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ELI M NATI NG | NLI NE POSI TI ONAL ERRORS FOR FOUR- PO NT
RESI STANCE MEASUREMENT The present invention rel ates
W0 000a/08323¢ em and net hod for cal cul ati on corr ecPCDDK2006/000584
factors for reducing or elimnating positional errors
in resistance neasurenents and to a nethod and system

characteristic electrical property of a test sanple.
Rel ated systens and net hods may be found in

Thielprésent invastionuehtedto dSy2RANAMILB3HDE forldaldhIhdR cOdctiolEactors

4,703,252, US 5 691 ,648, US .6, 747, 445 US

BRI T80 S5O SR TR 4Cp e glfemepls and to
n%tﬁ&ﬁgﬂ&@stéfﬁf&ﬁeﬂf&rﬁﬁﬁg géﬁhtéﬂ&e&ﬁé&'du%iﬁé}ﬁd 4 fbr defmintctbe sheet
is ,made to a above- nenti oned US pat ent '
rBRBPGE  (Greamalas. EHTIRTGIT, Liaben Byer R DA Bedumelod for
dbbning ashatackAstd dlectrtal @ropeyty oeh esstsamplen t heir

entirety for all purposes. Wien perform ng resistance
neasurenents determ ning the resistance of a test

Feetpdl eystémne apd rfctitrisohayt befouas in miphtibnasdch heUsay

0 I ] S ts _.a
PEnafatEs (3Rt P ERbIRE A b1 BB R B TR T US
2606101 81532, QISS20050008¢60H WS B1E35,264, UhauUs5pr18b6SVar 91 tf45 and

r re positione that the dis ce
U Sttt IRelenoR RopatS e Ahe Mivetrighidodt RFeRent
plibidaginns sllan dhichere berebnincdigtated it thepreésent specHicaticancsy
of the.test s le therefore is not as assuned. The
rﬁ%&%ﬁtm ﬁW@Hﬁ%ﬁgﬁ?EWr@@eS&\ net hod and system f or
elimnating in-line positional errors especially
ur-poi nt probe resistance urenent,s. Met hods, suc
B St Bl Ter R BkS 5o B Toa e ARG e ltanos 8r S Hsk
sdintpde] Wen$urtzes of thegestisampiejand e vieydhdtegrebe Lis¢dfer performing
tﬁ%ﬁegl?ﬁ!;rgﬁ%%fshar}g 'bropl‘IJg%P l‘ntot go%rtaect %‘vritﬁ tﬁeostﬁ%a'ccran o?ﬁ‘nte' tggc sample errors
induced by the fact that probe arms of the test probe are positioned so that the
distances between individual probes varies from the assumed distances and the
current distribution in the surface of the test sample therefore is not as assumed. The
present invention provides a method and system for eliminating in-line positional errors

especially four-point probe resistance measurements.

Methods such as disclosed in US 2004/0183554 have several disadvantages, e.g. it
requires knowledge of the nominal spacing. Also, there are no elimination deviations in
the nominal spacing. Further the known methods are approximate. Therefore, there is

a need for a method, which is exact.

According to the first aspect of the present invention, a method for calculating a
correction factor for reduction of positional errors in resistance measurements using
four-point probes. The four-point probe having a body and four probe arms each
including a probe, the probe arms extending parallel from the body, the four-point
probe including electrical contact points for establishing electrical contact between the
probes and a test apparatus fransmitting and receiving electrical signals, the method

may comprise the steps of:
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t he nom nal spacing. Further the known nethods are
approxi mate. Therefore, there is a need for a nethod,

wakioci43286 exact . According to the first aspectPOl/DKa@6/000584

present invention, a method for calculating a
correction factor for reduction of positional errors

[ f - poi nt bes.

The. four -BBIRRNG 3b 2 oHE ATie Moty Wiha S ere B Gp esssaple
eachI : nlcls]tcmhdtigg afm@beconﬁmeurgra)ﬂnet ﬁd?s@mgwb&irmdannd a

e fo oi nt probe incl udi
Sgﬁ%rg@q ?‘?[(?QP“rpgg'hg 33?” fg%')(%’f‘ io'“ﬂgrp 19? i shlong el ectri cal )
cont act k};ﬁpﬂ/@@%tsd&écmf@h&snﬂhé tesst taﬁﬁdrat@ﬁ m&ba@w&e f|rst probe arm
BT o oPee 5B oB af 83568 ine il e herohpentis
tarough e testdedgtie Wi th a surface of the test sanple,
robe. ar Hebiring 3SR ded Vol ke doanhd il S RS s of the

decomd fetpr obe arm applying a first current fromthe
test appa h the fi ar.m of

th '
first set® ra?céjva?'ﬂg agfo g?Hf wr%%snsj?l?é)% f’t“ﬁ\?”?q "f‘éf’lt'oscgtthe first
vottegd andsthedisticaméntpr opagat i ng t hrough the test sanple,

det ect d bet ween t

and pr obe<etied it e 5 Daiing 8t 85 Aspapidhgohe pimppnerein
the thirdset intludes hs trane thaniiie of ehet prbied a@neaofrtaé fiet edt, alea fourth
f|r t volta

et bl &g 29 G bk AP Euitin 1S pEth At Guidiigmore
théreonenofrtbe petbeianak wll¢e seeombset, t han one of the probe
f the, f
Ehi o anc PR Secth suRES fhrd Rl bt e Bt ich Bk st probe
drmadf tftethird sefortiee $évand q»mbeairgt dffeh@fmr? %fea Itf@?er?bn? ggrtrent
I curren romthe
AGPAP Broud Bt oy ce " r obe

detecting a second induced voltage at the third and probe arms of the

fourth set,

calculating a second four-point resistance, Reecong, DeiNg a ratio of the
second voltage and the second current,

calculating a correction factor, based on the first and second four-point

resistances.

Although the present invention is directed at four-point probes, the probes may include
more than four probe arms each including at least one probe and measurements may
eg. be performed using four of these probes. Also, the probe arms need not extend
parallel from the probe body, but the probes, at the end of the probe arms, are
preferably arranged on a line, meaning that the probe arms may have other

geometrical configurations than linear or rectangular.

The probe and the test sample is preferably arranged in a test apparatus having two or
more holders for holding the test sample and probe, respectively. The test probe and
the test sample is brought into contact with each other, either by moving the test probe
or the test sample or both so that these are brought into contact. The verification of
contact between the test probe and the test sample may be verified, eg.
optically/visually or using electrical methods for verifying the contact.
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armof the third set to the second probe arm of the
third set, the second current propagating through the

wo eaw/0s2apl e, detecting a second i nduced vol t apET/BK2606000584

third and probe arnms of thesfourth set, calculating a
second four-point resistance, Rsecond . being a ratio
of the second voltage and the second current,

calculating a correction factor, based on the first
Idenllyshe surfack i thegestaampis isdlehand the nepheharimgrofitiretest probe are

l?é&gﬁ'ﬁ% cgﬁﬁgat\ﬂnﬁ’lnch{a §gﬁécfee&tt|¢éj o’ s%n%é S8 Ehe%regé‘ssare

€S nm e nore our pro e arns each
pcmtiloueld m‘dlr@tth@asﬁt prefe@flmdabrel«mw speaisar faveaves agdlyis égot the

r%%e‘ﬂ?{h %éﬁ?orl‘dsih'égaréscéﬁ'i in% ntH?\eﬁrﬁYl&%so?ﬁ%thcﬁlfépcal& ing an

bea ext en ara romthe pro
Itmdwed lsatrection factobior redacing @éel@mﬂlamQ mﬁ@rrpr%wsad ﬁ}é the non-

laéﬁg%lﬁgr%@mt}‘\e%\"éb%@.g)%qhé’guﬁaée'cﬂ%e Anifget hat the
probe arns” may

: ave ot her geonetrical co |gurat|ons
than |linear or rectangular. The probe and the test

Iﬁ%*o%r—k)émpﬁl%gg réa#ﬂjs?q (ﬁ"‘ 8@?@85 fig 'tv?]boﬁr b@%?mﬁ@%é%d%sprobe arms of

WO or nbore |ng the test sanple
thndest poib@ is pelsgfed BNy alsgcorthgrotie sempriging ivenerobe armpedifferent

%&Meepﬂoﬁe QLn‘?é‘th(Ee ki 9 1G9 Qél@&%d"‘A Eﬂrr&ﬁ@apﬂﬂ iB&%o oﬁé Bﬂﬁé probe

y novin test pro e or sanpl'e or
m@tofttmﬂefsfet st whereby die currend iscrapagated thraighdhe ﬁluréaﬁﬁqﬁﬁ”'e test

er;}ﬁ%r]& At PI A F‘é@gtl%c{aﬁﬂ hBE&H4Sa Pe The itRREd $8R)eSnay

e ver| |ca VISU or usi ng
bR bemassUredey etbsminesd wmthgflﬁgammée@@mp&zhe ara@aqf the second

gg@%f%?g%ﬁﬁ of the test sanple is flat and the probe
ar s e test probe are brought into contact with

the surface of the test sanple so that the probes are

PO fhb%ﬁﬁed &rlle'npgn(f]ﬁ\é'rﬁ&as%réﬂ' \ﬁ)‘l@?%]b'?&g nt W%?é‘lﬁnce may be

owever, his I's not e case Iin the rea

spacin
vmul@teg apéeatie éniwveuen\mwltage e hejewrent. r?'éleiﬁb‘éeif rgpistance may
Sigh puhlsfigqan

A third set comprising a first and a second probe arm is selected and provided the
probe includes only four probe arms, the said may include only one of the probe arms
of the first set or alternatively the second set. A fourth set of probe arms are selected
wherein the probe arms of the fourth set includes no more than one of the probe arms

of the second set or alternatively first set.

A second current is then applied on the probe arms of the third set, or in the alternative
on the probe arms of the fourth set. As the current propagates through the surface of
the test sample a voltage is induced which may be determined or measured at the
probe arms of the fourth set, alternatively third set. As before, a four-point sheet

resistance may be calculated based on the ratio of the second voltage and the current.

In one embodiment, the calculation of the correction factor by the relation between two
four-point resistances given by Rysi/Rsecona = 1-(IN(1-y)/In(y)). A correction factor is then

given by Ceecond = 2 7/ In(y) and the sheet resitance by Rgq = Csecond Rsecond
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I mproved correction factor for reducing or elimnating
the errors caused by the nonideal positioning of the

w@e@bmess2en t he surface of the test sanple. |n PEEDK2006/000584

four-point probe, a first st conprising two probe
arms of the four-probe arns of the test probe is

5L R S5 DA R0, e R o
gedreettieal corligiuationrdf thesprapes ofefotibpainkprobe afhidegnribbe elsewhere

r set whereby the current is
rﬂ;]rtn'<§ PJaSteFe] ff'é‘i‘jﬂ “the surface of the test sanple. A

voltage is thereby i nduced in the test sanple. This

| :
WA Pl BRI e ST Dt TRARH P th o Bl SEObBRE 1o he frt
eetecbrnap fwther achwele performing e nagpsliiestint forrcalstilatingirasiséance of

R St R T Vol tage and

he ra ween the voltage and the
current The sheet resistance may al so be neasured. A

t . i
A AL Tl Ruldr 1o G Aorfi060 B B8P Ao B the
pronbb@rras At prefesalyyhot mewed wigleuefouning thenabaye-ro¢rdiopedbe
e B3y Rl he L BALLNEL 1 BB A8 i
thealpgregtionsfactor as eal€datet [aboes. Althelugme\e spoontiour-peinfresin@nce is

ed de%roﬂ gdgtgd% Rk it %lﬁ%%ﬂﬁ s%nc%rm L rHﬁttv'e eVused for
Bed B b 4} ffeciah 55( LERANGI S

ohd curre
palgtujetlrmths Sbéettrhsasttamerfcf tb@testmmpla the aI ternatrve on
the probe arns of the fourth set.. As the current
propagates through the surface of the test sanple a
pdvardageouslyi thd peedswhaycthe myaibélydm@rto Aagemote pasiionead the

Fleph 8P PR e Fpoblifly Rifoled B cah pRIREL L 2

pol nt resi stance
may be cal cul ated based on the ratio of the second

\écgr:ré gsér??o ﬁé’[[arrn‘ﬁﬂé the é?te@ﬂ%s@fg?ﬁg 'of'ﬁr'ettesttsgﬁ:gtk—:i at rr]ﬂultiple

atrono e correction ctor by the re
pesitiensrandibe test probe may then be stepwise moved to these locations where the

calculation of the correction factor may be performed and the subsequent

measurement or determination of the sheet resistance is formed.

A second aspect of the present invention relates to a method for performing resistance
measurements using four-point probes using an improved correction factor for
reduction or elimination of positional errors, said four-point probe having a body and
four probe arms each including a probe, said probe arms extending parallel from said
body, said four-point probe including electrical contact points for establishing electrical
contact between said probes and a test apparatus transmitting and receiving electrical
signals, said method comprising the steps of:

positioning said probe arms in contact with a surface of said test sample,

selecting a first set comprising a first and a second probe arm and a
second set comprising a third and a fourth probe arm,

applying a first current from said test apparatus through said first probe
arm of said first set to said second probe arm of said first set, said first current

propagating through said test sample,
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four-point resistances given by A correction factor is
then give the sheet resitance byThe factor g may

WO e@aiote4¢ he use of nunerical nethods, g is a PEDER006/000584
dependant on the geonetrical configuration of the
probes of a four-point probe as described el sewhere in

of the. pEBISSID f LRI B olREe ALEHB A b Gy oo Pias o
shidrsgtombgstct may further include perfornming a

el ¢ LSPlyelTS De PPl e RarGe: Mag Larod A £GP o1 rs
vbifeyeCadr £4d firetcdr@et,or for a given configuration of the
Wi 1o perriseliieb SRR BhAH AECHRdrar S muherei
saidl thivd sdtiituNsdes Heenshelkdn sesofsaknerebaabms biegaidfirst set, and a
L Y St e
negeste Asartescofisariprabouens dihaid dgcohd bewr - poi nt _
R
phsbediiragfealdsthiyd sétite spiaeesndiprpbo armn epsd éthidysefmaribeacond
PR etndp e Y R eliopos ¢ on. 1 may be
necessar yeteztigheetorkintiadsiorade betwesh aaid ¢hiefartdygobe arms of
Stﬁ'ﬁffgi"ﬁggal e at nultiple positions and .the test probe

be stepwi se noved to these | ocations where
t he cal cuhaRuiating afsetdrel foor-peiet resistahas, R iEeitaea ratio of said
ger%f)r rlred an t.ge suk@ﬁguept measur enment or
SHELH YA'REE PR S SERUIHLEM  esi stance is formed. A
second aspkrlatiog alcbeegtiongadctor havee minisai firel aidesecbiod Bur-point
nethod for perform ng resistance neasurenents using
YRS nt probes using an inproved correction factor
for reduciloniating redlistamoaadf isaid tedt spopid usimpdaie coreection factor.
sai d four-point probe having a body and four probe
arns each including a probe, said probe arns extendi ng
Therméthed aésopding & tthe second aspect may include any of the features

mentioned in relation to the first aspect of the present invention.

A third aspect of the present invention relates to a test apparatus having a first and a
second holder for holding a test sample and a test probe, respectively, a memory
device for storing a computer implementation of the method according to the first
and/or second aspect and a microprocessor for executing the computer

implementation of the method according to the first and/or second aspect.

The test apparatus according to the third aspect of the present invention may include
any of the features of the method mentioned in relation to the first and/or second

aspect of the present invention.

In a fourth aspect the present invention relates to a method for obtaining a
characteristic electrical property of a test sample by using a probe having a body and a
plurality of probe arms each including a probe tip, the characteristic electrical property
including a resistance property, the plurality being at least four, the probe arms
extending parallel from the body, the probe including electrical contact points for



body, said four-point probe including electrical

contact points for establishing electrical contact
wheinoen4cai d probes and a test apparatus tranBOT/DKReUgG/000584

and receiving electrical signals, said nethod

conprising the steps of: positioning said probe ar ms

éﬁaﬁl%tr@@led%éa‘i‘ céhtadtbefcRnQhe pRIbE tlbg shd %%gi g‘ﬁgaratus transmitting
selecting a first set conprising first nd

Brdrselying elerdricel sigedlnip @ fr%ﬁ'?ﬁ pr@bﬁ@p% tlﬂehmedwodrmasacompnse

f@qbﬁdw,,ﬁgga? g:arm applying a first current from said
t est appara us_through said first probe arm of said

first set (@®osiipeng tfwabq)?raﬁda capigconitisaperfageraf thestest sample,
Sa' d firstp %Bfe(:ﬁﬁ&a Qu@é@gﬁbbﬂﬁobé‘ﬁﬁyﬁp pér%%lﬁgeéhweaﬁure?ent by

nmpl e, detectlng first induced voltage at sal
amwn@, BroUFeRkshEea Fiirsbset oA MWD RIOBS ﬁas geq deteanipinpa vatigge

Betf/v'eéﬁb seebiid fQiontwd &%béﬁﬁsﬂﬁ@pmcﬁﬁdm% W&%é’?ro@er’uﬁ& bPthe first

said first voltage and said curre
§%t| eRrfarmipghe meagurementiorpl pambigationsiaf setsah arabedipsond

probe armec ?‘éﬁ%b@é%gsélh\@délmah& Stete & J{H?ééigﬁs‘ilc%%cfﬂ;%?property,

than one of said probe arnms of said first set

fourth sefd )&a%hatl@a mgdel data fon therdhagactesistie rleiriealcorepatty based
i eeehbdsi abkef OUrth set includes no nore than one of

said probe arns of said second set yr%dg a second
current fPO¥dedithe measurappaiandige PHP@J@E’H eljdatpdeps not
838y StaBlshiiy £h éd“usrté’d PelellvRISnd réfEand s gpo(tgfuﬁﬁgmhe

of sald third set, sal second current propaga
?‘iirl\‘?}ﬁ%ﬂ"ogﬁh@“feest sanpl e, detecting a second i nduced

vol t age bgiowrien tifeindadrbrhantid tﬁé @Q@uléfeﬁfm&fel 84t %0 converge,
fourth set, calculating a second four-point

?@@%‘E%ﬁ@é’ha@@fﬁﬂc ﬁ'éptﬁga'@rqmérom theanepet datand

vol tage and said second current,

The test apparatus may comprise actuators or other devices for moving the test probe
into a position where the tips are in electrical contact with the surface of the test
sample. The test probe may be of a kind similar to that disclosed in publications such
as US 2004/0056674 and EP 1 610 131, and the test apparatus may be of a kind
similar to that disclosed in publications such as US 2005/0127929 and EP 1466 182.
Reference is made to the above mentioned US patent publications, all of which is

hereby incorporated into the present specification by reference.

As the probe comprises at least four probe tips, it is possible to choose combinations
of two sets of two probe tips in several ways. The sets chosen in each combination do
not contain any common tips. E.g. if a probe comprises the tips A, B, C and D, a first
combination may be a set of A and B, and the second set being C and D. A second
combination may then be a first set of A and C, and a second set of B and D. A third
combination may then be a first set of B and C, and a second set of A and D. Using a
probe having more tips results in further combination possibilities.

The measurements are then performed using the combinations of these sets. Model
data is then calculated, based on a model value for the electrical property, for each of
the combinations used. The model value may start out as an initial guess, and may be
based on knowledge of the test sample.
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calculating a correction factor based on said first
and second four-point resistances cal cul ating

wo empiance of said test sanple using said corPELDKOIG6/000584

factor. The method according to the second aspect nay
incI ude any of the features nentioned in relation to
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dfﬁér@ﬁcears%rgpn‘ﬁpn-& ¥ing a body and a plurality of probe

each ng a probe tip, the characteristic
electrlcal property |nclud|ng a resistance property,

% e%l;otd}/m(]gﬁ tﬁg {r?ett y 8I)rg)§|IISet %@leﬂfn CO?II‘ rase value of

ng par a e ihel
cmeemfttlne cebswemeaist Ope rontr@ref ofrthe trwlarsursmemngmey @etcprreeted by a

GHLAG! PBI I B) D RE@RAN and 2 test apparatus

ansmt receiving el ectrical signals to and
fromthe probe tips, the nmethod may conprise the

IE %I rérg%\%ﬂ?l%pf%&ggds ej&?é%@r%ﬁ# ttr{ ma?&t%&%c @l’el(&ﬁ%af%?aer{ﬂs top-layer
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ERBHI S o R DR RG gcotérre%arn R e a first set

rmning a age

In an advantageous embodiment of the present invention, the model data is calculated
using the formula

; R.R R w z' ¥ x'y’
R, R;,RA)=—F"L8 " TIK | —|+K,| —|-K,| = In| —|¢.
fCIPT( Y] ) 27Z'(RT+RB){RB( o[ 2’)4' 0[/1j o(;{’)}+ n(z'wlj}

The values x, y, z and w are distances between probe arms in a given configuration,
as will be evident from the below description of the attached figures. Ryis the top-layer
resistance, Rg is the bottom-layer resistance and RA is the resistance area product. Ky
is the modified Bessel function of the second kind, 0'th order. A is the transition length

given by:

A=

R, +R,

In an advantageous embodiment of the present invention, the method may further
include performing a correction on one of said calculated model data. The correction

may be performed on one or more of the calculated model data.
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between a second set of two probe tips not including
any of the probe tips of the first set, performng the

wore@sseaent for all conbinations of sets of pPODBK2006/000584

tips, (c) establishing a ntlel val ue of the
characteristic electrical property, (d) calculating
nodel data for the characteristic electrical property
based on the nodel val ue, provided the measurenent and

f he meihad acspisinaiedes foyrh asprss f thetpressnt ivertion may include any of

t I nd repeating
E}%efggltjtj%%mljgg%gptth%égsldéc}tﬁsg?gg\% agé{/‘BPHﬁ" %e provi ded t he

nmeasur enent and the cal cul ated nodel data do converge,

?Ké b%éhﬂﬁvérﬁ@n %v@fb%%%e%%h@eﬁﬁ’r? FeidrBAte i@)rtH@ gftééﬁefd B matic

he nodel data. The test apparatus may conp
tHE*thEPé'Pmd”Mh'Cbt her devices for noving the test probe
into a position where the tips are in electrical
contact with the surface of the test sanple. The test
P bés arfighapeatisfillugtrationof poriipay oftfeun Mebescrnscdisteaepsi hetween

feRl i cations such as US 2004/0056674 and EP 1 6 10 13
1, and the test aPparatus may be of a kind simlar to

r

Figa? i sehenrdig iljugtralinn of deurinsphesqesiionsd ostEosROa 278 3t
84pIEP 1466 182. Reference is made to the above
mentl oned US patent publications, all of which is

higF 477 2¢ ﬁ@o‘?‘»‘b@maf"‘etﬂuﬁitfﬁ“@n% Athsrecaonfiguratinns of feutriol pispes and

hisfRteN68weAs tHd\fopsobe conprises at |east four probe
tips, it is possible’to choose conbinations of two

Eigt 3 i3 sehnalicdbstratigsofianloganitbmig fungtipss ofbieB @vd ¢ as a function of
,gowﬁpcub each conbi nati on do not contain any conmon
tips. E g’ if a probe conprises the tips A, B, C and
Bg. 4 &i 2 schewat Agsirgionnelya beimerisek sigfulatioanef @roraduk to barrier

@%@ug%‘%qn%ﬁé dP@étBQ C and D. A second conbi nati on may
en

first set of A and C, and a second set of B
Biga 505 asohametic dloatsationtaf awmesigak sienlatien af frieastrement efrors on a

l%cﬁalh@u@rsérﬂgle?‘ second set of A and D. Using a

Fig. 6 is a further illustration of simulation results, and

Fig. 7 is a block diagram representing a method according to the present invention.

Fig 1. schematically illustrates a four-point probe in contact with the surface. When a
multi-point probe, such as a four-point probe, is freely suspended, the arms
constituting the point probes are freely extending from the body of the multi-point
probe and as such, in theory at least, are positioned in-line with the known distance
between the end points of the probe is brought into contact with the surface of the
sample. The arms are displaced relative to each other partly due to surface errors or
surface irregularities and possibly also due to the probes position relative to the
surface of the sample. The spacing between the probes may vary due to uncertainty in
production or vibrations. The difference in the relative spacing of the probes is
illustrated in fig. 1 in that four probe arms (10,12,14,16) are displaced relative to each
other and where in between distances are illustrated by the arrows (2,22, 24,26).

Assuming that the four-point probes (10,12,14,16) are positioned in-line and with

known spacing on the surface of the test sample will result in an imprecise or
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probe having nore tips results in further conbination
possibilities. The neasurenents are then perforned

waiging42he conbi nati ons of these sets. Mdel dBCEDK006/000584

then cal cul ated, based on & nodel value for the

el ectrical property, for each of the conbinations

sstoud hﬁeéglg@rh%ﬁ‘tabé'ethgaé’urﬁatn?rélstﬁb@tloﬁsaﬁ(’i‘ éd?r‘ehl "%Jnd all voltage
guess, based know edge of the t

HaApired $r$bﬁef@@étonaﬁleéh$@e@q%ﬁ8%mﬁ§lan%d to the neasur ed
data. Provided the nodel data and the neasured data is
sufficiently close, then the nmethod have given an
Ercsgnimiesheal the far-noke veliagede cairedratio BpRbe exprgesed as
property of the test sanpl e. It may be necessary to

adj ust the nodel val ue epeat the cal cul ati on and
conparison to the png &d 31(60}2{1 val ues. The
adj ust rent nmay be elthef UE “or or both if nore

than one characteristic electrical property is to be
Wedenxnpdnat: d'r’é‘@%tanﬁ@@a@glvéﬁ‘imﬁqqlke e dlig, i§ ﬂféeﬁieédremstance of

until an acce ble result is ac ved. There

Hesdest Adatahot 24 @%%P%t'(\’ﬂél%@t?rﬁparqu Bleplredes [T?,I r}pwever these
M aRktubaionsa8sh HRAGHNIGSH Gabas dblsy rakh V&'ln‘:étstuﬁ@ﬁbf 8 equivalent

iterative cess maydtermn oi nt

rF'Elér@@ﬂ'lseBY %Waﬁa% GFOHP easrvr%da fpﬁf -Poiat reéﬁ%’&&? Mgl giffer at most
b8 cREtJesH sy TEE FRr-pdRit Foistat catfbrghch gmm e @esidniytal R, Ry and
of one of .the nmeasurenents.

e alteains fim, b actsy Bet bay B prostive e algring relation
Sisth Yefveetheflur-pbint kartdress. | n a presently preferred
enbodi ment, the characteristic electrical property is

B@E RBaJSIEP resi stance, bottoml ayer resistance,

resi stance-area product, or any conbination thereof.

TP i ORGSR AP TBHIRES PS8 of Thess groups are

illostendd anfigd. ey wdel THataIthge-Radeiehbtfid 68ithgsd Benfiguration are
formula The values x, y, z and w are di stances between

gvVebaSarns in a given configuration,

Va -
g = — = %111;51:
fa °

o

Yoo oma,
H{:ﬂ! e = hl”;

{C" porey

where the parameters a, and ¢ are given by

= QR EOTEE TN
) ey
s Mni-hied
*‘3 o R
e fal i ey
P Tkt el

With manipulation it can be found that the following relations exist between the

parameters
o=p+1="l=py
ﬁ:cx—]_:——l—_'.—_Z
Yy-1 «
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as Wwll be evident fromthe bel ow description of the
attached figures. Rt is the top-layer resistance, RB

WO g00vl0es2bot t om | ayer resistance and RA i s the PCT/DK2006/000584

resi stance area product. K@0is the nodified Bessel

function of the second kind, Oth order | is the
transition | ength given bya I _ng-AN advant ageous

enmbodi ment of the presentim t he net hod may
further include perform ng a c tion on one of said

cal cul ated nodel data. The correct| on may be perforned

P@ﬁ@rﬂﬁn&'ﬁw@?ﬁeﬁﬁgﬁe{ﬁ % %@hg %é‘tc%q?é[?%t%n ﬁg%tg%% h geti}sc‘) %nd the

according to ect
?Qﬂf'@ﬁft&l’“@'ﬁ illyalyatee i figd éCam/caﬁ mtah@tﬁee‘aﬂqmmmg; retdtioany of
the aspects one, two and/or three. The present
invention is now to pge dg@,@f—h@ed wth reference to the
attached schematic iZIOSETBRgns, in which: Fig. 1is
a schematic illustration of p05|t| ons of four probes
and di stances between them Fig. 2 is a schematic
and uging theiabavefeldtons, we otresedposttis oned on the surface
of a test sanple, Figs. 2a-2c are schenmatic
illustrations of thre_gonhilgurHtions of four-point
probes and di st ancegizbet wee nhivhe 'probes, Fig. 3 is a
schematic illustration of a | ogar|thm c functions of
, b and as a function of b/a, wwth ¢c = a, Fig. 41is
UScWe aR URiquely dateratine 1y fesm dhentatierRactal Rs il tat thesoaiplexity of

186 relatisH e, ﬁ@stgﬁvf fo'uﬁ& u@l"ﬁgarL n%rlcépmkﬁ%dé nTA @a?sk may be performed

di rection, ustration o
Ysinee svigable §@lﬂﬂﬂ1le§term REPOrAEERAsT @menaﬂcabsslutum af equations, eg.

MRE AN l‘)\/ﬁén F Eb@gnﬂg\eh %vee}ngy Eél&‘ﬁate thé gﬁéert ?e&s?ance from

of sinmulatio esu
RgczﬂRc
Iny

where the index_ AC indicates that the sheet resistance is based on the A and C
configurations. In principle any other ratio of two of Ry, Rg and R¢ can be used to find
any of the three parameters q, B or y, and the sheet resistance can be found using the

appropriate relation.

Since the spacing a, b and ¢ are eliminated the method will find the correct sheet
resistance independent of the real spacings. Thus any variation in positioning of the

electrodes are also eliminated.

At least the following relation between four-point resistances and possible search

parameter exist:

al: Ra/Rs=In(e))/In(a-1)

b1: Ra/Rg =In(B+1)/In(B)

cl: Ra/Rg =-In(y-1)/In(y)

d1: Ra/R¢ =In(o)/(In(o)-In(0o-1))
el: Ra/Rc =In(B+1)/In(1+1/B)

f1: Ra/Rc =1-In(1-y)/In(y)
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Fig. 7 is a block diagramrepresenting a nethod
according to the present invention. Fig 1.
waeheisical |y illustrates a four-point probe POI/DK2006/000584
contact with the surface. When a multi-point probe,
such as a four-point probe, is freely suspended, the
s consh iUty NG - HRE qh L 4\pr obes are freely
gxtending F&%ﬁ1ﬂ%5)gog§ o@gpﬁe mul ti - poi nt probe and
h%: such, Re/RcraBy(B+1)eadl)) are positioned in-line
i.th the kngwn di st.an bet ween the end points of the
ﬁﬂobe IS E%@%gﬁ?wvﬁﬁg&ﬁontact with the surface of the
sanple. The arns are displaced relative to each other
artly due to surface errors ol surface irreqularities
BAfaneh Foin ey ke FfiehanBlobhe rpesenisi ks tapres
bxprédeors I §@ne coififigubetiong opine foukkirg paeisn@nielt wehanddéf sign
8ﬁ@$es nag vary due to uncertainty in production or
lie119e9Re. The difference in the relative spacing of
the probes is illustrated in fig. 1 in that four probe
s 0.12,14,16) are displaced rel ative to.each
b Endel eiadieunehof aleaby BifS R HieoMes it ot e
by the arrows (2,22, 24,26). Assunming that the
f our - poi n{, prohe 0,12, 14,16) are positioned in-line
Q%d W th Eﬁﬁ%ﬁggégggng on the surface of the test
panpl e mﬁh&:p@ggmygh@ an i npreci se orerroneous
nmeasurenent as the current distribution and current

- 8Ad al | vBCRgeriaéuted is different fromthe
eoretical igns. For an infinite sheet the
p‘i §SV§§%HH&

our - poi n tage to current ratio may be expressed
a8 where ®=Rg2¢/l@fiyl z are di stances as given in
%_gure 2 and i&} t{}e sheet resistance of the sheet.
"total ofsZ %%TF/ (FDati ons of i nt er changi ng

gbect rodequemC:Q&/m(aq&eMpr these 24 pertubations can be
devided into_3 gro%ﬁf each consisting of 8 equival ent
B&nf i gur afsafts 2Rkt TYBeach group the measured

foour - poi n?ﬁ%ﬁgiﬁyh?@fe will differ at nost by a change

of sign. . our -poi nt- resi stance- for each group is
designated RA, RB and R . These ratios are so defined

kh?‘{w& gﬁ}{esaé P@@ﬁéﬂé‘{) e 198n°‘1itﬁé Hist gr-gt]? 3[18 lohg ‘ﬂdoﬂgthé %E@&Adoé}oup
exl sts between the four-polnt Teslstances.

both containing the same parameter «, § or y will constitute a functional
implementation of the method, eg. a1 and g2, or e1 and b2 . These relation may be
derived from the previously equations. Further each of these relations may be modified

by imposing Ra = Rg + Re¢.

Isolation of search parameter in second group and insertion in first group will also

constitute a valid implementation.

Fig. 3 is a schematic illustration of a logarithmic functions of o, B and y as a function of

b/a, with ¢ = a.

The method according to the present invention of eliminating errors due to error
positioning in the in-line direction, does not increase the sensitivity to other errors such
as electromagnetic radiation and positioning errors perpendicular to the in-line
direction.
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RA = RB + Rc For linear configurations representive
configurations for each of these groups are

WO bdoasiats ed in figs. 2a to 2c. The vol t age- t OPCI/IDKewWk/000584

rati o for these configuratildn are given as where the
paraneters a,b and g are given by Wth mani pul ation it

can be found that the follow ng relations exi st

bet ween the paranetersPerform ng two nmeasurenents

Ears gue freelesremagnede iraiation ang ?rS’E%BVG?rrfr o gursent spErcere voltage

s‘éﬁéﬁr*s @Y. Aub e vardtis i edrRsktirésidthsce, % O8R BBIMERK Gestuhen stocatic
Il owing relation and usi na% t he above rel ations,

V@ﬂﬁt’qnédllféé”% o derrgeaied elteggroGHIrgRieRYo- ddie M =1y ‘éescr ibe the
sehaiivifylier thathbndModrdoif probdaUfiethd ERdieaspl exity of the
relation g nust be found using nunerical nmethods. This
task may be performed usjng suitable routines from
programes for numeric R“Sﬂﬁﬂ‘ll on of equations, eg.

M NPACK. WWen g has beéfadet®r'ni ned we may cal cul ate

t he sheet resistance fromwhere the index AC indicates

that t h et LS ce s hased- on the A and

e haray §sne o EnEmmolrafis dickdne Plesraliimehge gye have
tﬁﬁkmaangmdpﬁggoan be used to find any of the three
parameters a, b or v, and the sheet resistance can be
found using the a’Froprlate relation. Since the
spacing a, b and @%are el i3 qat@ﬂ h& method will find
the correct sheetfﬂéslstaﬂm,=|hﬂépedd@nt of the rea
spaci ngs. Thus any variation in positioning of the

el ectrodes are also elimnated. At |east the foll ow ng
Wemt yssrRRe i@ #JTD poi nt resi stances and possi bl e
search paraneter exist:Further each relation may in
the inplenmentation be,repr sented by its reciproca
expression. In sone cﬁﬁ .ons of the four-point
measur enent a change @& slhgp2y

By differentiating both sides with respect to R, and performing manipulation we find

ey _ [ - 0 I ﬂ =T
&}R.& Hﬁ' (lﬁﬂi 4 iﬂ: e 1}111@) '

By inserting equation 2 into 1 and assuming that we know « from the nominal

electrode spacings, we find that the ratio

AR 0,

} AQA == i H,;; !,e' a1 M

is always between 0 and 1 meaning that the presented method always gives better or
the same sensitivity compared to the simple method of using directly the nominal
spacing. For a symmetric probe spacings with a = b = ¢ we find that the ratio fca is
0.616, an improvement of approximately 40%. Unfortunately the ratio for the AC
configuration sensitivity towards variations in Re facc is 1.894 indicating that the

corrected method is almost two times as sensitive fo variations in Rc as the
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will be needed. The sheet resistance may be given by
either of the following relations: Any two of these

wo edoasane one fromthe first group and one frPOT/DE006/000584

second group both containing the sane paraneter a, b

or g wll constitute a functional inplenentation of
Bl 3 ionRis \gar%tléﬂédingg REraf tle 88HLItRA tOWQF@SS\%I”IatIOI‘]S in the

re ation my erived fromthe previously equations.

Rltegerde-cerseii r@HOStlﬁ drpseased Appupdnataly yea fastarof éd Thig may appear

lJMOS g&g)lé?ﬁ‘ FoviRRer; o Of'?fse ih $&41 ifd PBaQrePBREGHe RREINBHRAts error is

I n second group sertion in first group will also

d@ﬁ@atemhyeo@tr@amg@rrorﬁplaéleéﬁ&fat mésfoscppig fow-point grobes, the method

SRRPARsroldrhi'dat r8MhoRfoofrel @A Adikdr ¢ functi ons of

a and g as a function of b/a, with ¢ = a. The

met hod according to the present invention of

Fbr’tff@r nal | Ulge)&)reflel'i& @H?thta%/%fn}:éjfatl{é‘?%éﬂ Q'aBQolhtré ﬂcﬁ% IS the same
In |rec 1 on, does not Increase the sensitivit

fos Rmtm Rerysiigs that dformatien ava FamigitRe thecneisel |'fatheo‘ﬁpféﬁ$€?d sheet

gg%ltédcgm ng errors perpendicular to the in-line

rection.Errors due to el ectrorragnetlc radi ati on and
Cross-over from sensors e.g.

due to yatd atl n ot Gt i StranRte et can assune
¥ Ht B ng? :)t [*’qsﬁms 78N @J‘ z/me

toresuIFlngﬁ Fc™v i ons di't e on the
measured vol t ager I 0- CliLE i r,fatl % Jhus we can

descri be the sjgqsifiy mal four - poi nt
probe met hod si y as™ deU|va1 tly for the B and
C configurations. For the presented nethod we have the
foll owi ng expression W will use RVRc to find a from
By differentiating both sides with respect to RA and

PREfOTI NG df@niogtl] Bt ihenrativé i sihdard deviation in the corrected sheet

resistance and the relative standard deviation in the measured voltage-to-current

rel

ratios. Again for a symmetric probe this factor 0”’“ /oy’ becomes 0.629. Thus we

have an overall noise suppression of 37%.

The voltage-to-current ratios for standard linear four-point probe are to first order
insensitive to positioning error in the direction perpendicular to the in-line direction.
Thus since the correction method uses directly these ratios it too becomes insensitive

to such positioning errors fo first order.

Surprisingly, it turns out that the method according to the present invention eliminates
the influence of non-conducting barriers parallel to the line on which the electrodes are

positioned.

The above findings suggest that it might be possible to eliminate sample shape
entirely. However, analytical studies with a barrier along the in-line direction show that
this cannot be eliminated. On the other hand numerical studies show that the error is
significantly decreased. Fig. 4 shows the simulated measurement error as a function of
distance to the barrier. The distance is normalised with respect to the electrode
spacings. The probe is assumed to be symmetric with a = b = ¢. The dashed curve

shows the measurement error for a non-corrected sheet resistance while the solid
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By inserting equation 2 into 1 and assum ng that we
know a fromthe nom nal el ectrode spacings, we find

w0 b@o/osfes ratio i s al ways between 0 and 1 neanP@ODKR@WK/000584

the presented nethod al wayd4gi ves better or the sane
sensitivity conpared to the sinple nmethod of using

Qe e&ﬁéve/s fh% er‘?rﬂ)P@',e c?o[??e%'cé?igshé(:? FedstSNAIRA! %& BX %esn from the

Spaci
f@uﬁelme mathod‘pg'reavtb'mmmromfs tappneﬁsurmm@t)enzpo%or the corrected sheet

rgggt%%éj{h%teﬁd is |Q§s {h% 1% fa?arn dfs{é%cégf @9{;’1’: glgu%é d Qgctrodegspacmg

varl | ONns
THimsituatien oomuratfnréhle ne@dnwtad&ewbmtstanme at narfb@ara@ of 7 times the

r%ld% I variations in Rc as theuncorrected is
%g/var S?EV%{{] ations in R Overall the sensitivity
towards variations in the voltage-to-current ratios is

'H@ eﬁ“@&e[go %%th%(leﬁﬁ]?-us el E\’heaefo%%tlgrplégedzm tﬁgiaﬁ% F@)ﬁetween two

, SIrnce I n
pmeadau b@‘mrerst sr orlne ra@a&gﬂaarrsarrm &ig. rshows dlogrierialt wigebipeasuring a

@8%%‘118&;{5%5”“3 at |l east for mcroscopic

our=poi nt 'probes, the nmethod is still an inprovenent
over the non-corrected nethod. Further it is our

ﬁ%‘?ﬁ We%Q/% htsgl%ecf Q%&ﬁwﬁ%"l’ﬁd ch(%gé e\i%gﬁe hﬂ@cﬂrae:c ld4fsBance we

e sane rna | On
hayecegedwa i qogrettiom fa@t@eaasnmﬂgeadmm@cs@dplgr@@pnswn and a probe

|é§§tb§ta"f“ﬁ$ee c&‘ﬁﬁﬂgf ﬁ{édsérﬁ Eh?h%%laﬁltp'levalrr%n@i%qgra‘#e b){1 5 times the
I'n e Co the

VI at P Ed Sheat Presistance an
$|e¢ta:td|e\ﬁ@agnan@s35@erdfm atltle tigure the methedagreatidmproves the error due

%nggilrﬁé?ﬂ %g RS pc§s‘ﬂfo'n°? dﬁ@?iuﬂlil{??%ﬁgr?es)é_ﬁ&ﬁﬁeﬁe% 4208 is not

ctor becones 29 we have
medcdetoalkhomihgeesaqbpwe@eochirr@msi@m% if Juet the probe is positioned

%@ré%gfeﬁ{%n‘fﬁg e &thé Q?m@lgr standard |inear

ur- pol probe are to st order insensitive to
positioning error in the direction perpendicular to

Itfqﬁ% is%ﬁwh'enﬁaéj%ﬁ%? rﬁ@t‘s?or%' AP id Cr%rnroﬁptthé’ "Mmeasured value
met ho

ses direct ese ratios It becones
depsadsi enly eveaklys @oh trmsnositl@m agd etheorr@thqd fdoes t n@dr Brgvide any

improvement. However, in such case the width of the sample must be known. If width
is not known, the correction method is still usable to find approximate correction

factors. For large samples the measurement is improved even more.

Fig. 5 is a schematic illustration of numerical simulation of measurement errors on a
rectangular sample. The dashed line shows the uncorrected sheet resistance and the

solid line illustrates the corrected sheet resistance.

The sample used for the simulation is a rectangular sample having a side length in the
direction parallel to the in-line direction of the 5 times the electrode spacing and a side
length perpendicular to the in-line direction of 5 times electrode spacing. The probe is
symmetric with a = b = c. For the uncorrected sheet resistance the sample dimensions
is assumed to be known and the error is calculated relative to a situation where the

probe is located on the centre line.

In the following below, Rg denotes the bottom resistance and not as above resistance

for the B-configuration for the four point measurements.
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Surprisingly, it turns out that the nethod according
to the present invention elimnates the influence of

woensoeidact i ng barriers parallel to the |ine POT/DRR2@G/000584

the el ectrodes are positiongd. The above findings
suggest that it mght be possible to elimnate sanple
shape entirely. However, analytical studies with a
barri er along the in-line direction show that this

(AR GEN®E! GSF e RO fitsh aHEIDGE Heararies intahacaterises the

%mﬂe%déﬂﬁws&@ﬁont [FvetidvRTa thadd e dbb&RBlhy expected
decreased. Fig. 4 shows the sinulated neasurenment

%\eﬁweﬁ'@nfaqu%%ﬁ 2 imctien af thesppRaramgterhwe lsan spareh forfiee

ﬁérﬁh@[&@ tHa® ﬁﬂ@é Rl hesest tWtﬁé"mé@sﬁR@& BattaOM%{h%rr%én@éaryftﬂg
acCl e probe i s assuned be syrmetrlc W t a

Q91e aSThe dashed curve shoms the measur enent error
for a non-corrected sheet resistance while the
sol i dcurve shows the error for the corrected sheet
reisi|$smect?) Afacanrkd;seen fromthe figure the method
greatly inproves the neasurenent error. For the
corrected sheet resistance the error is less than 1%

Fhe K bE01 Erioeehive sPaichiiio humds MRORUndn BB pus e

expecRdanesuBsment dabanem taé gileh imtRBl Akef,gl %&Fsrél‘i&tor containing
%gam n% Thi s efrﬁgg?rﬁt 00 can be elim nated i

OB gedpwaétz?éd oRIETR %a@efwavmewéanpan is chosen.
barriers, or on a rectangul ar sanpl e Fig. 5 shows the
r r\/\,henmea ur. i a rectanqul ar | e. Again we
i.aer e dhreasa ey milEns of peatEemedarereis it do prrerelprs
shtaietd Wesiantistrtacsea ob&é@tldmssaﬁleme CWerrﬁﬁﬁetsém tiheA6drdction scheme
@ftﬁﬁﬁqﬁ% aGl:nﬁ. tskﬁn'p e di rren3| nd a %r%ge | ocat ed
WNRA LT WNIGR e 98 AFpImeenisT e§ nga YRlveH the walues
Ealdnyatsd fromethe iveleE Vs tarotien s\meézlhag)rotﬂém%eﬁrﬁmﬁg PR rhdteel
the nethod greatly inproves the error due to

‘Fﬁ"g Eagﬁ%ﬁ%nt of probe position. Further, unlike for
the uncorrected case, it is not needed to know t he

exaﬁ%ﬂsfa z‘ng]- rrenﬂ[hc;wziul;}ﬂ ust the probe is

The optimal choice of G depends on the actual sample geometry and the model
chosen to represent the sample. The optimal G is the one that minimise the sensitivity
for the above minimum with respect to possible measurement errors.

In the case of four-point measurement on current in plane tunnelling, CIPT, samples

we have the following model
; R.R R w z ‘ x'y!
R,R,RA=~¢~TK~—+K——KJ;—+1#
fCIPT( T4t ) 27Z'(RT+RB){RB[ O(ﬂ,j o[lj 0(1 N e

with the transition length

[ EA
V Br +Rg’
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approximately in the mddle of the sanple. If the
sanpl e has wel | -known di nensions and is very narrow,

wo b@7ieRdaur ed val ue depends only weakly on t hePCT/DK2006/000584

position, and the nethod ddes not provide any
inproverrent Hovvever in such case the wwdth of the

{ .
a%girgf e tzr%ﬁﬁj V}/re %an% eﬂ SIQ EIQZ1 e h‘@ﬂ gl’{"@onflfgﬂﬁatlon The set
c;fcpe_mmettensrcofrwseﬂ op-laer rwmwedﬁmbb%@nﬂa}@r r@aﬁ.@nf@r&ntand the
PP R B CH T RN 1B Fioolish BieRa 8 T RAB bBsecond ind, zero
@derors on a rect angul ar sarrpl e. The dashed |ine shovvs
the uncorrected sheet resistance and the solid |ine
illustrates the corrected sheet resistance. The sanple
\Weetobser savhel giowps atrisets, bcantack poiatsgaser groaprpPreplizing fogr
pgbln’?tée C%Ia gﬁl%&tﬁ%ﬁaté@%l&n@ &1 é 98 Qﬁ{ha%é@ \évgggla:]]‘?a il l‘du?%omt
residanterfgr b spbrspeofihe urcmps t(mostsrb@ ali wei crbéald arsec@ndafnugapomt
r%si‘éfaggé aﬁé 8%&5]8%% @&%%i%es%t%ﬁc@ P]Q tHe%ét%HHﬁEéérfBﬁWeEmer,
a ="b ="c. FoOr the uncorrec sheel resistance
arahgd en.di nensions is assuned to be known and the error
is calculated relative to a situation where the probe
is located on the centre line. In the follow ng bel ow,
Reingl heanede!l ehevebwe palnula@sths expantediirgt anst segond fapw-ointed

rregrg a%'i:@@%‘? ff'PtﬁL? Thgflﬁg‘ﬁrﬁl on for the four point

FBasur enent case we want to find a
nunber of paraneters that characterises the sanple

YVéd[ﬁén é@M%%IEé ﬁ%r%ln%ﬂars F@m l?ntimg %Evé Ratimf a%‘ié &Rerence

he ex asur enen ue as a runction o t hese
fp@nmmmeawre@an@nomd:dﬁtﬁmthleh@lqyat%m@aters that gives
the best fit to the neasured data. Mathematically this

is described as where P is set of paraneter we search
Othey correntien sthendéremay he ubeth whichcalgbtibebettar fier thq perdifisgsample

gedhiet {yz h‘@érHﬁq%sﬁéxHéP dofifoutitvra dmrethemthoiRESHUIEE that the

ctor contal ni
correction scheme is performed on both the measured data and the data calculated

from the model in order to obtain comparable values.

If we imagine using a probe with 6 tips numbered 1 to 6, we can exemplify the usual

measurement scheme as follows

Step 1: Measure the four-point resistance using

Fiteqsured = Bapp (Mi1 = 1,001 = 2,102 =3, n42 = 4)
Fironsured = Bapp (M1 = 2,10 = 3,72 = 4,043 = B)
Fiteasured = Bagp (Tu1 = 3,101 = 4,153 = 5,042 = 6)
Fiteasured = Bapp (11 = 1,001 = 8,m02 =4, nsz = B)

fﬁ&'euﬂrsd =R§?P (ﬂ‘il = 1,ny = 3,Myz = 8,n = 6)
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t he measured val ues. The bars represents a norm
usually the 11 or I2normis chosen. In order to

waearpaaas t he | nfl uence of neasurenent artef acPCI/DR2406000584

par anet ers obtai ned we canifntroduce a correction
scheme. We represent the correction schene by the

wWhene b, Mh@tlrﬁhuﬁbet akes cafrent g @BBWHdS n §Istt|’i8 [lp h®ber where current
ues or the values calculated fromthe

asured va
BB PUL Wiyr@nGdh AR e (S V8T phiEh ﬁ*ﬂ%hqu@sﬁcb% MeasHERhg t he
nodel pararreters as: The optimal choice of G depends

h ctu anmpl eonetry_and the nodel chosen to

ﬁ% % 'ﬁt@' nﬁ"B’!ege.rgﬁe Rt Reielfe o PsRAre one t hat
mnimse the sensitivity for the above minimmwth

espe possi bl e neas renent errors. In the case of
%’c%B. é%IFW?terfB%‘i%P@Wéﬁng&Hﬁ egLRltoBRt i n pl ane
tunnelling, CPT, sanples we have the follow ng nodel

ith the tra S|t|on Ien thand x', y', z'. and wlare the
furstarrchsragi e idos: B g @44, 5t 67 dibe” =ty Jconf i gur at i on.
The set of paraneters conprises top-|layer resistance

[er; T esi_spance
E‘%&"Fﬂét afﬁ:(’:‘f @ZZ\ pf“’d‘g‘uctEZ " KCF;ETEé the&ﬁgdl fied Bessel

function of second kind, zero th order. We choose

fhyer o fareupd = d@g,sr@t%dq@f:a eodi,aef =pdig)t s, each group
corrprl sing four points |ocated approxi nately along a

e 9 obt@ n.a fijrst, four-point
ﬁé’@?est afﬁ:’é’ a@ go“s’g g5 6 % i 2 Yr ouﬁ%ﬁ (possibly all)
we obtain a second four-p0| nt resistance and cal cul ate
ﬁfg f Eefded: (rmé&hs:g@@ré& dsd, B9 =t B, ﬁét:hggﬁ)descrl bed
earli1er, and so on. Using the nmodel above we cal cul ate
t he expect ed first and second four-pointed resistances
for a first guess and RA. W then adjust the
wiwra e tsghg disthnB® batweieh thekitazied theritintised t he
di fference

Step 4: Calculate the objective function

i Ohg = u_l ( ' Aadel M smurﬁdﬁ)

where we have used the I-norm in the equation

mgnllg{fﬂfa&el[P)} — G{fﬁff}%nﬂzwsd}” .

Step 5: Adjust parameters and redo steps 3 and 4 until Foy; have reached minimum.
Step 6: Extract resulting parameters Ry, Rg and RA.

The following is an example where correction is performed on two sets of
measurements. In the case of using correction on the first two sets, or groups, of tips

the scheme becomes

Step 1: Measure the four-point resistance using
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fromthe neasured and corrected data to the cal cul at ed
data. O her correction schenes nmay be used, which

won@hn4i2e6 better for the specific sanpl e geonmePCHDER006/000584

whi ch demands | ower conput d8ional effort. The

I mportant issue is that the correction schenme is

perfornmed on both the neasured data and the data

@I cul ated fromthe nodel in order to obtain
snparabdivalties 1 fawe 3 negaterusd) a probe with 6

t| ps nunbered lto 6 we can exenplify the usual

gsur ene ee 1 foI ep 1l:,Measure the
?Eﬁ’i’ﬂ“”ﬁ%ﬁ ntﬁélp’égﬂ tant usi hg :)_)Sélf\‘lt?ner tinis the tip

number where current is applied, ni2 is the tip number

kR SlFrRdns (thn awd, wit= Sangh argnihe §)i ps over which
the vol tage |s nmeasured. Step 2: Guess initial

2a.tvarreter Elﬁ 3: ,Cal culéate m)g a using the
Huetrens 2 T & e §r Brane '”be en the k-th and
the |-th tip. Step 4: Calculate the objective function

hier 6. -we=fye (usedsihg -2 Agr @y, At heyequation Step 5:
Adj ust paranmeters and redo steps 5 and 4 unti ave

gached m 6: Extract resul.ti ng paraneters
Ndmmefi Tﬁgﬂmé'fﬁ \M&rfgﬂll“s aﬁﬂexghﬁte—mere correction
is perfornmed on two sets of neasurenents. In the case

95ffe&£§:lrﬁg=®i§:£@€z&l=ﬂmm&iﬂwgi‘:ﬁnw@@ets or groups,
of tips the schene becones Step 1. Measure the

four-point resistance usingStep 2: perform

corrections:
Step 2: perform corrections:

1 7 14
Gﬁd’em&ws L GSﬁEE’E [iﬁd"eaaw ed? fMaMured)

2 24
Gﬁffea.aurgd GEﬁEBﬁ [fﬁismw od? fﬁd’emaﬂred)

G

easured — { M ecsured

_ r4
Gif sagured f Aeesured

GM eaawred f Aecaured

Where Ggheet represents the method described previously.

Step 3: Guess the initial parameters
Rr=Rro, Re =Rgp RA=RA,

Step 4: Calculate model data using:
Mm{el (Z = éil-"?:ym = i24szm = dlg,wl‘d = d.'i—”})

e

18X ” 7 ; ’
_ﬁfﬂisl (E _ él&:y = dﬁ:ﬂ = dm,wla =] dl-ﬁ)

24 _ oy A o ’
M::tisl Cz _E£24:y —ﬂfsaw —ﬂ:zs,w A =5§45)
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Wiere represents the nethod described previously. Step
3: CGuess the initial paraneters Step 4: Calcul ate

worR@elo4itaé a usi ng: Step 5: Perform pseudo corr ePCT/DR2@6/000584

cal cul ated data: Step 6: Cdbcul ate the objective
function Where the 12 normis used in the equation

& z2AdL yst PaLaget ers_and redo steps 4, 5 and 6
ﬁﬁf‘ﬁﬁke reg%%gd mﬁsl‘%ﬁum _as?zébﬁ& E%sﬁact resul ting
parameter nd RA. The method is illustrated in Fig. 6
Bgpaa 151 F bet ¥ hredisarSmihar ends) the perfor mance of
the correction schem s been sinulated using the

nfigueat jon, of a real 12 in robe with snall est
tq?’fi’gifg%l ﬁghjé*fylﬁﬂgasﬁgf-ealééhﬁﬁrn%ﬂa tion 8 sets or
groups, of tips has been used. Thesinulation uses Rt =
W (=" B and® Rads, SW- digls® Eadly) tip position varies
with a random square distribution of 50nm The figure
clearly shows that the variation in the extracted RA
decreases with increasing | evel of correction at | east
until the set with the 3rd small est spacing. Table

%‘:{5?@; Pefform d%%Oﬁeﬂ%_”%FﬁWfé??at%! nul ati ons using

ferent values o e results show that the

&G seet Conaéribd, . g8ferhl |y decreases the error on the

extracted paraneters and | ower the val ue of RA where

ani ngful parapeterns can be extracted. The magneto
éétiﬂis!t‘éﬁjé*’é%ifﬁh@a’éjl;ﬁm. tructure is not included in

t he denonstration of the nmethod, since it does not
fange=tfie basic concept. The method can be applied
both wi th subsets of a multipoint probe and
ygasurengnts using several nultipoint probes. The

af ¢2eiCT i‘dfedgan be applied on any nunber of the sets of
tips. The correction need not to be applied on the

@ﬁﬁj&[ﬂ&stﬁﬁggci ng, but can be applied on
Step 6: Calculate the objective function

FObj - Zi=1 (GModel - GMeasurea’

Where the I, norm is used in the equation
1”-%311 |G { fasoaet(P)} — G { faseasurea}| -

Step 7: Adjust parameters and redo steps 4, 5 and 6 until Foy have reached minimum.
Step 8: Extract resulting parameters Ry, Rg and RA.

The method is illustrated in Fig. 6

Fig. 7 illustrates a simulation of the performance of the correction scheme. fyeasureq a5
been simulated using the configuration of a real 12 point probe with smallest tip-

spacing of 1um. For each simulation 8 sets or groups of tips has been used. The
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any of the sets or groups of tips. The nethod can be
applied on other geonetries than the CI PT structure

w@e@viodeds t hat t he nodel is changed accor di ngl RCT/OKR@6/000584

correction schenes than theopresented nmay be used. The
crucial point is that correction is applied on both

slirh@laf@ﬁ@e&ﬁsﬂ’dr =alﬂﬂ R Q) AHderIA wH @82, E@cfﬁﬂ(’;ﬁ@és%on varies with a
arable d Cal cul ation of corrected val ues ma

BRI SR8 GIeditalion & £505m. JBP figvreiciRpry meRwa it iyt aton in the
NGUCIEB FRRUILIEIES WRYndPSadiy] BRI %?Qor?éc‘tu@ﬁ aﬁl@aétrUrFtll Rk sgt vanth the

correction in order to refine the result. As descri

35¢ ealRRd pRaciiyy of the 1inear independent
configurations may be used in the correction. And the
search paraneter, i.e. nodel value, may be any of a, b
T@ble,T as described earlier. Fi g. 6 schemati call y

ITTustrates varl atRTom‘,lefomt A Rfopih real RAC= 5
WmP |nthe figure are shown results with no

N of eT§HAND7a, correct i bn dh smal | dst spaci ®g 278, 3

Mét&@%?éﬁ%ﬁr@&bﬁt%ﬂ@%ﬁ‘ | TIgS_ 275 and TOf FECT oM /3

smal [ est spacin 7d. Fig.] 7 schenmaticdlly

Relatiys tstandes @QV@'QH(HB (%ﬁ entdR ment 267 t he med,Bod 4,2

t%rré"tﬁ’/b%'td aFd)dé\fﬁﬁm% “/Q)'S S §5 the pesent Thgentgn—o 5

t1ing poln ets of oUr- oi nt

MesgssiRir enent are perfor med 23D*10‘f3r| 012,02 the rtﬁmur(—:rrentoo

f\f\ nwi-u

peT T Ul IIBU [ v UUﬁr Tavie N o1
eFTgectBrlcal contact with a 3109 acle 351? a test‘;fdgn'ple. 1,00

I\H'QHn%Asubset of the neasurestint s| neta®ur g al tigrinat ijve 1,01

-I-l t lllucpcudcut cohf-gur-at-toRs—32—FHe—nreasurerents
r?gy egerformsd in different conbinations, i.e. there
are multipl e possmm:l:m;legs wmmiﬁﬁ/mt?rrent may be
apblied—and|tikewise—forthe choice-of m1 nts \Ahcrn
NG, &r ‘E‘,?fFérCEg?ﬁ)ndl ng vol tage i D't o e reasyred. 2cal cil at @
Rywme@taeﬂafoe@e\ﬁetnaﬁm(m the1gtbsefod. |Aitero 1,8

and 32 t hen.

tvestq viten Fed W hien 294 cul at®8. dhoosk8a filr sttt

mewasfawdﬁdewdﬁanmd(m 3po*10Ne Tz Juess7 Bor (hegg

| ectrical properties to be_dei drmined ils est'abli shed.

Mean Ry 1,1*10" 1,06 1,00 1,00
Mean Rg 0,96 0,99 1,00 1,00
Mean RA 2,4*10° 2,14 1,99 2,02
Tabel 3:
Rr =10Q, Rg = 1Q, RA = 5Q/um?

No. of corrections 0 1 2 3
Relative standard deviation Ry (%) 9,9 2.4 0,8 0,5
Relative standard deviation Rg (%) 7,9 1,5 0,9 0,9
Relative standard deviation RA (%) 27,2 18,7 5.1 2,7
Mean Ry 1,02 1,00 1,00 1,00
Mean Rg 1,00 1,00 1,00 1,00
Mean RA 5,14 5,20 5,05 4,98
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Cal cul at e expected resistances for all configurations
38. Based on the first guess for RT, RB and RA the

wexpenivde or theoretical, nodel value is cal cCBCEDEA06/000584

Perform correction for the2subset of configurations
40. The nodel values are corrected in the same way as
t he nmeasured val ues. Conpare neasured corrected

1t i stances to calcul ated corrected resistances 42. A
@gf?p rison i s made between the corrected, neasured

val ues and the coR;ethecmB TPOERA 3 0dRgm? Conver ged? 44-

and t corrected
iﬁ%&é?”(ﬁ’éﬁ“ﬁ%% are suffici ent % cllose,! thd nmetRod hds 3

Rélﬁlv@%@br@@r&&&@@%ﬁ@T?%f)‘nde\ES,BWI pUT gd A 46 gid—tifre 55
hod ends 48  The values nay g e qutputted tlo a

H‘%UP@F%@aMﬁV@'OBIRBE(%@H nté7 devi cbl || t hed,8 0,9

@t&@%@@ar%ﬁ%@/k) S AT t[Te gorT "teg%g"””'ﬁ 1,5

val ues not converge,” the guess_for and |RA

Meandglj ust ed 50. The adj ust 8% al jued.tr e tiﬁer‘l QCet urlned,00

I /L, Ew cat cutatTom st 38=44 o e PLGRESSTRY
ﬂ)égni terated until a sufflici ent | v ac:‘:beptabl e ;drg)swer ﬁoo

MasndiAhed. The accept ancel ofl0ithe |vallOgs RT, RBOand [RA10,0

o ‘“AHa-an

may bebasedon—deternning—am-ntrom-between—the
corrected, nmeasured values and the corrected, nodel
Tabehfes. The present inventi on rray be char acterised by

lII'Er f UITUV\II LLI®) pUTRIl_Q € arEth u.L; ll\d o
correction factor ¥ e%iuc;q:g% oi’bj&(m. onal errors

Nmofmrestlmme measuremenrs wsi nd four-pdint probeg, 3

na o Radvy and f anir nrnoh

RefAive SRR "Léfﬁ?]?z%?)rgbé Bsaild fbdbe |ar m-Ext endi Myl
Rmmmébwndéwmvmodﬂaq%y sais®d fCUf‘IDCDJ nt| pr e 0

t act nts-for st ahJ ishiing

%1%'¥?Pt38§?rdc§§i¥fa§8? pﬁe(t/é}/een 3§§'d prdiés dnd o-fest | 22

MyppaR.at us transmitting and {(@CEIVI AHEE §CTT H Gl 100

thod cor rnu S ng the stens of"

ﬁe’aﬁ'ﬁg Sr—sai-d—het 0,96 0,97 0,99 1,00

Mean RA 110 103 101 100

Tables 1 to 5 summarise simulations using different values of RA. The results show
that the correction method generally decreases the error on the extracted parameters

and lower the value of RA where meaningful parameters can be extracted.

The magneto resistance of the CIPT-structure is not included in the demonstration of
the method, since it does not change the basic concept. The method can be applied
both with subsets of a multipoint probe and measurements using several multipoint

probes. The correction can be applied on any number of the sets of tips.

The correction need not to be applied on the smallest spacing, but can be applied on
any of the sets or groups of tips. The method can be applied on other geometries than
the CIPT structure provided that the model is changed accordingly. Other correction
schemes than the presented may be used. The crucial point is that correction is
applied on both the measured and calculated values, to create comparable data.
Calculation of corrected values may be an integrated part of performing the
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positioning said probe arms in contact with a surface
of said test sanple, selecting a first set conprising

wa@2do7/0s24@nd a second probe arm and a second SBCT/DK2006/000584

conprising a third and a faearth probe arm applying a
first current fromsaid test apparatus through said

hb&sirePeD Redmafurshdrils aly Bb pefbrrbdd Sfdr@n3962 e rrRERIASN
set, said fjrst current propagating

f id first ) . ]
GHP R Ee el AS rirBes mevioue agy & favisear hdshandon
oopfig@gtorRahup BE used M th&bsitbclibsl AHdRE sakidh pafardé@bdie. model

| cylating a first four-point resistance,

second set, c

1% g{qysb&eqwgo%g, &f v aseseibed eerliest vol t age and sai d
first current, selecting a third set conpgisLngda
drst and _a second probhe arm wherein said third set
i R BE GRS TaieR 13T GURC b oel i 1Ol n the
figure aressownaBglili wWitUiol dbr@efiorC2m tbsbdidn dntshidiisiapdciAg 27b,
four{h rgbe ﬁrn1mhere|n said fourth set includes no
HREEIN 2 ST SEAFRETA SXRICAOFECH Qg Bmaliess EPQegs, 270,
appl ying a second current fron1saiddteﬁt 3pparatus -
hrough said first probe armof said third set to sa
SR chihoprOBdyabinTiateR sians o A eabedimens o te susibsraccoraing to the
toacHigyst of ieopreg@rtimantion. que RtFmdlpdigss 28 28mb f Bek-B6ihi NY
a second i nduced vaol tage at said third and probe arns
BRARET Gt PrierEed WDar gel gt geasEepERPSRPeTRSMAE a probe
Haesibebapositiorgiafenrdtrichedontaciwitibisarfaée & @sELHANE.
vol tage and said second current, calculating a
correction factor based on said first and second

Fop @rsupoétidf tﬂeembéédﬁmgnts l’neha'ﬁgl%f éﬁét'rﬁa(ﬁde ﬁﬁé&af?'ir(ijﬂe@@n&&t

' [ id nmetho urther includes:
Coo?ll‘ié]l}rat}dns%? I:I‘ﬁle rr]nesé‘réllljremen%s may be performed in different combinations, i.e.
there are multiple possibilities where the current may be applied, and likewise for the

choice of points where the corresponding voltage is to be measured.

Calculate corrected resistance for the subset 34. After performing the measurements

in 30 and 32 then correction values are then calculated.

Choose a first guess for Ry, Rg and RA 36. The first guess for the electrical properties
to be determined is established.

Calculate expected resistances for all configurations 38. Based on the first guess for

Rr, Rg and RA the expected, or theoretical, model value is calculated.

Perform correction for the subset of configurations 40. The model values are corrected

in the same way as the measured values.

Compare measured corrected resistances to calculated corrected resistances 42. A
comparison is made between the corrected, measured values and the corrected,

model values.

Converged? 44. If the corrected, measured values and the corrected, model values
are sufficiently close, the method has yielded an acceptable answer.
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perform ng a neasurenent for calculating resistance of
said test sanple using said correction factor. 3. The

woreiohods2accor ding to point 2, wherein said proP€rDK2006/000584

repeatedly noved to a renot2@ position and said steps
of point 1 and 2 are repeatedly perforned for each
position. 4. A nmethod for performng resistance

supenent s [ ur-p t probes using a
@gﬁpg&%ar}dﬁég%pgghq %E@Bl%‘ﬁs 6B el i mi nation of
positional errors, said four-point probe having a body

i ncluding a probe, said probe

b
Dot A R g EPETEH ¢ i mayr it dovics
e, bt BAMEAAOHS AL IR RIS e
rBcal contac
WPlES" BR-ara 8% R amife o theiested iaaremeoen ttwged for
ahewtcaicoahorslngemadssss 541 TheRo4RE nfed Y ite¥htdd uhfi &Ifﬁd?émy

b t act
QirepBBE HiREL PRt TR Bredb et e e Rr S A@iRA may be
muransjangnmmg & siinifieh Bet@BEO M dOrRBRJIAMBLARME] 321565 M ihe

r|S|n a third and a fourth probe arm
Org??lc dwﬁ‘ "current fromsaid test apparatus

t hr ough sald first probe armof said first set to said
econd r.obe.arm set, said first current
BRERRIRER it Saghe Sipaclassd ulfsirafowma edteng a
flrst |nduced voltage at said third and fourth probe
calculating a firs

LH? gi)i S é@qeifggg%s Ulatiyo g %qrrecg%n fﬁ?to& fqra{pqiqptlgp ogpgsitional
driarstn mellstaag@ rrmaduremedtsf Ui rt@tfoarf-lpsélﬁtfﬁrobése lsﬁi@tfblﬂ%o%t probe
r{fﬂ\{lnlrgd ﬁec}y an%q’gﬂrl psrbggar?nsf (Iaarc mcﬁu ing a%%:b%n galg rp(r)obee aarawglextendmg
parallel from said body, said four-point probe including electrical contact points for
establishing electrical contact between said probes and a test apparatus transmitting
and receiving electrical signals, said method comprising the steps of:

positioning said probe arms in contact with a surface of said test sample,

selecting a first set comprising a first and a second probe arm and a
second set comprising a third and a fourth probe arm,

applying a first current from said test apparatus through said first probe
arm of said first set to said second probe arm of said first set, said first current
propagating through said test sample,

detecting a first induced voltage between said third and probe arms of
said second set, ‘

calculating a first four-point resistance, Re, being a ratio of said first
voltage and said first current,

selecting a third set comprising a first and a second probe arm, wherein
said third set includes no more than one of said probe arms of said first set, and a
fourth set comprising a third and a fourth probe arm wherein said fourth set includes
no more than one of said probe arms of said second set,

applying a second current from said test apparatus through said first
probe arm of said third set to said second probe arm of said third set, said second
current propagating through said test sample,
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said third set includes no nore than one of said probe
arns of said first set, and a fourth set conprising a

wo biorad4zmel a fourth probe arm wherein said fourthDEeE06/000584

i ncludes no nore than one @# said probe arns of said
second set, applying a second current fromsaid test

appar at Ugjetdtting 8 ReseHddndddeditvoRagdat IR afidbebbettiring of said
fset to said second probe armof said third set, said

b current propagating through said test sanple,

det ect i NGaRuBERBGetiiBadpHR rbSSBNEEIREEN Heg #raAB®f said
robe arns of said fourth set, calculating a second

p ,
seeRNd Yipae 2pe 87id saeRE cuéBkond, being a ratio of said

second V@hica@angB&ofrattbnIeseNshsel loh&ald firseHngWeabhd @upoint
correction factor based on said first and second

reRiA0%0i nt resi stances cal cul ating resistance of said
test sanple using said correction factor. 5. The
nmet hod according to paint 4, wherein said probed i

2% epeat ed! Yefosibed perosdipg aRrQintslo whereimsaif weé'%?%fU§F@3§C'UdeS:

of poi nt pdridffing aReasarinYer firfcalciRnd Risistafde dPasidtieéfBample
6., A test apparatus having a first and a second hol der

UsHe SR GAMRSH 'BE9F- sanpl e and a test probe,

respectively, a nenory device for storing a conputer

i npl ement.ati on of the nethod according to point 1

3and/ o pdiNGEMeNER ACGRTHING it S0 FEIT BId Busheds rpeatedly

nNeEVER 4o BlremBiel gERIBH aht eBidGtedshs pBRt hedd 26F8 Fsiigatkdlydperformed
oint 1 and/or point 4.CLAIMS 1. A nethod for

ferfac0IPREYHY a correction factor for reduction of
positional errors in resistance measurenents using

o o eSS s s Bt o2 e B
pAEHES URKIgENEbrRdtion factor for reduction or elimination of positional errors, said
four-point probe having a body and four probe arms each including a probe, said
probe arms extending parallel from said body, said four-point probe including electrical
contact points for establishing electrical contact between said probes and a test
apparatus transmitting and receiving electrical signals, said method comprising the
steps of:

positioning said probe arms in contact with a surface of said test sample,

selecting a first set comprising a first and a second probe arm and a
second set comprising a third and a fourth probe arm,

applying a first current from said test apparatus through said first probe
arm of said first set to said second probe arm of said first set, said first current
propagating through said test sample,

detecting a first induced voltage at said third and fourth probe arms of
said second set,

calculating a first four-point resistance, Ry, being a ratio of said first
voltage and said first current,

selecting a third set comprising a first and a second probe arm, wherein
said third set includes no more than one of said probe arms of said first set, and a
fourth set comprising a third and a fourth probe arm wherein said fourth set includes

no more than one of said probe arms of said second set,
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parall el from said body, said four-point probe
i ncluding electrical contact points for establishing

we@b@aiuiza@l cont act between sai d probes and a PEFDK2006/000584

apparatus transmtting and28eceiving el ectrica
signal s, said nethod conprising said steps of:

posi ti oni é}ﬂ)l)ﬁﬁg g s@é&ﬂecu?f@ﬂﬁrd)rﬁ sﬁi@%ﬁ%&pé‘ﬂa&& tArotldh 588 Girst

of said test sanple, selecting firs npri si ng

R{op¢ pEP ob$rid éh'@é@éwosegﬁ %‘@nﬁpfﬁb&rﬁimep@@@dh@d g@t said second

SRR bobBgatigltoligh a8 tést anplh probe arm applying a
first current fromsaid test apparatus through said

first profRtedingagecsnd !ﬂdeP?dsYO”élé? betyeenithirdarcprgbe pipeof said
BUARQét said first set, said first current propagating

t hrough said test san‘pl e, detecting a first induced

vol t age b&d Mﬁ‘gsaaﬁﬂ:of‘%fQ‘Jﬂ'PQWBF%fS@%@eaRW@ndo'Pe'@%?dat'O of said

SREAN JolfRie anddafid@bhdBurerdt] r st four-point resistance,
R, being aratio of said first voltage and said first

current, %9é¢%tn9r?gcoarepmrr fgcioebagastit s figgt and second fey-point
@Sggﬁ]@&d probe arm wherein said third set includes no
nore than one of said probe arns of said first set,

and a foufaifialing regiptapeaspirgidiestaampleHaing saig gprrAConFador.
armwherein said fourth set includes no rmre than one

of said probe arns of said second set, appl

Second cufhemetop@crarding te eeint 4pyharein §aicimip 'ﬁ rgr@ﬁ%pdly
mbved toldr r@hﬁt@géﬁltﬁn &l Shid $tbpHoiSRintlaars adsbatRMPREH el for

armof saidt set, said second current propagating
AP AGHORai d t est sarrpl e, detecting a second induced
voltage at said third and probe arns of said fourth

et, calculating a second four-point resistance
eCONd. %é&;sﬁ@p ralyisingvige adigst@and a second holder for holding a test

sample and a test probe, respectively, a memory device for storing a computer
implementation of the method according to point 1 and/or point 4 and a
microprocessor for executing the computer implementation of the method according to

point 1 and/or point 4.
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second vol tage and said second current, calculating a
correction factor based on said first and second

wo oaorogR2ieeit resi stance. 2. The net hod accor di nBCT/DK2006/000584

claim1l1l, wherein said nethad further includes:

perform ng a nmeasurenent for cal cul ating resistance of
SpARlig est sanple using said correction factor.3. The
net hod according to claim2, wherein said probed is
repeatedly noved to a renpte position and said steps

pf claim An@%@foﬁ&&cﬁl%@a& %F%tl%féﬂr%quthoﬁ%FBosmonal
position, 4. A nethod for rform ng resistance

%&mr@ﬁ@mﬂge nEaagrensnis w%fpubia%b@o%i ggiddour-point probe
I@eﬂﬁﬁge&bd)d%)hrfoef@&pﬁrof)@érrﬁ@@é’cﬂnh@ﬂdlﬁ% a‘?JrME @QIH'p%b@érms extendmg

ositional errors, said four-poin havi n %o
parallel Bam sebBRYapde fueRint ﬁtﬂbadn%d"ae 9‘@%@8' CoR aat wrd@

SHtaBisBing QRtrREl Rttt belwebh QBSRbISELAYA teSBhharatus transmitting
four-polrnt probe including electrical contact points

Emreegltﬂaa|e#e§m0ﬁbﬂ@vaé%18ﬁidda@the%ﬁ@raews"nﬁéwéétepg@ d

probes an@osﬁlohﬁr‘@tsaﬂp@%b@b#ﬁs i BRI With BSuARGE &%m é5hmple,
el ectrical signals, said nethod conprising said steps

of : posi t FURRIAG AL Fohe TBRI U TShaRHR SaEANATee 3rm and a

Sdébh@sét dbfnp’in@ing d1BRd af@ERRih T8bEEIMNY a first set
conpri si ng first and a second probe armand a sec

nd
set corrpr@%q'W@P 2 fish PVrﬂe'HFfQWhS@%tﬂsf APRsrAYe thipygh said first probe

BRPOSaRDfirst sfét [oséal@ Y840 torédd oSt Bid M5t scRRRA RbUSurrent
through said first ?robe armof said first set to said

ier ‘“BF*HB%Q%??W@S s i rst set, said first current

propagat i fitedtinELrb: isdiddd o dgeS@émb@a s&le et didrébe arms of
first |nduced voltage at said third and fourth probe

sidrgeqondssl. d second set,

calculating a first four-point resistance, Ry, being a ratio of said first
voltage and said first current,

selecting a third set comprising a first and a second probe arm, wherein

, said third set includes no more than one of said probe arms of said first set, and a

fourth set comprising a third and a fourth probe arm wherein said fourth set includes
no more than one of said probe arms of said second set,

applying a second current from said test apparatus through said first
prbbe arm of said third set to said second probe arm of said third set, said second
current propagating through said test sample,

detecting a second induced voltage at said third and probe arms of said
fourth set,

calculating a second four-point resistance, Rsecong, beING a ratio of said
second voltage and said second current,

calculating a correction factor based on said first and second four-point

resistance.

2. The method according to claim 1, wherein said method further includes:
performing a measurement for calculating resistance of said test sample

using said correction factor.
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calculating a first four-point resistance, Rfirst,
being a ratio of said first voltage and said first

W@ oo emi246 sel ecting a third set conprising a fPCEDK2a00E/000584

a second probe arm wherein7said third set includes no
nmore than one of said probe arms of said first set,

and a fouridmesiod @eEdHing itdBlaftn bhiviiéreANGicPprbBed tsnepéaﬂaﬂy
armwherein said fourth set includes no nore than one

pevesHp @ TeMelreresitian and said tereeiirimseand 2819 ippprjedly performed
foesahthbdsitiohent from said test apparatus through said
first probe armof said third set to said second probe
armof said third set, said second current propagating

4.hrough sgintbihRsihbr &ra?hq r@%t%ﬁ&é ﬁ@a@ur@%ﬂ&%smg%eleyomt
vol t age betvveenthlr 3 probe arns of said fourth

RIgpes G CAreaign PR SO AIHEOP 9 §liminaper pigrosiiopal errors, said
fBSesaMihrobdBaVIY A bbAf ARy @ﬁr grabé afifRs 88¢h MOLEIRGR Rk, said

said second current, calculating a correction factor

AR aMEHEREdNG paraliel FRm said Bory. fs@erfotﬁmomt Prebs; I9¢lugipe glectrical

dontetpaihisiter ésﬁ@dl@ﬁuﬂ@ eRchicaSdinthct BStves A RBIdS rétsd s HhdSAiedt
correctjon factor. The net hod according to claim4,

RaraLiHiranantipe spe @qey'nge%qm signayeald Methed omprising said
$#e5d ¢ff on and said steps of cl a| m4 are repeat edly
per f or ned for each_ _posjtion. test apparatu

havi ng a R9Sf@pIngsgid:prebe Biep 'ﬁ(ﬂoa@Ft Wit a gifafey s§|dttg§ttsample
sanpl e art;élea:nhgatﬂrﬁrs@b@)m;fr%&@&acﬁﬁsv&wa scoMaIFREDE SRVASEa

<5060 SrhigTREoER A kA BT e and &
M Cropr oCcgRMig A Ofst EXrRsHE FroMOsafchiedt &gﬁ%lh@fhrough said first probe
E&f&@ldgf}rgtlt s&? 12) soafld géiclo%d rg)?otbgoaq’ma&csald f:rgt segt Osa% fﬁ'lstngurrent

propagating through said test sample,

detecting a first induced voltage at said third and fourth probe arms of
said second set,

»calculating a first four-point resistance, Ry, being a ratio of said first
voltage and said first current,

selecting a third set comprising a first and a second probe arm, wherein
said third set includes no more than one of said probe arms of said first set, and a
fourth set comprising a third and a fourth probe arm wherein said fourth set includes
no more than one of said probe arms of said second set,

applying a second current from said test apparatus through said first
probe arm of said third set to said second probe arm of said third set, said second
current propagating through said test sample,

detecting a second induced voltage between third and probe arms of said
fourth set,

calculating a second four-point resistance, Rsecond, being a ratio of said
second voltage and said second current,

calculating a correction factor based on said first and second four-point
resistances

calculating resistance of said test sample using said correction factor.
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7. A nethod for obtaining a characteristic electrica
property of a test sanple by using a probe having a

whowy/oaizde a plurality of probe arns each i ncl uBKTIDK2006/000584

probe tip, said characterig8ic electrical property
including a resistance property, said plurality being

gt | east frimethdaiRcAtiPE%o BRM 4EWhEBM 26 PRhad |serle?éét9c‘ﬂ]/
sai d bod sai d probe incl udi nfg el ectrical contac

'BEYS i & f)éﬁmé% peiansRdrigicesters fhidalm Lastrareatedy peidermed for
&hthopitiehe tips and a test apparatus transnmitting and
receiving electrical signals to and fromsaid probe
tips, said nmethod conprising the follow ng steps: (a)

§0Si ti oni Ages ap@brafug khawhg BYirdtAin@ A¥c@6hd WoiLiBr By ﬁé!&lf\@%ecest
of said, test sanp sel ecting a subset of four

@apd ﬁéeﬁ*BFObﬁeﬁSB??ﬂvﬁ'g AMeBRLY, PeYiemior Blpring glopmmytes

imiplantstiationtoneain ndethdd Sécobdihy & cldivP Qlﬁd?@reclélhi% aﬁcﬁ‘g
determ ni ngf a voltage between a second, set of

BICEIRERESBY %%X‘%CH%WW'%@@wewmw%@erﬁ@wfﬁaﬁén@ho% geeprding

tbiclsih 1s@id/orRetifhar m ng sai d neasurenent for all
conmbi nations of sets of probe tips, (c) establishing a

nodel value of said characteristic electrical

'@LOpef : Y,A ﬁgﬁh&ﬂiloﬁ&{)taﬁ\lrﬁga éﬁé‘?&itergsﬁb %lé‘cﬁfgaﬁ?{bﬁzrltydof a testI
characteristic electrical property based on s
IS5V B0 PakoPe it o assy ASREPILERHN & ar bR RS ot Uding o

;:ff@ld@hp @altcﬁcf@%iﬁer&ﬂb e@?ﬁ%ﬁl&ﬁ@per@ﬁh@@dﬂh@ B'ré‘sﬂst@ﬂceaﬂbﬁéity: daid
val u repeating step usi ng_ sai d us
gty veie '%ﬁ? o g gy iR aT U ol Said body, Sad
grabe Mblaiﬂﬁh@ gaialal edtact @@mm’ﬁif@ﬁtgﬁlsh%td&@ﬁdaﬂ%rﬁé’ét%etween said
roperty from sajd nodel

char ct er el ectri cal

065 TP oo T LB GTBRIRG A0 Erelind PieC eI ATIssg e
fedne paifl probfeltigsh&did ﬁ@ﬂw SRfprismgehé ﬂﬂlb\n& %tét@r r ect ed

val ue of e of sal %Ero urenents.

accor di ng(a§1 BOR!HANH SAigProge tigh é’r(i—ﬂ“lt?c'é }i’itﬂ a(ﬁﬁ'ﬁ‘?%ﬁ:?fe?q'%"leﬁh
sample,

(b) selecting a subset of four probe tips for performing a measurement by
applying a current between a first set of two probe tips and determining a voltage
between a second set of two probe tips not including any of the probe tips of said first
set, performing said measurement for all combinations of sets of probe tips,

(c) establishing a mode! value of said characteristic electrical property,

(d) calculating model data for said characteristic electrical property based
on said model value,

provided said measurement and said calculated mode! data does not
converge, establishing an adjusted model value and repeating step (d) using said
adjusted model value,

provided said measurement and said calculated model data do converge,

extracting said characteristic electrical property from said model data.

8. The method according to claim 7, wherein said step (b) further comprises

calculating a corrected value of one of said measurements.



el ectrical property is top-layer resistance,

bottom | ayer resistance, resistance-area product, or
w@ry7oeié nati on thereof. 10. The met hod accorBPCTDKR@6/000584

any of the clainms 7-9, wherein said nodel data is

calcul ated using the formula 11. The nethod accordi ng

g.0 any of THdWefbaaBBording @6 claiiey eF B, @ﬁér@m@@%r&&éﬁéﬁer
|ncI U(iIeS performlqygfa correction on one of said

LG RIPEisfeP-1ayRT Eesistancempritomsianeiresistaneai ragisiencemipa
@bdidieorengicombifafiorliherdder ei n sai d net hod i ncl udes any
of the features of any of the clains 1-6
5 10. The method according to any of the claims 7-9, wherein said model data

is calculated using the formula

; R.R R w z' y' x'y

oy Ry, R, RA)=——LE8 " TI K| — [+ K | — |-K,| = ||+1n] =L |}.
fCIPT( T>4p ) 27[(RT+RB){RB( 0(/1) 0(/1) O(AJJ n(zlwx)}

11. The method according to any of the claims 7-10, wherein said method
10  further includes performing a correction on one of said calculated model data.

12. The method according to any of the claims 7-11, wherein said method
includes any of the features of any of the claims 1-6



