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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:
to a system and nmethod for cal culation correction

for reducing or elimnating positi
1&8S&ﬁé%?%;re3|stance measurenents and to a 9€ﬁbgmmagm5m
system for perform ng resistance neasurenents for

deternmi ning the sheet resistance of test sanples.

FEHVHNATING dNLINEP QBIFIENAL ERREORS KR FOURRQINTRRESISTANCE

TRt G E@ENPDt @l Ning a characteristic el ectrical

property of a test sanple. 10 Related systems and

nmet hods may be found in publications such as US

a‘@l@ &%ﬁﬁ%tmﬂ%le@e%% Yébm add rﬁetﬂ%o?éa?euléﬂ%n correction faciors
1,648, US 6, 747,445, US 2005/%@%1552

%GSS‘%@IEG@“'”EI@@O?@‘B“%@KO"SUQ*”E’?'S e‘ff@é“"@@e@tﬁ/ai“ﬁ“ﬁ :

mhd&@@&é@ﬁ&w&rm:ﬁ@f‘ﬁme messiragients %r&ieten@fnrﬁghﬁe sheet

above- ne ned US ent bl i catj.ons

S P ol RO B FIR P PR fbLBeDiatfy fingHo o
lopiaking e trerangistic aletitieal pro@atty om fesifsampd. | pur poses.

When perform ng resi stance neasurenents determ ning

the resistance of a test sanple, the surface of the
Rektedsayrising anddnethedswagy bﬂf&unchinwwblm@tl%@@cfﬂ as US

RBA4/B1 4858 U6 ST BPHIRTRAOS 08, BistH Suighs, 1191674702636

he surface of sampl'e errors 20 | nduced
89051%5"155&“3 %%95“1936%9 éﬁ%T%‘? 254 IS 3196, 1§ 0O ¥/ E1 745 and
wgdoﬁmsMORéf@aéncé Rangdesstoan @e&_e Rebweabntiondd visdiaaint

ropes var he assuned. d ances and the
U Ran= G Lt AT D HOPHY PROPEIFHR B S oRestston by
sdaehes inhesiedrtiraty fos alhplirpassassuned. The present
i nvention provides a nethod and system for
elimnating in-line positional errors especially
éhan- mcfommg)re@b@npeﬁiessmmenwg@unfem thesresignddeoiizoidst
3?@@1&3@@ ‘gbﬁ’ﬁe% %gtb& SQ%IP%%%/ tﬁelﬁésﬁ Qﬁ%ﬁe %?ébel{)%erformmg

. res
ﬁwﬁ@ur@ﬁ%@ #1§. broyagipintoa QQ@]leJa:gt wighethg @U:@qqerﬁf Bwtipgsample errors
gRVvESE hyiRE fdcbthNBroBe BinRabt 15PRE! ;ﬂgbe é?lérpbélﬁcﬂneﬂré@ et w |

net hods, are ag&mom mat e. Therefo ff. iS a ne S
fisiangesyestwern ndiMidks prebesaies f%fhﬁ@éawa? Jstpgeesapd the
Ginreadt da&gbeﬁdsn iafthd fiefaps este tesu: samé thersfora igmidt e dsdudied. The

at | a cqrrectio qr for re
BE%PELJJH iseaiohpges 7 Mefrpd aé‘ﬁ el %ﬁ%ﬁ.’@”%"?{‘g"“a‘ errors
EBepeacigipint-pgniabebe refistante meapoemenipr obe havi ng a body
and four probe arns each including a probe, the probe
arnms extending parallel fromthe body, the four-point

Yethnde such grcdispiivasy e A0PHEAB3556 heercsevpel disadvipiages, e.g. it
RLRB krihNidige oF Bfeldonfi@ll sERRM @ Rlso HREAMRRONS BRniRERR&RViations in

and a test apparatus transmtting and receiving

dhegominad apa%}gg ﬁarﬂéer HeEBARIRCdRee BSpTEle- if%‘?f@fee Hereis
@fheed for a method) Mpichii®8iaeg t he probe arnms in contact

with a surface of the test sanpl e, selecting a first

set conprising a first and a second probe armand a
S.emﬂlﬁg sethe ﬁ:strm;i&t oigha ptebént chvanitbnaa frethivodHompraidniatiag

PRPeh el o R iR b Bt SRlarBORREEp et o
ﬁzelwnldt plbdse Tm fauopoinherobe havingebodytand fHurmstbecums eath

WE:f&Br’ﬁg g ndr&ﬂa Hy &U&Qa{gﬁ dé?‘éﬁnlg%@[leﬁmm the bochfr~I the our—%omt

det ec I r'st bet ween t

glfq)gepr@umr]g giachisel eantact peintsier gsrdectrical contact between the

g@lbsy bAd b ngy §pﬂarét§§ tr§r§2§#ﬁlﬁlﬁ§ bAd réc§1§1h§ LROFBal sfanarsr the method
eing a ratio of irst 10 voltage and the f |rs

Fﬂ?VP@WP”SE the steps ot sel ecting a third set
conprising a first and a second probe arm wherein
the third set includes no nore than one of the probe
arms of the first set, and a fourth set conprising a
third and a fourth probe armwherein the fourth set

i ncludes no nore than one of the probe arns of the



resi stances. 25 Although the present invention is
directed at four-point probes, the probes may incl ude
nore than four probe arnms each including at | east one
probe and neasurenents may eg. be perforned using
four of these probes. Al so, 2t he probe arns need not
extend parallel fromthe probe body, but the probes,
at the end of .the Rrob arnms, are preferably arranged

on a Ii ne, PREIAANINE Rigbe BHEs iBrooMfactarthe syrschehies etiample,
30 geonet r kgladting @Ifirdt ot atripAitiag & Miash ahd #8&8donBhrobe arm and a

o epEPR e SR Rl Bt PR3 s havi ng two or

nor e hol desplfing afist dirregt frie ttededt apparplue ﬂaﬂ@bfﬁh@b@t probe arm
L ;?Jg ﬁlg ﬁi%ét ?é%[ltt% thegé%oﬁcfp%b%)%rﬂpc?f tl%nfﬂ'rtst:] Qz? tllieef%thcu?rgﬁf&propagatmg

ach” o
mivbuah theitest splegr obe 35 or the test sarrpl e or both

vor 11 cat i e uro Sont SRRkl dlete EBMEfdus Fifiame i probe ams

't hef theesgcogdsple may be verified, eg.

10

15

20

25

30

35

optical |'y/ sieaemhly % firdt fddtﬁ%ﬁt @E@%héé ¢al, BP0 bohe first

t he cont

ver
26’5‘@31?9% gﬁ@lﬁ@?FEﬁ@gOG/ 000584 3 Ideally the surface of

t he test saelisy hthifdlsat canitisinbe f@ﬁ@h@a@é@dquﬁe’lﬁm wherein
ont agt

t
oferl 2 Gplss 5 ohen B viiEe bR alial Sl ohg fourm
| peticomerideg/a ingd an adow i profedaror wikeaneimthesipartti £ includes no more
NARYAS of (8 plol Sk oAb bR Becase In the real world,
e present "I'nventTon provi es a method for
cal cul at i reppiingiagscondkelrest irem thedastfapparetusfiwough the first probe

r %H&i"ﬂﬁkgth% s&lth mJ@cbﬁ%rB?ﬁaﬁ &Q Stri@YSCHheVcdddi®urrent

‘non-i-d p03|t|on|ng of

e pro es on the surface of
t’l’f@pﬁgé@f‘gg‘ﬁ%ﬁhéheﬁeﬁ $A®IF. our - poi nt probe, a first set

COmpri ST NBeb¥hoPs liondilBlicl bl bg%ﬂnéeeegmotﬁg?@p{jw fourth probe

c 8P PEihR lt'{))ikﬁeﬁ{ obe arns different fromthe probe
ar ms of t lelchiatired a sedond fous-pbiaticeBtande, RULL.£Bbing § ratio of the

e arns of the first set
er e{%it%ﬁegﬂﬁpgsﬁ?%%scgp '%pagat ed through the surface
of the testicglatind @corfectiont feaiye based drethe fisst emtlssredd foar-point
thgshssk sanpl e. This induced voltage may then be
nmeasured or determ ned using the first and second
probe arnms of the second 15 set of probe arnms. From

tAHﬁo@d?Pthé ?Fiesér%ﬁﬁ@ﬂho@ﬁ%r&&@d Qﬁ%ﬁﬂﬁcﬁﬁ {3?’6%5 age r‘?zbes may include

f our - resi stance may be cal cul a as the ral
il ?LHEPF DAUEIEL S @C'{“Hiég eliepehene ke agh @@asurements may

re@She perfipPedBYin@ fosP ohﬁei@;ﬂﬁb@seﬂlsoaﬂe ProbBiaffs §&4d not extend

sin secon mis sel ected
é’ﬁ’ggﬂﬁ’ P& @saf%bﬁéwﬁvﬁ%g fﬁerPe?ttﬁfegf B, vﬁe #de Pfaﬁ% BESa AR
tphederablly ciraBged ancd lud:en@ahmg thfprwwarmsm takesthef
t ti second set. A
fggﬁrp%t'ﬁ&i C? éfﬁ"a%on haﬁr rr%a ré)}flgecgae DIS{ ed wherein the
probe armns of the fourth set includes no nore than

€ ptbetahg RN aﬁ'{p@sﬁs %%f@%bl& I%ﬁ‘agfe‘a%g te%‘?ta?é)arr?tHs having two or

alternatlve A second current
Hopt hlders Fprﬁﬁléilr@rtb%éeswwl%ﬁnd Prebe.lipshgctively, The teshpropreand

@{ettéﬁ RakbMSs BidulRentd ﬁ:@ﬁtﬁc@ﬁfﬁea@fn olrae efﬂ‘i’é% Hyrx‘nnﬁﬁ?{g thé st probe

§ urrent propag at es rou h the surfaceé of
P’é P 1&SE RyTRie gr msag'@t "seSPﬁEﬁ}éféBgﬁMﬂt%?Pfﬁ%@ The verification of
deitsot beedn ﬂfe teegFobeshdthe td%{Esé’rﬁpl@ rRhee Qé#’ﬂ?‘adoég t he

al ter ati.v or e,
bk RasiEly aflsu JBLT b id VB Mo Pe bacec
on the ratio of the second voltage and the current.
I n one enbodi ment, the cal culation of the correction
factor by the relation between two four-point
resi stances given by Rasti Rsecond =
1-(In(2-y)/fil(T))- Acorrection factor is then 35
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4 The factor y may require the use of nunerica
met hods. [err] is a factor dependant on the
geonetrical configuration of the probes of a

ur-point probe as described el sewhere in t% .
%ﬁ 07'°2§‘E)ecification. 5 Ac§ording to the te gﬁpwggmmmﬁm
of the present invention, e nethod according to the
first aspect may further include performng a
measur enent for cal cul ating resistance of said test

S ﬁtﬁ'@llﬁhéj SirP8e Bh@le%’oft LRahIL Yk a6d Bk pro‘ﬁet#ths &fihe tWeRpiob8 are
the correction factor for |ven nfi tion of

t Preughtdre celrart mtthéhemrfﬁ%afgg %ﬁ@ﬁ%ﬁtﬁg&?%@
NPy Bn¥hinliBe Pavihe éﬁﬂ'élgeﬂnbe oﬂibm sﬁErElthg @Bﬁdver as this is not the
nmeasur nents a?gnca cul.at i Si st

Eepeth B g ol dor Bebth e R e e tere b PR B e
Caimmﬂeatcen!ecmbmmtorﬁdnrtrb@mgig o keimiseiirgride &ows cpadedtoy the non-
% Isbto&{] %rﬁngrgftl%le paS orgﬁt%%[ullf%%dof C{X& sahtE% first
esi's ance may al ternatively be used for
calculatlng the sheet resistance of the test sanple.

1§1 tﬁéitéaﬁ%&&%%% Yofirde Rt c%tr@hgﬁg tttwprhse 5%%%%%.&9&/@%3 of

osition an esepso claim1l and
th@ test pohe @oﬁetﬁct%tar@rwom%eroe&ewwmtwe ﬁfobﬁtafrﬁﬁgtlﬁsl@ﬂf

NR&R FAYbd Ak BleMraitet BcrRe8IA b8fNsk %ﬁﬁ[iéd% ohd6f the probe
test sanpl e at nultlgle 20-positi

o6 15 er ot Bp GG ROVRPP b L PEeUTAG th tost

- Waehge. ttheltagd i uh@tboindadedtimhedeast saapls OThid iadta volageeay
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perfornmed and the subs en n .
Bbe Prae o oLt e et e DREH BEERLprBbe s offre second
ssohpgobspeet of the present invention relates to a
met hod for perform ng resistance 25 neasurenents
usi ng four-point probes using an inproved correction
f Brotothe hpplied edtrentiang thyy measursdieitagse BUr-peat resistaage may be
CEdiQfited S54he rétBLHe’t\Péénrthe R6IRRE aR@en@rmantosly st drekRighce may

probe arnms each including a probe, said probe arns
e%ﬁ%ﬁ%ﬂﬁ@mﬁ%?allel from sai d body, said four-point
probe including electrlcal contact poi nts for

r|c cont bet ween sai . d

b| h | bes.
R < B AR e PG s P SE Bl gy the

epreos Int:toadas @ty sugprabs an"ssalttmb sait ineylinclodep pinlg ongloft the probe arms
Séfetﬁ)e fi g{ sef or alternaﬁ@%g '% /gforaftf? Qgt d?F)mE:e'a 5 are selected
? ce O sal e, selectl ng

contac tes
awiigreip tthesgrobe ampr ¢fdhartpugh petirgluden @o anase B@n@np ebbe pebmarms

amhé"‘se%gﬁ@ggo?ﬁﬁer‘ﬁ%fy'fﬁét%gta third and a fourth

probe arm , applying a first current
fromsaid test apparatus through said first probe 35

ak BxQfnd tairéhtfid tl‘héﬁ aﬁﬁfedtc‘ﬁ 18 bidhs QERY G e e s 8 ifthe alternative

said first set first curren 0
t 9t Bagrebsaras phiop? %Wpteé Ao 6 rutat ook @faigﬁr%t%'gh the surface of
| the e sanveé hagradt is Saiuded Wihitld man de teterrihepoobeasairatsat the

f id . fi
Ol R bt pepyon o SES 0, Mg o

© sabidtahte by be btlageted dsarhordthkiraitof therseeond vdiisesd end ihagurrent.

35

a third set conprising a first and a second probe

arm wherein said third set includes no nore than one

ot ogaiembpﬁim@ét gm@a!c@ﬁatigaioﬂthﬁiopg@ct@@factcaﬁd the elgiien between two
[ m@g@

Bl R Bt Rl T DRRERD: SreiPeebne then

PICEERYAP heEna B2 wsan) g@ttbtg@hg@ttresﬁance by Rsq = Csecmd Sppﬁdw ng

a second current fromsaid test apparatus through

said first 10 probe armof said third set to said

second probe armof said third set, said second

current propagating through said test sanple,

detecting a second i nduced voltage between said third

and fourth probe arnms of said fourth set,

cal cul ating a second four-point resistance, Rsecond,

being a ratio of said 15 second voltage and said
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20 The nethod according to the second aspect may

i nclude any of the features nentioned in relation to

the first aspect of the present invention. Athird

aspect of the present invention relates to a_fes _

‘ﬂ%%@ﬁ@?ﬁgihaV|ng a first and a second holderpéngammmmb84

hol ding a test sanple and a test probe, respectively,

a _menory 25 device for storing a conputer

i Tipe Eavlony sal cenuie (ehusemd nwoericatimeingdang i ofaplgedénendant on the

a Qtfrﬁ’émci‘a? 8(9'E gurgﬁcﬁ‘?&ftth@&gb R LHAYREBRDE rasfdggcnbed elsewhere
ecuting t conputer i nplenentation of the t hod

a@d‘Bﬁ? Bieagntseediitalion.r st and/ or second aspect. The

test apparatus according to the third aspect of -the

present jinventiaon may include 30 any of the featur

SRR G o (AR SR PTERPTE B1/SRToBrine B1oiias spparding o the first
angheer maerane |[&ﬂlﬂ:ﬁsqieﬁ’6fmlh@é npaesement foveiLitng rdsBizhce of

fourth, aspect .the pres i pvention relates to a
nﬁql%i?&t ?aérﬁjp?%B‘ct”éQﬁ' FirgT e '8ﬂ§?‘°5°5t eristic electrical
property of a test sanple by using a probe having a

bRﬁ‘é/r cgr&aiﬁﬁnﬁ? gw&ﬁ& k¥ o?ffor%rq%g%eclgﬁ@nﬁﬂﬁ By fheg) ae)%'a% the

arac eri st
i wcvb@ dinfarg prefepbly anbeoyadoydle perionring the abwerrﬂwlb@ g

%eéﬁﬁéﬁerﬁt@ Hﬁd cél&@atﬁﬁ@ %e%ﬁ@@t r@éﬂétﬁﬂ:@'n‘ﬂﬁj tR&Y 5 éé?éuleftéd)ﬁ@mg

- the bod Y, pro e I nclud |n%ge ectrical contact
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p%lr»‘ P edlign fac@rég calsyiater iphgve B dhg seeart REtroirirgridance is

Lﬁ%dFHSQQ@Cﬂbb@%b&%d ih@ e SdurdRPRrlstisicd AP SMarhdtivel baRded for
el ectrical nd fromthe probe

eivin [ to

33 lating WﬁU&S‘Pﬁﬁ‘W@c@(&B‘?{e%SWPE ‘fol | owi ng st eps:
(a) p05|t|on|ng t he probe tips in contact with a
SHLfa of 't esl. 54 t ]
offy\dJ S%Ee%lils% prgsesfna? epg%gﬂg[] rn%%cﬁte%as%ﬁlg% olénéﬁ gnd the
agphsy/dimipia tcand 2eme r&))@atﬁdb'rpea‘mmerds‘or asgh positianwo  pr obe
tips and determ ning a voltage between a second set
of two probe tips not including any of the probe tip

olt meydefppepsayde detgrning g shgetrrustateesl thefesftsample aémul‘flp!e

CRERIASEA®MS 1t pRBE B thel w&ebms@ mod@fotdsebRtibrivitre the
corrected_val ue of one of ﬁal asurenent accordi ng

t GRIgRlIon §T the CRIBRCUBR fqcie fie $4p8eHieBL ent
| MESdirérodht or determination of the(s&)eet&sézﬁﬁhdeshfdﬁge(a nodel .

val ue of the characteristic electrical property,

(d) calculating nodel data for the characteristic

eh eetand@apegd pOhe ptegehtdsentionradies adaedthadloupsrforming resistance

dxli‘nggéuq eesrﬁgg ﬁ%ﬁpgﬁﬁ?ﬁb&%l %;haﬁ u%@llr??%ﬁ @Jn%gt:dgﬂgahr fgr
nigdedtion gr gléninatipnrod p@%\tqrﬁgermrwa(ddyurmrﬁ grobh éa\ae@ aspdgand

%Gleéroyé‘!ar%% eac:h includlng a prob¥ %ﬁidqfc?oetﬂ?l%s @E@ﬁéﬂﬁ@?ﬁﬁﬁel #84 said
the cal cul ated nodel data do conver extrac

cPReY ez ioUE PGt REpREIPFERY elsrprRl conta¢ ,pgmtsi ereeq%gplng electrlcal

d@dnBact BEwEBEsdi®Blobap B Atdés apRyatGORRshienPaiduatsNisg Skctrical
ot her deV| s for nDV|g%¥the test probe into a

p%@?aﬁ gad ! oRwrising % el ectrical contact
‘with the Sm:rsflaﬂ@g sdid plvetoens in cwatapl @ith dhefabe st sait ebicsample,

may be of 2 Iar |sclos

publ a1 nEculieaTbie BbBuin bt d Siee ampena

1tondiset comprigingse thirg pad atfogthmmypbdanof a klnd simlar

to that di kit U LA QRS 1@&SthidRoh said first prob

200510127 8@9%&@%4% pgagl E}?ﬂé%encglglﬁ% made to -

tah" & Hlsaiddirstesitip oAid gecsdruelamarmpefishiddist selgaid B'ISt CLtS'fent
ﬁé'gfa'tusfg hesgh%alnsfsh@prt ed into the present

specification by reference. As the probe conprises at

| east four probe tips, it is-possible to choose

conbi nations of two sets of two probe tips in severa

ways. The sets chosen in each conbination do
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~e|ther up down o

30 not contain any common tips. E.g. if a probe
conprises the tips AL B, Cand D, a first conbination
may be a set of A and B, and the second set being C
and D. A second conbination nay then be a first set
of A and C, and a second set of B and D. A third,
conbi nation may then be a first set of B and C, and a

second set of A and D. a pro havi re tips
results i ﬁeireatmgwbﬁrsfdm%%a?‘%sﬁag%ﬁf&?%ﬁ’ P?QFgggg?ge? S of
NRRBICENENS are then perforrred usi ng the

conbi nations of th _
cal cul at e§@cHaEWF f?fﬁﬁ%’l‘" H’éfes{?gelnﬁ%q:?fﬁt gﬁswég %egttlo of sgjd first
Woﬂ 4nd safodirsteaedntpf t he conbi nations used. The

val ue a
rmy be baSe° r%ﬁ akth%é\fetgg'ép@%ﬁfﬁs{%td aagecghtr&gbe A3 wherein
mm&mmﬁﬁmﬁw mamsamomawobﬁo%@rs oaﬁa@léf“ ﬁS§SQ’fm£ﬁ' a
gor@las ?gor{ﬂ nd% tm?@ﬁ £ehARLAbe BHA WheR $aiEolNI8dt includes
at asu re data is sutficiently close,
trmsnommmnmmbaamav@e@r%ﬁf sl seeehithbl e val ue of the

char act er 'aﬁé]jéﬁg Slsgédr{d'c@xﬁbntﬁrro%d bésﬁppbrﬁmsttﬁ@hgh sa|d first
sanpl e. be necessar

oo apeat ool Rt B SR HPIRP S P T B Tl oot

ARt @a@aﬂr@ﬂ#@u@iﬁ siakasesampidle adj ust ment may be
i f nore than on

char act erqeé%clﬂﬂg él%&??qb'é‘gwe&r‘@ﬂég? pefyvgen §a|géh1rd and fourth probé
deiney dfisBRdo@th e&tce. The adJ ust ment may be repeated

. until an accept able re Th
predef | neﬁalgq%%fﬂge%?} 83 f i forg% gfef"fdé%ﬁgcg?%ﬁﬁwsald
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neederid \itbge aicsakDsavond ortsgt.dat a. Al ternatively, the

| terative pLOcess, {:@%cﬁﬂﬁ&m %e@oﬁ@éiﬂﬁ’rs‘ﬂ@ﬁd Sedoh@four-point
difference 1s a further

grpegdieasnt , t he rret hod rray corrprl se cal culating a
corrected caléul%gqfesuetaﬁc@éf shidQedeasple BBy said colection factor.
nore of the neasurenment may be corrected by a 15
correction factor, .or by a correction function. In a

W@Sﬁ&hé&ad@bﬂ&@ﬁb% ebedlhspeot may haudhanyad trerfestuies

el
- Enebed Byshiorie i e SR ol FEPLoRBORREBET o o

any conbi nation thereof. Qher electrical properties

mggegéc%% & tgé pr%ger?ﬁm)@ﬁ i refatbs! t@ addht Q?ﬂ Q&@E&\%@Sa F rst and a

resen I nvent i on, he nodel
| ool lmlxﬂeafcmoumg@teﬁtrﬁ@nméﬁranﬂ apieat prokg, feS:P@?‘ftsr%Im mflfﬂ?w

ekng fcfr@or:ﬁga cgf%bm Fﬁﬁemér@n&'o@ti‘%ﬁﬂhéﬂ debrdifgio Yhedbst

w are di stances between probe

m@r swoadgpmhae@ﬁm@awaf%ﬂrfoa@ewtmg R AR YR Nt

:ﬁwefé}ﬁeh%n&%ﬁ% ARl debbraig @ thb st ahd/acdeecnd agpectes.
- is the top-layer resistance, RE is the

bottoml ayer resistance and RA is the resistance area
PrRdus tappdfatub &c&di&ngﬂﬁﬁhé e Bpsctef the prestnidnvenfion ey include

Z&feng’?gﬁgﬁgeaqwﬁs gﬁtll)lg gﬁ? %rgﬁji‘le% ﬁ%g%ﬁ% lfd 1?9‘( ahﬁﬂag s8cond

pEsese ot theprexeti ioventibhe rret hod may further include
performng a correction on one of said cal cul ated
nodel data. The correction may be performed on one or.
no edowth ashectdzd msmfﬁenﬁgg@piaégtt%a mejfped for obtaining a

2&917&(0%%@&@5&@3%99@ &4 ample by using a probe having a body and a
plurality of probe arms each including a probe' iip, the characterisiic 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



8 The nethod according to the fourth aspect of the
present invention may include any of the features of
any of the aspects one, two _and/or three. 5 The
present invention is now to be described wth

reference to the attached schematic illustrations, in
wh PERblisking elegiripa cantgeiheineen theinrohedips and sriessBpparatus transmitting

pogmd ﬂe@émngéze&a@é] sBhAL &SardSnfthe h@be ﬁﬁs *%ﬁé MEFBd H?ag mprise
q is a schematic illustration four probes .
po@‘?ﬁ?'@\‘{@& ®St he surface of a test san‘pl e, Figs.

2a-2c are S(ﬁhﬁ:rmbh:ﬁg tHe';Mﬁie t?& in%ﬁta@f with§ 8@face of the test sample,
confi gur atl four -

®bet ween t hé 536’&!@ asubs ﬁ'—‘?fB’”r EFOBE bigs @gg‘@%’?‘?r‘g?ﬂ%&wr ement by
i | dppshoigat d:mmnﬂ’ﬁetﬁeérmg%ﬂ dehmt@o f)ltcbbé hp@ﬁh‘d (ﬁﬁter&nnuﬁgﬁa adelge

4 Bl 4 e Bt P ettt Wb iR arvt e by s e frst

ersehpedorningthb araaseempairiad dlilebmbioaiidne of seth bhgrobe tips,

di C c.ihllustration of

ARG latng efboroled BRI BB Sail et ferimaggording to the
10 eetod of the seaomd espezt)oftheg preBentinvertiont her

illustrati f, -s] atio éslts and Fi.g. 7.is a

bl ock. d agiamrRpPEt @Rl e Rt et phesry

present i n&d@m]cmatingPﬁncgielldatzstohén@auaaiehwq didarital prbpstydased

fgﬁfheq{%&glvﬁﬁé’be in contact with the surface. Wen a

pol nt probe, such as a four-point probe, is
freely suspevidedithemeasuementzaddmesiculaied mgdel idetapivies hot

15 p&lﬁ%?‘geaéﬁakﬁhﬁﬁﬁ ¥n géjﬁﬁ@@ el VaREhE ;}39@% ﬁé}:f {Eoggsmg the

poi nt probe and as such, in t dory -at
ardiugisdmefeYalei n-1ine with the known distance

bE‘t Ween t hzﬁ‘oﬁﬂkﬂi e h%§ur@ﬁ1eﬁt%d @r‘eo&%dleﬁe&ﬁ@&’él kibtal d?otdénverge
ta E gi}% of the sarrF g he arns are
fiie e S el roperE ot Ppogieta o

surface errors or surface irregularities and possibly

h I
20 2Tt bliate BRRRbISR ol BliS s o pE fatprobe
niaip & pesjiogurdieretha ipeared aibgtricah cortad wdth ittenswiace of the test

- VEDRAL 119RSest E%e%ggfb%ro? Q%ﬁld s!??;Fan‘o tfingﬂ tﬁéc#c%ég%l ﬁfﬁ%’llgb%og such

t he probes iTlTu
- pioY 2894@05@64 and BR 11699 131 eﬂﬂdﬂ@@leamafaéwsanawfee ¢f@ kind

egamilarab b d@adséehﬁ b%lkﬁhdﬁ@%l\ﬁ\ﬁ% l@kk Qbm&igﬁ &nd EP 1466 182.
25 2l%Iustrated y the arrows (2,

%T?'E?@ﬁ%ﬂ%@ﬁéﬁﬁr%wim% &dé’seqas%ﬁee @atmsﬂk@ﬁ@rﬁw is

dseréffyencotporatat! ifld Ferpréeht aciagdios by Fefeknand al |
- voltage neasured i's different fromthe theoretical

assunptions. For an infinite sheet the four-point
VA the geobiecomprisesrdt [asat foor prefye fips, €kpoesisiedo gmosé gombinations
re.distanc
0l siel Geme DY EhErtlialh, MR Fn R e Blaton o
30 dTOt malg raemt:ommon tosa E-off aotserompribest fettips Af B, G and D, a first
| b RERa HaD Be %ls%chfrf@g‘ﬁst %fgnl:i e sel?:gmf:‘é’eﬁ hefnd %sﬁ'hdzﬁ A second

pertubations can devided into 3 groups eac

. Conbingtiomgay fheg b@q&ﬁr%téleb@ftA FBHEi Adrecierensset of B ARGD. A third,

eREIBiIrASMay BenRasHERMt reLEIR0l ik o RebiR] &A6A WY b, Using a
di ffer at nos a changoe of sign. The four-point

rpégﬁ%ﬁadﬁk@é“?rsﬁfp%%wysgﬁ Giiiher comhingtign RessiPiifias: RB and
35 RO. These ratios are so defined that they al vvays are
af i o1y exi sts. bet

p@%rn%epagi.uﬁ{nepgsse{rg %f'lgﬁ @gggrrrﬁﬁlusmg e combinations o ese ste?s.e Model

daia 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 initiat guess, and may be
based on knowledge of the test sample.
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15 For |inear configurations representive
configurations for each of these groups are
illustrated in figs. 2a to 2c. The vol tage-to- current
ratio for these configuration are given as where
WAPWHHES a,5 and 7 are giyven by Wth mani pBFQP%WG’“%s“
it can be found that the follow ng rel ations exi st
bet ween the paraneters a= (3+1=f3y p, a -1=1 =7 y-1
arheiib@) 07tk B¥ithar 66GTHrBKR (06 reefFed dae. Prodded Be Inaaiel de@a and
P I
TRp h Pn% 2LBd 85%’% m%ejwﬂﬁ%gé %rhescbg Erﬂgrhg t&%&&#&@&éc‘a&ame
i \raiumsxfrtfm @raractﬁrlfBil(gelecZ@ah/emeaw mik%’feﬁitﬁ@nfpdﬂ Itondyriyg necessary to
%Jt%‘i {h%'?nod]eﬁ\reﬂt?e Aiilieg eat it %f%tlgﬂﬁﬁdq@or%ﬁg&l to the measured

ations, can reduce Is to ry Thus
visiuesa valpe J@Pﬁdﬂé’ﬁ'@“ﬁﬂﬁé bE/ efthes P Oh %@r‘ QS’”RA‘TPE? g one

E&h@récﬁérfgéneef@@mt Sfi@bédfy B0 bd@etb@hiddd ABnde. THS bidjasinieatingy be
rical th s task may be perforned

usi n nE % WT‘
T6PRRSHYE A7 BepsPE IGJG?‘W%% ?¥6th proogr anmes f or

nurmer i caI sol ution of equations, eg. M NPACK. Wen 7

been, det t he .sheet
R F R LR B YR IS5 g e
| mehsesidatatd. iembtivelys Hesteraties peicasroeay detradmda point wierathe
qgﬂ% Lgtions. In principle any other ratio
0 ré%%%?&%&?hﬁéjand Re can be used to find any of
the three paraneters a, 13 or y, and the sheet

rlﬁ%‘fﬁrttf%’ﬂ %ﬁ]b@@l@leﬁ‘@tﬁe%&ﬁo&ﬁbﬁ gomese%een@mg At&rected value of
rel ati on. Si nce esaC|n nd ¢ are

eIerAl et TBeASUFRE SRS, FP@& apiriore ghthim m@ﬁ%ﬂ%@}tg&y b@r?é’ér?ct% by a
r eresticariadon adsReasieRtionknétfa. real spaci ngs. Thus any
variation in positioning of the electrodes are also
el i m nat ed. ‘
In a presently preferred embodiment, the characteristic elecirical propetty is top-layer

resistance, bottom-layer resistance, resistance-area product, or any combination

thereof. Other electrical properties may be determined as well.

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

using the formula .
. i | RTRB RT Wi Zi y" x'y
R, RA)=—rfs 4800 g [ W 1 g 12 g +1n
fCIPT(RT’ B"RA) ZE(RT+R3){RB[ 0( .H,J 0[/1] D[RJJ (ZW]}

The values X, v, z and w are distances beiween probe arms in a given configuration,
as will be evident from the below descriptibn of the atfached figures. Ryis the top-layer
resistance, Ry is the hotlom-layer resistance and RA is the resistance area product. Ko
is the modified Bessel function of the second kind, 0'th order.V)\ is the transition length
given by: ' ' |
R4
R, +R,

A=

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 mode! daia.
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At |east the follow ng relation between four-point
resi stances and possi bl e search paraneter exist: 25
I RA/RB In(a)/In(a-1) bl:RARB =In(13+1)/14)

B =-In(y-1)/1n(Y) dl:RA Re

w‘l’ﬁ‘(ﬂéﬂjﬁzfﬁw( a)-1n(a-1)) el:RAN Rc =In(13+1)/ | nfT¥PH3j06/000584

30 f1:RAVRC r--1-In(1-Wn(Y) WD
2007/ 045246PCT/ D1C2006/ 000584 11 gl : RB/ RG
=In(a-1)/(In(a)-In(a-1)) hl:RB/ Rc :
=lrpé ﬂf%)f{oﬁ |a@ét§d‘ IJI% 1d A€ FStkth aggécl?@f the bl’é(aé.{ntm\/ehﬂ(ri\’r%aﬁlnclude any of

Furt her each ation nmay I n the I nplenentation b
gﬁrf%%té'ﬁﬁéaawflﬂﬂ%aﬁpéetﬁﬁ%é‘é{? 2RYPIBSE on. I n some _
conf| gurat| ons of the four-point nmeasurenent a change
| be .nee he sheet resistance e )

TR Gt 7ot febe STEaRR BERIES LS piiched Schomatic
aiﬂuﬁ&ﬂfmﬁéﬁur&mmiéﬂ n(a) b2: Req=RA 27c/1n(13+1) c2: Rsq=RA
27c/In(7/(Y-1)) d2: Rsg=RB 27c/In(a-1) 15 e2: Rsq=RE
27c¢/1n(13) f2:Rsq=-RB 2m In(y-1) g¢g2: Rsg=Re
2Fig/ 1 is(agahamalq illberaferrofpoiipnsgf (U8 piohey au@dlchaadnetween
{F”rp(y) 20 Any two of these relations one fromthe
first group and one fromthe second group both
cbiat Aish $ierRic Berwatigneidpwihesbeg pogitiongd 09 thg $yrface of a test
cofppiet ute a functi onal

Figs. 2a-2c are schematic illustrations of three configurations of four-point probes and

- distances between the probes,
Fig. 3 is a schematic illustration of a fogarithric funclions df ¢, B and v as a function of
b/a, with c = a,
Fig. 4 is a schemeatic illustration of a numerical simulation of error due to barrier
paralle! to the in-line direction,
Fig. 5 is a‘scher.natic illustration of numerical simulation of measurement errors on a
rectangular sample,
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 suﬁace. 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 mulfi-point
probe and as such, in theory at least, are positioned infline with the known dis{ance
between the end poinfs of the probe is brought into contact with the surface of the

~sample. The arms are displaced relative io 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 bétween the probes may vary due to-uncertainty in
production or vibrations. "The difference in the relative spacing of the probes is
llustrated in fig. 1 in that four probe arms (10,12,14.,16) are displaced relative 1o each
other and where in between distances are illustrated by the arrows (2,22, 24,28).

Assuming that the four-point probes (10,12,14,16) are positioned in-ine and with
known épacing on the surface of the test sample will result in an imprecise or
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i npl enentation of the nethod, eg. al and g2, or el
and b2. These relation may be derived fromthe
previ ously equations. Further each of these relations

may be nodified 25 by inposing RA = RB + RC
W&y

411961 of search par ametger in second gr oupC Y RE006/000584

insertion in first group will also constitute a valid-

i mpl enentation. 30 Fig. 3 is a_sghenatig‘illu trgtipn
FAToRepsy AiGesYRINENt @R cP oFteregt diptribpdon, 4 yc%{%e“g and all voltage
fiHadutRNs BfteldhBrorMtelthdorstical asBu@pid@ishod according to

the present invention of elimnating errors due to

error positioning in the in-line direction, does not

| e Raageitd et biedolripoirt yoltage 0d herentratio ngy deehpdssasas

el ectromagnetic radi ation and positioning errors

perpendi cular to the in-line direction. WO
2007/045246PCT/DK2QQ§LQbQ5§ﬁm‘Zégnrors due to

el ectromagnetic radi ati bn 8Rd ‘¢F*dss- over from current
source to voltage sensors e.g. due to variation in

GREr@Gt x eSSt HBGRtandBs EABivas BUigere DandeRUb thd sheet resistance of
ocatic var

' Ly.on th d_.
b BRI P RIS OO R GR, Bl peter hese

seNkitibatibys kot Behdevidsdridto f Dureypsi edchpraisstingtdiodl equivalent

Sosrate A m oA} 0 B S S8l SPhoeick O8 vt mos

hawxectidnge Hbdigroiihe douepping esistance foy each groan Balesignalad Ra0Rs and
i | i f - ot r . i
i e 80 B B ghfhl] B ) BEZ a2 BRRET I Pbtquing rton
pexistobetivee) ivafyswobt resistanees.i nd (a2 -
FRA-RQ+Hta + (a - 1.)Inc*.) 15 ' '

For linear configurations representivé configurations for each of these groups are

llustrated in figs. 2a to 2c. The voltage-to-current ratio for these configuration are

given as
- 7

Ry = Ya Ll
4 =
¥

Py = ?i- = &g |
Ve _n

fo= gy =20

where the parameters a,B and v are given by

o = fir-f B3y

2
ﬁ-. _ linphiey
- ae *
e [asf-2R (D &k

; dfeddrg 2} 7
With manipulation it can be found that the following relations exist between the
parameters
a=p+1= ;f"% =By

: 1
= ~]=—=
p=u 1

Q=



By inserting equation 2 into 1 and assum ng that we
know a fromthe nom nal el ectrode spacings, we find
that the ratio OnitcloRA [tett - 013,;(011,1 i's

‘ﬁév\ﬁ%@gﬁtv\een 0 and 1 neaning that the presg @fﬁﬂznosmosm

vvays gives better ;pr 20 the sane sensi

~conpared to the sinple nethod of using directly the

10

15

20

25

30

nom nal spacing. For a symretr c probe spacings with
=b ¢ we find that the=&icda% ACA -- 0.616, an

|npr ovenment of approxi mate‘w 4(5’% Runf or t unat el y the

ratio for the AC configuration sensitivity towards

rlatlon in Rc fAcc is, 1,894 i ]delcatln t hat, t e :
o B PP e TR P 5 1358 e orBHERIoR I Saied in U8 Hpand the

- v egrifigtiadasillisraieel iadg. titewe ¥0 make the following relation

2007/ 045246PCT/ D1C2006/ 000584 13 uncorrected is
towards variations ip, RAz @¥ekrall the sensitivity
towards variations i Fhmage to-current ratios

i's i ncreased -appr oxi mately by a factor of 2. This may
appear to be a problem however, since in real life
neruping e Bkoveielatienss we eaeredacesthisde | s doni nat ed by
positioning errors, at |least for mcroscopic

four - poi nt probes, the_netBdd-5is still an

| mprovenent over t hékmnon- corhect ed method. Further it
i's our experi ence that the relative rather than the

in or na arr'81]1 a‘ge'%gﬁtte&ﬁ”‘?gﬁ Fe r?oé@ Ra g ﬁgeﬁﬁe Egtggtcgﬁplex'ty of

sthe eelaﬂms rrsrttah be fauld ABIngUUNE)icaAndhods. Ihus xask) By be (Peormed

2 Ligbe et Sro i i el S o AR, o

r B RACén Y'éhesandhashisseneleterinined s amyaattutieyvhasha résistdrive from
nmeasur ed vol tage-to-current n rati os. Again for a
symetric probe this factaf ’l'e O becones

0.629. Thus we 15 have an oveld | noi se suppr essi on

of 37%

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 Re can be used o find
any of the three parameters a, B ory, and the sheet resistance can be found using the

appropriate relation.

~Since the spacing a, b and ¢ are e[iminafed the method will find the correct éheet
resistance independent of the real spacings. Thus any variation in posmonmg of the

electrodes are also eliminated.

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

paratneter exist: ,
al: Ra/Re=In(e)/In(o-1)
b1: Ra/Rg =In{B+1)}/In{B)
ot Ra/Ra =-In(z-1)/in(y)
d1: Ra/Re =In(o)/(in{o)-In(a-1))
el: RaRc =In(B+1)/In{1+1/8)

f1: Ra/Re =1-In(1-y)/in{y)
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The voltage-to-current ratios for standard |inear
four-point probe are to first order insensitive to
positioning error in the direction perpendicular to
the in-line direction. Thus since the correction.
“WREWIE G es directly these ratios it too becSEERI0008
insensitive 20 to such p03| ioning errors to first
order. Surprisingly, it turns out that the nethod
a@éordlng gR¢ A (@i dddainfoniient i on el iminates the
I pf.l uence @fmNO barrlers parallel to the
Iﬁﬁe on mh?éﬁ ﬁgﬁgﬁgﬁﬁ% s are positioned. 25 The
above flndmﬂﬁs—éM@ﬂEEWﬂthat it might be possible to
el i m nate sanpl e shape entirely. However, analytica
studies with a barrier along the in-line direction
shitier Ragh teletien BveH ioihe Faplem ekt kegrepieaenig@byitseriprocal
hagfledione i e htiglirgfons '&pﬂ\{etﬁn@lpoﬁwhﬁleﬁidré}herﬁt% change of sign
S|gn|f|cantly decreased. Fig. 4 shows the sinmulated

- error as a function of 30 distance to the
barrler The distance is normalised with respect to

Sty e B of Yhep bV B0 G BrsiioB R ERamsts t he

neasurenent'error for a non-corrected sheet

i st anc solid WO
7/O452§%y@%7%%5356/000584 14 curve shows the error
fbﬂ the caRgyeR{PAn@Rept resistance- As can be seen

ymthe fi t.h hod greatly inproves the -

surene ﬁﬁéﬂw Fﬁgﬁ)t)the corrected sheet resistance
tde error m§4%ﬁ§ﬂn@hﬂn 1% at a distance of just 3
times the ectr? & 'spaci ng. This situation occurs
O the u B# sheet resistance at a di stance -of
7ot 1 nes thg.Sgebgmthpe spaC|ng This effect too can
be elimnated |f the probe is placed in the centre
b ween td%Wﬂﬁf%VP@V“bQ?rlers or on a rectangul ar
Sgapl e. |R&_é&ﬁﬂﬁ%§pﬂ@@ error when neasuring a
rectangul ar sa Again we have assuned a.
s¢met ri c PprBbe2™ Gt the uncorrect ed sheet resistance
me have used a correction factor assumng a known

i, mensi on and g %robﬁglocated at the centre of

‘%’8 ingse fafations ppe ko THRY 2kens figm thespprad group
tlftﬁh ecbrmmhg@e SHARCHARGmetBB o, Sy Wil @dﬁﬂshhuﬁa 4 fugbidhal he

ves the error due
Eﬁ %'F ”B%%%% Gl 3198 OF Hw " e weatipp ey be

tdteweﬂtfrm’t Iﬂesc;breﬁonﬁys equaitibnd. Furiedr caeieditederelstoy rhdyebe modified
qgﬂﬁtoga 69 nEnS|ons if just the probe is

g roxfmately in the middl e of the sanple.
If t he sanmpl e has wel | -known di nensions and is very

» I 0,

DRBRH of D PR Bl V7 i B0 SRR, MR o oo
Hﬁﬁ?@W@ﬁ@hwd"mﬂW@9%$ﬂmin such case the width of the
sanpl e nmust be known. If width is not known, the
correction nethod is still usable to find approxi nate
Jo9-rHie g sshemalicr iisdratiqnyef 4 lggay éhf@'érf‘mce@“& ¥, fremad o128 gewrction of
Iga iviprovygd even nore. 25 Fig. 5 is a schematic
illustration of nunerical sinulation of measurenent
errors on a rectangul ar sanple. The dashed |ine shows

t“he; mathot r sebeithgs e e bt@ﬁeﬁt iavesrgon il diffhaSRg iefrofsl & to error
r esi st anc,

SLrat e the c
SRPA Gl POPel oG, has S oo sy ptner emors such
sanplestrdrasgnagjc aasiatien |adgpbsiiomirigherr83@ démpecdicubar to the in-line
Q@reé de! to the in-line direction of the 5 times t he
el 6t ode spacing and a side I ength perpendicular to
the in-line direction of 5 tines el ectrode spacing.
The probe is symetric with a = b = c. For the
uncorrected sheet resistance the sanple dinensions is
assuned to be known and the error is cal cul ated
relative to a situation where the probe is |ocated on
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35 WD 2007/ 045246PCT/ DK2006/ 000584 15 In the general
case we want to find a nunber of paraneters that
characteri ses the sanple under investigation. If we
el that describe the expected neas -

ngzﬁ'é’%%g})ﬁd function of these paraneters we Cgﬁ%%g&w 00584
for the 5 paraneters that gives the best fit to the
nmeasured data. Mathematically this is described as
Inia hi oriel (P) hif ea-rarer:1l1l 2 is -Mdel -- 10
vibresre dire i@elé@bmgﬂ@arradmﬁc@raﬁda:rmawehfrcﬁm reprrénitdoerce to voltage

an Lo g t. ,
R R b BnEE 7 bl PR WAL 0 WP Socati
ceraiginaiditgcty e the asaswed vellagede-cireat tedipsThuspresamdascabe the
RSl Tt Hhd dorflroli Rt pRSHRRihG: ipSeg. | n order to
ecrea e the uence of neasurene artefacts is
t he pararreters 15 obtained we can introduce a
correction schenme. W rﬂéfare@ént the correction schene
by the function G whi cHRuakés:'as argunents either the
measured val ues or the values calculated fromthe

620 8 6 oD B L o v

 ftharishening PXRTESSIOThe opti mal choice of G depends on the

actual sanple geometry and t-he nodel chosen to

represent the samg e The optinmal G.is the one that
m nimse the sens ifﬁlﬂy_idf_ %%Lap" m ni mum wi t h
respect to possibl% Measd?liéﬁ’en drrof's. 25 In the

case of four-point neasurenment on current in plane -

&Qm@l*séa{gmc%m;i g?l%gl es we have the follow ng nodel

"T K +K0-KO flip?, (RT ,RB -
"RA)+In z w A with the transition length W
2007/ 045246PCT/ DK200629005 &k

HG In ('I:f)

By differentiating both sides with respect to R4 and performing manipuiétion we find

B (@ - )l

Al

8Ba  Ha {nee + (o ~ 1?]31m)‘

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

electrode spacings, we find that the ratio

[ SR fHRy
A = W
is always between 0 and :1 meaning that the presented method always gives befier or
the same sensifivity compared to the simple method of using directly the nominal
spacing. For a symmetric probe spacings with a = b = ¢ we find that the ratio faca i
0.616, an improvement of approximately 40%. Unfortunately the ratio for the AC
configuratioﬁ sensilivity towards variafions in Re face is 1.894 indicating that the

corrected method is almost two times as sensitive to variations in Re as the



10

15

20

25

30

16 and xi, yi, zi and vi are the distances given in
Fig. 1, for the i-th configuration. The set of
par aneters conprises top-layer resistance RT

t er resistance Rg, and the resistan . o
‘ggégg@f“%% Ko is the nDdlfbed Bessel functlgﬁrr@?&&'mo%84

second kind, zero-th order. 5 W choose severa
groups, or sets, of contact{gplnts each group
c UPRsFTestied i trwands yaiiafioss Inda araélym?ﬁﬁfﬁ‘é*ﬁ'g Wﬁfﬁ* ¥igtigps in the

| vh@ge EurRAE Ratigs %Jlﬁcﬁé@séﬂtﬁp?l‘dktrﬁatély b b FhAQH of POITA% may appear
resi stance. For a sub-set

the grou 0SS
L5 B v BB B T s tiients emor s
cabmmbaﬁeay@og@cﬁma;:éreﬁs rawastfanme;rmm@fonhmmmrm, the method
desg{ bed ear g SQ @Q h%mng t he nodel
aﬁ&VéaQﬁpQ§¥QRﬁnf)er er“%%%b@? 5t "and second
four-pointed resistances for a first guess of RT, Rg,

aﬁgr‘[r%?it lsléur\%gét%%% ﬂ'ﬁialt ert 8;&19\%3@3{ ﬁﬁgﬁ HeSa ]utea%i%egg @ne same

ve mnimse rence fromt
nieadurand Rndsiverihaldinietmafionave ean weteclhe agisatie dhejeqrepcted sheet
QRtane@r rection schemes may be used, which mght be
better for the specific sanple geonetry or which
demands | ower Onhutatlnnal effort  The. inportant

I ssue i sgitthat fggfgg% t'iiqum, ﬁﬁnf § perfor med
on both tRe ne&sured datgﬂgnd ihe data ¢al cul at ed

fromthe nodel g@gordan—{ z:almL 8npar abl e val ues.
I

If we imagi e %asy hca—probet Wt It i ps nunbered Ito

6, we can exenp y the usual’ neasurenent schene as
follows 25 Step 1: Measure the four-point resistance
using ,cl Af ea-re- red = R 1 == , nu2 = 3 ni2 = ,r2

J ect- S|[red = R4-pp

sYh$Pefréedand mapps §1er r%ﬁf'vw’c%)da@b Seyalt o b Corggled sheet

it 0 Gy el AR B B o

1ativd) X@inbd a lss}mtrimd probethidtionhef’'e / oift rieobmes 0.629. Thus we
applied, ni2 is the tip nunber where current drawn

olxive ami ovéradimdisn Guppresdidrecftdiffis over which t he vol t age

i s measur ed.

The voltage-to-cumrent rafios for standard linear four—point probe are to first order
insensitive to positioning error in the direction perpendicular fo the indine direction.
Thus since the comrection method uses directly these ratios it too becomes insensitive

to such positioning errors to 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 fo eliminate sample shape
entirely. However, analytical studies with a barrier along the inHine 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 iIs normalised with respect fo the electrode
spacings. The probe is assumed to be symmetric with a = b = ¢. The dashed curve

shows the measursment error for a non-comected sheet resistance while the solid
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Step 2: Cuess initial parameters RT = Rto, R5=R5.0,
RA=RAO. Step 3: Calcul ate Mddel data usi ng t he
equations: & 1 octal=f CIPT== et, 4,21 42,v3 d34)

|—f— d24, v2=6435%—4.30_.1)2:.
"g'%%‘?“?‘? ¢f3 = da. 57Y3 = 5 da47wg = d5s) E?p’ﬁgl‘l“’“”““s“
ki n (0 = 447e = d3, 5724 gl 37w4 = d45) 5 fi arodel

= fain (z = 45, dia,uP = d55) where did is the
diusieasiows tea mefof e Rartasteaephiesitange-tAg caspe gean from the

%h%uﬂhétn?etﬁ&egrﬁgi ﬁﬁﬁdr&@sftH@ GidaSireméRt WRRT BoiBe @M8eted sheet

used the I2-normint tion Tri

Togpens e el 1556 ey eSU AP RS Sl R apacina.
StHRPStugdtichsbedrs Yot the uE@bﬂeoﬁﬁ@eét&éﬂh@ﬂbﬁmm distemce2F 7 times the
Ste g: Extract resulting paraneters RT, R5 and RA

PE@%P T WAy i s an exanpl e where correction is

performed on two sets of measurements. In the case of

' ”g%?%ioeg ﬁ eﬁrp\ ta{é% If Hesf{)roﬁé(\% El%ecd lnolrhe eﬂﬁ‘@%etm%fen two-

e cones
fmlleﬁmrmﬂrs roe o st raﬁgtagqgﬁﬂgnp!evf)g 5 shows the error When measuring a

%Q%ZA@@%&@@QT/OKZOOG/ 000584 18 flteanrsa = Rdpp insl

2 Measured = R freasured

_Again we have assumed a symmetric prbbe.' For the uncorrected sheet resistance we
have used a comrection factor assuming a known sample dimension and a probe
located at the centre of the sample. The sample dimensions are 5 by 5 times the
clectrode spacing. As seen from the figure the method greatly improves the error due
to misalignment of probe position. Further, unlike for the uncorrected case; it is not
needed to kiow the exact sample dimensions if jUSt the probe is positicned

approximately in the middle of the sample.

I[f the sample has weli-known dimensions and is very narrow, the measured value
depends .only weakly on the position, and the m-éthod does not provide 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 efrors on a
rectangular sample. The dashed line shows the uncorrecied 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 fo 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 fhe

probe is located on the centre line.

[n the following below, Ra denotes the bottom resistance and not as above resistance

for the B-configuration for the four point measurements.
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(nn =1,nl =4, 7/so 2 =3, no =2) =2, nta = 3,762
=4, ni2 -=-5) tilfeasured= 3,=4,h2 = 5,n2 =6)
/Leisured = Reg, (no. =1, nt = 3,7102 = 4, n2 = 5)

v&éioﬁ%&%ﬁ&dmz 127(n= 11 =nv = 5,n3 = 6) 1%@/5&2036/000384

pertormcorrections: Gre. #1C = G.'ha (fa-Ls eels J
214. ens-area 02Mes.F2 auredShe ( rif easured, |
Mea-nired) e d fIireaaured ajf =a-attred = gI-ean:red

15 Glfea.s.ure d = f Measured
In the general case we want to find a number of parameters that characterises the

sample under lnvestlgatlon If we have a model that describe the expected
measurement value as a function of these parameters we can search for the
parameters that gives the best fit to the measured data. Mathematically this is

described as

min | farodet () — Faseasures| s

where P is set okparameier we search for, fuseg is the function to calculate the
expected measurement values from the given model and fyeasured is A vector conta'ining

the measured values. The bars represents a norm, usually the 1, ar L;norm is chosen.

In order to decrease the influence of measurement artefacts is the parameters
obtained we can iniroduce a correction scheme. We represent the correction scheme
by the function G which takes'as_ arguments either the measured values or the values
calculated from the model. We can then write the problem of finding the model

parameters as:

- min & { farosa (P)} — G {V;M@md}n :

The optimal choice of G depends on the actual sample geometfy and the model
chosen to represent the sample. The optimal G is the ong that minimise the sensifivity
for the above minimum with respect fo pbssible 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 7 ¥ x'y

o\ By By, RA)=— -8 2T R 1K | - 1K, +1In
oty = s 2 o 3] [zw )

with the {ransition length

- KA
By 4+ By’

A=
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Where Gsheet represents the method descri bed
preV| ously. 20 Step 3: CGuess the initial paraneters
= RTA RB RB.0 RA-= RAO Step 4: Cal cul ate nodel

‘ﬁi%@w&%z i I drodegdi . 3, YIAd12=d24 25 fl C gﬁg@b&gﬁmsu

=r112. 4,21 = dm6w|n =- dm d24,
das = dm = r145) WO 20071 45246 .r2C(, odel fi dodel
(X3 = d35,v 3 = re 4d v4 'Model odd
Fa@n/xt)b(zd@esﬂ ph@s g distancesmiven;irpicig, 1, for the Ehsgnfigugpiian s set

of E)ér%ﬁ‘)ete_'rs éﬂﬁbnses ﬂfbaﬁyer résistance Ry, bottom-layer resistance Rg, and the
resistance-area product RA. Ko is the modified Bessel funiction of second kind, zero-th

order.

We choose severai groups, or sets, of contact points, each group comprising four
points located approximately along a line. For each group we obtain a first four-point
resistance. For a sub-set of the groups (possibly all) we obtain a second four-point
resistance and calculate a corrected resistance using the method described earlier,

and so on.

Using the model above we calculate the expected first and second four-pointed

resistances for a first guess of Ry, Rg, and RA.

We then adjust the parameteré Rr, Rg, and RA until we have minimised the difference

from the measured and correcied data to the calculated data.

Other correction schemes may be used, which might be better for the specific sample
geometry or which demands lower computational effort. The important issue is that the
correction scheme is performed on both the measured data and the data calculated

from the model in arder 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

fifamsu'-reti ZRQZ‘P [ﬂil = liﬂ"ﬂl = g;ﬂnz = 3;%&2 = 4}
fifemtwe& = Happ (ﬂ-,;]_ = By g == 3, Moz =40 = 5]
fg{em-mrei = Kagpp _{ﬂ"il = 3,0g1 = 4, By = B,z = E)

f%{ﬂmsweé = Happ (ﬁ'il =1, == 3,1z =4, 0 = E}

- fifemwsi :‘H%ﬁ? (ﬁil = 1,1y = 3,72 = B, = 5?



.r5 211 ode =y5 = d36 ,d13d56) Step 5: Perform
pseudo correction on cal cul ated data: odai = Sheet
(Wedgy nfarrlPl) Gforlei=trait . odd, fitiodei)

‘gﬁgé@géa el 10 Gsrjrzer =" Mddel @' odd = Péhﬁﬂ%uwoomm

| cul ate the objegtive function 15 FOb
E,(diodel G Measured Where the 12 normis used in

t\pig%g g{f?stth%ﬁp i dﬁ’bg} thlareCélPl% As Qﬁﬂnneg %IS fhe@?%uﬁ{bg?\ﬁlgere current

arane ers an

 adrews oufatislangtob Jareriiae épsr ever MBigh ienyalitage is ﬂe@pursd
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Extract resulting paraneters ft r, -RB and RA. 25 The
nethod is illustrated in Fig. 6 Fi 7 illustrates a
sPAFacier BHaRETREFTP S TefmeReTRes AT ect | on
schene. - Measured as been sinul ated using the

config ratlon of real '2 0|nt probe with smal | est
$t 3 gﬂﬁ?'ﬁ@"&deﬁ%ﬁq ‘rﬁat@P?ml atl on 8.sets or

groups of tips has been used The
2 07/ 045246 PCT{ DK2006/ 000584 2C sqml on uses RT =
%ﬁnﬂg‘:ﬁ?ﬂiﬁi‘? ey Eﬂfi“s}arﬁl ch ﬁ‘%dposi tion
varies with a random square distribution of 50nm The

fiFgur e=ch.gakl(y? shoys2t-hat, the-yardadHuyin the
e ‘%r%gt ed RAidecr eases vv|5t h i ncreasing )I evel of

recti _:Leat until the et_.yvlt he 3rd
bdeb Tt cgﬁﬁf(? mébheffaafg 5 doe)

f:{gﬂdeg = forpr (2% = tha,¥* = dag, #* = diz, w* =das)

figgg__az = forer (ms = %32?5 = Efaa:if& = thyg, w? = ﬁfﬁﬁ)

where dy is the distance between the k-th and the I-th tip.

Step 4: Calculate the objective function

b g ; 2
Fﬁ%‘i - E?::l (ﬁMedaI - fi-femaure&}

where we have used the I;-norm in the equation

m;n |G { Fagoda (P} — G{fMemmsi}‘” .

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

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

the scheme becomes

Step 1: Measure the four-point resistance using
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RT = 10, RB = 10, RA = 10/pn2 No. of corrections 0 1
2 3 Relative standard deviation Rr (% 700 120 4,1
4,8 Rel ative standard deviation Rg (% 51,2 26,7 3,9

foheFilgl ve 31andard dov ation 58 (20 662 ki
fmmmmz Bapp (na1 = Lynien = 2ympn =B, min = 4
Fibrssos = Bagp (na1 =1, flug = 4,7z = By =2)
_ fzsarﬂmwg.i B (fn = 2,70 = 3,00 =4, 0y = 5}
Fiframred ™= Bags (i1 = 2,001 = 6,000 =4, my = é}
f;%@;mg = Ry (M = 5,y = 4,z = Syng = 6)
Ftazsurez = Bapp (1 = 1,101 = B, 102 =4, 15 = b

f.%femsﬂﬂzti :E‘QZ-’F (ﬂil : lsﬂ‘ﬂl = g\i Figy = Eaﬁﬂ = Ej
Step 2: perform corrections:

1 — F plA
GM ewsurad Gﬂﬁ&ﬂt ‘:f Meogawrod? f A Euﬂreé‘;)
2 24
GM smsurad gxg}éﬂﬂt ﬁf Af eraverod? f .5 EMﬂr&i)
G%fsmwezi = -f Jif ernured

R - 1
G%f oessred T .f Afecswred

QM saawrad }c Afegaurad

Where Ggpget représehts the method described previously.

Step 3 Guess the initié! parameters
Rt =Rrg, Re = Rgp RA =RA;

Step 4: Calculate model data using:

fﬁ%ﬁﬁl {mlﬁ = dlﬁ:%zm = &2455:‘-;1 = dlg:;wm = 534)

g e o
Fitoaa (2 = thy, 57 = dog, W% = dy,)

. 3 -7 B T4
a_gag,az (Z = iz@:? = ff,m&w = ﬂfza:’wq *5545)



1,05 0,98 1,00 1,00 Mean RA 900 1,32 1,01 1,01 Tabel

RT = 10, Rg = 10, RA= 20/pm No. of corrections O

1 2 3 Relative standard deviation RT (%9 1,0*103 29,4

19

‘ﬁogoﬁm%zﬁel ative standard deviation Ry (%N 28+2nRe6/000584
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e 2Ly — —_
iﬁ'cﬂ.&i (E = dﬁéiy = EESEI: oy, W = ﬂz&s)
] 3 b — 3
Fitoiel 1:3: =t ¥° = dyag, 2" = dggq,w” = 9355)
4 4 L N A $
Model (E = g, ¥° = dg, 2" = zf.‘l.&:!"@ = ilE)

fﬁms,; (EE = Egiﬁaifi‘a = ‘ﬂfaﬁ;ﬁs,= ffw:’wﬁ = fgas)

Step 5: Perform pseudo correction on calculated data:

Qifﬁﬁﬁiz & et (f aj}idezs f i%fgadaz}
GM@&EI_ C ohear (f Af odut? f A adat
s odet = Fatodet
G%fsﬂe{ = fiﬁasﬁei

Y _ &b
G.%faisi - fﬁi—'ndeﬁ

 Step 6: Calculate the objective function
15

- 5 i i . )2
E ob Z,—=; (GMbdeI - GMeasured

Where the I; norm is used in the equation
I%IL ”G{fﬁia:?si[jj)} - G{fﬁf&m&rsé}” .

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

The method is illustrated in Fig. 6

Fig. 7 IIIustratés a simulation of the performance of the correction scheme. fyeasureg a8

been simulated using the configuration of a real 12 point probe with smallest tip-
spacing of 1Tum. For each simulation 8 sets or groups of tips has been used. The
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Rel ati ve standard deviation RA (% 1,0*103 37,6 7,3
6,8 Mean PT 1,1107 1,06 1,00 1,00 Mean RB 0,96 0, 99
1,00 1,00 Mean RA 2,4103 2,14 1,99 2,02 Tabel
wo My 10, RA = 50/ pn2 No. of correcti onscBpkaodsioonsss

20

3: RT

simulation uses Ry = 1Q, Rg = 1Q and RA = 50/ um?. Each fip position varies with a
random square distribution of £50nm. The figure clearly shows that the variation in the

extracted RA decreases with increasing level of correction at least until the sef with the

3rd smallest spaciﬁg.

Table 1
Rr =10, Rs = 10, RA = 1Q/um?®
| No. of corrections 0 1 2 3
Relative standard deviation Ry (%) 700 120 4.1 48
Relative standard deviation Rg (%) 51,2 26,7 3,8 472
Relative standard deviation RA (%) 685 61,3 10,2 12,5
Mean Ry [ 2710° | 2,02 1,00 - 7,00
‘Mean Ry 1,05 0,98 1,00 1,00
MeanRA 900 | 1,32 1,01 1,01
Tabel 2:
"Ry =10, Rg = 10, RA = 20/um?
No. of corrections _ 0 1 2 3
Relative standard deviation Rr (%) | 1,010° 29,4 2,0 1,8
Relative standard deviation Rg (%) | 202 9.8 1,8 i1
Relative standard deviation RA (%) 1 ,0%10° 37,6 7.3 6,8
Mean Ry ' A0 | 1,06 1,00 1,00
Mean Rg T 09 | 099 1,00 1,00
Niean RA ' 5410° | 214 1,99 .02
Tabel 3:
Rr =10, Rg = 10, RA = 50/pm*
No. of corrections 0 7 1 2 . 3
Relative standard deviation Ry (%) 9,9 2.4 0,8 0,5
.| Relative standard deviation Rs (%) | 7.8 | 1,5 0,9 0.9
Relative standard deviation RA (%) 27.2 18,7 51 27
Mean Ry 1,02 1,00 1,00 1,00
Mean Ry * 1,00 1,00 1,00 1,00
Mean RA . 5,14 5,20 5,05 4,98
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3 Relative standard deviation RT (% 9,9 2,4 0,8 0,5
Rel ative standard deviation Rg (%9 7,9 1,5 0,9 0,9
Rel ati ve standard deviation RA (%9 27,2 18,7 5,1 2,7
‘%8@7{% 2d 02 1,00 1,00 1,00 Mean Rg 1,00 1, 0BcdnRosm00sss
21
Table 4:
RT~1Q Rg = 1Q RA= 1OQ!um
No. of corrections : 0 1 2 3
Relative standard deviation Ry (%) 5,8 0,8 04 0,2
Relative standard deviation Rg (%) . 4,7 1,1 0,8 0,9
Relative standard deviation RA (%) -, 211 13,3 - | 3,2 1.5
Mean Ry . 0,89 | 1,00 1,00 1,00
Miean Rs 101 7,00 1,00 1,00
Mean RA | I 10,6 10,3 10,0 10,0
Tabel 5:
Rr=10, Rg = 19, RA = 100Q/um®
No. of corrections t] 1 2 3
Relative standard deviation Ry (%) 3.8 0.1 0.1 0,1
Relative standard deviation Rs (%) | 18,8 | 10.0 59 50
Relafive standard deviafion RA (%) | 34,5 M2 77 2.2
Mean Ry 1,00 1,00 1,00 1,00
Mean Rg _ : 0,96 0,97 - 099 1,00
Mean RA R T #0 103 101 ] 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 meaningfui 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 mulfipoint probe and measurements using several multipoint

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

The correction need not o be applied on the smallest spacing, but can be ap;plied on
any of ‘fhe sets or groups of tips. The method can be applied on other geometries than
the CIPT siructure provided thét 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, fo create comparable data.

Galeulation of corrected values may be an integrated part of performing the
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5,14 5,20 5,05 4,98 WD 2007/045246PCT/ DK2006/ 000584
21 Table 4: RT = 1D, Rg = 10, RA = 100/ pn2 No. of
correcti ons 0 1 2 3 Relative standard devi ation R-,

2
v& 00770 & 8 0,4 0,2 Relative standard devi at p8ppRhos000584
4/ 1,1 0,8 0,9 Relatiye standard devi ation RA

% 21,1 13 3
measurement. New measurements may be performed after an initial correction in

order to refine the result. As described previously any of the linear independent
configurations may be used in the correction. And the search parameter, i.e. model

value, may be any of q, B or y as described earlier.

Fig. 6 scheméﬁcaily illustrates variations in fitted RA with real RA =5 Q/umz. in the
figure are shown results with no correction 27a, correction on smallest spacing 27b,

correction on 2 smallest spacings 27¢ and correction on 3 smallest spécin_gs 27d.

Fig. 7 schematically illustrates steps of an embodiment of the method according to the
teachings of the present invention. The starting point is 28. Sets of four-poini
measurement are performed 30. Prior {o the measurement being performed a probe

have been positioned in electrig:él contact with a surface of a fest sample.

For a subset of the measurements measure alternative linear independent
configurations 32. The measurements may be performed in different combinations, i.e.
there are muliiple 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. Aﬂer 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 elect‘rical‘ properties

to be determined is established.

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

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

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

in the same way as the measured values.

Compare measured corrected resistances o calculated corrected resistances 42. A -
compatison 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 yieided an acceptable answer.
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3,9 1,5 Mean RT 0,99 1,00 1,00 1,00 Mean Rg 1,01 1,00
1,00 1,00 Mean RA 10,6 10,3 10,0 10,0 |Ilabel 5: RT =
10, Rg = 10, RA= 1000/ pnm2 No. of corrections 0 1 2 3
Rel ative standard deviation RT (% 3,8

23

Output Ry, Rg and RA 46 and the method ends 48.

The values may e.g. be outpuited fo a recording device or a printer device.

If the corrected, measured values and the corrected, model values do not converge,

the guess for Ry, Rg and RA is adjusted 50. The adjusted values are then returned for

a new calculation in steps 38-44. The process may be iterated until a sufﬁciently

acceptable answer is obtained. The acceptance of the values Ry, R and RA may be

based on determining a minimum between the corrected, measured values and the

correcied, model values.



0,1 0,1 0,1 Relative standard deviation Rg (% 18,8
10,0 5,9 2,0 Relative standard deviation RA (% 34,5
11,2 7,7 2,2 Mean RT 1,00%%,00 1,00 1,00 Mean Re 0, 96
0,97 0,99 1,00 Mean RA 110 103 101

CLAIMS

1. A method for calculating a correction factor for reduction of positional
errors in resistance measurements using four-point probes, 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 said 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 said 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 said third and fourth probe
ams of said fourth set,

calculating a second four-point resistance, R, 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 calculating of said correction factor

based on said first and second four-point resistances comprises: deriving a parameter y

from an equation equivalent to:

R, /R, =—In(y ~1)/In(y),
R,/R.=1-In(1—-y)/In{y}),or
Ry /Re ==In(y —~1)/In(y)



100 5 Tables 1 to 5 summarise sinulations using
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measurenents nmay be perfornmed after an initia
correction in order to refine the result. As

descri bed previously any of the |inear independent
configurations may be used in the correction. And the
search paraneter, i.e. nodel value, nmay be any of a,
f3 or y as described earlier. 5 Fig. 6 schematically
illustrates variations in fitted RAwth real RAS

u/ pn2. In the figure are shown results with no
correction 27a, correction on snallest spacing 27b,
correction on 2 snallest spacings 27c and correction
on 3 small est spacings 27d. 10 Fig. 7 schematically
illustrates steps of an enbodi nent of the nethod
according to the teachings of the present invention.
The starting point is 28. Sets of four-point
measurenent are perfornmed 30. Prior to the

nmeasur enent bei ng perforned a probe have been
positioned in electrical contact with a surface of a
test sanple. 15 For a subset of the nmeasurenents
measure alternative |linear independent configurations
32. The neasurenents may be perforned in different
conmbi nations, i.e. there are nultiple possibilities
where the current may be applied, and |ikew se for
the choice of points where the correspondi ng vol tage
is to be neasured. 20 Cal cul ate corrected resistance
for the subset 34. After perform ng the neasurenents
in 30 and 32 then correction values are then

cal cul ated. Choose a first guess for RT, RB and RA
36. The first guess for the electrical properties to
be determ ned is established. 25 Cal cul ate expected
resi stances for all configurations 38. Based on the
first guess for RT, RB and RA the expected, or

t heoretical, nodel value is calcul ated. Per f orm
correction for the subset of configurations 40. The
nodel values are corrected 30 in the sane way as the
nmeasur ed val ues. Conpare neasured corrected

resi stances to cal cul ated corrected resistances 42. A
conmpari son i s nade between the corrected, neasured
val ues and the corrected, nodel values. 35 23 Qutput
R -, Rg and RA 46 and the nethod ends 48. The val ues
may e.g. be outputted to a recording device or a
printer device.



5 1f the corrected, neasured val ues and the
corrected, nodel values do not converge, the guess
for RT, RB and RA is adjusted 50. The adjusted val ues
are then returned for a n calculation in steps
38-44. The process may beiterated until a
sufficiently acceptable answer is obtained. The
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said thirdgstae daldaiccast plodt \sea rof $aid dhitdhsatdsaidh Sedoad iculrentr rbpgagating
ar of said fourth set, cal cul ating a second
tmanQB%EPﬁ%ﬁﬂ@p esi stance, Rsecond, being a ratio of said
seRefith ¥ sddoad mdacsll withgh ISetwesrtithitd aiicefotirth probe arms of said
S?ﬁil culating a correction factor based on said first
fourth s&844 second four-point resistance. 2. The method

akOaHgEsekbondbar psint reslstnces IRLLAbang satiiond saifl ssedrd voltage
correc%i on factor based on said first and second

and sald5gCond P Hesi st ances conpri ses: deriving a
Ralkalmices cotrdcliomfasior BapsatonGaicoRist andlsecdndtiour-paidt | RE =

= In(7 - 1)/ In(7), RAR =1 - In(1 - 7) [/ In(7) ,

resiStaRE®SRB | Rc = - In(y - 1) / In(7) 24a where RA = RE
Baiculatith fBéistant¥Ebi said tastdaliplecuditipeiinebribcon fRdor= RFi sl
and Rc = Rse",,A, or RE = RFirst and RA = RSecond ,
or RE=RETrs, and Rc. = Rse cond , or Re = Rand RA =
Rsecond , or Rc = Rperst and RE = Rsecond , and
cal cul ating said correction factor based on y, said
correction factor being equivalent to: 2g / In(7 /
-1)), - 29/ In(), -1), or 29 / In(y) 3.The nethod
according to claiml or 2, wherein said nethod
further



i ncl udes: perform ng a nmeasurenent for

cal cul ating resistance of said test sanple using said
correction factor. 25 4. The nethod according to any
of the preceding cl ai ns, erein said probe is
repeatedly noved to a rerte position and said steps

of claiml1l, 2 and 3 are repeatedly perforned for each
pUisé tniethied abcordingd tlaich 5, avhepsin aid vhlnglatingsif shidromection factor

6.
neasyrenent s usi four-pojnt probes using a
based o St BT FasB06 IOl 6P G RETFon g Br deRded BRegmeter 7
from arﬁ’@cﬂa‘ﬁbﬁn@eiuiv%ién@fo? said four-point probe having a
body and tour probe arns each including a probe, said
probe arnms extending parallel fromsaid body, said
foure:pol nt be including electrical contact points
RA/Rfar‘8 ta&lﬁﬁkﬁhg el ectrical contact between said
RA/REEQh%§ﬂaQ%/%ﬂE sgr apparatus transmtting and o
eceiving ‘electrical signals, said nethod conprising
RB/R§§an@Iepﬁ1ﬂp),positioning said probe arnms in cont act
Wth a surface of said test sanple, sel ecting
where ® f+ Rgt- BefandORDEIRS] N@nd R £ R, andr & segondaryy Bﬁ& RLI,
and a second set conprising a third and a fourt
or R, PiRpReanar ky =anp),yi rgRA=R  sEnd Ry ek, f1 omRsak & .1 eaid
apparatus through said first probe armof said first
R, = Bgl,, 1@ BardR seaptdk pr &he, aamd clcualing saidcotredion fadieribased
first current propagating through said test sanple,
on y , 3pid exFtechry facter baing paiiYRRIM 190l t age at said third and
fourth probe arns of said second set,
calculating a first four-point resistance, Rorst,
27 /Inbei(pgig,ratio of said first voltage and said first
~current, selecting a third set conprising a first and
27 | iy sd¢.oond probe arm wherein said third set includes
nore than one of said probe arns of said first
2”/1n@§t, and a fourth set conprising a third and a fourth
probe arm wherein said fourth set includes no nore
than one of said probe arns of said second set,
appl ying a second current fromsaid test apparatus
through said first probe armof said third set to
said second probe armof said third set, said second
current propagating through said test sanple,
detecting a second induced voltage between third and
fourth probe arns of said fourth set,
cal cul ating 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
cal cul ating resistance of said test sanple using said
correction factor. 25a 6.The nmethod according to
claimb5, wherein said calculating of said correction
factor based on said first and second four-point
resi stances conprises: deriving a paranmeter y from an
equation equivalent to: RAl RB = -1n(y -1) / In(y) ,
RA 1 12c¢, =1- In(1 - 7)/ In(7), or RBI1 Rc = -111(7
-1) I "not) , where RA= RB Re; and RA = Rp,"
andAFi "t e



RB - RSecond or R = Rand R =R 'Second ' or RB = R
and RA= RSecond , or RB = RFirst and Rc = RSecond |
or Re = RFinst and RA = RSecond , or Rc, = R First
and RB = Rs"ond and cal cuggti ng sai d correction
factor based on 7, said cOrrection factor being
equivalent to: 27r / In(7 /(7 - 1)) , -27r [ -1), or
7. 27r | 11( The mettd@ atcorlilvg toetain®d on Gererin 8aitl probk & @pSatediy
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bottom | ayer resistance, resistance-area product, or
any conbination thereof. 11. The nethod according to
any of the clains 9-10, wherein said nodel data is
cal cul ated using the formula wi\



f CAPT (RT RB, RA) = RTRB RT (KA 27T(RT RB) RA BI :
+ K K7)-FlIn XI} Anvz \ 12. The met hod accordi ng
to any of the clainms 9-11, wherein said nethod
further includes performpg a correction on one of
sai d cal cul ated nodel data. 13. The nethod according
to any of the clains 9-12, wherein said nethod

10. i Fd melbed aepprdifg torolkaih awberein seifd chasactsfistiche cl ai ns 1

electridaf;property is top-layer resistance, bottom-layer resistance, resistance-area product,
or any combination thereof.
11. The method according to any of the claims 9-10, wherein said model data

is calculated using the formula

. _R R i i1 i P f
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12. The method according to any of the claims 9-11, wherein said method

further includes performing a correction on one of said calculated model data.
13. The method according to any of the claims 9-12, wherein said method

includes any of the features of any of the claims 1 -8.



