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present invention relates to the formati on of
integrated circuits, and, nore particularly, to the
formati on of sem conductor regions of different
CchalTaCHNIQEE FOR EVALUATRSG ﬂbtﬁﬁm&mtmlnmg EHARACTERISTICS IN
nmobilities in chan ﬁﬁ%%? | d effect
transi stor, on a Slﬁﬁ#a substrate anéfshe eval uation
of the characterlstlcs TEARIEADNELRT The fabrication

of Gatkeny, ai @&seﬁfﬁt ﬁ&ﬁ&&&elit@q&l the @Smithe of ﬁfeﬁﬁ@d Q{dm@fan@ more partxcularly,
n U circ

to thae?% rR Gt C?n con uctor r%g|10fls oef éﬁ%rexrlt é’ﬁ?‘%ﬂﬁ“‘g“% ultlch éﬂ(’é‘f“&i’l‘%ﬁe cagler mobilities
in chyngpt @Biplasy)f @)fieicbqffg@ dgrsisioe emmg@gll@gaha@é the@uatuaguntol e characteristics.

practiced, wherein, for conplex circuitry, such as

m croprocessors, storage chips and the Iike, MOS

technology is currentl32¥¥%£§§§ﬂlé£$nising approach

du eTltedambmoxswfpmgjrmd citduity @@treyr thsfoingsion of aldir@Wufber of circuit elements on a
eivel R Aok Mkord3RE sﬁe@g{f? Eipd W5burC LRHTY gﬂmf&gdo  Bloc&PRbhnologies are

Ticlency abrication
GW?W BFiseh a'h?f?lv cf?}" %@plewcw RASES 3¢ BEHRBF By, stwacwbamd #fe like, MOS
teclﬁdi@jtﬁd Siredtly , thel m@t prossi6h aproadh dus me SdpeXics ciRRGk@fics in view of operating

speed a&P@%Q\%I cgnrsg'ﬂ)%wr? snlg/ror cost%g' tienc gfg L a:rmc% t%e fa?nc%tgons% ﬁ;rrw&mteglated circuits

Ing a ne sem
“S*ng MY feghimelpgy, mlkiens 98 &pisiviersof e vifrehahust tranlsfoma@ﬁarﬁwéiannel fransistors, are

fornfed BSIuBIOE m@l[ldx@ fa‘féﬁﬁﬁé @ﬁucbx{d@di&'la?&xo fa N18S &Qﬁ%brdﬁ@s%g:uve of whether an
ses un
NP 2 & P G lok S SRR it S GURER Rl s ar formed
by apjintdnfacerpt bishly dpped diviebyd sdopradsioh avith eb appegiiady dipgixosse region disposed
bamQQHM§ﬁﬂnkB§nQﬁﬁk&m&ﬁgﬁﬁﬂ and the source region. The
conductivity of the channel region, i.e., the drive
current capability of the conductive channel, is
C orithe obrdantivilyyof she gheingel egiostie.otte diieroneeht ey cliih!&: conductive channel, is

cont&h@tﬂ?} ﬁgageee%c Jde ?tnlqeds BORMRAL § Z;ngir}?g %f Jngggp?%teg tl re om !ry a thin insulating

ayer. e conduct
layey. digp md%w of @? Fagpeierupgn %W&ﬂb‘t |a\?@ldé"r‘ila?1‘ﬁl€‘lneld1%¢0tﬂ@ application of
an apfi&priap [abxiuﬁla\toltﬁgﬁ t0the gzﬁd%l&ﬂ&fe@l@;ﬁdn&t @n&x@ Rt othHlJ Jo@e&f—‘c&&entranon the

mob%fg' of g}gtcl% 0%1 & nt%rs a for ae E ¥eﬁ e:v%cénsm%o{met c%ann?q rft’gli]og u'bthe ti:aa%stor width direction,
on theglistapeer bstwegmibie sofuge ald defiiny xspons x Wikphsip @lﬁﬁ wferehie ag Hamekelkngth. Hence, in

comlb’lﬁﬁbxo Rith ﬂletdaﬁbﬂlfyadlﬁhﬁlp Eredinglt rboﬁiiu&ﬁ/@ tch@fel belOR tﬁehﬁsulanng layer upon

R B0 R B L S0 A RT e B B 6 sy
influgrgesbicn agrfoornes afM O gansistpabiThist the géductapiofiky chmefildngtly aad associated
there%gﬂ % quuc\!t%n (éhfﬁg @lﬁhnepz%L@Wit}t p&%dérp i lcl?a‘hﬁeﬁ‘ gznétfflx %meHtep&mgn criterion for

Elcatlon of the control vaol ta% he gate
a"""’é’i’l@ 7% Yorereaterinthe epgginerspese pijhegptest “élcc‘fﬁ&tﬁnel regi on
substantially influences the per f or mance of NCS

tr g ho%&gx'fn shn-gp g’b%tﬁeg%ngm?% ex‘?‘&ehs%ﬁﬁ%{)ﬁever en qs uraht\{)?f 113}1163 associated

ass C
fhﬂf@éfﬁh%#élpvert@sq agrpsgqdise as 1o RO pndply Off%ﬂlwgm%ﬁs obfemgltbm stgadily decreasing the

chanﬁBD ﬂan@tﬂrﬁf Miﬁﬁitrg@lstﬁx%i t@téizﬁhﬁbrfpﬂiblemaﬁctﬁh@pési)&h IsNBk @Relopment of enhanced

TSNP KT e o
such dﬁ e e@pﬁg)de ‘irfdmgsrstorsefqt glielvsiedcergeneragibn. tNjorgfker| lghilyasphisticated dopant

proﬁﬁ§ $06d ke did-h&! a@WElI R it tH@‘lﬁtex@ﬁﬂr@ct%Q ag(?eqaﬁjéa iB8SEd: 5Q s@%ce regions to

uly offs t he advant ages obtained b

provige @gdﬁwng & &*a?fSHﬁfyfthé’mb}eﬂﬁﬁ ék gf‘"éﬁij’t‘il?a“&?’ onpaedleviy. Tn addiion, te
vertidal Brrsiprs ofohesEN (Uneiomayithrrespecobol tengatenindshiic: Ihesf@Qtpréstntst d@itical design

devel opment of enhanced photolithography and etch

strategies to reliably anphgseproducibly create circuit

el ements of critical dinensions, such as the gate

el ectrode of the transistors, for a new device

generation. Mreover, highly sophisticated dopant

profiles, in the vertical direction as well as in the
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provi de | ow sheet and contact resistivity in

conbi nation wth a desired channel controllability. In
WOMEP 032819, the vertical |ocation of the PN j RE{G3HS/018357

with respect to the gate insulation Iayer al so

represents a critical design Page 1 WD 2006/ 022946
critepgain (W8P E Saireg Suent eorirele Heds TRy S chpngl éeggthg@o requires reducing the
deptE bliT theediin Gralnbired regibll RGA ,resﬁeedld e lit@rfa&b&”oﬁfé& By &E git@ﬁl@ﬂla'ﬂon layer and the

chaunel I«leoneﬂllére{;}? £ 189%1 Ig]opﬂlgucate({s %mp?agtgt 1 tgc tue% d Céorfluag n c&th% approaches,

rce reg respec erf
epltagqq]@f @g}fﬂgegm}g gﬂe gtrqn@;}mphayeqclﬁachﬁfsgtﬁyhe gaﬁ:@if,ntmde redsigh om ? referred to as raised

draid A€ E&uk&‘ rdpRE Eorﬂrcﬁgie%@aéeﬁ Edu@@hﬁﬁ} of 1P kaBB¢ @hih Yk source regions, while at the
t echni ues lﬁﬁg tg e& %@P hlfl
same e T S G B e Pl A E R Y nec 1 i ed

offset to the gate el ectrode, which are referred to as

r a'S%@ch@ c&iﬁlﬁ\ioﬂs %CLecﬁl%ﬁco?thE %lcﬁrll%nengl&s pzr O\tﬂe%gt(ej leéx%ﬂd Igt(‘: téxe transistors,

i ncreased conductivity of the raised drarn _ _
necepsEs iy dantifien aad atssiply die g dfeclipse of BT SrRIoY grogEsSSpraTifghironcerning
the dBNcjidentiricl PrcaM §tdps/ieBd9 @edn pkaPosed® afja tefhahdd Skt peMimhrdy 6 the transistor

elemgdtsﬂ%' éng?ng %Q ilarlléé léiﬁwxs l!ngb%lt{ ﬁldthlecn% b 1"9{1?11& glt'e 2 gxrvent ch nntllzls}?ngth, thereby

offerrvééf@§@Pqﬁakf@rswwelga@arﬁtrmm@ﬁmmﬂawﬁté@é18 ptryparable witlethe advance to a further

scaled &Vﬁbl@%ﬂé wigk afWidii i¥anG BRI a8¢e Wo@ﬁ@%@tﬂﬁ@&'ﬁﬂb%&vﬂh device scaling.
concerning 10 the above-identified process steps, it
has been proposed to al so enhance devi ce performance
of It hidncipleanisipast B0 mickamsme snappe pndrivaghligptivther chvaatde to increase the

mobi@@'rotf e Ehafﬁ@ Rirdidet % thebndAg r§gh}§n @@slt tHe & agﬁoﬁc?ﬁ&atﬁorgu}/ﬁﬁﬁﬂhe channe! region
ann otenti a

e t ere
may gec‘ﬁﬁl“é% Waebﬁﬁgf%?%fﬁageWFﬂﬂSp%@%ﬁ#%ﬁ% capfsgmg Qusdpsrgsipedn canductivity.
Howwviet, redtdivg tadispanC@nteotraiof inntitelibamne! s:giah eghifilenlyndtagye tuodeld voltage of

the &\Qﬂlslogde%\ép lthgf'e gggxglé nﬁf(mé ﬂ% Lé‘lﬂ)g\é§ﬂ‘lp& ?81@ §o§tce?1g;98{1 Qfeésg%ctlve approach

assocl at |1 ce SC& rlncgg
unless @t m%%mﬁ% eﬁaﬂﬁYeé%l Wﬁg}uﬁ@ et thrqswdcw#men T8 ﬂwlaﬂwe structure,
typicSlEal @) ﬁﬁfﬂqe okiEntdtiog; e AS EhatirdBregidihiy|be v diatd, foh Exstﬁlrl&ali;g@eahng tensile or

' complesgl";e Sg%sg tol pod%cr(]‘.ea c 1%&%%}%?%&%% LAt elaznlnélsrégiontw ich res@% in a modified mobility

1 ONn anne regron
for eké@m:@d Jrolegy eqSI@WGWe Forctappls catting tqnﬁlg S@Evremtt%e dhgrmeltrigion increases the

mobiGH A QeuER! ﬁhe@eﬁﬁ daneditgdisnd AEERAS bﬂ&gjlrEJﬁen Qﬂﬂéjié&ﬁé é’cﬁain}’an increase in

[, reduci he .d nt conc tio
moni i G 1R1e o B SRy Byl AR i P e B Prro i gpponding inoeas
in the/ghduagety.oPn the lethet Irnah sorgtresivedguin gehe dhbrarighgionpnag Siervhde yhe mobility of
holesn@éﬁfébﬁ}gm@dfng 61‘21 ﬁtgtéxﬁﬁl f&fenﬂal}@ng‘:iﬁée)@ﬂ?&m&gpg@nﬁi %ﬁsg{ama | ess
attractive approach 20 unless ot her ani sns are
devel oped to adjust a desired threshold voltage.
Setangpoduttion lofitdsc or ShinUdgitiesng int Yipbgadd sircdlt (aﬂl(ﬂﬁt)on is an extremely
pmmﬁh{% g@?o%dioﬁ)} t%Rﬁc?hévg:Q exfexgioc}np %mgehi%p %L}Plg %9&11%@ B ma? be considered as a
. fnet af creatin
newe SR 08 §‘§‘P§Péd“§’t"if %@ﬂ%lowfﬁ%@@t gae 81@ ripteisyion @f ﬁa@t By rfemiconductor
dew.cbd’}wﬁhbﬂ r@lbﬁhﬁg’l @Jper['sﬁg beRicondtoClatdrials hdt ﬁanhiﬁct@m@@ddhrﬁdu&d Consequently, it
has been Wﬁq;oséé to 1r?trrod§oee ! rngz[z}ncie d? ! gtraﬁnsl.;)yn e ? eg LR ashln%’? geli:ng.&ﬁurgnlayer or a
sﬂtcon/n@lroe éﬂs'@,rs%rmhtaon an'sﬁigm subsratefo obthip e ﬂ@n@,strm:ew@lcmmel region.
dependi ng on the magnitude and direction of the

[ 2 I f 120%
ooy PR P Ti e PR, . oh oty QETiRS aves, spacer
elemdnts atregdhaitodntipmitoctareCon te dipoin chotiffed inen grmgt to biaatd hdesired strain within the
chmuﬁ-pﬁgb'xpt HM\k’J‘lé’r thgﬂrotcg:? opt:rgﬁﬁg ﬁ’l@@tgam ﬁQﬂ@ %%1%1 r\é@ons J %ﬁ)blgmk | specified

he channel region I nCcr ease

‘“"Xteﬂﬁ‘b‘i“é§ may HEREE erﬁ?do% ”éﬁ dﬁgcwréﬂeﬁafeeﬂ?ﬁe@ techiuess FARETE ysegt and the like,
since kR @rap@EbOSMB6 @Y Eredfedt sye fntd BAIS 5 he EldnnelRgion is affected by, for instance,

i ntroduction of stress or strain engineering into

integrated circuit fabricabion is an extremely 30

prom si ng approach for further device generations,

since, for exanple, strained silicon my be considered

as a "new' type of sem conductor material, which may

enabl e the fabrication of fast powerful sem conductor
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35 I n other approaches, locally created stress
(groduced by, for instance, overlaying |ayers, spacer
TRHRRPY, trench isolation structures and t hdqT/KB0(5418357
nDdlfled in an attenpt to create a desired strain
hin the channel region. However rocess of
how é‘i“é‘élﬁ’ the GhapprbregipR !aubﬂld?fﬁo R Buriefh tasing sy .Hb??ﬁwhcalbm -Piukgr) devices or
the ramARSChill cbon BXiuer deaikesSovaseh BEYs Skl amgichdRpaitcadbe produced in a

1eh evi @Jchltecture process techniques, nmaterials
smwu§§%91agﬁgﬁ ke, 40 since the translation of the

| ocal l'y created stress into strain in the channe
r eg{eébﬁﬂ}l 8 hafbtaetpekedy prohas sol gl ﬁ,ﬂﬁﬁ subsiPa@eQ @heind¥@k silicon regions of two

PCT/ 0 5/018357 the chan
P ENOE B0 60T TR B PEA hA LD SERP A 8P FhodgeiHions
ﬁd@@@ﬁ@@W@@Wmiwﬁm@mmdmm@m®Mﬁ5Mmmwmmmmmmm%uMm Thus, by

provﬁﬁnk ' aC(Q 1) | kb il &Y B.8%inneh Qﬂsﬁyﬁ hn SRS SrcARdiie tnnuntaimng the (100)
direction can be produced in a specified area

or*enéﬁtfan P‘H‘é‘dW s Wﬂw £ Hiaghaped Feejspt plode A-dbggmel Eamsistors, the
perfoinaid decimaitsCahthiaidy hybrypes stipstinat edy tsiaificanthC baleithanced for any given
g i -
f:rans?é ol‘ lar(d f%g J[‘%Bi??o%{écgg%\% tvevgt %s?dggﬂrgtal d)rngrﬁ{]}fﬁa £ {c,]%ﬁlef stg‘é]sg’!lte may require
adh%wﬂewe Xm&ﬁﬁsﬁﬁ@ to the well-known fact that the hole
nDbI|Ity in (110) silicon is approximtely 2.5 tines

%d)a ckc))lﬁs!el :16 X 1rueagiva8(rs]ezi f ‘;&Fgra]g:% (éllltls_] e%n%altegxb I Sr o%nedc:)rnrg%he above-

ideutdied deghniqyesn e Ieecfmitil pitersiterishey maplesigfudicpdlly depeddeqnt the fiwly achieved channel

condMHOW, Qiidnﬁeu@e Sﬁépc%rnho%r ofSheCihdtdrd Mo rdiRidink Itﬂeycohdac&vhﬁhm ehonitored. In

annel transistors,
vty s s s PG G BTG B SEe Bypa gengptons. Tnview o s
situatignathet sttty snepdfpr 8 feghnighs e ptablps acienh bahet@d of Dral devite characteristics, in
partxgﬂa\/% strtt,sg @ﬁlﬁéu%hocromﬁﬁ(ﬁp ldﬂcﬁ)‘; t0HllEz‘epara-ll;‘!glgrs a@ﬂa(ﬁﬂg ltiﬁtc'hﬁ%a &gner mob:hty,
crystal orientation in a single su stra

dﬁﬁﬁﬂ?“ﬁéﬂﬁ??e addi ti onal conpl ex process steps.

consequence, in advanced integrated circuits

fabricated by usipg QRg SRS Avd 0 bove- 15

identified techni aracteristics

e b PR pecaTRes|y il R emery ¥k bfverfiah Inprdselipeyidela basic understanding

of sol3ariead of tﬁ@ﬁdd:hﬁ&d Vitiyysumaag,is ReRE exha@ne &ewwroe tRfinvediBn. Tt is not
inten{i,r%%% {a%n?iféf eejt/ i?rrc 1ca Q%nenp { tﬁé) Jg\geut?otar}l o\é totec%ﬁi e ng scr?&e cr% éhe invention. Its sole
pPurpEsp S pheteridome fnncﬁms i hgmzlé“ﬁd forhapea ﬁreindeffdtﬂmr@rd@tauleiedescnpﬁon that is
discgeNgations. In view of this situation, there exists

a need for a technique that enables efficient

eval uation of |ocal device characteristics, in

paGeiecily,athe phreeens invadgisn &ndiresttd & A tebwighict thandloan dvatintion of electrical
charagtte{)kg S, ﬁ@i{ %%ﬂcﬁ&ﬁn@fete%h'nﬂ)glhlyniﬁd ﬁx@ ‘%k@% £ ﬂgﬂlﬁr E}Eahze a&lj:géslred ina

, ferent Substrate are
direcityn- #m&depwwntmbmewm %wt%ﬂ BY essmpifog Paﬁenlaﬁts P#ef% aggystrain induced
effec UililBpeyfomfands: BErdnfist@Binicaresi N order to provide a basic
understanding of sone aspects of the invention. This
sunmary i s not an exhaustive overview of the
i neqerding e onp fllutegtivgembodingeng of the prgesdt invsniiog.cseiibgndigoy deyjce comprises a
senut%ﬁdut:tbxcr@émxﬁfln%ﬁ@ i SdeGife lﬁﬁﬁlobd?éd%m\fh Q @ub@tfatet %] pﬂ@zlh'tynﬁ@etstepa@s@?e provided

ventJ ts. s S

s SRR P o o AT FEISEF ST hiept G et of
ﬂmsmmuemd@t@mMedkﬂQGprbmq@ﬂpthabaneemwmmgdﬁsedmuan@mﬁsmmmtwoof
the teSEpRE b hrdhgedalify PLARE @&ecm\aﬁa@ HifBrordt Frodinfe 85k Bflcdcl. 2

technique 'that all ows evaluation of electrical 30

characteristics, such as conductivity, electron

nmobility and t he like, in a highly localized and, if

desired, in a direction-dependent manner, thereby

providing the potential fmgexstimating particularly

stress and strain induced
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effects on the performance of transistor structures.
Accordlng to one illustrative enbodi nent of the
WO08EB1P4G nventi on, a seniconduct or devi ce com§ATEae05918357
35 sem conduct or region formed in a device | ayer
| ocat ed above a substrate. A plurality of test pads
ar eFFUY et irbpdiuieive cBRdREaP e etstrt wibntien. @ gmiconductor device

comBRes zC@Eﬁtdcttﬁ&t{aﬁ)r E@gh qanfe@ rabdveatsuxbtura@ aatt a! RASkucRRe that is formed in the
sermgon&%&} te& The te?tr o nﬁ%ur%od to fletemna ‘éofl u%ﬁv?& g{wtgegsgmconductor region

mat&ﬁséh‘g’daffefan@tmémr ect| on and a second two of the test
pads are arranged al ong a second dlrectlon that i's

different fr e fast. direction.

2006‘670(5‘5'?95?6‘3“& %SZ‘EYGW%‘% tneglof tEfa Pfﬁ@fn& lawaﬂor*a? fipsthpd comprises
deteriifings tvitht tespert eorlao diasretw feartyh ndgpeiss ndirettiome 1k | efedtricadl property of a
sams%mccmgtmg s 166N ﬁ% daeaz@rytrmseﬂm%mf&%rttftctrﬁ%n?e%hgg h@ger comprises

formed above a substrate and a test structure
ﬂ"ahrltbrrgrré’:ﬂﬂsr Ppetpratiic SharpriedsHe TETBng LERIgH carthR aoyility in the semiconductor region
on ths basky 6f th¢ @tebtindd@BEi@UIredrty.0 determ ne a conductivity of

the sem conductor region in at |east two different

directions. 5 According to st|II another illustrative

enbodi ment of tHYEEBRDESE 5 HhDR 4WEHG S

conpri ses deterntnlng mrth respect to at |east two

|'i meadnletidniahe pe [iﬂi@d@tbocd&yf 1€6ehcd RSthe &ﬂovﬁhge&éﬁdhbtibﬁltaken in conjunction with

the a(%r %}%\%{Jé%drovfm esl in W tmat(fcg reegg:fleg%eg gxmgra% %do @1&/11 & gleme]nﬁ vﬁ:gcal n

further conprises evaluating at |east one specific

ch afg&@st R b Sk Satlcdly| sHRNBIpHY v@w%ﬂ?{r&@-tse%%nﬁbﬂvﬁ% %Pét:lvél} Y% test structure
e pasli s .o

onduct or

for Bl Mot P, Hpten 3B, SERPET BSRE B+ GRreEed plane of &
semicPiECtDRASNINGBteTe | nventi on may be under st ood by

reference to the follomtng description taken in .

conjunction wth the acconmpanyi ng draw ngs, in which

| E‘émFsef%tdet‘fE"émH‘iﬁ‘H% RS 1) RE Yy 1"'?’4@@“@1‘% PrsPfdins ton frepbgrpillustrative
embodiniesty): 15 Figures la-Ib schematically show in plan

vi ew and cross-sectional view, respectively, a test

structure for determning electrical properties along

t whEPP Heabryiaitlisetetetosdicrtional Vievisf 4 trit grugpeintipdinegh gate structure in
accorﬁkln&l'\«ﬁthﬂﬁrﬂﬁ RN CMIUEERS of 1R Gt iRfention! erest; 20

Figures Ic-1d schematically show in plan view a test

structure according to further illustrative

enbigdt Areshemticatly dapics i Mansiiswertest itoetiue ynclullihgigb didfbrelyariented transistor
structGl 08 Secs@fkd Kiithe Mi@Wi@EmBbal@sd Structure including a

gate structure in accordance with further

illustrative enbodi nents of the present invention; 25

Fi Ggre 3 2lhstoire implhc ek yn deqyi st pads Ehdme\d edvedl tulBdr of contact pads
accoraﬁé’tjdﬁﬂlkffaﬁve eﬁgcdlﬂgénﬂgma WO dl f f erent l y or I ent ed

transistor structures in accordance with one

illustrative enbodinment; Figure 3 illustrates in plan

Vi Bg\ﬂrﬁﬂ hbwsaih @éﬁss—hc@ﬁdmalpﬁdﬁ ar u;l:rlidtdﬂtg indludifd bl GE&erdé! TRAE Erructure f01

dete ng% dsﬂbs@rﬁ%aﬂ? 3190% plgoele%&:lcagrc cqensp cs m la'lcsc(t)rﬁa%}:e \\{v hoah g'f.rthet llustrative

ure 4 cross-sect
embodijigny a t est structure |nclud|ng a reference t est
structure for

While the invention is susceptible to various modifications and alternative forms, specific
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

imvention to the particular forms disclosed, but on the contrary, the intention is to cover all modifications,

Page 4
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determ ning substantially isotropic electrica
characteristics in accordance with a further
WO 0684 i ve enbodi ment. 35 Wil e the i nventR@HU§2805/018357

susceptible to various nodifications and alternative

farns, specific nts thereof have been s
e R AT OB B S GO b SR et by the ppended
claiglescri bed in detail. It should be understood,

however, that the description herein of specific

enbodlnents i'S not |ntended to I|n1t t he |nvent|on to

t he parti cul aMODEHTOR CERIBR B ANY IR

t helllisrhtenn thigidiniests bﬂhﬁ%ﬁfon ak Heséﬁlﬂdt Belomathh maﬁterestpaaﬁltﬂ not all features

of a}{@ctgaq)% I&%%géo?xaa%%écg{)s%ooén 018315c:at10ne (ﬂ" WYlaoﬁ ggltg% 635 ép}mcxated that in the

ternatives
de"ﬁ*‘lﬁ’é’ﬂi‘tﬁ’@@m jueinacspl @équhmm rﬁylemWemalpipmedspe@ﬂi-ademom must be made to

acmm%(d@eloE&R s&ﬁ%ﬁla@@u@d} co-E{ﬂEanlzé\MﬂNﬂtgl\lreﬁteh |axllcf*b%§1£e@§ Ilef‘é@d constraints,

% Jo e inventjon are described bel ow.
o P PRt FOR R A oGt MBSO e suh s dovelopment
efforh otightbe Fampler mach tirad-doosemang cbud @sdd indyerthelers Hehi Butine undertaking for those of

ordn%ﬂ?&ﬂifﬁﬁéﬁdiﬁ%ng il vafhel: be R aiGRMESE e appreci ated that
in the developnment of any such actual enbodi nent,

numer ous i npl enent ati on-specific decisions nust be
madehe pesencioiantey @il dve bel ésalbapeiiseiosme ed thd ﬁta@aﬁﬁgg‘@res smlbus structures,
systé%’é aﬁ@ 50 cés%csgllemjﬁéallfﬁ#: @&‘"{n tl%l & vﬁ%m?&l%mposes )ﬁpeanfthotrl ogﬁ and 50 as to

constraints
not qbpuze o AR InVtsF OB details e P Enoxp iy besp el in aart. isotrheles,te

attacaeddEMﬂhg.@ pr&ﬂéIudfk@ toedef@ibd and e@hiin Bﬁst@ﬁ@éx@tﬁpl@nﬁl the present invention. The

worc}s a%? Plgonssu Q(] ? kﬂﬁuol% e gl grstgo Ver t h%rgt&c? 0 1&}/ ngmgrc?nsmtent with the
“nderﬁﬁy‘ilmﬂg"ftﬂ’f‘?é" "béfh"é‘ﬁq nthraggfs by thipss 51&1313510111 e wlepant fﬂ’h &Nopp®bhfinition of a term or

phraéen Y&t daniiiM fhht iNOWeBR AR SEd br@ﬁgy Whd alstﬁﬁir? rn%ﬁﬁr% & Q:.a&eﬁ?ood by those
hed fi rr,ous structures,
st S e B O P i oo O Mg o g et that

termpy plyes ds inphded xphan atpeoinl omhiys, anda sty dier thdbthitQinderstood by skilled
ams:ﬁp %G&&raespécﬁ?dm&?wﬁl ble @yp%ggﬂf Qap foWh tlrhthg ?Jeé}{* r%@on 1|r? "éltde tl%nal manner that

wel | known t hose sk
dlfecflh@da{wtq%%la’ Pafr‘féw fhegsgecaa% %eﬁruﬁeﬂ fardéf‘otelw dewer | be and
explain illustrative exanples of the present

i V&N }e&g‘f in eggon 1\5\@{13@(? orﬂhg Fxng So?%% n?ngdeielgt%gaa cgaraéggslflllcsdin a localized

be under stood and I nterp
manneh B POVERE ApHreprate et suw@re? Sptamati rgreshly tihmeeeniad inl simmily established

procdﬁhﬂcﬁ\& QBthcbﬁlcoﬁlﬁQﬁ@ aBiidhd E@%uﬂlt Bf kd) @stdre k. @‘é@&tz 0@ EhE senMuductor substrate. In
ferm or

ns L Db PR i b B ProhPLC apai ggrion wd e may
signiGegnttvgniinesce ﬁ@amrﬂgseﬁ@mm@efﬂlytcbmhs topsstbhyos eonBatidai tith el intduction of

heter&slﬂ'@chﬁéstm the Shahef3t 1%%]151'@ Ond' e &E)Io'y%t bﬁgffepéﬁt &%&ﬁ!}gﬁpﬁl@ bridARADE within the

rase nerel o.the extent

he ter
s U P e PP A0 B AS T SRS frasenree may oo b
applied and modlﬁﬁfé anvangevet Welin & hiagle slbatatcusodat Sipbl tbribyive kakdnt @@ required to

mom@f Ilrid%@tﬂl%l the Uﬁelats 3r AH&E Ip lcesg%feélﬂ ﬁl&(ﬁ’fﬁatgg ]l":e???c%ﬁgﬁtg rsse asﬁ Isé(ain inducing

forth In he specification I1n a .
P""“ﬁsﬁh r%ﬁeSStaﬁda%ﬁam&Pwertnﬂw Wilkps e @epuisivn ebdiffsrenperpiallelsaphic lagentations may
be peapeet & a d:egf lottilidd @fndeQ s $80 dffEEMNREs A% X2 ca_rﬂﬂementary transistor

pair [‘Rﬁy%&g% t!h Erea% tl %‘hutt);aﬂslee t%jst (s)nnllcgtuQe gygzt gegaeou%lﬁﬁigsﬂgnﬁ@tg provide the

aracteristics
deswqﬁ‘r@vﬁw%gﬂtﬁppm@# fegplugion” gl albm ﬂl@t‘:&m@t@npﬁd«tc&mwmwmhw on a scale,

whch' aa&ml Wnfbri |wﬂtﬁ1ﬁ[&ts&6’ of fle &éh&a&t@ﬂ’@lérﬁénte&toﬁa@xl du%x!ﬂt.etgemegl% QLR Formance of
wh1c:hs V}:Bcanwl %eh g Ctg g‘l g qqﬁ.@nt ye amount of real
SHALE Y fopengs on Ry SRR PRECE SRt conduct or  substrate.

In future devi ce generations, stress and strain
engi neering may becone an inportant design criterion
and it may significantl ypapdf | uence the overal
performance of the devices, possibly in conbination
with the introduction of
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30 heterostructures in the channel regions and the

enpl oynent of different crystall ographic orientations
WORHI23946he same substrate. Many of these asBEEMUS2HHY18357

be introduced during the manufacturing sequence and

nag al so be applied and nodified to vary even with

ihig Penakdisist ¢ wmisordyetpriaice PRI ROy qﬁ@&ﬁ’éﬂ%{?f@fs formed on

the basOp b fe@ftohdctivdRiaietif) whaRil tieartictl clddes fxs@ﬂly%rﬁiéd on a specified level in
a subs?ntlalg)gﬁfgﬁr dC%%I?g?Igiu%P ﬁ.nl L ?%1%81%11 ];aloc(c‘ig% O%Qf?ig §¥e‘? Bxelcélrgz,ncﬁmt elements, such
as trampigteg, ﬁ&p@ﬂ@;srqg@'ghp Higps is a@erwé Fo| as agevgqq éaygr @Xﬁl thyj ofhar lghd, the individual circuit

elemgﬂtsf tﬁr%ﬁ@ﬁtthe(ﬂﬁﬁe?etlﬂjd & gfe @@Béoﬁdu@tbi @bk On Be H&M’mﬁ@ cBected in conformity
n a ve ocal )
wit e ot g o b s G PuTRRT St Binugs e or mor of the

individug nisduy tlementspmibe devivy layecbicospler intedrdtalogndits, e ktirn@hdonnection between
the Jcmfcﬁtal (,tublﬁt él%etnts%a@%%l: ﬁH’ﬁﬁb]gﬁc\d vﬂt%ﬁatﬁé R0 %J:ryamp ﬁ'xa)husually require the

eS|? provi q‘ desired information wt
formatiop gt pug|or P@wdﬂffl?nah “"“‘E”ﬁaiay%’i"r Pefiding Kehewndysteiliss 284 vias, wherein the
lincs @kc@1dt b igk-lagdt abi@edtion, vt &5 van p@viSc dbd@ical thet Bet@den h@@Bbring layers

comp%?i,ﬁ%&ﬁ%ﬁ#l&% Aﬁhc%rr% %ﬁmg Qﬁ&g‘&é& gn@ﬂ%%&ggl hﬁésgﬁ\gz}s m%{/ also be referred

r circul or ma
to asgy eializeiicarieiey Abpesiuge é)ﬁal pqq@rma@@eaqf aefemispridjigoy|device is also significantly

affecﬁ:h‘ 6§ @€ LiRfabtSHisti6iSof 11 OmEtagRtioa 15@@5 241@@(5/6%1%&4@ introducing of mechanical stress
may m H.?nge ﬁmgoslgghw 5311(} Ehe re%xabﬂ(l: ° to f F o, cf’i rnetal p‘[lalﬁ’r %FI {esent Flvennon is

conc@qlqdcutht techhigyps rfprscoﬂ@qi}mcpné) rmom(tqqxgg h;agm@er@inﬂaencmg electrical characteristics
withit HTUGRE QY& hidhs B inRbduddon oBGIELLEtddRRRE CiTCuit .

el enents are usually fornmed on a specified level in a

substantially planar configuration. In this

aplithcafeicnn, toathe eroomppgingl idnginke fathet filibtatvengntotineyd bf the present
mven%ln?%rhtﬂ% be §é§&ﬁ>ed QﬁnJrJ %ﬁ' %&E Sa scﬁm&lﬂg/ 9{o§/s ﬁirbgantvl%% a sexmconductor

e, IS referred to as a evi ce aer
dewq%alﬁel CO’F‘Pfémgrf’dF‘%PFta’lPalwlc|“th9¥31|fPaY5fe%¥FSéﬁ‘fe"rWsaP?‘6?rﬁ*€oG“P%@Fat? hSéwh as bulk
sexm@ﬁdhbtﬁze sdbayes, Bdulatife sibhetee GlﬁkﬁthfoﬂﬁeddtﬁMtcﬁea begatBlidk Qseld@onductor layer,

where ol glg Eegrl%c%?clu!:%r I%:}%{] rge%cﬁc%.‘ g !)IQ OIC 1851‘2 o og%lct]p $i Ce?lalg 1?1 gﬁlu al‘ {mdbodiments

Sp ec
the s[zbhiﬁ@e Rhymay r@;egp@ba ’@ﬂ,}ésﬂ@pn pﬁ§$t@te@F an fal (s1il¢1)g1ovprg,}%¢r) substrate, as the vast

majofitly o€ bdrkpleR! @te@mcscﬂcﬁhst hen Qsefllxicféﬁml:@éé@r storhdd QL) @ICS and the like, are
el ec conn

rated c ric ct
s ST, G Gh P oo B R FE o TOE B LS PaB PR dhove ant
descripd hergm tnhuebfd@wdﬂe@mblaxﬂérm ambingop. withum lagpropeietel subgirateh guch as gallium
arsenfd@rmgrﬂééﬁna‘ﬂtunp%sn‘a{es mﬁm@ds%sw@mdvmé%&de@ GherebrBYR! & more strained
ﬁ% % conductive |ines and vias, wherein
Sm’lﬁ" Cti ayIe 8¢ E)P ide an inter-layer connection, while
the vias provide electrical contact between

nef‘(gpxp@a[bb%ghé A¥&hE 101019 gp&ﬁi&!mﬂlg oP%&Qx&‘ Fdz' \VﬁThl 11 ey em‘gb Cfnents may be

correspon WTring aer |nc I nes an
enclogerd By axmgglla@p gtﬁucg@ ]IOé,f vilp é]dathef @@glnﬁnt%txgqiq pEthg qe@ﬁonductor region 102
may ﬂtoayiedisely/%b éraugbut e bd d&feﬁﬂuneﬂ@i} ﬁﬁgﬂﬂ&ﬁ@eegﬁbfns Bat may inctude circuit elements
or ot Sére trersltt 0 s? a‘l:ngr %Eé/ lGE 1soI§tzo? tﬁlﬁﬂu‘% 9{' u%%e({, m reqresen% angz%ype of isolation

Rar ac eristi [YZa
stmctfn@,rsu(é%ambh@“ttr?ecm iyetatiend §EW: agjs GEqupnsly h@ﬁ ingdyancsd m@gnduﬁwewces
i nfl uence the conduct i vi ty and the rel i ability of
rreal v t he presen I nv nt|o
i kPG iR (O QR P RER ST g il 107 1044 which
are inrpomtact mth thepepipainetrargsoni 1 HF. Iﬁhetq:mpm:g 184ae O, il@da) 104d may represent exposed
surfa&stﬂa{l@ﬁ behd s%ﬁﬂc&ﬁiuctéﬂ‘r@g@n%f Qﬁclﬁﬁ e @onlta@%&eﬁy an§H&Ha1 Q&trfch%mbe or the

troduction of |oca exerte stress. reference
test Pf“lﬁ IP‘HeméE O ARy fﬂ’F“ﬁW Hiy'atergop PEHReR 2; Smfaa%reqrt&ﬁo\f/@e semiconductor
regioe M2add Aredtisctiod mithrial, forésente pravidvdintthearnwos al plupCuvndd® within a dielectric
described in nore detail. Figure |la schematically
shows in plan view a semm@ggigluctor 20 device 100
conprising a substrate 101, which nmay represent any
appropri ate substrate, such as bul k sen conduct or
substrates, insulating substrates having forned
thereon a crystalline sem conductor |ayer, wherein
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mejority of conplex integrated circuits, such as

m cr oprocessors, storage devices, ASICs and the |ike,
WOJ086/923946abr | cated on the basis of silicon. |PCIHBANG01835T

be enphasi zed, however, that the enbodi nents shown and

descri bed herein may be readi |y enpl oyed in
layer, ifRed e i sericadyrtoa rgien b Aprexapls o it eads 1¢4acl94t 404c, 104d may
repre_g@l: bhe Witerfadd Betwdel €he sSikdcdrd @t g%dﬁamll Whd 5 WR&! piag eSuprised of tungsten or
tunggtgﬁ Hfm%% w%greﬁg?bsﬁ}facg L (?rf?on ?\é{ Fondzp?or retgljger Ot}r%:gj%qgﬁ(test p% 104a, 104b,

ral ne condu
104°F1:ﬂ4flrﬁ®f brylopat in b eongaubiaion it %tab!@lla ﬁ@sfamslb'mhmmrbdmrpmf the test pads 104a,
104bf B, QHd102, which in some enbodi nents may be encl osed
by an isolation structure 103, while in other
enbodi nents a border of the sem conductor region 102
neyhegtralgy efcessmky0e 1S 10fe d040 ate anayedie sudied eimerigdattiast two of the
tost PGS %Qﬁéﬁd@ Ghel (B8 1OMSanl Hk, m{e A &QJ m&o& bf @u;leét lszf e&ﬁmt@o of the test -

or other test structures and
pads.spgh3e foe pads 1458 anq 104 Adipy yiesepnd Hﬁ%‘iﬁ‘iﬂé’ﬁlﬂ@&e@r{?%a Wf%éhf‘otﬁﬂ pads 1044,
104b| B@at,dbddomay b8 tdfsprBédngh, tha W absirab i dsshadel 109Y didng MeHirst direction 1052 and a

desirj:dssgéoﬁl& &%&cé I%gll %Jon\; %1% sécgndifggc%ﬁrg{bts!) Xre (%%& d. in advanced

sem conduct or Sem conduct or device 100
further conprises a plurality of test pads 104a, 104b,

1046 preli0d ohiieh, thaaﬁrﬂ ahd be@DiRGhes Wdah1 060 8ay be selected in confonmty with
conduct.or re The s 104 04b,

o TSR R A BeRE s 10 BB 14 o G or
elemgnly é@eimaérewm plothe teelyplogy np@ezundmouﬁmem Fer mgmtadheeiitst and second

dlstaxp,ys 1@6a, €odb el ?&hge@%o%%xrefa@ @thhsﬂff Qgﬁmetgg tolsEV@ral ﬁuﬁcﬁ'&d REHRters for advanced
104c, an interface

104
dovcp o e sieh B e Tk Gk s e rme,
first g gbcomd difécanahyaango foku Gtvienehumdrt e tidn@hsterd ©ra b Sti@c0@ers. In particular

111 t T,
o S el el 4,315 U MR Wb s

be appraciaipd thaf Hie et eGTERoR e 4 i il peosRpripiagyptdegst four individual
pads thyZbe chiBiderekangpkeesntidglvthet BSdncdd atiSdirdidd of ihd4h, wfib@ﬂﬁpecﬂf@ﬂﬁtances and

duecm m 0){1 b%%%}gc?e%%g te hﬁeg:{l@t}al?m{d% n wig&ttf{}aetesp%?ds ﬁm ?Eﬂb %qg%d%ge operated.

For ef%ﬁ&s'ﬂl@?ﬁdgiw eiddedd gy deiee A datarsca Eergntvao i m@m aI@cf defihyen third direction

of inSRTHGOREUGHA f61ﬁrg h@ﬁhgibQ;z ahped oWl B de@8ds wRAESR f&@%@d second directions
entr at

tose 305men e A5 cod e TR ST o0 By PR ek afvenince, any
furthqy didignctQapg direcBons @zt yot sh@ucip Filebtda atfhgll pé desaibed fteodn spesto not unduiy
obscmagigé]o@@ept]&ﬁ@ retveniih@4d are arranged in such a

manner that at Feast two of the test pads, for

i nstance the pads 104a and 104c, define a first

di Tectinomdafor idetice rt 66 furtddd bagprivdd iz [plrlie f odntattads WS4, 107b, 107¢, 1074,

each Qﬁgﬁ’wh ﬁ%&&i@ﬁly%@&e&&dé a:!' Qe%g oﬁg gf 3194Qt paqﬁ fl 64qe1(ﬁb Sﬁ)gg nl%éid In the

di rection I nt er est Mor eover,

* embodpagt shoy niGape g keon i ael 19y (176 Wics 0 Sty bR it one of

the te6l@adsri0ch, ﬁ(Mb,SIMchl&Ifdal’Iﬁ@co]zQﬁ@)acm 107&91(1711&0% 1&H réﬂwke@@ﬁidy‘%ﬂntact region
that is c(o)r?k%ma 5] g eg‘able cgﬁac{ t? 8%%( em%pe echtceﬁ Proge cFUCh ’&g an cieclmdn giéﬁ Veasulement device.

Hence jeptoai ﬁ@@ﬂdlﬂﬂﬁﬁ@ tflq wslactavwﬁ 1§% Folal: ! @Wstl%lc@ls' r@@@@t a t@@irtive material

layer MR} tﬁeeﬂa@sclto%j IMB 228 frodamihi, Woﬁ@r enfb iR, b b&BacARE: 107, 1070,
e selected to be within the

I ment
1070, Bt SRR B 4T SR Trs G G, VL AR o5 o mor
metailizedmddyes,orhenh tekBetti@tivnebting ys asaidished hghgsancadnsiatiéesdnt @as of the one
(Hnmgq&mmﬁﬁkggggs the first and second di stances 106a,
06b may range from several tenths of nanoneters to

several hundred nanoneters for advanced devices. In

ot her enbodi nents, when the evaluation of electrica

paranmeters on a larger scale is required, the first

and second di stances may pagge from several hundred

nanoneters to a few mcroneters. In particular

enbodi ments, the first and second direction 105a, 105b

are substantially perpendicular to each other. It

shoul d
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20 be appreciated that the arrangenent of the test
ads 104a, 104b 104c, 104d conprising at |east four
WQ W49/032%¢al pads may be consi dered as repr es®&{5g005/018357
ot her distances and directions of interest, wherein
speci fic distances and directions may be selected by
t hd® 8PElt pubrdimenpdbe pomicRpfuetr forien { @shaypmptesedtGysrained semiconductor

reg1o]1Qﬂbreg1§i@Hh€}mg LA BES, vﬂ@ﬁﬁl&ﬁe&dam oxFé&Ess ﬁ?&@ﬁ%ﬂﬁted bhQedd@dSeasures, such

N N Y R R
in 13@%*3?%&@ tht fugrondingresménandupig] reatesil, and|tiredike, switealf whidbwere discussed in the

bmkgﬁgﬁgﬁﬁmMM&@pkgﬁmLﬂﬁ§gnand second directions 25 105a,
105b when the first and second di stances 106a and 106b

are substantially identical. For conveni ence, any
f uFigheerlb dihshaindle shoavad cﬂbhyse@bhab misw af Be feficosii@Wicite 100 along the line
md1c§t€cgw 53 111 §1g§r@ qa \M!&l haie@tgx Glli(b k?&qns a@ge%gmﬁ‘ﬂedsoq sﬁ‘g'ontd?oxﬂgtand/or silicon

y obscure C conce
mfﬂqen@ PO AT Sgemlem*me&l%tr (eyhew 1 00s+tiche rlayer 109, for instance

comBISRIDF §i506 m&ldﬁ)hauﬁlgla kfeyifiaf inte:94 E;t&@st, ispaated zﬂ;@v@&m sefddAductor region 102. 1t
shouﬂiq’z %%pc%cg?g’ﬂlat f%%) stfess m(%ucm%Ye\{?erCiB% ﬁ’ of t%lus Ewe a{ﬁ%‘rel%ﬂ/ and fdﬂ Bepresent any

meani(f@ccreawwe%l% stdie in Bprisereipordystor sézionn 07, rthfﬂngwe dfayhich on electrical
chara@@6diesCMeaEhionPdE is 10 B estikiidPor dbRAGned 1 O Chnbtfer example of a strain-inducing

oAby S 1S R o 80 gt s o
the sar@Fanducth Reion ¢¢fr g drtefmmyacdmttacbnsidegd om sotthadf ibfencing the electrical
chara@t@zrbftlbsgifl e gsgiof? 1@n %petﬁer Qﬁﬁudﬁl&ahts ttﬂ: s@xﬁlccﬁl)é&c% Ha@%on %2%& N: E)gzltcd in close

s an el ectrode of a nmeasur enent devi ce

e such
oo i SO LRI I A0 $n o Bree et TARlGo L7, b cread in the
semichBdtbter €10t 02.1 O/dberreryboliip1ite Siéditionsilycn Atk Gfively SthéBirRbhdttor region 102

may %ﬁm{eﬁtyaeégﬁ nOdf %Eec@ E%Ii\gte r%agczgral)gxﬁ %nengagz}lbw{ugh gbeei Sofméd on a substrate

e contac
having 3 7g00nd ?eﬁfifenf cryelpeiaphic errfeeﬁmrnl I Pmples @wé@y o dligan tgions having 2

(110)caidei6 fehtvidn MBf B foraded of EC{IIOG) Elﬁ)\&/iﬁ&cﬁd fe [dﬂ'&éﬁce&*ﬁ@ﬁé&n@f@ax%tensncs fora
er e el.ectr

tallizatio
spec@%i rﬁ?@% e ng r%ceses ér%aggT ass% %h yre%cé% tl!;]e e%%e étr crrs h(égapglﬁ arlentatlon
vias of the one or nore netalllzatlon | ayers. Page 7

Wﬁ&%&@%@%ﬁuﬁﬁ&i Mggggtggﬁ gigea%g’gadsl f@)g(ﬁﬁiﬁtld)t@ leue%lmed by respective metal
€ S
Plugse@%f P el PGl ibectBond § Smfséﬁ’f‘%?ﬁ e 195, gppine on the

type bfanetanigl usqdtie ha alugs108¢ a8l 106lh engctivetrépions t Tdkwl AL Btateddslow the plugs
may Mpekaeo ﬁﬁ@@gugganmﬁy%ﬂﬁﬁlcgﬂt&t M@{eﬁgads $84G And R)g §<§n§e e‘?r%odlments

|on|rr£J ant at 1 on, rovi sion o
whengER R biicE M@&P%ﬁllnqllayerﬂwﬁmfﬁwum -, cmrcwfwuon typically
prevalliag withie (e paaicdaguctod retgh»ﬁ 1821 ik b i iR gntSie moﬂﬂdﬂ bl GHn O contact instead of a

Schotﬁ@t S‘Leic@l I‘é[o grr(gsh&mjl notg'cp 'tT% té%E \ﬁhhﬁg %ydbesdc 1ec§1y contacted by an

rou n
exfenﬁbﬁphec%?wnéﬁg OIF dvr@nawas greﬁhqmpﬁeempfglmmcwducmr device 100. Tn this

case, ﬂé’p&iﬂﬁxg IR Gk chtha’aiens‘ﬁbsedN tiRfelebthienl 51258 GO ehaBiial Q&l\ﬁoﬁ@onh@@?{uglﬂy doped

reglolg 19{11 m% pﬁ’% mflynt) mv%i({)or%t te urla%g;%o& 5 ucg 8%‘?5? ﬁ}géﬁat Q}fls 1044d, 104b may also
repie%mtlmﬁemcwawﬁoaféané Aelibo F orsﬂlel finthendesaniption fitdesssuingd thayelwedeal contact to the

test pﬁQQ‘@fcﬁi ﬁdl@ 1§c§ﬁblﬁﬂé@d}y%§e§’r{s orf egi fp s 1(%8 IOWQI'd%encogtact pads 107d and 107b,
uci n or instance 10 conpri sed

stress-ind
whicy, fn f@iy gy gﬁ THrEred $¥ t’i‘é‘f\FPﬁﬂge BerHoyeRt e bygs IWeerﬁ%l"r &g appropriate
conductdve [sotat @oligated weenitireacesnbyco R tidtabprolee GhroRari D spefhﬁcally designed pad
I = Jt
e PGP AR PR LER BTt beh et T M L bR 1o s
any neans for creating stress or strain in the
sem conductor region 102, the influence of which on
el ectrical characteristics of the region 102 is to be
estimated or determn ned. ganot her exanple of a
strain-inducing source, the isolation structure 103
may be formed with specified process conditions to
exert a specified stress to 15 the sem conduct or
region 102 and therefore may al so be considered as a
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proximty to a stress-inducing region (not shown) so
that a certain anmount of strain is created in the
WEHHBEAHuCt or regi on 102. I n other enbodi mentP§T/US2005/018357
additionally or alternatively, the seniconductor
gggn 102 nay represent a re a specified
fir SPGB JFietp IO oF P Ehi'a 3‘6?? 1‘”\7\}ll?| B brafrprdely well established

pmcéseﬁ”s,l’m)dlud)ﬁg adwantbs @h@d{ﬁo@@hhaammtgop& 8€cC @ﬂﬂlqddsf dn@ rdefkition methods for
formﬁ' ?Jlé!tlglg&él&ﬂg gﬁntlﬁﬁ H—;@ rhtba}a{eqral v&?ﬁ({% %}(Igtr[? or a’fterameo tlorrr%aa?n of)ﬁle isolation

I con regions navi ng ace orien
Smﬁ'af‘yloéémrf%ﬁwéwg 6??13&‘&?%99“31§EP0‘§%W‘ﬁt@ffommteﬁ@bhﬁw feadved éopant profile

w1thiﬁﬂheﬁdeﬁﬁ:bx[dh:ﬁ&| reg(ichlalﬁ)@.chl%ﬂtl&ﬂdr @ﬁlbcfdﬁﬁen@ an§ El%@dssf ée@@nces may follow that are

typic?ﬁfn ct tléFIIlel mgcu%mp gl%r?entg tllé?elméco él(btﬂr %glgr}‘slag’ﬁ(fegtt t?; 61}‘?_’3&1?’{1 ﬁoﬁ,ewherem, in
somfeqﬂﬁquq@ms, the fpam lﬂamacbelnnslﬁd uwbwinltiy requing corgigtratpadsthe test pads 104a,

104b1 Qﬂtd @mn iyl aﬁﬁ@ﬂé REBEH2RY b fe%@c%g&ubtx@deﬁﬁé Rb. rg %sfaﬁcg 98 formation
§ 108b forned. in i el ectrlc l'ayer 110

o 8 BYfcec BT B 0y B e G et Hemplaiion mask sad
for seléctinayt dping P-typs egiohswnd Neypp kagigss i3S maditledt®81dw the formation of the regions

111dr Gﬁﬁ,e Gf ke\iﬁleﬁegi‘ﬂ%nﬁ:é]ller grolcgs %Qqqedce m %bvel &ﬁlﬁhgéj ggc&ﬁ\én&b Sith device

subs
wquwv*a@tthwbefﬁorfnﬁ@ Sfr@%fnd»&gaéwo% %B“I‘?EME?}’“I%O él@mélgs 108d, 108b, and
the cefdeoghidsTeNd and 10When t he plugs 108d and 108b are
substantial ly conprised of al um num the dopant
concentration typically evailing within the
s eickong tndtigres Aegh b Semncﬁlﬁyr doices!@P fsideseréhad whep bpinpaperdied to estimate
clectdddl QhHMcRrigiod bae éeﬂlﬁ:ﬁtﬁ@éﬂororfeglal 3@2 Schiofstdn eRRhagt - -conductivity of a

ous not ed
som R Sy A BBl et o D Ao s e i
mobifgpwhich mghonis sipefidntyenicond batg hdgaitidgrifpe gud ditdedm dfstrain within a
sanuéoh&ct%?ﬁk@z@ﬁlq Wed erong%e&ébéhgs 011% cr}JstglngBbIﬁc orﬁﬁﬁﬁm ofdtﬁ&ps%m&gﬁctor region
haraﬁg istic he el ectri cal Pro es, suc
102, oo e, A DGRBS HER R el TGRS e sgfcaty
incredsekd &om Gbotnprbssiiv stregeyactig qdang thed@eterd IfloRQfirectib) rviblle koM @sivd diress along a

direcﬁdillgﬁlgé}ldﬁ:ﬁﬁleto i '&%eht%& n{ﬁg grﬁy %8 %reg%gcfl%%g%ym%ﬂw%nﬁancemem Similarly,

represent the contact
the elegfiop probilifasayalsp b Hfsctpdin |d§f3f§%t§1%?ﬁd§€? forinpietsive Pyt strain in a direction
paralR¥l p&pentiiouldr bethadfirediios ot tRatgend@4d, 104b is established

by neans of the plugs 108d, 108b and the contact pads

107d and 107b, which, in turn, may be represented by

t h& giarfiaealupe eledidnl Giradidyeticp pligs rer0B8d02 it @8ibectior-deggnylent fashion, the
conta@ctpaﬁrl OBl OFre hﬁﬁ 82 cozﬁ&ﬁﬂ Uﬁﬁlk&\ﬂ@of&l&&ﬁ@.@ﬁdﬁ?&ﬁﬂl@g{@& t%q fefurement device

acc ctri.cal r exa
et G B1 BGPRE Rl Bl Seuid P JaG e ot dud Fs and 1076, and
thus thewesigifvitit ﬁ@emaallﬂz ateprohe tsayeds S4epnddndct Rer dbiemaling the resistivity of the
iBABSY @b o s ARGl fohy, | )
3006/ 022946 PCT] U%2005%618357 lblgeg g%%ﬁ%docﬁlguct% S’?bv&m fuough the
region aRsl te VARERWTILGS BRI B Paterpierds Bt Serfesptinly- vig(ofter examples, a
specifigitvallplge singtgh suplicicets @ds 1074 b ddint Ghe &ﬁmﬁig@ﬁﬁmt flow may be determined. At

any rgeb QLR tzltg‘e- bs%geraég E%aéeeQPxE ?aﬁits pt%glax?d ﬁ)t4§ b:nc’i 1% sh n\!o aggﬁlo? and A electncal field

osI I on net | SOl at 1 on renc
OCCWW"T%‘? the isereicadysior pegior L0PQ wherginide @Pqﬁncpﬁeilddif Sllbﬁfalﬁiﬂlwaﬂt‘»@qd along the first
directtol @ 0faQ6 AL 4 Qﬁe@@ndtnﬁl GurieBQloAtid 490 sustlahdd G BFeedshy the first direction 105a.

S t e ces erfor
e Qe A et PR AR oL 6 L e BB 10 od 10
enablesegridserhehudpadent e@lm@twumzhe tlectrpalr theeitratic emfipochnsidntisn, such as the

cond@mtyﬁﬁ@ﬁﬁﬁﬁe &%y@a&ﬁﬁﬁobﬂw s‘n@l ah \%e fDbct FHE1078 ¥R1§AR Y be connected
used.in ormcgg]fm rcuit el in sem COﬂdUCt or

to an gRIgRL RS HHTRLEHE® PH2 fﬁﬁ“&spf”lé‘lj‘ig 811"1"“1‘6? RISy bY §ytimdsifar the second
directph 1@3he processes, the region 102 may be masked to

obtain the required configuration of the test pads

104a, 104b, 104c, 104d imgend/ or above the region 102

of the sem conductor device 100. For instance, the

formation of a gate electrode structure nay be

avoi ded, if desired, on the region 102, whereas the

i mpl antati on mask used 10 for selectively doping
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the contact pads 107d and 107b. 15 Referring to

Figures la-Ib, the sem conductor device 100 is
WQEEEPI208d when being operated to estimate elPEFIUS2NEI018357

characteristics of the sem conductor region 102. As is

wel | known, the conductivity of a sem conductor

regi on, such as the region 102, is, anong other

t himn @ﬁboddﬁeﬁtﬁ@d bicHome pet tridasahd ﬂmﬁchbew@n ADGELarE %Ethﬁﬂly 1dentica1 the
corre(s%ondnﬁgam\éds?ruxaen? V%Iuegetagg% %rect@cttg)lmgarec? ?néett% %n}g{f %lmu?tfrj?&:)ﬁ Le., directxonal
behaivetrwfcfbh dleetical chegiitic amldr edogderadion. o fgleyvidethe messuomert héues may be
nornfali2éd tvith te saphb %S&Eﬁv@ ralsaﬁde O Qrfew&lfd!g naﬁanl&%@y Gdv@iftageous to select the

€,
first Erldggclo%q 12 %aéapegﬁﬂqa 10g1& Plfcagt]gmw &‘MYQIE?I ?]vmc ld’ﬁr@nsliﬂf}f; g0 that any strain-inducing
measgieh) isich by thamyvidie of stgmiifducianiieys, the provigasEtktdr@fructures, and the like, may be
exalrgrﬁgg&ﬁﬁo?ﬁtéfr% ﬁ%fe@%@ e El!rgétgon%le;%ﬂ&ntt e@t@ct&%ﬁreﬁe&pﬁEal E%%Wtels such as electron

rection |'e conpressive stress
mobiffyr FRFET cfﬁffa%w&lfo off3sls &gk e dt VAl qurye &mcg/ SPraV® BeY be detected by
mactbR6HIC Rehnefcfsatdh 0 tufmbinkiivbiage NignsafeRient {Suld thaf that, be readily used in

contrtahg% gl ggcif{eﬁgyr s?iflo#wt %r qn%l)(ungl S%nggncﬁgtgregewce unJg:r conSLderanon in that a

nners or ten stra In
correfptipf} ip e%ﬁbh%ﬁi bepeprafhe Gpally n‘ﬂamﬁé elsenu estbaence of iPh‘eﬁC cnrcult elements, such

as tr&'ﬂ;;ﬁt@tcetldnﬁﬂts Qiﬁnd 10 QleBthikal ﬁﬁisurfarh@WdatzZ&atdu{éd B et@rtest Qru@ﬂl@lop Ak Qevice 100,

wher%iyr cgrrr@laglﬁn %9%5%‘.% ggef\,ﬁen[w;tezt (ﬁ'%gﬁroc?sE goew (%lgc tasgtggfel glatgnaisd.ry%i characteristics
of ang schinle@Fiocermpytcdhaquud pidtbt Bd, iy akedn estaplishal €otigspading correlations may be

read:@roggﬁ& &Qﬁgﬁﬁ§ &d pilﬁ)allaj m%sﬁm%clﬁﬁg b @eml(t,oﬁﬂﬁ:tor device 100, as shown
eterm ning the electrical

exanp
mF‘%“é%‘ll%fbaﬂrB%es %‘t“@é‘é(ﬁ“efjﬁ‘é“ 481t act pads 107a and 107c, and
thus the resistivity of the region 102 between t he

t e%{ ot Qgﬁbot’hgé@s, g‘ﬁl%nl’%%?elecgggi lﬁg &rc{&}eﬁé fﬂ)g,’s 1i?vl{h?_r%)%seE)mc:onductor region on

resistivit sem conduct or regl on
stresgyig ﬁ%ﬂ“b‘il‘?P?‘ﬁ@f paEsteristesdn thepreion Kayshsegdnifedd Fewe*r@?rh 2 iggyified current

flow Ry BY dsMERhad métﬁb@mﬂcﬁ brahe Fa60100d) 1@B0104d) @0MOkHiB GR> FHIRE b theSflds may be
used tftshn?era%eu%e%entnaéé pcfr s ar(l:c%r 58 adsgéc%Fg gugxle %% \{eolt%gg t\rweee% thsetpa(y II6£¥¢ ‘and 104¢, the
condentj iyl bieteglent teg Plﬁ‘ﬁ‘é Oﬁa@é 1%@?@/ beldgprnined Ak miyoer pemﬂlqusln gpscribed. In other
casesC HEE R/@ﬁﬁe &blpwh%ﬁ/ B %acg abay 4 ned mz@‘tbe d&&%m@@ﬁrﬁam be used to estimate a

t
o st 38 Sipiop QLR BB IR N PGP o ZFTP ot I P i 104 may be
used v pedyi for dribies @it Gonduibt Beion é@mmppljz@@a voilhgerediilnthe pegds 1042 and 104 may

be us@él ?s%cﬁﬁt&m p?ds II{ Sthe? léxlﬁﬁ;d%ws aalt ie)(st QIECI & %%gdsqlﬂ@an 904% hl%4c 104d may be
first 35 direction 105a so that, a correspaondi ng

providdr Pl TPRIERE (1Y R EEn st et aé‘rFﬁ"‘é‘Fﬂl yeldit %eélfeédnag%#gmwﬁ@ established
withdut hifcing iaii @Cdrad turdSRw byHepigieg spedifedebiegt b takespective contact pads. For

insta Fq{@ E:lﬁx{eh ‘?ﬂ;& tﬁ%ﬁﬁg dg@gr%ldl XWhaLyﬁg%ﬁ%ﬂeQmp ﬁ%ltmqglat%% rIaygrQ gnd a specified

e ween a and
voltaggi it gptiqddn e epsle e ﬁﬁd Wb jorpeiehlighe wecified elegricakiold aepg the second direction

105bCiR@ hagitedel oF twhch UN d@mwc&n&b ARtk 1106 and W m@SitddP@F the applied voltage.
Slrmlg?yndu&escirlgedt e%éi;]vea{ﬁ ?Ta ay 16;7? g C%ﬁ %bglgas%xg}ent)%ady and an electrical

charagieyrsiie gich ds the ganéwtt*elm @aynfal mm@é @oagrisa firstldinitoe 185ad Fer determining the

chara@t@fsﬁ@t%ﬂ&rbgﬁsfﬂgra@dneaﬁé Jth‘é @h&cﬁ&]ﬁl’b@@t&@&bﬁ de%cen@ﬁ 3§ be prowded adjacent to
esti mat ed jrec 05b. Page 9 WO

40

the dotrse ?)’Q’z’ézf‘rég“ﬁ?él“/ L‘ffé%‘%i@é‘}eo‘fgi’%@i“ Fh PR 881‘3 fest ?r‘}“-"?)?/FH‘?“c‘r?Sal may be
provifiddewifhi & gfn amtatlsg@gﬂdwhiicsmamﬁesmaxﬁﬁaﬂongOl&bdxmten 105b may be used as
measRsi@ntially identical, the corresponding

nmeasur enent val ues may be directly conpared to detect

any anisotropic, i.e., directional, behavior of the

el ectrical characteristic under consideration.

O herwi se, the neasurenent values may be 5 normalized

with respect to the respegiiiye di stance. As previously

noted, it may be advantageous to select the first and

second di stances 106a, 106b in conformty with typical

devi ce di nensi ons so that any strain-inducing

measures, such as the provision of stress-inducing
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exam ned and nonitored in view of their

di recti on-dependent effects on electrical paraneters,
WOs3004{023846e| ectron nobility, wherein m crosco@iCd/Us2005/018357

effects, such as a variation of the lattice spacing,

may be detected by 10 macroscopi c paranmeters such as

c urire peasypgeny tﬂswltagéfamcﬁﬁw W akihe enprifenfified tohniqyep pray rped to define

standaﬂs Bﬁ&@éﬂvh’ludsl $ﬁd>né b mBONdckAl khar@teAstisPAL hlfaj’ ﬁﬁ) RIQGe8R&ously correlated

a sem conduct or device
to th% %cﬁé\’ﬁlcz& éyerfo mance (g}%ct%e}% u{cm € erréegtf rs‘éﬁ% iiraél.ﬁstci)r §1"g‘§‘{ %Weg ﬂxé?j)rrespondmg test

regiopeenfiwamed qnheluafl i@l fogatiohst prresapiel vt widfEd pessf wquveas dering fvhich strain
is mt%rﬁ%ﬁdliﬁz InGnefalell, Qt%chﬁ!: W&@ntedﬁﬂ% serRidonthicER %év?cte Q60 may be useccii to control

nts, ctrlcal asur enent data obtaine
the pﬁ%;es[s aw t%gc?m%&? Bfe)tr ecfirlﬁaé PY & @)ﬁ) uct\%Véqeé b?oranstance process
stepsaralatedeto aliel gbabaltco lcsﬂ&matian@f gainame be rses@fl by heanp bDL _EStructure such as the
sermifen hor SHED 1% itAn: BlsidIRL Yo h@ér%oﬁe @ﬂmtgsness@agﬁs% 2l e for one or

any strain engineering tec ues
morem&yesapaéwe&e %6 SESHITSHES, V@’EF‘F & ﬁ%ﬁmowg@mcwé pieps mn%wn be controlled
on the'Bagis BEthe ds@BIBhddargptaRic AR Gnein mbid ubbd&k B b bub@eqitnily gtbdetsyd.
of test substrates including the sem conductor device
100, as shown in Figures la-1b, processed under
vam eunecoreiimiennshe pamiondveer davsodirmar de comifltteio e sodfately carly

mn@alcelgﬁgrgt a|f0rfxﬂsﬁhd§3vh@{th@tbkﬁ paeatoa,i |1 0uyS10W4, MR 1s@serve as contact pads that may

dlrecg)égg cﬁ&tg tér%érfeg% g%u?%n%?%gxg%l P oHest{Uf SISS cragegg% r%‘yfl cﬂfé:mcal characteristics or
otherealfazmcnediaradfmﬁtwexratmﬁh!e be aasspak por éd the Lromplption df| cgwwinegments such as

tIaDSQl%ISQ§ tpﬂgld‘: Qﬂem%tcgﬁilvﬁe&n&%ﬂzg%e blARer RAESLARAR prol Q4 Bn the basis of the
§% ile two other of the pads may be use
“w“§§mﬂ%§ F-enent pads. For instance, for a specified
current or voltage between the pads 104a and 104c, the

C 0 'B%H[Q tl!: ecgér}(au@a‘ﬁ& WRGH uk Q&u&%gto QTJQ P(g) épq IQHH%A’ te%%%mmture including

determn manner as previ ous
at leagf; thas test page &2, 10RR 10451 ‘fﬂaa*e%ﬁle@w%ereqt?dttmemw@sdnw@%act pads 107a,
107bA100k. 1104 estiprds 108, Theb enma&edar{gmio BaFe e fidSad sdkehd @5ékisml 65a, 105b in
the san}?ZSggste gc?\?ngle IE I%S e (farr\?reérer:engf%{so W{th rﬁ;l)ec(g{c]ﬁh(fsresg%ﬁxg dg?aaceié%ﬁqgéb the same
criterrepyplies Preiely awlainads Meweved a4 glienrly deserswé rtith pdirenae ke Higwee la, a further
direchi@ADSYbF %S@.ﬁonﬁmﬁ){ b&&s@n&i@ltﬁﬂ%mﬁ\@' b& rﬁa@@:e Raes Elﬁﬂ:&})ads 104b and

104¢ a:[#ﬁ%l&ﬂo %eaﬁ?gé/ a1lé ?rngxglza{: tie ?tru%t{x)fé lgip ?]tgia 41§| ars] f‘%ﬁ BS des1gn details with
respediQebe didt@xel 1A6ry 106k, anp t(kﬁwautetde Nkgetthe same dritesiel bgptyi a0 grelignsyrexplained with

referdnb&h %%Gre§91 a‘ﬁ@% Bl e&h(ﬁﬁﬁeﬁ G&n B'F%lng lpfyroqge% 'ﬂ{e%GSmblhty of measurement
be established w thout inducing

I tude may
d“e"%?tgdéﬁ‘eﬁ‘gfw f‘éﬁ‘lﬁF‘F‘e r?f‘ar?CFGBW%X}’“hafbEF‘&FF%’@‘“@E& RRPE \%’f"{’)éﬁ’éucﬁlﬁ the space
requitel) r c@spEetd, terenondw@dg thp ashsumphar of 3Blp ks WRIRICAay tobv HeSised for product
¢wm §&E§%m&ﬁﬁﬁuéhe pads 104d and 104b have forned
ereon thin insulating layers and a specified
voltage is applied to the pads 107d and 107b to

esright i18 bchanSPpawi sfldvﬁdl RERE el efnb@ﬂuﬁ’enﬁin&&ﬁngt e fom test pads 104a,

104b 31%% ?Egaqla'e{nged:]m%am F]c(l:ﬂeed %%g%nn?gtnr rfs%‘:én 1 r(r)g tonezvs\,{I E}gg fOélf dl{'fﬁglt directions
of ingyes lreeadctwe cagfewhichSirerpticptefl perpadicdaly de wb:éobﬂab oWeyeotehehe respective
distarR@0d960] Q0 2808 AOKL disBYesNB6USE 68 Sre Q%é&[aﬁﬁﬁ@ﬁmﬂ agl %ata:'agespondmg

an el ectrical . characte such as the
meas‘&?iﬁe&Uéi”ftW?’cY e iy ??E‘pﬁ%%‘@?ﬁ@ °BfTong the first
direction 105a. For determining the 35 characteristic

u ng 9{01119 @Q%&;QSE@& thzg bhe %ﬂﬂa&lehp @esghgﬁgwe 9113 ﬁilu%:éagve eﬁarﬁpqe% %Qrein many

devi ce provi ded adj acent
modl%féﬁmmi‘}wew&w@ W& respiqEp é’F pesitipning e i‘rl@sfﬁwlarﬂf?gim&a% the construction,
the shbraf®etle BhbaGS thh @st@hdsa0da) Wb, 1@ba o4y be provided with

a thin insulating |layer, while the pads oriented al ong

the direction 105b may be,ised as neasurenent sites.

Page 10 WD 2006/ 022946 PCT/ US2005/ 018357 The

nmeasur enent results obtai ned by one of the

above-identified techniques may be used to define

standards or target values for one or nore electrica
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regions or forned on actual circuit |ocations. For

exanpl e, for a specified process sequence during which
WO0p@E239% i s intentionally generated, a strucPUl@SHYs/018357

represented by the sem conductor device 100 nay be

used to control the process flow to achieve a desired

final electrical performance of product devices. For

| nSIg&Q Q@,sch%%ﬁlsj%hovétaeﬁﬁss-ﬁ@hﬁﬁﬁﬁe& @f E Remet! QPadin®* of the device 100
creation of str

whergi et oo PR Y S0 T PO SRR OD Py oo gor tevie 100
may admpdid the tesingadp s hrdogb and tha sospontingemstathdies 40%sind G08H to provide

electfat c@ﬁ!xdt moﬁesécﬁﬁlgfgont\ié Ip&@ (ﬁo@gho%e Pv%eovéﬁlﬁeedeﬁr:@fbg 9BFigure le may also
paraneters o Focess steps wher ei n

compﬂﬁ?rarceg%fcﬁlﬁai%% WB‘&%%@’ '?tr@’ﬁeﬁe“FF&W £ h*@ﬁlkﬁeewh E‘F]&:FSI agglysiliqgn line and
the lid) hiviig fRasd Seredn tﬁd’b&e@-&iﬁd&hﬁgl Ishe thot dhgeitcuiV bt £20ma@ Be formed along
with ngaMG% a%&%&,raﬁé ﬁe% & pe%nc%%% g%@@é { n%? %&a%%gl'%qneas!uﬁ ent of strain-
sone en%o I ments, fehe sem conduct or evlice may gle
inducedpiftie v the glectiesheheraqteriséss yn Exptiop-donearisuifrersran padetycoadifinge that are quite
smulzfr(% thb @ﬁiaﬁﬁ@& A& bRt bRSEn:. pﬁﬁ@r(ﬂn@% techid4i3 , forJeOdiishirkQbelesponding

t act di tly b
e RO L L o PGB Iy RTCBPP TRl “pr obes, In thi s

case, strain-related electrical characteristics or 15

ot Bghre € Is&%wrnbm Lho@@ A At B4, S RkGS ;me/autfmﬁo&eex@@ﬁespﬁe&t invention.

s?rlor to the conp fJ n of circuit eIrren g} %ﬁcF difforonil
Ale F‘:&ﬁ%"fes?t"?n"%“ﬂ%“ ﬁr%iﬂ ge SPHen P’éﬁtg‘f”é % 5Yng BRTHO ?r‘f“ha"" itferently
orientedh @arbistod dfrerentn0 afdlS0, whemiy tprocess 29l badirgtiofof tnvest 205a and
the tAREARY @m&ﬁlesraeéwnﬁ %lreclt:blguirﬁtegegt ﬁ)@@e%wogeglcloﬂesﬁd?ﬁmg ﬁ;sh fnd second

sem conduct or structure 100 representing
distangps 306 apde20Ph EPIBR frRyRedy e rqS@a%VF FRRR éenﬁtéé’f thﬁ dT&ESISPGM%\”O and 220.
Furthd@4R, drdi04d sowd reglonsan € otheaaibdidstd abd way®e bieet-ed chesponding contact pads
0 in S
2072 andr 0 %ﬁtﬂda gitg 2]%0%]’]% %72% n'gf ge cgi:r!hrggtgdgtg a Il‘(glzagta)e%@&%h(iwﬁz & ntlaf %% connected
mterraﬁsdto Seceiis selireand dreipseeiposit]. TRy, frainEiksowssTegions §3 10 the transistor

230 1) @WBonhddtol todtbib & tivePontydd 8448 D WVc at] W04, Willd b Ja@SREEke 332 maki8e connected
ecti ve

toa S%B%ﬁmg%t pBF g\? %%ﬁ &3 1%}3 gn eH%lgy coﬂﬂﬁ;t%de tV 8:}6:”?%% grglfx Ig@ggwce regions 231.

di scussed with reference to Figure la, a further
di pRCEd: QR:hR5%0 %y wm&l&ﬁao |vﬁmgzct’ﬂéltcﬂaﬁ e@é&%ﬁt@ﬁ%ﬁggﬁgmce with a

third di stance %mab efined, b ﬁgg &)
speoilEbasogt e SRy U AL PHBER TSR TG P ELPPR e tst smetue
200. tithsRoudt elspiiretiaed BBOhofanfitgpstemente228ndSI0 Imag Be exdded with individual trench
lsolat%gst 91' L’éy vgrﬁageoqxﬁi RE % Lo wEth tﬁjel éﬁ\@@&ﬁt?on&&ﬁ@reggogtho@régy specific

e sane criteria a
isolatigp é‘wc*@{i’g foysoiate &eéieﬁ‘é‘ﬂs moerf 23PeMareatie @ewseﬁogﬁwgfs P agdhep0 may be
provilidd.in difre p@ﬁbﬂjﬂlomﬁiﬁtothsﬂ”tﬁwmlcﬁnfﬁhgy weh deSigPruly, Iyéi&ﬁabldfg&he assessment of
the sep Oc%g ult::)b:)r rc 1 { in 1rec mZE‘QSSa agck %O%‘g }13 sgbntaghe Uk condlt%ons may prevail
arac eris a re uce I’]Ul'll’;g1

at leaeteeoss @afder,nmt ﬁéxeewcqnem% tezfgn 303 énatip preepied b the frimeighos @40 and 230.

cont act pads t hereby reducing the consunpt ion of chip

a_.whi ch, now for rod devj. ces .or

ot et RSHog oy e PihBer e G pp S G RERELT TGS capoct b
207a,f 2074, 136Tc, 207 tstsrblish v epeeifibd climmsriiow pi@dtru:@ﬂl fielfl anthéeflibeiras is required for
eshm&tﬁﬁ tthep(%g:&crl Qﬁ’a@actens]hgﬁ LPo:ar 811914;93 st gld{i’c'é& LG Q)nvﬂlet &Blrgot:&@er mobility.

peci f sem conductor region 102 to establish

Hﬁfe‘-’d"r Wéﬁ%ﬁt"f B aering frehniqyfs fPrrﬂ"%‘i’lé@’Em*"F %‘%‘b"é‘@ ey, direpiipe gprrelated to the
measibrha@tre@lt€ thasbyemiaedngpier effecivdtycd kteed ayd dv@inededd cattdabsrategies.

Mor eover, the respective 35 distances 106c, 106d as

wel | as the distances 106a arJd 106b are substantially

i dBist § ecdipmadieplly maetvs @ diFhes PovaiivopmbAHaYY P it StPEYe PG comprising a
pluraffRY6f @8t SHat 8@k 3048,05IPA VU Whdnfedeia Gl tdi@rto bk tin Sdhedd @hitthe specified

appr eci at ed that the enbodi ments described above are

illustrative exanples, whgrghn nmany nodifications may

be perfornmed with respect to the positioning, the

size, the relative distances, the construction, 40

t he shape and the nunber of the test pads 104a, 104b,

104c, 104d. Page 11 WO 2006/ 022946 PCT/ US2005/ 018357
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Figure | e schematically shows a cross-sectional view
of a further enbodi nent of the device 100 wherein, for
W YNeem9¢hce, only two test pads are shown i n PCT/US2005/018357
cross-section. Hence, the sem conductor device 100
may conprise the test pads 104a and 104b and the
Sﬂnﬂé‘?ﬂd\*% pRERa 198 ribe ft milula.198n Satvd 3Wd8l dotisltyviogisctedto respective
cont@k @ﬁi 1076, 3b7bC§!ﬁE @@H R@gaﬁﬂ@fg R SIRGE) 6likd) %n&&&tcﬂ%!atﬁ@g&uﬁﬂ Qhd the like, the

sarmé cfn?ega é%) rﬁ) pgeéxmg y’ Gﬁ{?l%]fﬁdTWL% lre 5 10t00 fgg%reé: %éﬁd %Tatgorﬁ r, the test structure
300 pepppriees @ miuendityad iderhal pramdciidoe 3@1&6%@1; B30cs130d whigh @ternally connect respective
test 1521@4 Y& dabieRm,| ﬂnrﬁ{% aﬂ'ﬁh‘geméhhs%odvﬂ ke tesﬂﬁ&’s'S@& afreoé'o%aecf g}ﬂﬁeecg%ctmn 330a,

he stresi? i nd UCI?Q'Q 109. The CIrCUIt el ement
&g o

for ‘?F&iiceﬂ’é‘“’fdﬁ g are) e e Iieepredttagrmogg o test pads
304b|'m®enebih®b35t3m0ﬁ1®mdmc38@£ thelgads BEc 48 Ooni@)Ed BB b@ndchén 330c, and the pads
304 @%Hﬂe@ﬁ thgr:onﬁécﬁ&l g, I l@%ﬁg qe %Iﬁggfgéﬂlagﬂw)h arrane%?lents may be readily

ectrica aracteristics
esta%ﬁﬁ@fcoaﬁﬁaeﬂm%ﬁwwewgcqnmtwna%@a i @%@3% mlar to
the situation for an actual CIrCUIt el emrent. Regardi ng

t h%n E eélpageln qelnjcgnégl orra tcoe Sbtix%% J}enl o énﬁ% (e_:;rPen% o8 tgg)éﬁBl{vl%htg gf portions of the region

302 malew oligiheg fescp brafifiedddireftiog of eteRstiheimtrispativeytes Ipadas  Foi prample, by
deterfidy Ml Bbhrica chdAbADRY el det! Bk Hads i 2v6 KEBOAI MBRAL aikid e mtcrest 305a is

ent invention A test structure 200 conpri ses
i) SRGEPIR EOSLIGRRPL BT oF 1P CoPIBEDRPT BRSO e 7RG S o bipined in his direction
amiWh@m@ﬁMIMMdepfmewemmiymsi6m©$WEmhmﬂMM¢amamemﬁxsmmmmimmtoﬁm
mode%tﬁfrﬁfﬁﬁ %aa@ma%twgép 819341:@15' %ﬂ{éy Elﬁgno'h! &ﬂﬁé@s‘t %ﬁchgég direction 305b, 305¢

defines a first direction of Interest
and 30pd, aay e Jplinodby parsPepdely opuinh e éﬁ%@éﬂ%% 394, ?%ﬁ’ép’e’stAs is shown,
during Cipkrativbaf e @it , strGadire 86)) Gebufgler: irdstlts @Nfbr&QA QREstical relevance may be

obtaﬂédsmgg he% gﬁ%e%}qesfpggsb t nﬂ'g‘}ﬁ#&? )ﬁ eefmegs%r%me Mgrea\% in sogle cases it may

resp ect annel tFANSI St or S
be Coze@ﬁred a#‘@ﬁ‘f‘ﬁé‘ﬁﬁ‘b@éﬂ aéhr%%r e e swigoaductorggion 2 pRbtaifa nokpemeaningful
meastue RS [SLOHHiIR AR ABYA: HF06QRPREEBEEd bPihE W8 SRR AAeRTt 2 low level.
contact pads 207a and 207b, while a gate el ectrode
222 may be connected to a.contact pad (not shown) or
may: the ewendivectt sheviR Oie inpleer ndchugllyt wedoroataay bads Heed, sdille & @st pads may be

opereﬁéﬂdtodgeainaucfeggh Qlﬁsmgag&emeﬁt Mg gy, b8 %ﬁh&é&%n QO\%Q&r Gt otther electrical

j ons ﬁ @e tra S|stor .23 e’ connect ed
connGRSBLTTIE SUOHIEL D PAGETSGYE Coifh TP FASRR SRy nd i pacict
each of thectet pafie 2B 2esireiypctye 3¢omayee badectel @ @ isiephilateacemdt amtexample two
or m&@gf tﬂencggm &EIQMBUIBQ as HQ%bp@wx'tH}Ei@I%&@ cJ Mgu%g g ?ec%gg 15391 20§ coinbined to an

of the drain and source reglons
ataystructure 200 may be fornmed along MAth actual circuit
el enents in correspondence mﬁth a 25 specified

t e%ﬁmghg%mﬁgﬂl?f sl§ogvsta Ia gs SW% nal v1 lfjtnﬁqlg]{el us QS

ues may’be use fwepﬂ%gmwMCmmnmmga
fest SW“"“‘ ‘%"flﬂﬁ‘l}'lgé fisst S@Bis’rleeiomee@l ﬂ(Hatandt ehecqnfl amvsdosdugtor region 402b. As

preV@Js@TEQ]Slhﬁed?ﬁQ te?rhd'uc%g@ ABWh B dBeAEH d8le Wcthtghlyrb@ﬁc‘iéhl‘jﬂ@l:temmng any
sol ati ons,_ or

oo ARG v B JET P PETOC AP FO “iye e ctarge cair
mobilgpewdict e maaginaitironltssifreacdspandisg paixs iof Bhtahds miyebeadxpr®et & ratio and
direc le@ﬁgthg 3Qanv4\/915§191y & the Exhs%trttp@%@ %e%ﬁﬁcteﬁ\lstﬁr@ﬁh dZZIQ sgﬁéj cases, the

rOV|ded in close rOX|n1t to each other
electrjcal oagaﬁy ‘ﬁls?,cotﬁfbf) rn}ﬁisp.ge WAy ity sta[nmllgéso %‘t bebiayigy|in ﬁ)@ semiconductor
regiod hgleasmadsaven tindofen@ teﬂl&aiﬁ:ﬁmfmnﬁhaﬁieﬁfcntrzﬁ@iti)ﬁ\aﬁ@a?désﬁ’ed to provide
mean*ﬁgﬁlhreghtg GF h1' QR0 o§eﬂa‘f?d? %a&c@ §P 2 Y pe%‘;re%@t I surgm xeagmg For this
nditions may pre Fedst across i hat porti

PUIPOgf; 2 f%‘é@oe%lﬁ‘iﬂrcrewd@%hwwwswa p{5Enee gion plswle;eeaf@rreqé awrespondmg test
structhirl €hat MaNGHEIGdQF Ras? B4 (a0 Pad? 3ic and XA, NEhiARAK B bRl vtah:%rrespondmg

test structure 200, appropriate voltages may be

applied to the contact pagdg;207a, 207b, 207c, 207d to

establish a specified current flow, electrical field

and the like, as is required for 35 estimating the

el ectrical characteristics, for exanple, strain

i nduced effects on the charge carrier nobility.
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- with pespecidlp & Psé "“aolif‘mﬁ?f &t

Page 12 WO 2006/ 022946 PCT/ US2005/ 018357
sem conduct or region 302. The test pads 304a, 304b,
WEBHWE022384d are el ectrically connected to resHP§dtys2e0s/018357
contact pads 307a, 307b, 307c, 307d. Regarding the
shape, size, construction, relative posi tion, and the
meta] pligs 408ctrad 4@8d yiith direj reserorive Cafeiﬁﬂf y2da 40752 ¥ds IHym@xﬁlle &trradp 404c and

404d\&41a§f Be 5&&@& ﬁ&&@rﬂ}é fd Fdstgdﬂxgeely |n&nﬂeﬁof&£!;dpaas mWeWﬁEd mtohet pads may be
g OO comp gp%w %%7 Wﬂh‘ inte %52 0
enongER BT bR AT 0t VHies D e S4B E P 0o may ave
formghiheremt 2 diesipractisiies Esttsmur@e@d@gwt@h inshuding etdhedlity ¢fifest hasls wherein
merc Bt DA UBA Ln S AWM. shdAE gne%me@e@ee&%@aderney %9 Elﬁﬁéeh @is 0¥ oxample,

the connecti on 330a tor_instance provid
shov G AERFIOE] T GelP o OB AABIE R |°°1Teﬁﬁ?eémgdﬁfdﬂl Pl 4058 and 4085
may bleda@allyrondebiateniadeq044 v 40abstithpadstive304thct afde 46aNRREATE dMoreover, the

semi duuaxere %Q&ﬁ%{%@ég’% ééalgfﬁi éaBé'?-Fj% a%%g Arg(igtax?cg Qﬂ%&ﬁnﬁd r§¥nechanical

e con eCtI on re connect
couplifig betieendhsprfee rasions: esedhowptm %ﬁeftﬁ @ SEd-iagsing edsian €19 mapi by formed in or

on tHO k@R 48Taltd !hgaﬁamlee B tRRin| R theyrefeREdeablidnSiv@sllay the straln -inducing

mech%,%%{l: I%S@%Hg El% f)éé g@h gt sllﬁcl)t]ugistee%?pr&:g) gag %%vev%rg%ngto ﬁ%ﬁeﬁgflee reﬁion 402b may
nevergfclespanbide wpretrain qr eftasd that mhiolpe llaiumd by amothyr rofnufpowing presssof components

exterﬁeh] ® tﬁeergélé?lmm %Qti?thm p@veﬁﬁ%ﬁe@d e FeglfoQ 8028 npf 8CdhdiRfbd as a reference region

directio | it er st cﬁ.l ﬁﬂ%g& trl()gll gl%e:.s;tr\és%ugdgcmg 1p egion 409 so that the

referqiondta obthivgdt fipmyat ropeni0thaey padssifas afeckn0dic| leat this pasdmeter.
direction of interest 305a is defined, wherein
nmeasurenent results for the respective portions of the
r e§rBHingahe mpnEiaeing K Y tshSTURPE 447 retlestaiished proggsytechniques may be
used Mtﬂﬁf&trﬁl:ytwhﬁddsigﬁ keqeifteentOfor dchial citait clBntPabtmSay 08 fopadSlong with the test
g and 304c on each other is reduced due to the
‘o erately high spacing therebetween. Sinmlarly, other
directions of interest, such as a direction 305b, 305c

an @uﬁﬁ@@dﬁ opaﬁ%n bf—‘thg@efvic@ﬂﬁb Iﬂ%s&@ﬁehﬂ@dﬂ@ﬁﬁiml yﬂl@@%zﬁﬁei tE¥bn 402a and

the re&tﬂl 4h2§ éei}rh?l? bersllﬂtsfaf ?31?] éegxfnég(ﬁb ér{a}r g% tls&il & f)E??elence for éstimating the non-
duecmds:mr@tmmcs reas sibstantigy Faropie sifret oSthattiestindalhe reebedy¥noea specified

elecuf@%hg&tengﬁt ﬁelﬂfé ¢he cﬁdré&%@rrié} nlib'bﬁmre fRe Hﬂi@qﬁe &taﬂ; &l n@?s%ment process,
are included in

the sz CHiErY %Ppiﬁﬁiﬁr*?’@“%“@gﬁ%qs‘&‘@ﬁéfﬂe%%? ﬁ%“{f@ é?)‘%rs“ f"BH@ g‘iﬁé’?‘e%ated that the
test stratug for aleaegiont 402 ends4ih oandwde ddenticeigh omfig@2iot endobyaliffer in at least
one éhaﬁa&-ﬁué’?ﬁﬁ %(Hxls 405 %ﬁuﬁﬁﬁe&t a? %b%] on A’Mh{hL %uﬁsgﬁe difference in the
amount o ace occuple e contact pads
manufagiHinggpquepce, 6’99 tTleel%fl In the errbodl ment shown, the
nunber of actually used cont act pads is 4, mhile 8

t eISn oﬁBraem%og%X tst, a 1eﬁe Te d' %e% &} be esgg“nhs tgl?]gjasxs of a pIure{I otf measurenient

nmeasur enen preci a
resultg) pititiged dorm @tphuradiy of diffBrent eWﬁtra@aa Pra!t’qr &ns drf&SFﬂ‘b@SI@@ﬁ &bkt s fubsgrate in the

form |oﬂa1ﬁ£z€1@£ed@%%hﬁéﬁ Exh:rag@‘fodhgn R4, m@@@&t{}]ﬁm&ctenstm of interest, even if it is
cul ar eac

s TR Sy P PP b0, S35 Bl S B RR By aen e
estimptergivithirabpeat to o atesgt vepad. For exanple, two or nore of

the basic test structures, as described with reference

to Figures la-le and 2, may be conbhined to an arra

304Et Gthlte thopresepfdmyaition &‘1°Y1§7‘33§ RigRE 25d kiphle effeetive fﬁStogFT'é‘if‘“‘W“%WethOd for
operatig @e faetth @étertlink dtdiat- de}fﬁdﬁﬂhﬁﬁtcﬁlﬁcﬁhﬁmﬂﬁﬁﬁh’s io b Rgmigbnductor region of

u

mtere!‘.tqi?g h%ﬁlg%g%féﬁt%daﬁ%gsv!glg%% dgrlglg% cgsgn 3%%1)03%%%59 Igg&ﬁo&:i% 8%v10r meaningful
mease?rwi et ynagbp | 2elisyed, Morsever el prgwtuefeev@sene%m Wifgtigation of the
inflneB@SHF lciratoraRovieal &6ls & @bds Yor Rifafl deb@Bdnt biBctGlal @RBIEISIRE without undue

any directional characteristic, i.e., anisotropy, of

a specified electrical cbg&qeterlstlc such as the

charge carrier nobility, since the nmeasurenent

results of corresponding pairs of test pads nay be

expressed as ratio and 35 directly indicate the

rel ati ve anmount of the anisotropy of the
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el ectrical characteristic to be neasured may exhibit a
substantially isotropic behavior in the sem conductor
WO 8¢ea%¢nder consi deration and hence a cal i bP&TIUSA0SH 18357
the neasurenent results may be desired to provide
meani ngf ul results of the isotropic behavior based on
offory QBIFAGEP BBk aie Heseith SEAPSIERtY Fignals ey be pljtagned with commonly

used FhbaDBFTRRE e@npiﬁdm ﬁ)@ﬂﬂh&@ttn@ I’there&gh&n péﬁﬁﬁnw hrQRIREEMY, threby obtaining
clear’ r%éaetfr% %nglgltﬁ) i m%? rea%hiycbe assesse getgat req?egfg{%lgs g‘% Cévg‘fla’aon between

uctur & |nc
macIpreRsC WO ZECTPMicH@dcterwhi ch may be connected via
correspondi ng Page 13 WD 2006/ 022946

P US2005/ 018357 netal. plugs 408c, and 408d with the

edherrron antaers Pl L ey gt disymerte ey be modifed
and fragited pad§erdd dat eguiekiendDadderngyarye toathase sitileed iathbhit hieing ty benefit of the
teac}@r@rg her@llt ﬁgyg@mﬂlgythp %Qa@é' stc%g sét q“érth J% S Yo éé?fflpn{eg Yﬂ g(dagfbrent order.

test, pads may enou eren
F““hﬁ’é"%%eu P2 Hﬁﬁ%ﬂf’%ﬁ%@t@n@% toy %de?ﬁelheﬁr covﬁgﬁ\am phsian harein shown, other than as
descrst@drinabibad @low: Qi GRrefHO2A M hat iRMArticl QT B 6HihdAR IR BBk e@above may be
alteré?ll cgrerﬁg 1%9 aﬁc? g?'sﬁéh\/\%flghgés ar tcgr#ﬁéra d\évlﬂ:(l:loré]l}eleg(lilrprcgagl 01?15 yf the invention.
ACC"EW%%I%TOT&M’&S%EM h%@m’é a@ﬁ@‘)@hﬁa%dmmﬁ’eﬂ'@mer ei n ot her
test pads may be arranged as is, for exanple, shown
and described with reference to the preceding figures.
Thus, correspondi ng netal plugs 408a and 408b nay
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 nmay be spaced
apart by a sufficient distance to mnimze any
mechani cal coupling between these two regions, or, as
shown in Figure 4, a strain-inducing region 409 may be
formed in or 10 on the region 402a to locally induce
strain therein, while the reference regi on 402b | acks
t he strain-inducing nmechanism provided by the region
409. It should be appreci ated, however, that the
reference regi on 402b nmay neverthel ess include any
strain or stress that maybe i nduced by any ot her
manuf acturi ng processes, conponents external to the
regi on 402, and the like. Nevertheless, the region
402b may be considered as a reference region wth
respect to at |east one paraneter, such as the
formati on of the stress-inducing region 409 so that
the 15 reference data obtained fromthe regi on 402b
may be considered as reference for at least this
paraneter. Regarding the manufacturing of the test
structure 400, well-established process techniques nmay
be used in conformty with design requirenents for
actual circuit elenents that nay be fornmed along with
the test structure 400. 20 During the operation of
the device 400, neasurenent results may be gathered
for the region 402a and the region 402b, wherein the
results of the region 402b may be used as the
reference for estimating the non- directiona
characteristics, e.g., substantially isotropic effect,
of the stress-inducing region 409 on a specified
el ectrical characteristic, such as the charge carrier
nmobility. Regarding the details of the neasurenent
process, 25 the sane criteria apply as previously
explained with reference to Figures la-3. It should be
appreciated that the test structures for the regions
402a and 402b rmay al so be identical in configuration
and may differ in at |eagfgpne characteristic of the
regi ons 402a and 402b, such as position on the
substrate, difference in the nanufacturing sequence,
and the like. 30 In other enbodi nents, a reference
val ue may be established on the basis of a plurality




20

25

35

40

results obtained froma plurality of different
substrates and/or fromdifferent positions wthin a
substrate in the formof an average or wei ghted
average value. Hence, the electrical characteristic of
interest, even if it is (gubgtantially isotropic
across a single sem conductor region sanpled by a
single test structure, nay then be estinmated with
respect toehhedawedadre coaprisieg: 35 As a result, the

pr e%@mlcohal\éﬁnreélmorpr{eﬁ)wa%%ce‘?ayect' d’gﬁl:c?ab?@q SltHstgatU y

effective test structure and o} eratlng t he
samd PUEIY et & R BedicrldeTrbA Ioaid srtientucier *ésf?rr foicgasuring at least
CharaCtGDM£mma$memamﬁ@ﬂ%Sﬂﬁﬂuaﬁ@&MMﬁgmganfmmhﬁberﬁﬁiwﬁ
in anhi gEz!dy b I 6!1 r%rll {'glomr}'p eciy\éjn hE !a Qecon%\{ﬁp fl PARRSS %dsooemg
a subst ant ropic havior, fiar

measur errélfﬁt‘&qdé ua g Sgcmwlebten &etm ffesent ﬂ%r ve glirectiqgo that said
pr esent Hl%ﬁfﬁﬁlic%ac@nﬁblisQiSteﬂhhﬁbEE Wﬁ&ﬁdri@éi feRRd @fzctﬂcﬁﬂ%ro‘ﬂj@‘ty of
|nfluenc% g z nt or e!ectrlcal fields on stress or
strain deb %Eﬂt“ch%PPF al characteristics without
undaeeferPag eemlgndp@oREHe) BRI 46saRGIEN USROS OEBBEE semiconductor

efforts Rgiok Hi@f@:‘ﬁésﬁof‘nl s%Wsém&'nﬁdc@@Folu@tﬂ% at MR 8QViE Ettalrtceln@@t‘}ess
e. obtai.ned with common

measur enent _si na S ma
used meaStFEHeE et“'@‘ti?ﬁ"b%é FEOF PRSI APAY PG EHa st PXdS in contact
el ectri calth ped frgereran cenighdugior cagioh adl errenbd fo tidfies @lyredefined
obt ai ni ng.. &l BatMRASUr ement signals that may readily
be assessed and that represent a physical correlation
bet ween nmcroscopi c and m croscopi c paraneters. 5 The
par 2i cul ake medf mmt;s wikirSic b de@tte dBOVE said @irst two test pads and a
dlst'arch, U&&Jeﬂa!,d e stap?dstrshsgbs ant Ehl L be rodi fi ed
and practlce f eqU|vaIent manner s
apparent to those skilled in the art having the
benegfit ofie dhRe of ﬁ?ﬁ hi RE&eih @ KRlakte bEG/EenG;thaﬂ‘ﬁﬂt @vsao kslﬁ@ads and a
steps set fo ove may be perfornmed in a
dist C?&%?%h?" Q “M”?ﬂ%%ﬁ%ﬁ%%?e no limtations are
intended to the details of construction or design

hergi n Shﬁ@’%wc@emm [ h@%eﬁ&anﬂaﬁm@%;ﬂﬁt{al?ﬁ o doh‘t?ctt Iﬁz%lls Ceh@l d¥Bact
re ev e, parti cul ar
red SRS S8 o B AL A BT PR od o

nodi fied and all such variations are considered within
t heSSCOquheEEQQCe%QHEIhltl Qlﬁere‘;rh;%d %M&ﬂ&u'ctgn301orﬁ§§§?araﬂéc{} (y‘l
the protection sought hereinis as set forth int
clainms below. Page 15 CLAIMS | A sem conductor
devb.ce, Clovitesif tigiin lawiseln s6io Bthik@bdiktof iegondna fuedseirebidnn a
device | ayer | ocated above a substrate; 5 a plurality
of test gads electrically coupled to said
sent-conddftdsyiceraggpitin . fugier spradiieirhigesahres €d 8 one
di rectional characteristic of sald sem conduct or
;legngna ?‘? fdletfmed)fchélg]t[r érthel < dtpusug at Iezggfd? testeplagsgsglr (rja’?ggs
pads being arranged along a second direction that is
d' f§erentnef 40l @ISl Mﬁ&en@“szﬁ@msi £ S@nd BXctich@hd substantially
e t|onal characteristic i s deterninable by

pmﬁ% %ifFing a related electrical property of 10 said

sem conductor region; and a reference sem conductor

regi@n f@lfer@dlcé 5 érﬁhq gﬁe\/é L8 lLa@tyt%B fm{hgete!t %gd%r &P&@&lt drain and

sem conduct or
source regions of a second transistor structure, wherein a transistor length direction of a first transistor

structure is oriented along said first direction and a transistor length direction of said second transistor

structure is oriented along said second direction.
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region differing fromsaid sem conductor region in at
| east one of strain and stress, the reference
sem conductor region conprising a pair of reference
test pads in contact wth said reference
sem conductor region and arranged to define a
predeflned 15 di stance therebetween. 2. The device of
clailh 1, ANBICRIF Y dgietanRE Bet ween said first two
t esta spaidsidand ragion dicgitdin caichet weebf Sl sehis@aond dévive aideBtmed
pads is gibsiapih@l |y the same. 20 3. The device of
claiml, wherein a distance between said first two
t est? tf'ﬁhsagct%@' med ingpid pexpioadusier ipgiernd sanfeussddotetrpinighe destrical
pads is @gichdrgbrdald sendlconddd®r @G i6 & 1@kt 1ed @ffdRnt direftiahst frar
goggglg?rﬁr!lg i? F&Jucl% IIC%;!XH F())nne% % evpggalyét1 eealeFe:e%(ge SE%I%%OI]dUCtOI
sai d pl ureiop dijfeigie ftoéssﬁldﬁ%lﬁsond@s‘f BgiolT yeat ¢esy joeseof o aincdng istrss,
1, wher ema r@@én@c s%ﬁﬁbrﬁ@d‘kﬂ wgto@ Emﬁpaghmair%f @fe®hde @tHeH in contact
region t 1d f n snlcod () on an Al (ptogﬁd fined
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15. The method of claim 14, wherein determining said electrical property comprises
determining an electrical resistance of said semiconductor region between two contact portions formed

on said semiconductor region along one of said two linearly independent directions.
16. The method of claim 15, wherein determining said electrical property comprises
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on said semiconductor region along the other one of said two linearly independent directions.
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