri car IF1e al% VTR S sspricaqdpaloTresinn s gsiRd region.
el ectri cal characterlstlcs wi t hout undueefforts or
process -l aWicBoehzhih € %r[h%mprm% g@éﬁ?trthreectjes%ﬁs ngn%él%
nmeasurenent signals may be obtained wth |y used
nmeasur enent equi pnent for eval uating the electrica
perst or nele éevigk ofvlairg Uifirthel cem@iiing at Idakbt@sue byt pald {@inni ng
cl ear neasurenent signals that may readily be assessed
and that represent a physical correlation between
na@rosc&%?dgﬁﬁd°ﬁﬂ$¥6sbdﬂpﬁmbé¥%ﬁ¥ﬁe¥§ seqind  rgptions afeapubstantially
perp@idtoasi nent s di scl osed above are illustrative only, as
the invention may be nodified and practiced in
di fferent but equival ent nmanners apparent to those
skilPl ed Thndevise ofplaim hefirtharromprising @ mefrerce gicohvictoraegidni(40gs) formed in

said h@/ﬁ(ﬁlld&er e Eef&é&@m&ondﬁub@r BEOLATS) SHERS REL safd%gﬁubon%ﬁ’)y Cegion in at
diff rent or%g; Furt hernore, no

enst PR PG 8, B Tl R s e ae) comgyiios b of serence tst pa
in coef@q’q with sastreferance pend@sdugipr rhgamandarshgim, defirteh @reddfin@niistifice therebetween.

described in the clains below. It is therefore evident

that the particul ar enbodi nents di scl osed above may be

al tlér ed T8y dsvisqiof Fle Lirithersinat Lot v, af jaidh tps mads gpneesent drain and source
regiogOdf's ificteraadstamistnitiure. t he scope and spirit of the

i nvention. Accordingly, the protection sought herein

is as set forth in the clainms bel ow. CLAIMS WHAT | S

CLAF-MVEDThedevige efeciring b dheting satesiictede of @it shmigtor structure is internally

connected with one of said drain and source regions.
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a sem conductor region (102) fornmed in a device |ayer
| ocat ed above a substrate (101); and a plurality of
wao e®b/opades (104) electrically coupled to sai d PCT/US2005/018357
sem conductor region (102) for measuring at |east one
di rectional characteristic of said sem conductor
region (102), a first two of said test pads (104)
bei pg ar ﬁ“ﬁ:n&@ige af ang 4, bkt ardiabi@Gh iR pgci Sfﬁ:%gghg drain and source

two of sal d test pads (104) bein arran%lg
regigns o i o BRYSIB sircEry Whegeiny Fagsiareneth dptign picpaid |ﬁFS§FanSISt°r structure is
orieflied flargisgia firsPdiredtloa aslemianGstad flength diraatich, of véEdeind tréhsistor structure is oriented
nes hetyeen said first two test pads (104) and a
alon%%&%n%g ’Eet&v\gen sai d second two test pads (104) is
substantially the same. 3. The device of claiml,

whergi n As%&h&@%@d@@gw@ﬁsﬁgi d first two test pads

104) and et wee second . t
g 1Oﬁ%enucondé18?r r%()éﬁ?&?ld)cawliﬁnea c%gceial&yér ai Fegfl ctorf %Ylfﬁ%é‘g ?ormed above
conpri si agbsrapl(lfnkidty of contact pads (107), each

conf agtsRatd Behddd, %@&Mcb&@ét&r%eg%qmgErﬁidcoﬁ%u@& td &Rhine an electrical

one of sal d plurality of

devi ce ofPPRPIEsHY %S“@\ﬁgﬁ‘céli‘dﬁ“%ré‘?gé?né]é)ﬁi IEGHEPEFG‘F‘EJ?‘&?T%F%“OHS

is a strained region. 6. The device of claim1,

whe 5el n ‘?}%‘ .S j rg

B R T co%%% = jofemoal srain

at | east thr ee test pads (104). 8. The device of cI a| m

1, fauirt heke de@taOsti chiirh g4, a\thEIJele asd teﬁtauﬁcuine&ﬁnpp@ds p(uﬂa@ﬁ)of test pads (104)
elec%calg/ aupgf:%r eg%edl sgrfrr]uscgnél}lcetor Sre og}?‘g)g{ E)r 1nFasur ra‘c lgaﬁfs ng %Fectlonallc&aitractenstlc of
said pprmicendyatas ecgioh, acfirgiityn of said {epttppds rbeleg)mangeé aln@ pfirptalfregtienyand a second two
of S It GRI Gt inob @852 sécAi2BdctibDthTBiftePenSiRinthadSYst Gfction.

| ayer, the reference sem conductor regl on (402a)

differing fromsaid sem conductor region in at | east

one_17of shmwthpd, aonaprising:ess, the ref erence seni conduct or

_r eg&e%m(u%? %@'&1 rgsgéw EOI ;§ Ilégg t@o ﬁ’lﬁérfy 19(§epgn§£n? G@J&E&S aﬁ %fectgépﬁroperty Of a

in contac sal.d reference 'sem conductor region

and arr a??@’é?ﬂndlu%ford@“inﬁ@zhlo‘iﬂﬁé Berpyiedevas o p sgucenductor device; and

t he¢velbgingvee nieastl bne TFheeific edhibraterietic @lfladnbingl ,a WAk taftieBtmobility in said
| east t f ' . r nt . drain and. source

g ons. S e ESh oBBAR of SRLERERN I R

device of claim 11, wherein a gate el ectrode of said

firgd tr 'ﬂl&sdleﬁi)@ bf Gith UE thESin ld&erhbig rsﬂ@-kllsdfmﬁlcﬂi‘@@l%t (%ﬁllpnses determining
an %ec%ncal re51s ance Gc'fas.a% sdrgu%o Quc?oq qe So%;'l(ﬁ (?zzastfvgm 04C ?%?cﬁ g?rtl?né Sf?rmed on said

claim1 ereima

sempa@sctwemoesbnﬁ ong pEsvid teriiheasly tnderendediresiisnsof a second

transi stor structure, wherein a transistor |ength

directio f|r t transistor structure is

ori Ent ed’ |I%§>FP§9 gfgﬁl W&frela FRRE 14 Hep g2l i RF) cprgises determining
an c?l@ngilhesxktancecctﬂ soid sefhicadnatbr 3o n(t02) beiwsdnsttvo rcosdct portmns dormed on said
senﬁc&ldgae,r@%ﬁoﬁqlogg 06l SHlett SRGON ey HRE I dirkdho

sem conduct or devi ce, conprising:. a sem condlbctor

region (102) located in a device |ayer of said

Sen2ec ondiuetn@hodl eNdlaR 18 ~hetio ks IAROMECcharagtRSd dodibes an internal strain

of sa(ié' s%%‘-}}c.bncﬁ&g region.

21. The method of claim 17, further comprising defining said semiconductor region within said

device layer to comply with predefined dimensions.
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a test structure forned in said sem conductor region
(102) and configured to determ ne an electrica
W@ b@sazaoes i stic of said sem conductor region (BORYSI005/018357
at least two different directions. 15. The device of
cla:£114 wherein said sem conductor region conprises
# t er M ol of plaimqlg, furfe CPEYiFipRcpfrollinggsaicha Wast one adjustable process

parajeter e rthestabiel of @Ad aSlekist GhellEtarabia¥R¢ ldliﬁé the %Maédn' §Yon®for more further

Senﬁcglﬁnﬁlg‘%ﬁ%ﬁ%e% g‘fgﬁl)img saqci: Bl ]ﬂc)fg 0} %llrcul?léllergg l.fr iwﬁﬁesnglfmq g}ggf melﬁ éemlconductor

de"‘ﬁ‘?s P deEho OH%ﬁmf&fqnéwlPS@at@f sai d sem conduct or
region, a first two of said test pads being arranged
al a i [ nd a second two of said test
pa sgbelﬁﬁ a??gﬂfz é?gwgﬂC%ﬂﬁ%ﬁﬂkﬁFW@@i?@ﬁmpﬁaﬁmﬁ?ﬁmddwﬂmd
Propgity Visp a digst fqhgl‘?; @aﬁ etbctfital propetty gcm ofid af the aflidast tho ﬂ'[ﬁiaﬂ}oﬂdependent directions
is sdbﬂiﬂﬁﬁll Sthensgme 4 &bk
el arly i ndegenden? élg%fé%éti Flo r%cgls&ﬁ)%&’f zél?: %e °ﬂfer Bie of 85 at least two
F&%%F? % eni conduct or regi on (102) located in a
deV|ce | ayer of a sem conductor device; and eval uati ng
at | east one specific characteristic influencing a
charge carrier nobility in said sem conductor region
on the basis of said determ ned el ectrical property.
18. The nethod of claim 17, wherein determning said
el ectrical property conprises determ ning an
el ectrical resistance of said sem conductor region
(102) between two contact portions forned on said
sem conduct or region along one of said two linearly
i ndependent directions. 19. The nmethod of claim 18,
wherein determ ning said electrical property conprises
determining an el ectrical resistance of said
sem conduct or region (102) between two contact
portions formed on said sem conductor region along the
ot her one of said two linearly independent directions.
20. The nethod of claim 17, wherein said at |east one
characteristic conprises an internal strain of said
sem conductor region. 21. The nethod of claim17,
further conprising defining said sem conductor region
within said device layer to conply with predefined
di mensi ons. 22. The nethod of claim 17, further
conprising controlling said at | east one adjustable
process paraneter on the basis of said at |east one
characteristic during the fabrication of one or nore
further sem conductor devices including said plurality
of circuit elements, wherein said one or nore
sem conduct or devices are forned on one or nore
different substrates. 23. The nethod of claim17,
further conprising determning a reference val ue of
said electrical property when a first value of said
el ectrical property for one of the at |east two
l'inearly independent directions is substantially the
sane as a second value of said electrical property
al ong the other one of said at least two linearly
i ndependent directions.
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