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Met hod for sheet resistance and | eakage current

density neasurenents on shall ow sem conductor inplants
wab@7peEsent invention generally relates to nepdtDOK2600/000192

obtaining an el ectrical property of a test sanple. The

present invention relates toqthe neasurenent of sheet

resi stance and probe current | eakage on shall ow

MethGR BF shee 7o4i3thncs 2l IF a0 A hBh oBBeIS [BepStrements on

shallBassépiesHdwdtof ipplaritesi stance on ultra shal | ow
junctions. A nethod for accurately determ ning the

sheet resistance and | eakage current density of a

TheuRreii ol aRish Sesleleh, (SR M AbBhs P SR B s
propértynofedtdst darie. e grielseheingeh i réftedolthe measurement of
sem conductor surface with a plurality of electrode

|
sheefygsistanaseard pebe @yrentdeakags omabaligy anp@m&cbge_@iorlxs ina
serrpS e o Mo HRAATE 1 (2 A0S, Ay EReeflotve

measatement ohshwet résistandaton ultrawhatiow jangtiordet er mi ned

error. Alternatively the sheet resistance and inpl ant
| eakage nmay be determ ned through fitting the neasured

A mEfHRA foP gbB@%ﬁrﬁﬁg !d‘é?érrrﬁﬁ‘ih? 18 sheet RsRb Rt aAd R4NaR! current

error, . g |m§|ng he error using nunerical oOr
dengibyhek a sballmd implRet it @ semicorutictensirfasetinclydes madgingene or

mor A4i5o0 D AEAe s AR S B diss et béfn 4o wa on
the sémivatautrishFasd Wit ABlupalityof eRidilddeap=eity satk! atdbast one set
whi ch are hereby incorporated_in the present

havigge ayerage shapipdraaiew difelmn Thasheetrasistange aod implant
eake 6 3Brafhdd B34 kg P80 BBkt ot to it

a pradetetimiried ecomnect ed el ectrically by a channel under a
gate el ectrode. The Source Drain Extension (SDE) is a
shal l ow i npl ant that interfaces the channel under the

. _ A ; :
Altegfééﬁ/ﬁy dﬂgﬁsstr@l%lt Fé’er%"?é?t?ﬁgé‘ é&g iRpfhf IéKEge Ray bRNRtEFARRd through
fitting the measured data to theoretical data so as to obtain a minimal error, e.g.

minimising the error using numerical or other methods.

Related methods and techniques may be found in patent publications such as US
4,703,252, US 6,842,029, US 7,078,919 and WO 2005/022135. Reference is made
to the above US patent publications, all of which are hereby incorporated in the
present specification by reference in their entirety for all purposes.

A transistor in a semiconductor circuit consists of two implanted regions, called the
source and drain, connected electrically by a channel under a gate electrode. The
Source Drain Extension (SDE) is a shallow implant that interfaces the channel under
the gate with the deep source and drain. As transistors are made smaller, the SDE
must be made extremely shallow fo create a high performance device, as SDE
depth is a key factor in transistor performance, especially fast switching speeds and

low power requirements. At the 100 nm device technology node, depths of 20-30
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must be made extrenely shallow to create a high
performance device, as SDE depth is a key factor in
W e@ns2gsor performance, especially fast sw t cPCTIDK2007/000192
speeds and | ow power requirenents. At the 100 nm
devi ce technol ogy node, deptsés of 20-30nm are
requi red, and future technology wll need even
Ul tra- Shal | ow Junc

| ower, Lungt.ions., The ter. i on

nm S@RERBNES, o0 Ei BondfBol fillnses Vel PHaT ILEioRS. The term
UltravBoaiewuinetib® vefeRPiothiddéakafcyanm 8PN the accepted
way to nmeasure the active dose’in inplanted surfaces.

A macroscopi ¢ four-point probe is typically a
P RS LET ol P BBR O ERAER vy o measure
the anctive! dssepindspladed Batfaces K frposcdpic!fouppoittrpreBs is typically a
...t hrough é‘ge out er 1;wo i.ns generates a detectable ]
milligtrestieed puise Wik ouR serngiarriedraesition masel hredies in a single
row.'WABHRE Rk dlRHHBES ‘égaff‘@?a hefBcbhg céh%ﬁfjafi%r’g@*%%% the outer

measure sheet resistance on sem conductors
two pissrgendrates\edetectahl® soltq e atross the inmer i Ship touraroimt

meaBiradnt ohnBu S Ue' Sehipedvey ktnesurd sadet s8Sistance on
semitdiRIgetors forf bRy ReaRt Hiwer, rﬁB@rdﬁ%@P%GHbSirﬁE%Speﬁorm

al so require Iar?e honpgenous areas for measur
poorly ©ndhe adugeced vlireabinsfilmehefdeday.rs te springaloaded needles tend

. : hal | : ) _

to orB3iR pfod BRI ute el S o8 Pc B ot meades o

requiredarse Mombgtheus areeeItor AAisupsABAS. williRfedgetdrtifiRts. These
macr oscopi ¢, probes with | ow contact force and

limitations-arg Wiﬁgh@gw,ﬂrg@gngtig@éggltmm;@@omj@mﬁ@s. Several new
techfgg ﬁg\'/éeﬁp r obﬁsté a%igfe%glflfari%%déas\é\gitﬂ E[’I’ié’%:ﬁré%ntional probes.

nvent 1 ona I Ng ress
Thesk mshsleomaicresipeitt probeswmadthuloanemitactadored amd capaditiwnon-

contaiSiobRs Eness, BAb G ctnalneiss addresS 16S pasfartip aatore of
conVargiBnaeSicHirfy 68t fal gggl%ts‘g" tfu@ ditheRsibRakadsect 'o?bﬁ%{sgrements on

probe spaci ng w | arger deviations.
ultrassitallonguontiens: dacroscapie probasswilreonsiste ity reportdso dpvdJSJ

she%&%%%&n%@u%i%&%ﬁgi\é&% i CP%%I%?]%% Etgﬁpd S\l/JvEtL%‘l:g% leakage.

Largep pvétiy spadihg WilP e, toddvd et Begiatibhs eW ik &dfio@LEh bf ABh-contact
this | ength scale problem )

versions of the macroscopic probes solve issues with punch-through and surface

damage, they tend to be even larger than the conventional probes, and thus suffer

even more from this length scale problem.

Micro-scale measurements are needed to accurately determine the actual sheet
resistance over the full range of USJ implant depths. The small dimensions and
ultra-low contact force of microscopic probes make it possible to do non-destructive
USJ implant characterizations in an area smaller than a typical bonding pad, thus
providing for the first time a viable method for USJ sheet resistance characterization
on patterned (product) wafers. The present invention addresses the shortcomings of
the conventional technologies by using microscopic four-point probes to determine

the sheet resistance of ultra-shallow junctions.
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M cro-scal e measurenents are needed to accurately
determ ne the actual sheet resistance over the ful

wo 2aga21052 USJ i npl ant depths. The snmal |l di nensPCRPKa00d/000192
ultra-1ow contact force of m croscopic probes nmake it
possi ble to do non-destructiye USJ inpl ant
characterizations in an area smaller than a typica
bondi ng pad, thus providing.for the first tine a
vi abl e nethod for USJ sheet resistance

The Préseattigidrtivhi taRe® Bd Paithgé B thel Rico thiftishewbfistanddie
present invention addresses the shortcom ngs of the

meagyrRnBeRisIn A thicclenrbsysie@swilvans with the dergibesale at which they are
perfér%'éd.Q@thliﬂﬂpgte\?er&%gﬂagf%gﬂ&fe Eﬁggiﬁg,ﬁt@énrfgg%&%g%ﬁ V\ﬁﬁ reflect

'tra- OW | unc e presen
onlyarhrspbeda thé téh %yfaﬂdtrels;blaitivelmehe beﬁbllstl Iapéﬁconcjiti%n. /-}]t large
measurenents in a two-layer system w vary with the
elecrreaatsﬁa%ap thesmeggtirad rteﬁﬁa%ﬁeewégﬁ ma"%gcqm@nﬁhm pf the
& ; i ; t Wi
two RYyeYS PhedfBRoin, SLAE sepatnBificRi PERRERTRS otne,
resigiancd ardzppragiuct af/tve intenidiceiimbetwieen theglayetsand duesheet

s BREE REie AR R Uit SHR)SH NS b orhf P35 o ne orer
of 166 aRPbt M@ré.hese two regi mes depends on the resistance

area product of the interface in between the | ayers
and the sheet resistance of the |ayers. For Utra

tians [ [ n or.der of

By rigay i) S S SiSabEr B SO BriothR elBe BB ELsiBow
implanted reglorcanayet of diffefedt pratidispacihigs it \bbsgiblertberbtermine the

region at_a set of different probe spacings it is
actugb%lgqeqﬂrgsngbaru:@t@‘rthe sBaligws ingplanigd Bgker. resi st ance of

the shallow inplanted region. A first aspect of the

present invention relates to a nethod for determ ne an
A firsl aspect ohtheppasent invehtien shatek dova mpthaod forklietdrniimg an electrical

[ t t ; i di lti-pojnt b
ProRRZI 1 TRAlIP e et hichBBRY GRTPHES M slsrstds,  t o of
the el gedvidifgla mnﬂ.g&}nt NBbe! Ir?eﬁlirﬁ%ﬂﬁfr diécthiea Ahductive

el ectrode spacing o ess than I00 mm positioning the
electrodes dwecefrihe slledicalaondpdiive electrodés havingiarpelentrode spacing

of 185 ?r?aen 1180 um,

positioning the four electrical contact points of the multi-point probe in
contact with an area of the shallow implant,

performing a four point measurement by inducing a current of less than
100 pA in the test sample via the multi-point probe,

extracting the electrical property based on a mathematical relation
between the four-point resistance measurement and electrode spacing between the
four electrical conductive electrodes.

The multi-point probe may comprise more than the above mentioned four
electrodes, e.g. five, six, eight, ten or even more electrodes. The multi-point probe
may e.g. be of a kind with a base and a plurality of cantilever arms extending
parallel from the body. Such multi-point probes are e.g. described in US
2004/0056674 and/or US 2002/0153909. Reference is made to the two US
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contact with an area of the shallow inplant,

performng a four point neasurenent by inducing a
weeoreet7snf | ess than 100 mA in the test sanpl BC/DE2G0M©00192

mul ti-point probe, extracting the electrical property

based on a mat hemati cal rel agi on between the

four-point resistance neasurenent and el ectrode

pubfPRfBOREa ifllohafe P8 ANSHteiaRAS Y hiserE spgpifiation by
refetdrioe Wtﬁembﬂﬂ@tyf&j‘rtalpﬁlﬂ‘éoéw rSé&d REFtifSERSe tlfé EroHé H@strated in
or even nore el ectrodes.

figura. of LISoPoR4/pPBRET Hapd dheycomespanding agerption. a base
and a plurality of cantilever arns extending parall el
fromthe body. Such nmulti-point probes are e.g.

Thedaald:xrpcba@robe ld&}%éc‘iré@élﬁé@ﬁﬂa 39efedt hbing Wtﬂ)’kﬁﬁ%%ans for
Ref erence i s, nade to the two USpubli.cations,

movjpg the rro eH@Pé‘M? to ,t,laq)pepe(; SaMWe.i 19t Yeing sawdkactuators or the like. In
oneSMRSbdikieRt, 11R8 pfdbé & R8I lﬂ d P)%'V%bl%']fc?l&&t le‘[ll% Jh@'tést sample

pur poses. See tance t ustr
may bgybeld i6 aﬁtah@n@@dﬁl@@‘sG'&éfelmtdcalrm'operty esgrititoheddn the first
tion. .The [ti-p ma be recejve
aspBEChE b eakint Iy Spith mabBh gheBk RS nte a0 PGSR HES pras density.
relative to the test sanple, e.g. using small
actuators or the like. In one enbodi nent, the probe
Theffgyr-peinh Blegspreraeniovayibe prifaraed a\muw@etrlmétmwtmwnpe:mon

heBichealbilct oy b RHBIY BELABtaThRsBuritA pibuyr

measmvementsn Thespheingtastiveeaths eisttiodes raay bedetbedikade.g. by
Slt The four-point neasurenent may be perforned a

V'SUﬁ inseetlian y$iRg anioplakaugereIne aha sepaiingityanelling puetopcope
or aﬂZ%’tﬁ@r 1 n%%}é‘d‘t’ibﬁ Sthol, BXLF ﬁlﬁ/? %é’@ﬁ?ﬂe 2?%3('; Ple%n%Wntf}‘orﬂf

asurement s e spacing ween rodes may
produstioatof tme pexdbee. g. by vi sual inspection using an
optical mcroscope or a scanning tunnelling m croscope
or any other inspection nmethod. Alternative the

A sédondl 23peBRYf the Jresymt ihiORad et kog rﬁéth‘o'EI%P Beﬁmm"hg the

second aspect of the present invention rel ates
shegigeristariasrantbewirentripakagendensity of a shallow implants in the surface of
a semiconductor substrate, the method may comprise:

a. Performing one or more four-point resistance measurements on the
semiconductor surface at a plurality of electrode spacing sets, the induced current in
the four-point resistance measurements being below 100 pA, and for at least one of
the plurality of electrode spacing sets having an average electrode separation below
100 pm.

b. Extracting sheet resistance of the shallow implant in the
semiconductor surface based on a mathematical relation between the one or more

four-point resistance measurements and the plurality of electrode spacing sets.

It is an advantage of the present invention that the method according to the first
and/or second aspect may further comprise using a mathematical relation between

the one or more four-point resistance measurements and the plurality electrode
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sheet resistance and current |eakage density of a

shallow inplants in the surface of a sem conductor
wGaastizEgse, the nethod may conprise: a. PerforPCTIDKMWE/000192

or nore four-point resistance neasurenents on the

sem conductor surface at a pburality of el ectrode

spaci ng sets, the induced current in the four-point

e bel ow 100 , d at
spa(ifig SPIERESAEP Y S M E=RAoe Rl e dhiarthe sbBlia@ implant
in theasemigoaducteesadmcee| ect rode separation bel ow 100 nm

b. Extracting sheet resistance of the shall ow i npl ant

in the sem conductor surface based on a nmathemati cal

I O3 f
The FEaRenRicaPo B T Eoigfitn & oS bt Tndte el SbTeRiERce o
the deavengd.t i s an advantage of the present invention that

the nethod according to the first and/or second aspect

may further conprise using a mathematical relation
In a PENEESMbOGInRM onhe!TB:’e%eBPr‘fver?bﬁtatrl@éé it SGhe plurality of

measurenents and the plura ectro espaci ng
electredeapasing Seﬁ%n“@!thﬁm an avemeagmamg abo‘te aﬁﬂsunu yThIf electrode

spab 5 R (e 18 o L GRS R HbhRE T oo

spa@lﬁ%améy Bé idBtarRfits by hdpectibR ofl leayViKhtvn fromaorodLERSH of the

odi nent of the present invention, at |east one of

probeadn gi sl dvrtisr embedisant of thes peasient invengomeat leastonenof the

o Q45 RBES0PE 58RO, o 205y S5 il 50 i, an

the Iehémgrbnmmoufbéthdoeewab dieta tmsréerwtd’wycehﬁinéethé rshieeefbddtance of
oductign of the probe.

CII n or. e, known from prog ) f
the ?@ﬁ%w s the WlitingHBeeretieal Dol bsig ghven by the following
formuly-ention, at least one of the plurality of electrode
spaci ng sets may have an average spaci ng bel ow 20 nm
andlogBe, | i m ti ng behavi our of theoretical data is used
s—>t>o Zi"m ne the sheet resistance of the shall ow
ant the limting theoretical behaviour being
whegengiéa tbesj measufed foomipointfresistarce, s is the four-point probe electrode

spacing, and R; is the sheet resistance of the shallow implant.

In a particular embodiment of the present invention, the sheet resistance and
saturation leakage current density of the shallow implant may be determined by
adjusting the plurality of variables until the theoretical data fit the measured data
within a predetermined error. The theoretical and measured data may be fitted by
using the following formula:

__RR, 1(2R 2s
R +R, 27:(]{ (K"(I) K°[7j)+1°g4j

where A = KT/(Jsq(Rt+Ry))); Ra and Ry being the sheet resistance of the shallow

implant and the semiconductor substrate, respectively, K; is the modified Bessel

function of the second kind of order zero, s is the four-point probe electrode spacing,
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s(r)0 2p ' where Ris the nmeasured four-point

resistance, s is the four-point probe el ectrode
waepaeciizgs2z and Rt is the sheet resistance of theCEDERI0GN00192

inmplant. In a particular enbodi mrent of the present

i nvention, the sheet resistagpce and saturation | eakage

current density of the shallow inplant may be

s fff BprERERpntnBRhY oLl e PRI, ol e LIy Eakase

currght densily, BhE e ehaeleteretaryoghargBe theoretical and
nmeasur ed data rmy be fitted by using the follow ng

formul a: where | kT/ (Jsgq(Rt+Rb))); Ra and Rb bei ng

Wi .
e S ARG, 30 Ol M1 B B PTS s
squaredirhethadBersrsl othenntinericalf mettodsercaunteKeal dittrfg or der
zero, .s is the four-point probe el ectrode spacing, k is
aPPROXIMBHOR- 2 mann constant, T is the tenperature, J is the
saturation | eakage current density, and q is the
el ementary charge. The adjustnent, or fitting, of the
In an gvendudkemaipbedimeniof fhee prasent inventign atheedattdcalaesistivity, p,

r, any of her. nuneri cal nethod or. i.C
of St eRY sihdiFdte MY be Hitadiied ExodlimBai 1 Secondary fon
Masgrgmhtmw@fortdw mh@sm@thdm%atthersubbﬁsteeélﬁéétrréggﬂance is
reSIStIVIt of the semnm conductor substrate rray

detergunrgs by tl@( rﬁiaiil%ﬁb 0% tibgingetheribigkpess of W&%emlconductor
Subéﬁﬁgtrorretry, or any other method, and the substrate
resistance is determned by the relation Rb =
p/t, t being the thickness of the sem conduct or
The first aspect of the present invention

b
Theﬁﬁvsat%tcg eétwe%%tﬂnv@m medneuds MY&@%@E@S g therkecond
asp@EtST G prdesn ihvhtio Shd %E?Rt invention may

present |nvent| on nmay |n§réu§e any feat ures
incldder any fesgierss affthe fiest mispeetndf thepeesémdrinvehtioni r d aspect

of the present invention relates to a systemfor

nmeasuri ng sheet resistance and saturation | eakage

A thrd'dspBEt ONthd presdhtaNvdridhaBlatbs ta T§8ich? RSUAERSUring sheet
resistance and saturation leakage current on a shallow implant in a semiconductor
substrate, the system may comprise:

a probe with a first plurality of electrodes for establishing electrical
contact with the surface of the semiconductor substrate;

a voltage controlled current source for inducing a current between a first
pair of electrodes;

a high-impedance electrometer for measuring a voltage difference
between a second pair of selected electrodes;

a multiplexer comprising a second plurality of electrical connection
lines, two of which are connected to the current source and another two of which are
connected to the electrometer;

a lock-in ampilifier for generating a periodic reference signal controlling
the voltage controlled current source, and for detecting the in-phase output of the
high-impedance electrometer; and
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substrate, the system may conprise: a probe with a

first plurality of electrodes for establishing
web®@ctzi’énl contact with the surface of the  PCT/DK2007/000192

sem conduct or substrate; a voltage controlled current

source for inducing a curren? between a first pair of

el ectrodes; a hi gh-i npedance el ectroneter for

nmeasur i Vi i f : S alr
of “eol SafiolfrsPetr i St MrbUERh AT A8 B R0y
conqmsdrfgia mbmpaltert iyngémehextioni ofdhe etathes icedrdind Sthelfidt and/or
whi ch are connected to the current source and

Sec@ﬂ%?ﬁ@?dt% BIPOFR INVENdiOBonnect ed to t he
el ectrometer; a lock-in anplifier for generating a
periodic reference signal controlling the voltage
Thecpmobe shaye He abiarkénd asalescebeaindrefatiordiet thetfirsicaridier second aspect
i n- phase out put of the high-inpedance el ectroneter;
aboXfiya computer systemwith a central processing unit
and nmenory conprising a conputer inplenentation of the
nmet hod according to the first and/ or second aspect of
Thet speopdapsiinef seleciad ietertroties ysedtfer rrm,asbengfthavklltagzb difference as

o fEREONEE SR ShE RS bl b SLaEe SR X s used o
inducheglafonrremeasuring the voltage difference as recited

above is preferably different fromthe first pair of
sel ected el ectrodes used for inducing a current. In a

In arESEfly proRife pBRATASNEITRE brdter dgiERG He frsteat st
eleqblaudesdndethecsiecoddspadmfrubéctroﬂelstdtemnﬁmﬂ!e&lmhbﬁMtrodes.

I'n an even further enbodi ment of the present invention
the first plurality may be four. Preferably the first

I I :
B eRke bR YT Eret R YR BUYRS ety TBY 1y e
fourh Rvefetakin theninsé plunalitp of elsfctrodes is an even number but may in

alternative embodiments be constituted by a probe having an uneven number of

electrodes.

The computer implementation of the method may include any of the features of the
first and/or second aspect of the present invention.

The measuring method is performed when the electrodes are in electrical contact
with the semiconductor substrate. The apparatus may include moving means for

positioning the probe into contact with the surface of the semiconductor substrate.

The computer system may further comprise communication means and/or output
means for transmitting and/or outputting the result of the measurement. Examples
could be a network connection, a printer, a screen, a hard disk, a flash drive or any

other means for receiving the result of the measurement.
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el ectrodes. The conputer inplenentation of the nethod

may i nclude any of the features of the first and/or
waewmonzi7aspect of the present invention. The nREEDKRVF/000192

nmet hod i s perforned when the electrodes are in

el ectrical contact with the 8em conductor substrate.

The apparatus may include noving neans for positioning

Telsyieih RiEeido el At 24RO b dpEnliinpy be adapted to

perforrntamgrof teeptapsementioned atalatibnn®ans fisstHnosddind aspect of
means for transmtting and/or outputting the result of

the prRsepbiyePlEORNt . Exanpl es coul d be a network

connection, a printer, a screen, a hard disk, a flash

drive or any other nmeans for receiving the result of
Thetpresentasverdionns nbhetosls destritssebindiragter detdiewlthireférence to the
. aspect of the present invention may be adapted to
f'guﬁéffrbwmc ny of the steps nmentioned in relation to the

first and/ or second aspect of the present invention.

The present invention is now to be described in
FIGgi émag@rapleobihe lahgth scsfle deperdence dfontasunedsshaet resistance on a

ich: FIG 1 is a graph of the length scale
two’:ﬁ%beiﬁé@r‘?gé of measured sheet resistance on a two-|ayer

FIGSZ %8 &graftl 6F the éxpertad aatiatitin dhBegxmeatstdeY Asdigthhed with probe
nmeasured sheet resistance with probe spacing, the

spagingdibe diedadiaran iadicaling e rangidonal segimer befiwesndibeeingle sheet
t | . and parallel sheets limts; FIG 3 is

andﬁﬁ%lﬁggé%gﬁ@g%uratel y determ ning the sheet .

FIGr 84s atneethed ddr accunbiehadeteanininyg fhestidanedigtameasafiandtra

our - pai nt resistance repeatedly at different |ength

Sha@fe%utggﬁom maawm%é&mté%'é{ﬂmsdeﬁea@é%@#@ﬁem length
scagled: an ultra shallow junction. The solid line is the

predi cted behavi our according to the invention; FIG 5
FIGi § shows exenyile fourrpant measpreaneits ©nfa uieeshallonguhbiion. The
solidS ﬁneg gs t %sdrgél% e%eb&qéjviour according to the invention;
FIG. 5 is a block diagram of an apparatus for measuring the sheet resistance and
saturation leakage current density according to one embodiment of the present

invention.

FIG. 1 illustrates how surface sheet resistance measurements on a two-layer
system will vary with the length scale at which they are performed. At the limit of
very small electrode spacing, 110, the measurement will reflect only transport in the
top layer, irrespective of the bottom layer condition. At large electrode spacing, 130,
the measured resistance will be the parallel combination of the two layers. At an
intermediate length scale, 120, the measured sheet resistance will lie in between the
two limiting cases. The length scale separating these two limiting regimes depends
on the resistance area product of the interface in between the layers and the sheet
resistance of the layers.

To determine this length scale, we consider a simple sandwich of two thin infinite

layers with sheet resistance R; (top) and Ry, (bottom). A four-point resistance
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saturation | eakage current density according to one
enbodi nent of the present invention. FIG 1
WO kdoas2y7st es how surface sheet resistance neasPCEDERG03/000192
on a two-layer systemw |l vary with the |ength scale
at which they are perfornmed. 9At the limt of very
smal | el ectrode spacing, 110, the neasurenent w ||

' layer., irrespectivVv
medifre REN, BOVITETRE ol Pk MB 4 G LrBRR3Eh oy detect
the &palayeg anti3fe ndwsuread sourepbintrisitanceeisilén bg t he

paral l el conbination of the two |ayers. At an
internedi ate I ength scale, 120, the neasured sheet
%ﬁggstance will lie in between the two limting cases.
R= Rength scal e separating these two |init{hg reginmes
d%ﬁends on the resistance area product of the
interface in between the |ayers and the sheet
resi stance of the layers. To determine this length
On ’ehe?j)tlaer herlld:,cihthiedaeaﬁjre'rr]nm'ltés dendwiitbha Oérytlx(atgd i):ilidbea thF?b result
ol nfinit ayer.s wt eet resistance Rt (top) an
will %%&Q%’ el Cﬁ%ﬁ%ﬂﬂ?“%?ﬁ e ¥Q laygisc eneasur enent  per f or ned
on the top surface with a very small probe will only
detect the top layer, and the neasured four-point
les2 sRafce is given by R=1 R (1) On the o@er hand,

R=i bt ke neasurement is done with a very |arg&/probe,
the résul’t will be a parallel conbination of the two
layers: log 2 RIRL , 2p R +Rb At a certain transition
| ength scale the neasured resistance will lie in

Ata frapgition lgngilk sealepihe measuregdesistantaavill §adn hetween the

valBE B 3,40 RT3 L Rl o5k 3R B7 R b area
produchRA sefthbintesfade bleewé ol thed i d fayehs; isHidas eXpfe¥sed by:

probe with pin spacing s is then: where KO Is the
nodi fi ed Bessel function of the second kind of order

z —Tthi s behaviour is showmn in FIG 2 for an exanple
A=S with Rt = Ro = 1000 Wsq. It is (3)
R, +R,
and the four-point resistance for a probe with pin spacing s is then:

R.R 1 (2R S 2s
R= b . 11 K . _K -
R 4R, 2%(& ( (J °(A)j+1°g4j )

where Kj is the modified Bessel function of the second kind of order zero. This

behaviour is shown in FIG. 2 for an example system with R; = R, = 1000 Q/sq. It is
apparent that a transition occurs at s = A, and that there is a transitional region from
0.1A to 5A, indicated by a shaded area on the figure, where the measured resistance
differs significantly from the limits in Eq. 1 and Eq. 2. In the case of a shallow
implanted region in a semiconductor surface such as an ultra shallow junction, the
interface is effectively a p-n type barrier with a strongly non-linear behavior. The
current density through the barrier can be expressed
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apparent that a transition occurs at s =1, and that
there is a transitional region from®O.1ll to 51,
w0 pwb7e207671 by a shaded area on the figure, wWhePET/DEe007/000192
nmeasured resistance differs significantly fromthe
limts in Eq. 1 and Eq. 2. M0 the case of a shallow
i nplanted region in a sem conductor surface such as an
ul tra junction, the interface is effectively a
J.__pj' a& OLI er wwth a strongly non-1i near Zehaw or.
lﬂé ensity through the barrier can
expressedv\here gis the elenentary charge, T is the
tenperature, k is the Boltzmann factor, Vis the

e SRS RSERSS bt B PR A Foct B 44Bbi i ot v
is thta?dtblﬁthal%l@d)és?ﬂhetlh@ﬂfabb %rﬁhﬁﬁﬁé'saﬁﬂbb@ﬁi euabntldenstOlithe
nV, expression E reduces to This i's a

pote@élal Gc@ﬁﬁrtkb%ﬂ’fﬁ'ff@%lsdﬁu%ﬁn C‘ﬁbtfm theihermalheltage at T = 300 K,
0 n rformed at a current
kT/CL ?pbl %’&%%ﬁﬁﬁ Bﬁggud&r?gﬁto a potential drop on

the order of a few nV between the inner el ectrodes
S{ ypi cal USJ sheet resistance lies in a narrow range
5%00- 2000 Wsqg). The potential across th? garrl er
“wkTl only be a fraction of this inner electy

potential. In this reginme, the resistance-area product
RA for the barrier is RA =- (7) Let us consider a

This"ﬁ rayvéli@rgﬁprbﬁmﬂ)& &gﬁ?%ggn%ngs?wﬁe@/tﬁé"ﬁ)u r%oh‘\tqneéjs?frements

eet resi'stance
are petsfmmned/ at au:lusrenasmpamt of afew\Adeadfing {3 ﬂ)tﬁenﬂal\/cﬂfepldm the

o R e 0 el BT b e s
a nerFéhg%Céﬂ 50RO OIES). THEWdtentidl lcRb<Y tﬁeﬁ]a\f‘ﬁé!lswnl only be a

enerate accurate repr esent ations o
fractiess pEthis inoer Tlestrabe\notentiainierihiscegimeleths rasistastcerareq product

| ayers. This is a valid assunption on typical
RA{B@@ H‘ETréehrt as they are inplanted in a thin

transistor hal o region of significantly higher
conductivity than the surrounding substrate. A system
wﬁf_h a sem-infinite bottom| ayer has al so (Qfen
ama&yzed and t he concl usi ons drawn

Let us consider a very large leakage current of 10° A/cm?, a high USJ sheet
resistance R; = 2000 Q/sq, and a highly resistive substrate R, = 500 Q/sq. Eq. 3
then gives us a length scale of A 1020 um. By the argument above, only four-point
probe measurements performed on a length scale below 100 um will therefore
always generate accurate representations of USJ sheet resistance.

The above argument considers a system of two thin layers. This is a valid
assumption on typical USJ implants, as they are implanted in a thin transistor halo
region of significantly higher conductivity than the surrounding substrate. A system
with a semi-infinite bottom layer has also been analyzed, and the conclusions drawn

above hold true in this case as well.
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above hold true in this case as well.In a preferred

enbodi nent of the present invention, mcroscopic
wore@sneEaent s are nade at different | ength scaP@r/nK2007/000192

illustrated on FIG 3. A series of four-point

measurenents are perforned ol the sanple surface with

different el ectrode spacing, 310, at |east one

o5y SR BABRAR L RSB A0 5 RGPS e

madi28t differeait lohgth keald 4¢ Musthated oM FITIC.i0Bes&e6f four-point
resi stance and current |eakage density is determ ned

meggpremenishare prrformpsLer hajsaraplesurface: With diftareat claditede
v a1 AR S HIETPRD . NI i e
scaleatdpendénce of tiseinfeasareréitsas deterntimet| S20p Fnallg, tresditra

. mm_ The sheet rﬁﬁai st anc f the ultra shallow

han 2 |
Shaf'%aﬂﬂ Rnjsheeh Bsigianes ANA&YMent [aakage danshy isdetgimisied by
e of Shel 2R __ log2
flttlr’sgl(tp )E%n%%sdﬁteﬂ(o?)?ﬁlﬁt%%%@%gﬁ%t%?l msasL’rhgE 'nths according to
the invention on two sem conductor shallow inplants
i th dept h of 50 .nm (sqguar ullets) and 70 nm.
In aetPod o' SRiarupBpuBRe s B Rikeditimagtgsment s performed
on the ¢emiedriiudisIONaTATRARHHN BARIMEroMRY $haefid RISERAan 20N . The sheet
mi crof abri cated probes at probe spacing ranging from3

resigigng® ofifie giffa shadlowsivpplian isdhen determined by ke fiovtingibehavior of

i 0 : gsten needl e probe. The current
=a. ¥ Pl SRR Y

both i nplants, the neasured

sheet resistance is essentially constant over the

m cyoscopi ¢ range, while the macroscopi c nmeasur enent

[ s___’ﬂéﬁr]@fi cantly lower. This is expected fr@zw FIG 1.
s“fhe Jaot t'om | ayer sheet resistance was Rb = Wsq. A

fit of the data to Eq. 4 then leads to Rt = 3006 W sq

and | =1.92 mmfor the 50 nmthick inplant and Rt =
FIG?@@KO\\Olsﬁﬁeéélﬂehe‘T’]té aBEoHRd 18'ths MvefioR™Br A 8&hicoRdictor

fitted theoretical predictions are
shallow implants with a depth of 50 nm (square bullets) and 70 nm (circle bullets)

R

respectively.

The microscopic four-point probe measurements were performed using micro-
fabricated probes at probe spacing ranging from 3 to 60 um. The macroscopic
measurement was performed with a conventional tungsten needle probe. The
current setpoint was 50 pA. For both implants, the measured sheet resistance is
essentially constant over the microscopic range, while the macroscopic
measurement is significantly lower. This is expected from FIG. 1.

The bottom layer sheet resistance was R, = 15 Q/sq. A fit of the data to Eq. 4 then
leads to R = 3006 Q/sq and A = 1.92 mm for the 50 nm thick implant and R; = 1847
Q/sq and A = 5.66 mm for the 70 nm implant. The fitted theoretical predictions are
shown as solid lines in FIG. 4.
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shown as solid lines in FIG 4.The saturation current
density can be determned fromthe data in FIG 4 by

wo b@7net7st i on: kT J s gl 2(Rt +Rb) (9) This gi vBGI/DK2667/000192
2.3IxI0O4 Alcm 2 for the 50 nminplant and Js = 4. 35x1
0"5 Alcn2 for the 70 nminpHant. FIG 5 is a block
di agram of an apparatus for neasuring the sheet

resi d Arat | r.ent S|
The SERLFHANE TraMaa Rl S el MR FAROBE ARSI EI 4y the
relatidte apparatus consists of a shallow junction test
devi ce 500 connected to a conputer system 570. The
shal l ow junction test device 500 consists of a probe
510 w-th nultiple electrodes, 515-1 to 515-n, n being
J, = nunber of electrodes, in contact (8th the
st {&ceRof a seni conductor substrate 520 with a
shallow inplant. In a preferred enbodi nent of the
i nvention the probe electrodes are electrically
ThisCER8L & DB 1R1OF0A /A foF fHetsh ﬁﬁﬂmcfh%t?érﬁi JABY 341810°° A/ocm? for
spaci ng between adj acent el ectrodes is between 1 mm
the Zham@ioplamh 1 n the preferred enbodi nent, at |east one
of the el ectrode spacing sets has an average el ectrode
separation below 100 mm In another preferred

FIG.e9kosl biteRdiagrarm 6R&h apparadiis fdrmeaffingome sHere rédstafts and
has an average el ectrode separati on above 300 mm The

satupptigpdeakagr eeenidensity acsgedins i Poe Iearbedimesh of tsupresent
invegﬁ&.fﬁ{e 5%’8]23%0@%%5 of Qtsr*é%mﬁﬁ%t&rpt@sf gg\{/icg rég)%?%ornnected to

ectrodes an i npedance ‘e rone
a comgaser sys¢era 57@l.t age di f ference between anot her pair of
probe el ectrodes. The probe el ectrodes connected to
the electrometer and current source are sel ectable

The Isﬁéf?%\)? i\gﬂﬁio th&r de itk 5DBcBRSK G g%ﬂ@@’i@ ng%ﬁﬁ‘iﬁ[‘}y"f

e el ectrodes. The current source Is iven
electrndes d13-hto by 5+refrebeingdhs tajabhurhbenobeleotrkdés) in contact with

the Al 41 S5 pRnchc ISl SE S ATBRE s FUIRM ingaRESt s 1O

In a preferred embodiment of the invention the probe electrodes are electrically
conducting micro-fabricated cantilevers, and the spacing between adjacent
electrodes is between 1 yum and 300 um. In the preferred embodiment, at least one

of the electrode spacing sets has an average electrode separation below 100 um.

In another preferred embodiment, at least one of the electrode spacing sets has an
average electrode separation above 300 ym.

The probe connects o a voltage controlled current source 540 for inducing a current
between a pair of probe electrodes and a high-impedance electrometer 550 for
measuring a voltage difference between another pair of probe electrodes. The probe
electrodes connected to the electrometer and current source are selectable through

an n-to-4 multiplexer 530 connected to each of the probe electrodes.
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detecting the in-phase conponent of the neasured
voltage with respect to the driven current. The
W@ oopa2er2 system 570 consi sts of a central proP€FBPK2@7/000192
unit 575 operating on a nmenory unit 576. The nenory
unit contains programinstru@ions for a controller
nodul e 585 enabl i ng naking one or nore four-point

Thel G5 85T BEHE STl o SHGEGRS T Pl BELA

ampiifiec56Q ani‘ime eThetrdSthHr)ouﬂputtco&ﬂn%@tsqaﬁhélIdSl§k ior Sraphfier input for
instructi ons for a data anal ysis nodul e 580 that

detegling (e insehasr.Campenental heateasused yrliage withresaaet tpythe

drivén ElidrBet t he neasured data to Eq. 4 to within a
predeterm ned error, and determ nes the saturation
Ieakage current denS| ty fromevaluating Eq. 9. The

The SRRl EE sy RlGER Tt ol adeniahBro ey i &7 Sieppeating on a
merfb1y- urlil 576. 1 h%Cﬂh@H;ﬁiry %'lt' dbn‘ténhé'??dq?oﬁ?mtsﬂ@cﬁ&%efor a controller

resi stance al on -aXl's an bi ng engt h sca
modalie A5 enablngri mg:o@e op myradowit p@lat rqsnstahcsmmsembats with

a cu?‘%ﬁﬁgfa §§lh’? %%8@61 (E(z\g Al P 2 qtrgﬁagq liplg)aq glecﬁo&e spacing

setssThemémon) liyit alsbttﬁimé’qhg%ré@@ﬁ?l@trﬁ@ﬁohsﬂf@ eﬂ@éta%a‘ws module
accurately determ ning the sheet resistance of

580 ihatrdctemaines ihg sheet refistante @fe&hadi@wamnbant@sﬁttmg the girasured

I et
date P P R ot i S SR R eter i b Bpgign soakage
curreplaae ity depe edaluadéing Eondreasur ed data. 330 Det ermi ne
shal | ow i npl ant sheet resistance and | eakage through

curve fitting. Fig. 4 schematically illustrates the
- r
The%ﬁﬁ%uﬁéﬁgﬂﬁ%ﬁ% %@?gﬁgoﬁh%‘gonggﬁssé/ Eﬁfgr%ééﬂgn%, Shéh as

electi pawecauppiw IICP devicasefc.a bl ock di agram of an
apparatus for neasuring the sheet resistance and
saturation | eakage current density. The apparat us

Fig. dosahehsetically Mostratal thevsHe fddistané€ alondeheSLaxis and probing
length scale along the x-axis.

Fig. 2 schematically illustrates the sheet resistance [Q/sq] along the y-axis and
normalised probe spacing s/A along the x-axis.

Fig. 3 schematically illustrates three steps in a method for accurately determining
the sheet resistance of an ultra shallow junction. The method comprises the steps
310 Measure four-point resistance for a variety of electrode spacing sets. 320
Determine sheet resistance spacing dependence from measured data. 330

Determine shallow implant sheet resistance and leakage through curve fitting.

Fig. 4 schematically illustrates the sheet resistance [Q/sq] along the y-axis and
probe length scale [um] along the x-axis.
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510: Probe 515-1 - 515-n: Probe arns. 520:
Sem conduct or substrate with shallow inplant 530:
woRioriipl7eéxer 540: Vol tage controlled current sPUF/DE203000192
El ectroneter 560: Lock-in anplifier. 570: Conputer
system 575 Processor 576 Merigky 580 Data anal ysis
nodul e 585 Control |l er nodul e The present invention nay
. 0 |. » | "
Fig. PPN RETARS & Bock iaGidrt Bt B dbarath 161 FkUfhg the
sheétrpisigjencieasd sytunétion ehibyewurnept density. Therepparafusmprises:
of a sem conductgr ,suhstrate S%Be et hod conpri si ng:
5005 Making one oroNAIPW JHBEHOLisShASYiESi st ance
51omeasurenments onpgghd seni conductor surface at a
plurality of electrode spacing sets, the induced
915¢lr b&bin:i n sai d Arobe aposnt resi stance neasurenents

bei ng bel ow 100 . an r_at_|east. one of said
5200 el 1ty of ol SEVEARINHEE s Sioeai e biGat age
530el ectrode separ afilpieRet ow 100 mm b. Usi ng a known

rel ati on between said one or nore four-point
9405 esi st ance neasMoligsaconiiplied gugrept %@léaﬂcﬁty of

el ectrode spaci extract the sheet resistance
55001‘ sai d shaIOI ow@%%ﬁéﬁ?tte?n sai d sem conductor surface.
5602. A net hod accdaodkigatrplifier.nt 1, further conprising
usi ng a known rgltati on between said one or nore

570% our - poi nt resi SOIMRECHBYEMEent s and said plurality
575€l ectrode Processor

576 Memory

580 Data analysis module

585 Controller module

The present invention may be characterized by the following points:

1. A method for determining the sheet resistance and current leakage density of a
shallow implants in the surface of a semiconductor substrate, the method
comprising:

a. Making one or more four-point resistance measurements on said semiconductor
surface at a plurality of electrode spacing sets, the induced current in said four-point
resistance measurements being below 100 pA, and for at least one of said plurality

of electrode spacing sets having an average electrode separation below 100 pm.

‘b. Using a known relation between said one or more four-point resistance

measurements and said plurality of electrode spacing sets to extract the sheet

resistance of said shallow implant in said semiconductor surface.

2. A method according to point 1, further comprising using a known relation between
said one or more four-point resistance measurements and said plurality electrode
spacing sets to extract the saturation leakage current density of said shallow implant

in said semiconductor surface.



10

15

20

25

30

spacing sets to extract the saturation | eakage current
density of said shallow inplant in said sem conductor
waeno7azesB8. A method according to point 2, whePEi/DKai07/000192
| east one of said plurality of el ectrode spacing sets
has an average spaci ng abovel®00 mm 4. A net hod
according to point 1, wherein at |east one of said
plurality of electrode spacing sets has an average
spaci ng below 20 mm and the limting behavior of
3. A methed Acedrdifg @ pcsnt&e@&relrdmtleasu oree bhsaid Iphartlity of electrode
s reS|starP]ce of said shal.ll rrgv?gﬂ)t the limting
PapiNgFEts | @3@%%#&99%%3%9@&0@1 WPt he fol | ow ng
formula: s(r)0 2p ' where Ris the msasured four - poi nt

resi stance, s is the four-point probe el ectrode
4. Asrps@éhqggacmfdlngttm pointhke vdarein atdeastt erecef sdid purdiity of electrode

I T RN, T E TR

theoreticadatd 49 abéd tofeteanthesthal drowt raaIs@Rkbe ioh sa@t é{dﬁbﬁﬁﬁqplant
theF adjusting the plurality of variables until

Eh%ﬂl%bﬁ%\(l@%b@nﬁ@a\s&nl@wtr@mown@hﬁmla
pre rmned error, the theoretical and neasured data
RI_QGF Rt by usmgthefollovvlngforrrula where | =

KT/ (95q( Rt +Rb) ) ) | Ra and Rb bei ng the sheet resistance
net (SR bk gt o Al AR EETLERILES rope elecroce

spaCIugcandrRtmsthelmmwmsltahced)feéldcsl@lbmzmi;ﬂanls is the
four-point probe el ectrode spacing, k is the Boltznmann
constant, T is the tenmperature, J is the saturation

5. A rﬁéh‘ﬁﬁﬁa@é&r&ﬁu@tto A3, Whedi tl‘:le's‘i"natet1 F‘es“r’%ﬁﬁ@ﬁ%ﬁ& %atu.{r'ﬁltlon

char ge . A method according to
Ieal@lg@cwremden@éy of $aid shallgw lmplasmsjdemnnmmmwad;ustmg the

o1 e T AL B o o S0 2

predekeirhig@di girdrh thedthboratiodl] éﬁ@nﬂ&ﬁé@ﬁﬁtaslf)@ﬁ it ® 'L%L@‘fh%

i s determ ned by the relation Rb el n
following kereadant sai d seni conduct or substrate 7. A system

f measur i ng the sheet (esistance and saturation

r=Lelngd (o B (805 125\ 7o
R, +R, 27\ R, A A

where A = kT/(Jsq(Ri+Ry))); Ra and Ry, being the sheet resistance of said shallow

implant and said semiconductor substrate, respectively, Kj is the modified Bessel

function of the second kind of order zero, s is the four-point probe electrode spacing,

k is the Boltzmann constant, T is the temperature, Js is the saturation leakage
current density, and q is the elementary charge.

6. A method according to point 5, wherein the electrical resistivity, p, of said
semiconductor substrate is measured experimentally by Secondary lon Mass
Spectrometry or another method known to those skilled in the art, and the substrate
sheet resistance is determined by the relation Ry, = p/t, t being the thickness of said
semiconductor substrate.
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shal I ow i nplant in a seniconductor substrate, the

system conprising: a. A probe with a plurality of
web@ectzoses in contact with the surface of saiPRCT/DK2007/000192

sem conductor substrate; b. A voltage controlled

current source for inducing &6current between a pair

of selected el ectrodes; c. A high-i rrpeq?nce

t ' c

7R e een R R Rk ibcThtdte 33 sitoroiff ekage currenton a
shattow implanddn acsempicosdugonspbstrate the ofstemainiprisihg:

nnection |.ines, of whjch are connected to said
a. A Bt B TRy of dR6Panss Inprchiite apwiasn oo
serhicof@uctorkabétrstgeter; e. A lock-in anplifier for
b /generati ng a periodic reference signal controlling

Hplipgm renisellaseitrrasitisedrasufior évducingiaoerreab Befwsen a pair of

| e in-phase output of said highinpedance
Sel%ﬁégt%?%%&éalrg: f. A conputer systemwth a central

¢. fphigbeiapatianes idledtring®MrineairHg a VBItAGO af@Mnce between a pair
instryctions for: Making one or nore four-point
of selagte §tﬁ9érqq€§éurerrents on said sem conductor surface

. iy : i . the jnd :
o Rnmdbrdhihe SATHIRS SERGLA AT ioh Miskfl S hticn are
conpectey toedaidvclifionh¥ourea dntiemotiter tasdf Whieh @lre $8hfHected to said

Iura{e‘i_ty of el ectrode spacing sets having and average
ele‘gmﬂ?? dde separation bel ow 100 mm Using a known

e. A RIcRlih @RS HetRt st ﬁgﬁo&iﬁgéﬁr@%' IQ .nQL?ontrolling said

resi st ance neasur enent a sal ura .
voltage sontialied surenisascs, ans foxdededtingttaeshpbase esipuitafeaid high-

. ' |l ow. i nmplant in said sem conductor surface;
'mpggﬁﬁgégl%ﬂ%ﬁeq?'él ation between said one or nore _
f. Afoowipuier Syste@svish a%ﬁtrﬁﬁﬁﬁébgﬁiﬁptlﬁwitaé}% ﬁ@n?’orglc%ﬁiihihb program

. of electrode spacing sets to extract the saturation .
Instryciieng dor Maldng ope 9&imgredeursppint sesistaoee imeasunements on said

sorfBh ke SGRACLOf oBHA P BPoB:PoIE spbor R U8 st curent i
said four-point resistance measurements being below 100 pA, and for at least one
of said plurality of electrode spacing sets having and average electrode separation
below 100 um; Using a known relation between said one or more four-point
resistance measurements and said plurality of electrode spacing sets to extract the
sheet resistance of said shallow implant in said semiconductor surface; Using a
known relation between said one or more four-point resistance measurements and
said plurality of electrode spacing sets to extract the saturation leakage current
density of said shallow implant in said semiconductor surface.
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conprising the steps of: providing a nmulti-point probe
havi ng four electrical conductive el ectrodes, two of
w@ajod/1zd76ct ri cal conductive el ectrodes havi ng BOI/DK2007/000192

el ectrode spacing of Iess than 100 nm positioning

said four electrical contacf7points of said

mul ti-point probe in contact wwth an area of said
Ckﬂsha!IOM/inplant, performng a four point neasurenent

W?'lndu0|ng a current of less than 100 mA in said test

sanple via said nmulti-point probe, extracting said

el ectrical property based on a mathematical relation

. bet weeh ngihgdiferdeisamine arslesirigat proparbieleashallyinpiant
; i ng between said four electrical
com@%ﬁﬁé@t??%%e%%ﬁééft”odes_ 2. A nethod for determning the
sheet preyidihgaaaultinsbiciprobethavirakfage etetiscdl wonliuetive

shal I oqw i nplapts in the surface of sem.conduct or :
eleciviias, P! SeibeipelivalceHiiVE iRpodestiang A fie Giadegipacing
ofleEQflf‘aﬁ%EHPi nt resistance nmeasurenents on said

sem conductor surface at a plurality of electrode _
spaci npositiosingtsaéd foud etsstrical costact paintaofisaidunuliepaint probe in

contr etziﬁanc? n%isure Its ibeiln bel ow 100 mA, and for at
PEXL" BRETBT §?l§’%’e PHI'TRABt el ectrode spacing sets
havi Ngp&iiodyifg R ue b@ﬁﬁ h%&%ui@rlﬁéhﬂby ﬁﬂid@ﬁl Wc&ﬂ@nﬂm less than
b. Extracting sheet resistance of said shallow inplant

100 pA i gaifl tesirsaamiriviegaid multhpeintREeP.on a nmat hemat i cal
rel ati . o -l : .
resi st %’ﬁq(r:%& h‘g’gﬁg é?rréé:grfcgaﬁ] gﬁ%sesﬁ%gsp‘%osgg laﬁﬂémoe{n atical relation
betm@lea@a'i@dﬂnsmanif registaice maadinenmaittard elecipodé spating between
.claiml1 or 2, further conprising using a mathenmati cal
said feyrpleelHicBLeRAICt¥REPaddesr nore four - poi nt
resi stance neasurenents and said plurality el ectrode
spaci ng sets to extract the saturation
2. A method for determining the sheet resistance and current leakage

density of a shallow implants in the surface of a semiconductor substrate, the
method comprising:

a. Performing one or more four-point resistance measurements on said
semiconductor surface at a plurality of electrode spacing sets, the induced current in
said four-point resistance measurements being below 100 yA, and for at least one
of said plurality of electrode spacing sets having an average electrode separation
below 100 pm.

b. Extracting sheet resistance of said shallow implant in said
semiconductor surface based on a mathematical relation between said one or more

four-point resistance measurements and said plurality of electrode spacing sets.

3 The method according to claim 1 or 2, further comprising using a
mathematical relation between said one or more four-point resistance
measurements and said plurality electrode spacing sets to extract the saturation
leakage current density of said shallow implant in said semiconductor surface.
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| eakage current density of said shallowinplant in
sai d sem conductor surface.4. The nethod according to
waey7ot17she clains 1-3, wherein at | east one OPCHERKA007/000192
plurality of electrode spacing sets has a spacing of
above 300 mm 5. The net hod égcordi ng to any of the
claims 1-4, wherein at |east one of said plurality of
4. eI ect r ogg |
e R IRRLAGCRBHING B AP AfnS HAEILEE Q1638 one of
Sa'd Phuratity Qf@'@@?@d%swamn@ Retsthases spacingef m‘bos«alaﬂ)Osmal | ow
inplant, the limting theoretical behaviour being
gi ven bythefollovvingforrrula s(r)O0 2p ' where Ris
5. t he nea¥he enethodraceeidiig f&éhy"bﬁméeclaﬁné % 4 tUﬁwere n at least one of
r 0|nt pr obe electrode spaci ng, and h
said Wﬁgﬁ ityafielecirde spacing getsthas mvwiagampaomg treiew 20 pm and

{
e RS RS0 BPvichrat B RO T dnp LR obtanco o
said| ehellm\y implesj thedinaitihg thdorslica hehavider @émg’@de@by the following
for I@gstingthe plurality of variables until the

O'PH retical data fit the nmeasured data within a

precjgg@rm ned error, the theoretical and neasured data
s_b(ern'g—ﬂRt by usi ng the followi ng formula: where | =
KT/ ( q(Rt+Rb))) Ra and Rb being the sheet resistance

whére R theShdaksQMéd 1ol gBFnt st%ﬂbg S &Mh %q‘?ﬂgg&@é prohe electrode

substrate, respectivel the no

spacie: @nerRds tltldheheetmamana@obfca‘ambsﬂaliowempl,an& is the
four-point probe el ectrode spacing, k is the Boltznmann
constant, T is the tenperature, Js is the saturation

6. | eakageTigslhathbd dessidt toaélgf
charge. 7. The_ nethod rBa?ccor |ﬂfgﬂ1t§od|§ﬁ]yset§nwpk?é'% the sheet

feS'fi@Cq/am satyration l@ab@ge rerent densityiafisejd siallood mpiadt is

det @E‘hggfb&%cfjﬁéu gfeai ygfﬁ@@vegsf&%ﬁgyﬁ% ' nrot DY the

measuteﬁ htata withire ameaéteﬂhlnbdserﬁdraﬂféethle@réiﬁiaﬁéﬂ@j 'ﬁ:‘i‘@aéi?ﬂed data
b ﬁﬁée at | B I?b B , t being the thickness of said
e'%% 36H8't']‘9tt ¢ fellpydbg ferenda: A system for measuring the

Sh}?% rF Zsé nd s ation, | eakage
TKOT j—Ko(i—Sjj+log;j
R, +R, 2 R, A A

where A = kT/(Jsq(Ri+Rp))); Ra and Ry, being the sheet resistance of said shallow

implant and said semiconductor substrate, respectively, K, is the modified Bessel
function of the second kind of order zero, s is the four-point probe electrode spacing,
k is the Boltzmann constant, T is the temperature, J; is the saturation leakage
current density, and q is the elementary charge.

7. The method according to any of the claims 1-6, wherein the electrical
resistivity, p, of said semiconductor substrate is measured experimentally by
Secondary lon Mass Spectrometry or any other method and the substrate sheet
resistance is determined by the relation Ry, = p/t, t being the thickness of said
semiconductor substrate.
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current on a shallow inplant in a sem conductor
substrate, said systemconprising: a probe with a

wo peogti2pbural ity of el ectrodes for establishi neCT/DK2007/000192
electrical with the surface of said sem conductor
substrate; a voltage control1®d current source for
i nducing a current between a first pair of electrodes;

8. a hi gh-Arpseanes rﬁé%ﬂrfn?ﬁ%%hefeﬂe#@%@lﬂée igﬁg ds%tdr%'ti&ﬁ%akage

differencé between a se pair of s
curiginé enraalealiovaimpiant ipl @semicmdpctaisustrates saittsystem comprising:

Bre cormbtie il S AL RLrclesPees B petetohio lgstioal wit

the elirfabé off saldeserpizbagL&er s@bsiadtd; el ectronmeter; a | ock-in
anplifier for generating a periodic reference signal

cont r ol 3 Valpgacentidied syirant souie fied inducirgha csient between a first

,a(5‘|dﬁ .ecting the in-phase output of said
palhl g I‘-g?ﬁn%e ance el ectroneter; and a conputer system

Wi th a & hbigh-iaipeaiance staot@nstet fer e a8URNY a YONRGE diffPeice
conput er i npl emeim ?ti on of the method according to any
bet‘%?g'?ﬁesecq%prﬂa'ﬂgﬁe ectedgtecdipgdesin according to clai m 8,

wher ei ' ' bl n Q1S ;
pai 1ol AR Tomhicind s Bl HE Ry sl eaEa kR R on
lineg OtwoTiewbightars canoectedrig said emyenf sduree ahdlarnimtlﬁerqv\/o%f which
in.said.firs lurality is four. 11. The system
are?@Ségéﬂeﬂgotsg'({aﬁ(?cﬁ?ﬁ?ﬁ%‘ cl ai ms 8-10, wherein said
syst emd BcRAARIRSIiTEPTR ch@F4N Ip@fio&ﬂ&%%;@ﬁée 8fgnbNEontrolling
met hod according to any of the clainms 1- 7.
said voltage controlled current source, and for detecting the in-phase output of said
high-impedance electrometer; and
a computer system with a central processing unit and memory
comprising a computer implementation of the method according to any of the claims

1-7.

9. The system according to claim 8, wherein said first pair of electrodes
and said second pair of electrodes does not include common electrodes.

10. The system according to any of the claims 8 or 9, wherein said first
plurality is four.

11. The system according to any of the claims 8-10, wherein said system is
adapted to perform any of the steps of the method according to any of the claims 1-
7.



