10

15

20

25

30

A MULTI - PO NT PROBE FOR TESTI NG ELECTRI CAL PROPERTI ES

AND A METHOD OF PRODUCI NG A MULTI - PO NT PROBE The
wonres@mat26s nventi on generally relates to a techRCWEK20000161

testing electric properties on a specific |location of

a test sanple, and in particular the techni que of

probi ng and anal yzi ng surface |ayers and nultil ayered

A mpL PN PR PR S T e bR R OPRR TlES A9 A
MEﬁW@@r@FLmza@mmN@X«mm@ﬁmmﬁwﬁh%% mul ti - poi nt

probe. M croscopi c four-point or - poi nt probes
are a well known and established techni que enpl oyed
the e rties of a test sanple.

The ésird dnvatinR SeretA bisiateS b BIecygne fon tpSia clewb e properties on
a sp&eifieiddation 5T ekt B&inBle, BindGR Mafdulst th@%é&h@&ﬁ@%f BFdBing and

laying in an in-line configuration wtht
analyghg ssipiantilayers gadirmilklayesed ssuctprisf\dorefspeaificatly, the present

: : [. {Rr.O a The probe ar. ar.e usual |
inve i RS e hEK R ke, RaR0GRueT e Blfo SPBamYs Aog e method of
prodaeinigr £ raepoing pgobddy havi ng the sane rectangul ar or

circul ar cross-sections along the | engthw se extending

centre axes. Miulti-point probes and the correspondi ng

. . , i.ni i_cal .
Vs BB R B A 5RO FURSIS Hifl papiisnec
techpigbkieraploged foruebtirg tHePdleebizgnBperticdDf & 38ds4Bplea Rdcdiventional
90, Referenc e to the_ above US patents,

7,323 i s mad :
four-\Rleﬁlﬁ* %WMW%SHE@ [SPEFHCAIeR QT PRINt Of £9miACt Of each probe arm
I . n 1 f.' | Y
SR Gh ) SN LRI TRSIBHRNS BE s o
contatzidiag obsBarabeiastsotbe prohd aimp aretispaltybstrdight, naidirectional

and (Ytniesed] Aoy Pt Sradins o S hieayios hepatbe thotangular or
circufiresbsBetforkyATIRG the |tg®fisa xBHlity BLARE axy8Iet Iy

line, and has a specific area or point of contact
| ocated on the symmetry line. Al of the probe arns

. t . Whi [ t t hat
w3 508 TR AR Sobd BLEG e P SRat g
electricalsropertiést sftestneinblgs Have Hean b HBEWRS BubliGatn8RRich as

ne al one. _Non-symmet r i Ca|3|(2\é oriented tip elenents

EP105348# h ¢)3 7 o445 pRaBES 4137%3.89% Rafetengiess noadaita the above US
ety e B0l e TR By DR B A Peronce
speci fic manufacturing process of the probe arns,

The G5 e A T S oo e B D P smns
US2@84/8056674 disclose a multi-point probe having a multitude of probe arms
originating from a specific manufacturing process. Each of the probe arms in question
is symmetric along a longitudinal symmetry line, and has a specific area or point of
contact located on the symmetry line. All of the probe arms also have the same shape,
which in practise means that the spatial resolution of the disclosed multi-point probe is
determined by the spacing between the probe arms alone. Non-symmetrically oriented
tip elements extending from the probe arms are also disclosed in the above EP and
US patents, but they all originate from a different manufacturing process than the

specific manufacturing process of the probe arms, namely from metallization of
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to the conplexity of manufacturing a nulti-point

probe. Conventionally, an external positioning system
wohem@eodehe f our-poi nt probe into physical conPatDK2NEHD00161

a test sanple by noving the four-point probe in a

per pendi cul ar notion relative surface of the test

sanple. A surface of a test sanple nay be uneven and a

f orce perpendi cul t he, surface has to be applied
electren f’ﬁ@%r QSIS %@f&e havingdWeediTTeeend maandaethaingdirpcesses adds

to thé %@nﬁﬂé@tﬁéﬁngﬁmt@[ t?-ﬁefntg?(%@‘:t are connect ed

as desired. resu ven test surface, the
force from each SpeCIfI c area or point of contact on

ConfioPly, i e HBiAl Bobitdhind SemeuBess teclour e pspbe into
physilm’ b@hﬂa‘é@wﬂﬁ nptdsh béﬁw‘élé"f)? md\/ﬁ@ﬂ%dfobﬂ-p%ﬁﬁlp‘?obér hwemg perpendicular

be-arm di st ances and dt hs becone small
mothm Ee’ﬂﬁ\fet surface phiheites %ﬁmplrseé\esur@aemﬁa test sam@Ie may be uneven

ano L DREEASEARr 1 g AFRHEIALE B ol R al b Brobe, n
ordemtoesnsamd tied albtheeseelfid Arebaior PRIt of Bbaet AR ddithdYed as
uni di I‘Ectl onal probe arnms, the probe arnms have the

des'rﬁgnéﬁﬁ esylt of apeinaveniest-wyfacgnthe fesceEpgheach e;zecufm area or
pointtd? c‘b'ﬂ%c? 'oﬁ%@%ﬁar‘%‘é@@ﬁa;@? éﬂfetWél h r’gh? g'r@algﬁﬁg avznhg

probe arns nee erta|
The rauiti- p@nhpraﬁestlh éhs vglptedt anh habe dgveral bbéraﬂ\/@bﬁnstralnts when
noun np‘g)le surface beforethe probe ar ms.

reducy distapces and widths: §§<annierﬁgn@lferrewh§re the

Iatterﬁﬁ%ié'rﬂidd?ék ;5r*é§€hfsh§>rﬁé%ﬁﬁc‘,“é\l%a Eﬁ@clﬁr(’be arns.
Firstly, the flexibility, can e represented by

a spring constant when rmdel I | ng, wi || decrease. In
If thet\)%%@/rédér ;}éh@% e a‘%\n %{g\gntgﬁgre al; h%ﬂ%@&@rgléggztag‘ltel to the centre
axes piadad,lie petgerkiicilar RORkeiand fd?nke%j by Wé?lmﬂl??éhoﬁd”%r%be arms, the

| ateral spring constant ky decreases much faster

probe armip 83ve éhe fsigtia dum. theewisithivhepandiibe heighd /aem')uel im the size

t obe ar
ot SR R4 e BEBRF BT ot B i,
avmdaaraapomt opihienduppaitimpbhbd @ bf id probe é(%bﬁnté?@%;'the sample surface
?lne Secondl'y, the narrow ng of the probe arms
beforg;the Proke 8HE% the el ectrical and thermal resistance
bet ween the connecting |leads and the tip of the probe
arm i.e. between the proxi mal and distal ends of the

Thergatshie prinviple fFored aiticabscaingesffacts resulting flom the narrowing of the
i.e.

pr Obeoglifmﬁéjﬂs{ﬂlp{gﬁl}? flexibi t an F(.‘é\g(gaﬁ E@,a rq%ggn%rdngy a spring constant when
modelling, will decrease. In the y-dlrectlon parallel to e, the spring constant scales with
~ w’h, whereas in the z-direction parallel to e; it scales with k, ~ wh®. Thus, the
lateral spring constant k, decreases much faster than k, when scaling down the width
of the probe arms. In practise, this means that the probe arms will be soft and too
flexible for an exact positioning and the areas or points of contact will be very poorly

defined.

Secondly, the narrowing of the probe arms will increase the electrical and thermal
resistance between the connecting leads and the tip of the probe arm, i.e. between the

proximal and distal ends of the probe arms. For low noise measurements, a low
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specific area or point of contact, is a necessity.
Further, if the thermal resistance is too high, the
wehemtwedse material w Il be danmaged or destroyedTak2009/000161
result of Joule heating causifg el ectrom gration
and/ or thernom gration. Thirdly, when the vol une of
the probe arm decreases as a result of a reduced wdth
ht, the heat capacity is reduced. Thereby, the
e'ecf&cabrés ARce8f thetRrobs aikset-6. briwessrthe menggciing leads and the

spe SRSV, KR Lol GRS IR gt Festonce s oo

hlghsﬁmbs@lqatemde maaltémaiomll bel degnaded bedestedrechasa.redti€ of Joule heating
of a _neasurenent on the

er. sensjti
Ca”%ﬂﬂ?g%goﬁ?'EUBPQW%ﬂﬁ EH%B?WHﬁP@“Iayered) test sanple
depends on the probe-arm di stance. At |arge distances
bet ween the specific areas or points of contact the
Thirdly,rwien theayolpassoft thequgbe laornrdetdneamm a resylt bay eedudsd width

o BHB1 6 b4 DG e SRR b Bl aosor

heatar enerdy isplioréaset, viIeh Aedy r@rsanwﬁbéﬁie%ﬂh@bf%@bfobé &ns at
current will malnypassthroug he sanple top

shorpgpansioet ReateTes andrybseqpentimalfuostonisg dbther p)rbbd arms.
above, the sensitivity is increased by .decreasing the
probe-arm di stances. However, there is a | ower

The gurfds layer desditivityeof midasundtheht s RS $liEdLof 2Bi-ldy8red (or
robe-arm di stance achi evabl e, w t hout
m”'t'gz/ﬁé?r%g]ﬁ Wpﬁed%qqrtqscfm thedaPbawpret distansed Aé arpp stistances
t
betwB A e sPEOTY SO SFBANES Of odieet 176 RubAPhch Jss! Aigugh both the

sampfentem thyehaor purtdreslayet, land the shenle bottost lapers); Brisubstrate.
experjence the critical scaling

han. 1. i |
HOW%‘f‘?ar gl&désm'ﬂ%m‘%sei)? N e sperdic %P@%er RPty p&eaw@et piengyfficiently
small, $hé1@&rréﬁﬁwm mAiHly 58S ﬁﬁ@lﬁ@? %rﬁg 'p_rllﬁ)éé!\here the

scaling effects gradually obj ect of
this invention is to enable hlgh senS|t|V|ty

ho cal i
For 5 B3t Gl multsbaMy oy 56 55 R3en Bbdus 6 sgeSiity poreased
by dain@elangf; tiad prcﬁbé-égﬁtd'\sﬁén&éé Md%’é@rot}'}%ré”ié”&'lov?& @% e-arm distance
vant ages and features which 1 "be evident fro Pﬂ

limit, w'ﬁwso%% inated asdermipimem ramba Ep'mad@ialw mfbmﬂb‘renmthout

expeﬁén&ﬂg tﬁ)% Sflﬁégl srcgrsfrg(maﬁclgﬁ\e e(%ts @ﬁ@%%@ggﬁ lgrom/ eéperlments it has been

founthhat thqamlmtnmn @n@bé-armtceettanae ligliteis tohi tidl orge PErY pheﬁn@fthat
eC| fic locations of a test sanple, said

Pmb%ﬁﬂ"w)%ptzfpﬁ Q@t%@p?mgwdh@eﬂ MiP spefierce teycritical scaling
effeceNofé ﬂ%tfl‘hé idwwér Sbbas distance limit is not sharp, but corresponds to a

regime where the scaling effects gradually take effect. The object of this invention is to

enable high-sensitivity measurements, without experiencing any severe scaling effects.

The above object, the above advantage and the above feature together with numerous
other objects, advantages and features which will be evident from the below detailed
description of a preferred embodiment of the present invention is according to a first
aspect of the present invention obtained by a multi-point probe for testing electrical
properties of a number of specific locations of a test sample, said multi-point probe

comprising:
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(b) a first nmultitude of conductive probe arns, each

of said probe arns defining a proximl end and a
wdi2etomooend, and sai d probe arns bei ng connect edTMD&K2009/000161

sai d supporting body at said 4roxi mal ends, and havi ng

said distal ends freely extending from said supporting

body, giving individually flexible notion to said

b b t th th d
(&l 2 BapomBossRY dimEa e @iecont act beteen each
(®fa ﬁ?’ét‘i'mﬂﬁmag G dhdRBHy epfd%esm reta'cﬂ%fggc Y probe” A defining a

sai d |ines of contact ining a’perpen
bi rsr@wmﬂl erel and aadistlal ehd tandsm|d probe brres etnecolfiwgeted to said

L SRR SR 0T 6 G5 e
pf@déﬁdlﬁg fifoith ‘éaiboﬁ%lfdrtn"{ bBH?S@Vlﬁb"IﬁdQHL@Hg mgkfb'lé‘fihotlon to said

waf er y in facial contact sal d suppo
waltrepessang; said probeaamsdpgatheamtithosaig auppmﬂfngrbd]iyct}eﬂne lines of

rt od d di
oAbl BB el ol et g sustuufifaibody, each of
SLE{HD@'Ihe@gf borekact «ﬂ@f)mﬁ@@fpé?beﬁ@lbdlalﬁ'b@é%té}* H@n@'%fakél!e'ﬂﬁb said first
a maxi nrum wi dt h perpendi cular to its perpendicul ar

biKEASEi and parallel with its line of contact with

(e BRI Yt oB s PRI RUCESEEY By said mut-

I |pten1qﬁrobenmelud|ng1 grodeeing ssidopordudtige ppebe apkbn supportmg wafer
h qver sai d. maxi mum thi ckness defi ni ng

wﬂ%‘?c&u Prﬁa?'ﬁ qué{ﬁafew sgidssuRpordnE wagy mdyoenan@ﬂ@vaitﬂfya part of

1- ifd
1 e el R SAEAGRITR, B3 PR BSR4 conducive

canobe armg feeedyp exieniding fromt saich sappargingdiadiynunber  of
cat,i ons of t est. sanpl

f l
(R diat PRI ot Upa0 AT Rs I i ReBbRlsar to it
defdrpéidic@lab Biseciditrié sarallc/tith RS ﬂHé‘?a‘f B6nt \Aﬁtﬁ‘%‘élé hﬁpportlng

area or point of contact |ocated offset relative
i thpdyeppe @dnamnwm ghickpess pemend)qun‘amo\Mscpdrpen@lcular bisector and

parAmeR At Sobubio o, Sl ma B ML SVersaid

| rma»knmmln tMCR:’f&sfd@ﬁﬁlr@aQétlé [rether rabge T B5-W0eBuch as 1-10,
nmeas especially with probe arm di stances at the

s e ﬁir%l? tsr?e% eNdseasleOf paidpipbe gxphaving asheriadgea or point of
SEBhtact Bt 8 %A RRr doRtddifig! P S RLASH! 48bng said number of

specific locations of said test sample; and

(e) at least one of said probe arms having an extension defining a pointing distal
end providing its specific area or point of contact located offset relative to its
perpendicular bisector.

A maximum width over maximum thickness ratio in the range 0.5-20 may ensure
balanced relationship between the spring constants involved in the flexing of the probe
arms when measuring, especially with probe arm distances at the sub-micrometer
scale. A small maximum width leads to a small spring constant in the lateral direction,
.e. the probe arm is easily flexed in a direction parallel to ey, which may result low
accuracy in the placing of the specific area or point of contact on a test sample,

especially on an uneven surface. This effect may be increased by having a large
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i.e. the probe armis easily flexed in a direction

parallel to ey, which may result | ow accuracy in the
wohewiogedf t he specific area or point of cont2CT/DE20®@/000161

test sanple, especially on ams uneven surface. This

effect may be increased by having a | argemaxi mum

t hi ckness, since then nore force has to be enployed in

order to ensure a good contact between the specific

maxigyy thickpethisinge entaete fare Bas kxbe samipyed by orgier to ensure a
goofﬁ&ﬁﬁét%éf?\/_eeﬁ%é t%gfacifif! 285 98 p 'O?B{ﬂ‘tt‘g'tcfjéﬁg %gﬁég* %%ﬁafeofor all

e specific areas or pornts of conta
pl’ObéfﬁTmSp.EU_ﬁheMH lengerarendéman ‘ﬁidsbm nfagplfe:adlto ties epetifio areds ?r points of
t nul tj poi nt probe. the specific area or point o _
contechheitg Plft2s oy BBaTaieR e Bawar SpatsidspiOa e mult

pointtcfh"b&ei nplies that the extension is also |located at its
istal end. The specific area or point of contact of
t he probe arm having an extension is. |ocated of fset

s WREERR 84 BRSNS o BoEh o TR0k e hsTPena, i
implips tiRsttHe eixteision Resis®Tocatel Beitablsedl drfd. the dpeRfiicdrea or point of
contact, and/or a second offset conponent

contafe ) dhriPERheard baving aieexienaionus docated effsel retative to its

. weul i th th .
peroBFBARLLRECRY, Kl i Ble S oSty ifpanicuer o
the pefper’rcécwaobjsetaran}aha\pa{wn?no]gxé ﬁlﬁ?ﬁﬁﬁo@lﬁdtﬁ m/mgéé%n‘d offset
areas or oL.nt O ont ac or anot ner rope arm nma e
Com%&"i%&gf@clﬂ'ﬁ"ef ERATDENFIFUIRT wcmpm ra%r@sﬁfi@&gliar;t@ the line of
contict, FORA G025 s a5 SRLbiERr 8k of BSIY) HhaRLf e prove

arm havihg eatedensizn apddlkd spheifiormeeas obpoiat of emtabbwf apthér probe
tal end, a beVﬁlﬁl ed . end fa:;Re? congruent with the

baving:
arm 15y e FeeaPed bt tom B rlo BTGl MeS B doPHPNGS G50k ipases the

spati€ll 1=68luti®AGIERE PiUIf-pbiM Hrobs. specific area or point of
contact |ocated cl 0osely spaced fromthe specific area

or point of contact of the one probe arm In a
Aot PR e BP A e oSS Prfi LA b Bo 00 BT probe

arm aiet hawng it Wstdistanehd' 6 RABREd ShaFAEs BohrRdnt WithRA&ExtBHsion of
end. Nat ural I%, this will give a pointing distal end.

the omﬁ@rggg armeancegefiing a psfintingdistsd _eadmmfﬁyttﬁingdtskmoecéﬁc area or
poi | EEARPI s 7 e RS M B PR RS F gt of e

one ptebe mem. im agiglepredcermbediprsmans bevbid bhe &sdedks oMeied so that the
Widﬁ%‘%ggmbe armis viewed froma direction perpendicul ar

PROPS 8Pt s sistalend dprreases withhan insreagzed digtanse from its
proxiffaNeAE! NatPaRA dhis AN gives pBIRIRG ALl id."Ple bevelled end face of a
probe arm may also be interpreted as the probe arm having a chamfered end face, or
having a relief or a cut so that the end face defines an angle to the perpendicular
bisector when the probe arm is viewed from a direction perpendicular to both the
perpendicular bisector and to the line of contact. In addition, the probe arm is not
limited to have a single bevelled end face at its distal end, but it may have any number
of such surfaces.

The one probe arm may correspond to the earlier described probe arm having an

extension. In the present context, the expression congruent is preferably interpreted in
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limted to have a single bevelled end face at its
distal end, but it nmay have any nunber of such

weoeunfowmoess The one probe arm nmay correspond toPCIM®K2009/000161
earlier described probe armbgmving an extension. In
the present context, the expression congruent is
preferably interpreted inits conventional form i.e.
t hat .each_ of the one and the other probe arns has a

its cQVeDtipRg fogm, h@ %@ﬁé@%%ﬁ@ eNerand e othar prake ermedas a side

r t.
B oo P 0l B8 58, HSPURRL BB g fr brouan
togethtee. Analipridivednterpeyativavie thatgherstension of trapend pasbe %rm may
en

o B e RO P B i Db T o
end &f el RBEPFdLe éﬁh tikatnd 98&m€ﬂ|dél ghé‘%‘%e aly |36n*fe%<.‘? rl #t they only

a reflection and/or a tf¥ansl ati on ext ensi
differcloy grrgtaﬂonwﬁtraﬂecrt@nmn&m @d%ﬁlﬁtrbac@hawtensmr&c@ngmdat with the

- L an. f f
el S 2R S e S0 eorair
exterssion 80dh tifst the EstancObetviah ﬂh% &#@é%@téﬂ hifd H98 6¥I"%rl‘imobe arm

or that it changes |ess than of the maxi mnumw d
is SUB$ta@F'?“ﬁéP°%?taﬂh@" ghadiiechanges lmtha@dﬁaiﬁoffhhermahmum width of

cneR P M YESREEH TR R B dgsipress o

pointefof«aontamtbfd‘fe probeadrhey, probe arm may be | ocated
cl osely spaced fromthe specific area or point of
contact of the one probe arm This may be interpreted

The %ﬁec rﬁbea@é”&* btﬁgtt o@éﬁn@é@t'd?@hé‘ﬁmé}ﬁ) é‘g g@rﬁﬁlﬂg{/ E)% éégﬁgg dosely

eases the distance between t
spacedifions thf. Smmfltaatea)cbr pdigt mfrmJﬂaetrdethe ovelprebe aineThigymay be
as or points of

;
intersrgleRLlh g SongTahleuSBSing oVt e oRRy deheoroameshe
d lstaﬁ@é’ bBBveeh %V@éﬁﬂﬁareéé'@ﬁ%dlﬁts BR¥oRRRP Bf"’tk% ﬂ‘ogEeers involved.

patial resolution of the nulti-polnt
Clea@pébﬁfw@ baingdhe speeifiatareds oo poum obtf:ontlaet aftthe rprpb@ laems closer to

relative to its ul ar
one R rETHED i1 Blvatall, Shet durnal hebleapidiiar apatial
resolmhmn sptte multi-poiaBp@bepoi nt of contact of the ot her
probe armcloser to the specific area or point of

contact of the one probe arm or closer to the

The s}%%ﬁic{\é\r%a%r%ﬁ)il?[rqf%%@@% ?/)ff Bﬁeo%%gbr@%et ﬁ%& anPt h'feerd B8 elative to
its perpendiasias bisketos pahisahay bs @nudd\emtage, st mdyt tbnrfgﬂhlétspemflc area

or Poﬁﬁ PF pogétChpl? %&eoq;ggﬁal?pfmtaar}gﬂ &%‘s’,gf mﬁé‘g{s@qgfcnf}c aerea or point of contact
of the one probe arm, or closer to the specific area or point of contact of yet another
probe arm. Naturally, this may be an advantage as it increases the spatial resolution of
the multi-point probe.

At least one of the probe arms of the multi-point probe may have an elongated
through-going aperture extending lengthwise and offset relative to its perpendicular
bisector of the at least one probe arm for eliminating, to any substantial extent, any
motion perpendicular to its perpendicular bisector and parallel to the first surface when
flexibly moving it relative to the supporting body and moving the specific area or point

of contact perpendicular to the first surface.
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t hr ough- goi ng aperture extendi ng | engthw se and of f set
relative to its perpendicul ar bisector of the at | east
wonelopoatse arm for elimnating, to any substanPCaiDK2009/000161

extent, any notion perpendicutar to its perpendicul ar
bi sector and parallel to the first surface when
flexibly noving it relative to the supporting body and
nmovi nfg the specific area or point of contact

An offsepeiniiecapegtiictareatos pointsyf contechof asrobé asmtretsftive e its

[ fiG. or. point of contact .of a probe arm
perpBBfiithld; Higcist RayPRheh o o faPe B S esfo RS T Afbasurgment,
caus¥ thbespaicific dre I pRliebficdntacieR roveTAY latéralgieedtdd parallel to its

specific_area or point of contact to nove in a |ateral

line ¢ gasiacton hisanay el a disadyantaofeasit resuiwitr a deaieasady threaccuracy
7 r H (S . .
o 08 AR P 1S Pl S35 S ERATEEERE AL Lo he et
accupacybba nﬁea:csnmémeht decr@ases.gHmevérethé aperttifes rﬁa%bhalhge the
ccurac QT a asur enent creases. However, the ]
struclil plpRasine of Hegherane 59 Mate Whan the B Aises i5remploved in a

FoXaTe: 1t : n;
e oV PR b e o I Bfact s
subsianriiallyrelipihatedoeven thaugh a twistihg nzorheal ingy etill present.dClearly, the
ven though a fw sting nonent y still present
aperlyrE pey) NG et it $RAHEY AEGHTARK PE A daSesHrealsht; Which may be an
advafisge.acy of a measurenent, which may be an advant age.
According to the basic realisation of the present
i nvention, the nmulti-point probe according to the

nes e RS LS e U PR oo
accoediingtto ¢thé €irstiaspett of, thi pregdritiidrationi i8 \idblenéntet am atcordance with

techni ques as the ‘%rpobe_ IS produced froma supporti ntg )
the tgghRyique of gredugingelectipnis Gikstils, ip@rtiganimvelying piapat techniques

. i _
o 1R bR B SOV X REhg o AR U her ooy or
whickreofinst multithde af conductivegsrobb emmsadrevpducedigwobiing deposition,
accé@%’gq Ia?srédgfrm eﬂﬂ;%g@: igpé{vd CY]D@E;EgCV )sppﬁgscctfr{ggﬁgé Celp%turr%gposition
an . hei :
(CVIIEBRSSA SR BN SBAS RECDSch DA Ses B ARIRECR), ocusod
ion heaot (MB) inducedhteppsétiont ar spattenppechémical etabiing,ipbesma etching,
| it hogr aphi t.hods such UV _1ithograph .
focugte BPRSAB UE I tER G L Aty e bhrospBr R SRk dapgxample high
resolufibMIitHddrapBicansthods sudRels UV TiRsraphy, e MBRsRBBAM [Rhography,
part of the original supporting body 1s renoved
atomipfasog mintaseany (AFMylithagraghyer lesehiithggpariu svhegeupen a part of
the ighEh SuBPLARE RSty R NG bR %GR EE B EA A bPLlching
producing the freely extending conducting probe arms characteristic to the present
invention constituting the test pins of multi-point probes according to the first aspect of

the present invention.

The above part, which is removed from the original wafer body, producing the body
supporting the conductive probe arms may constitute a minor part or a major part of
the original wafer body and, the supporting body may according to alternative
embodiments of the multi-point probe according to the present invention dimensionally

constitute a minor part or a major part as compared to the freely extending part of the



10

15

20

25

30

i nvention constituting the test pins of nulti-point
probes according to the first aspect of the present
wonuwrniws. The above part, which is renoved fPOmDK2809/000161

ori ginal wafer body, producing the body supporting the
conductive probe arnms may constitute a mnor part or a
maj or part of the original wafer body and, the
upporting body may according to alternative

Concﬁ'f{g&@l% 8MB#- the mul ti-point probe according to the
present invention dinmensionally constitute a m nor
part or a major part as conpared to the freely

The @Qnducﬁweg)rpbetamfs ¢tHezaciedsiit twmephohlepcﬁhrrﬁrobﬂwccordmg to the first

ctive obe rms ch racterlstlc t

aspaR Breﬁﬁ yERloR eseel QK ootherkasis reglisglen ef therprepent
inve RliG$ QHkSW 'tﬁ%’@Bﬁﬂa@ﬂn@%Fﬂ{éjmﬂl -HGint Efoﬂéaiﬁ'% %ﬁ@ulb??&% ﬁgnlng of the

of the present invention a owt e contac
condy¢tive preherarms dbeelatiorato thegurtacepafdhe ﬂe:sﬂsampﬂé to be tested as

oI 6 S B2 AR el e ity

relatidpoioethe esefac oAl the tdst Bahiple. Wl@@ngdﬂﬂf Sheht%tlaﬁ\"ﬁ@he conductlve
perpendicularly in relation to the surface of est

pr0b§aﬁ*fm3e0f tr énldhgqsnl%trpr@be alowsiton flef(ibtehend @iaﬁmcallwbendable
condleHIE gFS0E afhe oAt b P 2h 8R4, B o e

samplerand estabhgraatrelwue sleatiiddl copritt withantiledeion iAGRIcsa8N.
of the test sanple and establish a reliable electrical
contact with the location in question. The techni que

The %hgﬁfiee% a?rébt% %f?c E@%&é@%@ﬁm\é@ﬂ ebf)g?t?t)llshm the P%%tgct

est a I ng the cont
betweed the enwlb‘splomtqn’abe and tbé teédtdodativnssHitpé %élysau’iplé Ib§'I umgsmg an

oy A5 AT 3 AR Pl S
cont&éttd iRt Béndihg6r 'ﬁ@xﬁﬁb dfhﬁe CBRLYS Lﬁ%@rgg’é@ﬁa@@'&/ents the probe

preventsthe Froearrrs rom nmec tro
armsgiromemeehanieallydestiayingst detanipratingithbdesesarple tmbecﬂested which

may B ucb oo TRBERRE APl R e st PEA i Hogatterzaton
maghetictunpel JUNEION Wﬁﬂﬁ@h%bﬁ’e&&bﬁ@n lhfétrﬂé eratHtabld8ERG ity
resistivity characterization, LSI circuitry.

charagtegzafiqm I engnfleHeciisuitor. art four-p0| nt probe arm
the nulti-point probe according to the present
I nvention |nclud|ng a first nultitude of conductive

As distiottefr@mise peigr bet fommpointiprtbel dAmartiie aRWGQVINESBbe according to
confi uratl on %Wﬁ to the utilisation of the production
the py %Sé?m rgation inglyfing a fiest puHiifudeiof gopreeiivespipberasmsemay be

confi§fifedf thathpgtopite®dridliration due to the utilisation of the production
technique, allowing the conducting probe arms to be orientated in any mutual
orientation in relation to one another and further in relation to the supporting body for
complying with specific requirements such as a specific test sample to be tested. In
this context, the particular feature of the present invention, namely the possibility of
utilising a production technique compatible with the techniques used for producing
electronic circuits, allows the multi-point probe to be readily configured in accordance
with specific requirements through the utilisation of existing CAD/CAM techniques for
micro-systems. However, according to the presently preferred embodiment of the
multi-point probe according to the first aspect of the present invention, the first
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orientation in relation to one another and further in

relation to the supporting body for conplying with
wepewihixwsr equi renents such as a specific test Ppeammn2809/000161

to be tested. In this contextg the particular feature

of the present invention, nanmely the possibility of

utilising a production techni que conpatible with the

éeq?hn' gue Cﬁijed for producing electronic circuits,
multityd&,QEce ¢ Probpyarms gre peidingclienal cemstifutiog e myifitede of

' | L kil ui rements through the
paraugiflﬁfésg{(lggﬁﬁgf %iﬁ%?%%@ﬁ@gﬂ t echni ques for °

m cro-systens. However, according to the presently
The B BRUTHG 58 SBhelFNestronegEet wrthe Raifimsdaimrobe according to the
first A$pEtioF &b pidagnf inVEAHBA hib %Gﬁdeéti\}‘egﬂﬁpﬁéﬁg @%PQ% @hilfectional.

are unidirectional constituting a
Furthegr e ednduciive pratenginos detine aHestdiptamceibeiwben the pecific area or

il A S CHRRAE SR 2B B Shed o e g area

or paintesfeittadt\of atde@Bnl 306 BANGINE cBhAREHIRY PopkRns2The first and
uni directional. Further, the conductive probe arns

secopginrake armp fdtthesidafinesa secanskdistansedyriwieen thaneemal bisector of

rale f, £ b rm of . the .
e (RS0 oy AR AE ofeiLhEBt U SR ok Mo, i tosetrer
with thfe firshdistanoef defisece pairufatistancss ahetd theeMREUREANR is smaller
th r obe arcgg.. The first and second probe arns further
an ipg PEEANG,JISIANGRd di st ance between the normal bi sect or
of the first probe armto the normal bisector of the
second probe arm which, together with the first
Thregliof thecenduntive pesba apas of thie diusti-poing proeaecdiing fortae first
as e?Lsfttgnce s .smal Iter thaiﬂgt%f, second di stance. Three of
PetHR" DS RIGRSRVAVEIHIPRATEMRCHT In f Septente Baithe SypRerEng body and
are separitdd by d first 86pdrafish c@ﬁ%@ﬁbn(ﬂﬁgw% ﬁi?éﬁ&‘i%tdd&%@ YdHsecond
are placed in a sequence on the Supporting body and
sepagtionsapacatrespeidiag to afaisefdistanices, woereethpdirsi digtanceds smaller
' s > segcond separati on al so : .
than i Seind UiSIARE 7 sBEh of 137 A 2pd SEGENY B ERs: The frst distance

of thedfist separationsnay besubBrihtiaiNe tHeesane 4 hbFPsEdisaneaYN the second
of the first and second separations. The first

sepaggtiona At theyfirst Aistancesa the fisstacparatinnmay keusshsiantiallyldjfferent
f : [ [ of the second
ron]gg%@%S?F%ﬂﬁx%ng%g%?§?gfééggﬁﬁﬂce of the first
separation may be substantially different fromthe
t dist?nce,of the second separation. The first

The ffﬁ%@ﬁﬁ%@e& the, irst spRaradioppay Perin g rangasn1q ne foatfiam, 40nm
o GOl 000l 98 0710 T A TR AL e
distance of the second separation may also be in the ranges 10nm to 120um, 40nm to
60um, 80nm to 30um, and/or 160nm to 15um, preferably 200nm. Further, the first
distance of the first separation may be in the range 10nm to 100nm, 100nm to 300nm,
300nm to 1um, 1um to 5um, 5um to 20pum, or 20um to 120um, and the first distance of
the second separation may also be the range 10nm to 100nm, 100nm to 300nm,

300nm to 1um, 1um to 5um, 5um to 20um, or 20pm to 120um.

Another of the conductive probe arms of the multi-point probe according to the first

aspect of the present invention may be located in sequence with the sequence of three
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di stance of the second separation may also be in the
ranges 10nmto 120mm 40nmto 60mm 80nmto 30mm
wanalomozts0nm t o 15mm preferably 200nm Fur t hecT/Di2e09/000161
first distance of the first ggparation nay be in the
range 10nmto 100nm 100nmto 300nm 300nmto 1mm 1nm
to 5mMm 5mmto 20nm or 20mmto 120mm and the first
conq%igﬁt ance of the second separation may al so be the

Y& PIohf RIS 200iSepaiaied Mo e eleapsbuithmthrselsandustive probe
armg By Bhir@ $8phfhti Q@Brré%'boﬁgﬁé‘ éb%%%f%,sﬁ%pe%g Eheeo{hirItheeparation

conduct i ve probe arns' o
having adirsli digtance twhich isr latgeathan ot thenfirspristane dfitnefirétasbparation

.be located.,jn sequence wth the sequence of
and @fggﬁgﬁ i%éhﬁrSSB%”‘iﬁﬁﬁa%'B”separ ated fromthe
cl osest of the three conductive probe arns by a third

separation corresponding to a pair of distances, the
The thiidr sppasgliommayrhavea fitst distanes witicht isrargentiharhthesfirst distance of

e 8! BRSNS R8Pl BB P2 14 b0, 510500, 101

600, sepfora20 w00, heetdatig 40e Farthbt,aRe MBYd BaY&rafiohifi&) have a first
nce.which is larger than the first di stance of

. di st )
distapgg V‘faf'l'?'%ts largardhan te Bist distancespef thei fisat ayd/patieosedomd separation

o ek 55501980 B9, 890 o850 0 <l B oo 10

10* torel° hitWetoal G° 161 tadi @ ande” whilOh FustHermees, thBasurthrobe arm may
b first di%ta ce (gg the first and/or the second
& refivedend FPRIgCeed BY BhYotheriaeRs gk slestrically sontasting the test
sampi8, o 4 -
o IDE piriae sk P> ooty Aty g st cortet bfany location
on thedesheamplee, the fourth probe arm may be renopved and
repl aced by any other neans of electrically contacting
the test sanple, such as a sanple back gate, eutectic
The frehimtitud@'of SbRITCRAIPBBE atnsBH oh@Sakhed oPthd MGiIth-SSiht probe
sanple. The first nultitude of conductive probe arns
accogghing fretha firshaspestt of e prasent fyientiop halsdheaecar moreyconductive

o gt SRS oL GRS BTl BN PR B s Four

condastivengrobeesan is\the peésirtighrefepasti Rember frW siﬁgré%éhéur%ment,
arnms is the presently Preferred nunber Tor a

. pr.obe
Wh"es{%@ tbe prasentyrRigferrethnymbep forsaveeal pneassements at different

3 f . ; t different
charR BRI S, 2R GIERNSH 8L ARG RITO e Brdhd s
sampi¢ batwearoany éws of frecfeustohdectivesprobarph’ hretiesn ®avitant test

e four .co&ductive Erobe arms provides a

: f t
signa) Pt e eBia RGP Gssiuelive prose amesinldinggnormation of the
electﬁ@ﬂﬂw@dié@opﬂh%t{@s%émplei. ncluding informati on of the

The conductive probe arms of the multi-point probe according to the first aspect of the
present invention are multilayered and define a top layer and a bottom layer for each of
the probe arms, the bottom layer is connected to the supporting body, while the top
layer is connected to the bottom layer and is located on the opposite side of the bottom
layer from the supporting body. If all elongated through-going apertures are
disregarded, each of the top layer and the bottom layer has a substantially rectangular
cross section, thereby making it possible to define for each layer: the dimension of

width as a distance between the lines of the rectangular cross section perpendicular to
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electric properties of the test sanple. The conductive

probe arnms of the nmulti-point probe according to the
woiostooespect of the present invention are nul PCraxeo@dhooi16l

and define a top layer and aqipottom | ayer for each of

the probe arns, the bottomlayer is connected to the

supporting body, while the top layer is connected to

the bptto ay r and is |ocated on the opposite side
the plang Hgﬁ'ﬁ’dm ?L%‘ 3FePl EcHPPREING IR tthﬂghrb@@won lof dapth as a
distafle W%R/@é’n TS @#@%‘o%‘eq@c%‘ﬁ?ke bo§?3a§§ eﬁaerﬁgélnghe plane of the

each of the t ayer an
first Slufanmftstmﬂoﬂmgabody;ga.nchﬂnthMSmﬁ Iengtht drea eligtance from the

i ng, I ossi,ble to define for each | ayer: the )
proxfihel ofiinBESRpHp e Srabe ErRalobeisis Abend Dhing sandsicéve probe
arm.t he rectangul ar cross section perpendi cul ar tothe

pl ane of the first surface of the supporting body, the
di mensi on of depth as a distance between the |ines of

=t} PR AORH bt BB R YOt R R i maer
than dllnereleﬁtmcbf the Hottost [ayas. Rurtheit aage of ﬂ@’@:dﬂ%ﬁlcﬂ{/é’bl’d&l arms may
of the conductive probe arnms to di stal end

havet%y_qu;tg i the orlayepiat ig lﬂrg%tbﬁn dhe théthdm‘rtha bottom Ipyeb &urther,
each"’c?]fan {Eﬁ}ﬁdgé‘t}%h&o gt rﬂwsbr%tasl I?\%vfe Igpa}’r':éfrt{h%%p'@?i ltlflg larger
than ttrhmlengﬂdof:tl'tevlmtm thesy ey e @amdb@m@ proWeCHrthhay Ih@ive @Pratio of the
lengtn3 She Widthiatdne Boliom tayer withiehadanes of 5PGdoR Amsuetyas ratios
50:1 %ﬂﬁe\i ? 4 ?F&bfhbq’é taPEﬁceftfb?l Hﬁrﬁtﬁé“r%ttlg'o? 162 984t A"raﬁ]etg%ductwe

entho the bo ayer e conductive probe’ arns
proberay'ma avay havaairatioof thfewicﬁlmgl)d) the depﬂhmf\mdibbttoﬁw kalyer within the

rangg Bt b to2¥ SopiEdyabtts o icalo Revine Bea st et | on

havi ng the ratio of 10:1 . Further, the conductive
be arnms may have a ratio of the width to the depth
At leaﬁt Cmé)fb?@ﬂd eandugtive probaianmstaf thtang.dtmnblrﬂ(pzrabe acaorﬁmg to the

st RPN BR8N A LB 048 findie b e

condottiviel prioberdrniy. dhe taperydibleehen® nidiehé hﬁﬂma?émoéncpaeﬁﬁtea
sent invention has tapered el enents at the distal

tapefjéﬁ gomawq'i@n@cﬁwtﬁp@w@ bopaayear whiciTaee eaq@esmsafémmp layer and

e | ayer
e RSy 2SI O ARG 5 0PI, OB dPH 55080 e
or potndpf bamact ahtthet donductive protay am ni@sbe dddated vt tHef tapBRed element.

conductive probe arm Further, the specific area or
poi nt of contact of the conductlve probe arm may be

At leas? &AE RS tRé cbRGuAtRRYBBe &rfiE&iithe multi-point probe according to the first
aspect of the present invention has a pointed shaped element extending from an area,
point or tapered element at the distal end of the conductive probe arms; and the
specific area or point of contact of the conductive probe arm may be located on the

tapered element or the extending element.

The first multitude of conductive probe arms of the multi-point probe according to the
first aspect of the present invention have the lengths in the range of 100 nm to 2 mm,
preferably a length of 10 um.
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At | east one of the conductive probe arns of the

mul ti-point probe according to the first aspect of the
wonres@t26s nvent i on has a poi nted shaped el enenPCT/DK2009/000161

extending froman area, pointigor tapered el enment at

the distal end of the conductive probe arns; and the

specific area or point of contact of the conductive

pr obe ar be located on the tapered el ement or the
The &Peﬂﬁﬁnﬁggog!afé#éhe mutfpaintrypbenacepiding tothecistiasnaat of the

s URoRIgE 1§ B BT AR SR B

semiaendhetingimgderidl, a0@onthe sufEharting boef és abh poyrhenabterki,
of the multi-point probe

10 Th ti bod) b
Profgrably.din e skorap %%Soggﬁ%aﬂze U-Reorsnyseambinatiang fhgreof. Use
of theSsueh rAafERbCcombRktishs t@?’géfélldvﬁefo?r"ﬂﬁ%)ﬁ"ﬂ&‘or—‘@ubhe%?(%ngin the

is of a sem conducting material, and/o e suppor
manyagjuring procespof sheemultikpeint arobeRhehee dengfiting rom the advantages

L ri.ses Si . Quartz, SU-8 or any
Ofthggﬁrrﬁé]g%qr%%gg?ﬁéwqg%e of the such materials or
conbi nati ons thereof allows for the mcro-fabrication

in the manufacturing process of the multi-point probe,
The pefiem Igkercef thempultirenint preba @dreatdine to e filseaspect of the present

invofiif & o SRloctt Rl s titentlfter B PP BKE R Btarbbfie e
dieleptriesmateriahve sefgoriductordirel pelyfric oBRiRISeRISIOL, 8iN,, Sior SU-6.

sem conductor or a polyner. Preferably, the dielectric
materi al or sem conductor or a polyner conprises Si Q2,

The ﬁtﬁt{&ar@bﬁbg%ﬁthe—rﬁﬁItpﬁ&gFPﬂb@ ééb?n]j @é %5 10l fi{s@%ﬁpc?%teof the

I - poi e accordin otheTir aspec

prespnidsuentiomisencondudtingdagemAitetriatiyelyayies top layer may comprise: a
a

condich B 57 eeing By aley s G JT beiia Besanjasigth the
bottdraYafer behMOtHecOdUicERY 1¥Yris CBRNOQEH WHhE XS in%ég)lléer and is

the conducting |layer I's ‘connected to the carry
locategyasy thgrpriosite side etithercarninglayes froe #iedeottdm tidyer. The

LV he ,bqgttom ] ayer. The cpnducting, )
condf Ay 11y AP BRT AGGRINSOTHPEY sl ssoRhckS O Ta, i cr,
Cu, @g, WPMo, W, PdT&d, Re, dohdubtive SlamdMd, Mietal SiliciBes, &hduReing

conductive di anond, netal suicides, conducting
ceraipg spimiconduardnatarieb pr aay epmilinationsrterssfbl macawyisg layer may

] [ : r rise dielectrjc

comi BBl oRaldY i bOAS PR ERRIL 26 b GIEGLAS s, suon o
crystalliheyos polyictystesire sig¢@id | G@,&jigmlo!ﬁgl Mia@rﬁd‘ibfd-ﬁlkésbé(‘:r%og, Sli\%/, SixNy,

silicon, . amond, di anpnd-|ike carbon, SiC, SixNy,
SU'%@'&W‘WN&%ﬂglﬁ'z»\PsWS'iz,S?rQ,fer@jaly\m@,alllﬁﬁeﬂﬂ@oab| y

crystalline silicon.
The above object, the above advantage and the above feature, together with
numerous other objects, advantages and features which will be evident from the below
detailed description of a presently preferred embodiment of the present invention, are
obtained, according to a second aspect of the present invention, by a multi-point
testing apparatus for testing electric properties on a specific location of a test sample,
comprising:

(i) means for receiving and supporting said test sample;



The above object, the above advantage and the above
feature, together w th nunmerous other objects,
wadvarneges and features which will be evi dent PET/®K2069H00161
bel ow detail ed description offgda presently preferred
enbodi nent of the present invention, are obtained,
according to a second aspect of the present invention,
(@ a nulti-point testing apparatus for testing
l e

cteller(g”‘b P&F@"E‘%E@SBHQ an@,mfcinplt@Img)@@ptrmweratqré@@ans for
SuppSEneRAPeTd Bsfdioret hnfehtic Medsifib ¥hahe i detegting a

t est |mr@asmm|$|grmjj uding el ectric generator nmeans for
iﬁ nerat| 0&?@ nal. and el ectric measuring neans

&‘é{‘& 'ff?(?fa Br 'F"ipﬁ'ﬁmgl gnal; (iii) a multi-point

prob@a) C‘H@uﬂ)ﬁdrﬂﬁ b()ﬁ o%flﬁ hFét'%gere ycgﬁgluglt Ingea

first surf aceguﬁl irst
pr obéblar résfirsé tltudeyélccinfju@tb/@ robve attafsi, eacly ofisaid probe arms

b co R Pl U Sy PR 5, B ) 5% s b

proxi mal comgecteding JaY s0EpSEihg LdytatlsafNgoximEeénds, and having
extendi ng from said supporting body, giving

i ndi vi dueﬂaﬂ@dﬁ@)@ingﬁémﬂﬁ&’ ezswndmgsfamm w@sepa@wﬁg bmiydglvmg
probe ar iRt RBsh ALl Mofdh o §?B§r§r{o§e%‘} 1T ohA%ms

| i nes of contac €t ween each 0o (
sai d supﬂogeﬂwegwhlbdaa,ld eagportihg Haidg deﬁn@ﬂln@fs of @E)h@dt between

defining a erpen i cul ar bi sector being_ parall el
said fir&@ ﬁé@g %a%ﬁ an@éﬁwnwﬂpﬂ bedy. aeaﬁél of said lines

ori gi nat 'dFQ:oﬁfaQ:FH@fnﬂﬁ@ ﬁér&%fn éé@orsﬁ'élﬂg parallel to said first

mul ti-point probe Inc UC|ng said ¢
probe armuHGQGSUpportlng waf er body in facial contact

th d ti f od | of t
ot o wah PRV REORS RS Shick g ey o8y baRipducing
provi di n@a&ﬁhﬂxltlﬁ?&ﬂt‘ EdeéelanL@ilﬂf@ de&cﬁg@% % c%ﬁHEEﬁUé“;grobe arms

fromsaid supporting (d) "each ot “sal
def i ni ng CA skPPoRng Wf&rqugb’rlpéadabmrdact\mtm Bald supportlng wafer

per pendi V?\)ﬂ%fjﬁ g@ %?n VAl ofg alorta SRl vatd ! body provxd1 ing sald

cont act
supporting body and providing said conductive probe arms freely

extending from said supporting body;

(d) each of said probe arms defining a maximum width perpendicular to its
perpendicular bisector and parallel with its line of contact with said
supporting body, and a maximum thickness perpendicular to its
perpendicular bisector and its line of contact with said supporting body,
said maximum width and said maximum thickness defining a ratio in
the range of 0.5-20, such as 1-10, preferably 1-3, and each of said
probe arms having a specific area or point of contact at its distal end
for contacting a specific location among said number of specific
locations of said test sample; and

(e) atleast one of said probe arms having an extension defining a pointing
distal end providing its specific area or point of contact located offset
relative to its perpendicular bisector;
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supporting body, and a maxi numthi ckness per pendi cul ar

to its perpendicul ar bisector and its line of contact
waoizbtv/eeded supporting body, said maxi mum wi dt hPammk2e19h00161

maxi mum t hi ckness defining afgatio in the range of

0.5-20, such as 1-10, preferably 1-3, and each of said

probe arns having a specific area or point of contact

at itB dist&bﬂgnd for contacting a specific |ocation _

among’sai $f BPolitt nsple cRMMyyealingwih eridseliegtricayoperties

sanpl e; qggﬁﬁ%hrgﬁwlgﬁat one of said probe arns having

an extension definihg a pointing distal end providing

(M |S §9@prdda¢ingrmeamrrfqnadJmmui?@Sammu&ispoih?p?ib@degétf\@@aid test

relative to its perpendicul ar bjsector; (T) sai . )

mul ¢ SABTRIR BoAs oA Rad Er9yRVE Rrabe arasde derganiacted with said

Pr OP@pHELifs I6QRidnNe SHRARS sARHId For pdrRtini §§H!t§&'r§§‘(‘aectric
for noving said multi-point probe relative sai {
sanplPEoReyties thereehuse sai d conductive probe arms to be
contacted with said specific |ocation of said test

sanple for performng said testing of electric

The pruttppolnit ésstingeamsdratulhctrdihg 10 M sedivt adibABPHAbMSent

: atccordi_n to the second a_sgect of the present
Inventerehrsicriliasiudas 3 mulicpeiabrrabenagaordipgita the fitsh@spect of the

i . i t_of .. ) t .
resBRORI S, LBl 32088 SPbARGB] 8 FBhpen prane i oin
testingapparatys atcdrdimgniol secopdiaspetest thepragadriaiatsion, may be
. Iacco%idl.n to second asgecg of the present invention,
ImpIEESted I AsCRIHARCE VI K Ob e AReVa feeRITER T $1 Mi-aDing robe
accofdiRg 6 &fe st b@?eﬁﬂgtt%' gPésQ—Ltnt W%ﬁoﬁpﬁﬁﬁ%ﬁ?{%e?%éprg\’ulti-point

first aspect of resent invention.
testinghappariatus aetardingdstthe geappdaapest aitce peésemt irventien includes

ct. of the present jnvention jncludes )
clec3E 3P0 BE Ml mbdfe B RS bR B b oleatgaing aresectc
genesatop hoeRbVRlintda 3steligiedl th theISMGE&S 6f thgﬁ@ﬁtssamgle, that being
providing a test signal to the surface of the test
curregh ppveltager pulses signalorrsignalsy DCodrtAGdaving siedssidgh atjuared,

. ' | si nusoi dal , .squared, . _. ,
vianeq SRRkl B 8BRS AURNE iy T ERE mouaing v
in accamighog wWithcspddifid egbirehiedits! dLEtY ablimeddurémentdanegisthide,

ific requirepents such as neasurenents of

inductgaes CaRastaGe 1AV Fle, Udbpaeintaaselidt awi 3dB dandnidth. The
elect§@pFogiiéWmdiiflg M8amaf PP Whilies Bheelectric measuring means

providing facilities for detecting a measuring signal of the above described test signal
types and frequency ranges, and providing extensive electric properties testing
information and including functionalities as Fast Fourier Transformation (FFT), phase
lock and real time visualisation of measured test signal. The electric properties testing
means features probing means for probing of the test sample, in accordance with
specific requirements, so as to perform the link between the surface of the test sample

and the electric properties testing means.

The multi-point testing apparatus according to the second aspect of the present
invention also includes a back-gate for connecting the electric properties testing means

to the test sample. The back-gate is especially suitable for being used in conjunction
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electric properties testing neans further conprises an

el ectric nmeasuring neans providing facilities for
wdebmmnizeg a nmeasuring signal of the above desectmat009/000161

test signal types and frequengsy ranges, and providing

extensive electric properties testing information and

i ncluding functionalities as Fast Fourier

. d real
with GBI HA PISRE R PR GO UEE GRRe armsdoe asdngiatectica

propBftRReftd @gtggﬁtpqepg nmeans features probing neans for
probing of the test sanple, in accordance with

specific requirenments, so as to performthe I | nk
R A A S N S——

mverﬁtﬁﬁidal@@ ifdledeSFdtipracadng hitans ot h6! t
present mv%?ft)l on gso "helud egﬁfgcﬁ ac I a?g p{@lﬁe according

to th@ (ﬁ'Fﬁ?&SPBﬁbOftﬂ?é rseeentrinventiosp endinesitioning obthesanki-paint probe

sceo e, AT Bors OSBRSS B B et BB so

causkdhe cgntbcibe probduntris® dbtaipepasital E@htaﬁ:@ﬁﬁth@spemﬁc location on
electrical properties of a test sa

the sifpes ohHisiest eamie frmetioaming ﬁ@ct@ngngm gf th@ elpetricqaropelrties, and
for réb%P&ﬁ? Rthd BFedfi€ lohrb;]f% hR- gbﬁﬁlpk(%é %\gﬁcﬁdmgotg the first

recl procati ng neans ol di ng

aspeatofihdiprgsemt lhh@nthrf slathateche @éstté%?nrﬂéeﬁ@ﬂﬁ? a resolutlon of 0.1um
i nvent ositioning of the nulti-point probe

or eV&B&%ﬂ%ﬂ @ﬁ SPR aerﬂlr%qtloagp@epbtﬁct pﬁ Bawnés‘élhmanwelmahﬂrty in all

SPa o el BB RP AT RS o el eonie

perpend;p'dar fa thel surfadeoof the tettesmléﬁls&o@‘llomr hRAtipls paRte
est in

meagtargls (EITGIPhE Calibied Bdippine prejtesreardiio Bribe first aspect of
the pfaldnit iRinfibn IR BUIPSGPAEE b 1t Egﬁltprla @nc@%ﬁlﬂgﬁné&ﬁrac:les

present invention relative to t
due ’IQ & ewiiiple pbaalifration discoepancies. Siel manoemwrablhtwpaMdab angular

Al bj e f h full bj
movdihé s QT an NphEfb G tadt ﬂa%.t%ﬁér%g? P ahtavicing Enangle
betwser tHacsurdcd brtheasst %ﬁﬁieearﬁf th@%ﬁ %%nHQ?ﬁ\}éeH)robe arms on

syrface of the test sanple, |sto or mu
the mpgii-peintprebe areerding o thedirsipspest ofalhebnaemitbn thus utlllsmg the

tontf b 0% AL A LT E0rd B She SRR SN o

deterlma’sncm aﬁ/@ee\dcelgoh rma@ surfacé efthtlRst Sam I@JlahUFw@ng)fan axis
cal i bration di screpancies. The nanoeuvrab|l ty

perpgnelicuidrcle taﬁgaynracemwb@@ﬁt§ammgr@ndlag.as3w ratatisin ofthe multi-
t S rovi di n an et ween

point SEEedt B HRT Pl PE MRS P n P afith i none

measuesrdents oredpviobs orthe seifface of the test sample having any mutual relative

co-planar angular positions.

The multi-point testing apparatus according to the second aspect of the present
invention further includes means for sensing physical contact between the surface of
the test sample and the muitiple of conductive probe arms of the multi-point probe
according to the first aspect of the present invention insuring non-destructive testing of
the test sample and hence avoiding the destruction of possible devices on the surface
of the test sample.
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the nul ti-point probe according to the first aspect of

the invention, thus utilising the flexibility of the
woanwoeiese probe arnms to i nsure agai nst possi BCE/DK2009/000161

destruction or deteriorationqgf devices on the surface

of the test sanple, and along an axis perpendicular to

the surface of the test sanple providing a 360

rotation of the nultji point probe according to the
The gPpye °§E§§6Pea&ﬁ/ﬁ@dﬁ@@@ﬁ anchihenabove tesduei tagether with

num@?ﬂ@étﬁ@?ﬁbﬁeo&{‘ a@%’e’lh{aégﬁ%dtﬂéstlﬁgé (Aﬁ'ﬁ(%, %5¢Q §M|Iéi§fﬁ;pom the below

sanpl e havi'ng any nu relative co-
detajied depointionTifea preseintlp preferredsdrhbodinep o thes prsent Miveation, are

f th i ion furth
obtarfhel G HEARSREH the Atesr ihisERion: bidmalboddrieding a mult-
point pbeUdnaEesiNg tﬁ@ﬁ)llbﬁﬁﬁg% §§§§! e and the nultiple of

conductive probe arnms 0O mul ti - poi nt probe
(AcRredyring a waferdadyt st aspect of the present invention

R S B bR A S5 BB anc

onfatiat relatiéraship Gfithtdaed Wesdr IsePlapdThe above obj ect,
he above advantage and the above feature, together

1.
() remnoving A past o 3rid Wetipicedy fos vaiidiageaidiadndectivermebe arms
' i j f det,ai | ed I
el LT ———
preappottingibedy from which szid sbnedctive Fobbidrthsasresd frebly.

the present invention, by a nethod of producing a
mul ti poi nt probe conprising the follow ng steps: (i)

The ﬁfe‘ﬂ%ti?%)ﬂ&o@u% ethetiﬁgmlpp&riﬁ' roBé(i’ﬁi%E&%Fﬁcg iv{qﬁwlt%third aspect of the

mul tiple of conductive obe "arns positl one

present-ipvention may inwdveany eélavaniysodpction techaicqienafowiing the

. P [ t of id f body f
ool o R e S 50 s Bl ol
the stipportipgisbdyoTetRABYES oP?élbv%fjcé?ﬁcﬁjiﬁf@fe%f ﬁpé;g%isded on

.constituting a supporting body fromwhic
semieeniliten Wicrerfalpricationsteshnelngy f thiskHfjim Eshnigeiehtitn-éifm technique or

j |t 1. RQI be | d i th
comtFReS B oI PP o8 brd e v ARG b gyt
productioeMaohnigue dorcriodicingCdutiduievabdbid 8gnd BeatRir® Miftilka98red. The

of the freely extending conductive probe arns

y, e
relevagt RiegHAtcn fesbNauemeyfurtherbe 8 nracesspheaniegl vapbur deposition
cVDlesaRiaUSS ' e re based on
( ge@?g onductﬁce%q%?g-q ag:r\?@gtél%ﬁ%{ne Cr@f%%soﬂ Kneg (FCR)or
sputterind hecteanicaligrinidingnettetiihg) ltigh resolution lithographic methods such as
UV lithography , electron-beam lithography, atomic force microscopy (AFM)
lithography, focused ion beam (FIB), or laser lithography.

Brief description of the drawings
Additional objects and features of the present invention will be more readily apparent
from the following detailed description and appended claims with taken in conjunction

with the drawing, in which:

Figure 1, provides an overall illustration of the conventional four-point probe

Mmeasurement on a test sample;
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conbi nati ons thereof. The nmethod of producing nmay
further involve any rel evant production techni que for
wonromwoizsy conductive probe arns that are mult PCapaze/000161
The rel evant production technayque nmay further be a
process of chem cal vapour deposition (CVD), plasma
enhanced CVD (PECVD), electron cyclotron resonance
mechani cal grindi ng, etching,

. (E of sputterin ; ]
F'QUEﬁ ﬁéwmw Q\ﬁeﬂa“tg"hft?@iaé'ﬁﬁi(}f aEeRBe MR IPreg tagy sample using an
bR VA ron-beam | ithography, atom c force
asyrbnﬂntgr oscl:gdr}{;rL Q%E%%rgp%t hogr aphy, focused ion beam (FI B),
or | aser lithography. Brief description of the

. drawi ngs, Addi tiona), gbjects a features of  the
Figut 3suRt e setnatis fiosBation pbiesinng Sag puiekng of adprobe am
withddtearf fbéraenWhees fid bps | G |
with ?%ken I n conj unfg\?bi g%%\f/‘rvlb?%meg?g/vm ng@ﬁ?ﬁ@%r@kﬁ@q
engggeglereasurfacevi des an overal | illustration of the
conventional four-point probe nmeasurenment on a test
sanpl e; Figure 2, provides an overall illustration of a

FigureedsproeftRita Sehamats lluSRERGIE of e ikl 88d MRthy ©tla probe arm
four-point probe; Figure 3, provides a schematic

with an|aperiuseii on of the flexing and twi sting of a probe
armw t hout an aperture; where the two el ectrodes nove
towar ds each ot her when engaged on a surface. Figure

Figurg 5 pprovidéssaraillastnativat ofca ipkdfiks of éhiasynﬁﬁeﬁ"ibﬁfoﬁﬁ—géiinﬂ Brobe
and tw stinrg_of a prope armw th an aperture; Figure

meaguremen;iageerding 19 f pEetestedpmbedinasitor i | e of an
asynmetric four-point probe nmeasurenent according to a
preferred enbodi nent; Figure 6, depicts the substrate

Figueef 6 .edeppeisttbe subsgtratedsfferpatiedniag ppdetositedesuppbiigayer; 7,
illustrates the formation of the probe arns by renoval
of part of the substrate; Figure 8, depicts the

FiguR! Ehiligr£tes theforgibhafend ﬁréﬁlgﬁfn‘?éf‘bgtrgﬁlo'?ép@f%agf Pf;ihe substrate;

Figure 9, depicts the deposition o n electr
conducting layer. Detail ed description of the

o y hni ¢ e
Figuie SR 476 RIIRE RO treteft B Sl i et o
testing electric properties on a specific |location of

. a test _sanﬁl e, is described
Figure 9, depicts the deposition of an electrically conducting layer.

Detailed description of the invention

The general technique of a multi-point probe, and the method of using a multi-point
probe for testing electric properties on a specific location of a test sample, is described
in detailed in EP1095282B1. There are similarities between the subject matter of this
publication and the present invention, and all the described techniques and methods

may also be employed here.

Figure 1 provides an overall illustration of the conventional four-point probe
measurement technique on a test sample 10, where the probe arms 21, 22, 23 and 24
have their specific areas or points of contact in an in-line configuration. In this example

the test sample is a bi-layer material comprising two layers with different properties.
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in detailed in EP1095282B1. There are simlarities
bet ween the subject matter of this publication and the
wonres@ae26s nvent i on, and all the described techrRCWDER009/000161
and nmet hods may al so be enpl qged here. Figure 1
provi des an overall illustration of the conventiona
four - point probe neasurenent technique on a test
10, where the probe arnms 2 1, 22, 23 and 24
The ﬁ%%"q fon Tavende iy alatiaskio e SgeRle bogplawendB imaanerging

I
sudc 18 R L Pinal2) ke BRHRL b 5 o3BRL Sras o
pointgi dffcandantt 3dr ape 84 icf $hel tveo partm arnhszpl‘Ha&meﬁtas Irépresented by

tg t bot t er 13 via a ner
C””esfﬁﬁ'f‘ségﬁ @'“QEF ﬂw&%ﬁwp Phindg She Jest S@mnl@ﬁo The
othet M@gﬂfbet Q@n§ %4 cislnfdI 3 gfeeél%ﬁsﬁfye@%riﬁéaé?jre‘%Hé‘\/@ﬁégeo’ bltween the
the two probe ar he current
corraspondingnspatific/aeasrarmoints mé sontacy BRrand 3D of tHeeprobstarms.
sanpl e surface 11 into the test sanple 10. The ot her
two probe arns 22 and 23 are enployed to neasure the
In thmdﬁe@ﬁﬁ: HeiniieNa id theCOSFREHON Qbﬂ@eeﬁpﬁﬂ: 'aBUCBZ“bq@SEhé’ I'seParatlon
ints of contact 32 and 33 of the probe arms.
betW@B@@"ﬁ”@ﬂ éRafif bie sepasationebetwsensd2 end 3¢t wedw i3 t|1e aseparatlon

betwgénar a%r?dog’ﬁglg @Wéﬁga @ceécﬁﬁtggwgesést?gcq ﬁgr g%tgpgqqsgﬁywty or

re&staﬁomeaaﬁodud) 3A thé UnpQm3 of the BBRFING istrfee8YUEC R, and Rp are the
i stan or_contact resistivi th/ of resistance area
resis §Qns eﬁ fesistanres ohestample tapiayand 2and ae@plsbottam layer
13,  Hpoi
r@?ﬁ’pé}fﬁ%{yk‘ @h({ g@ﬁh%@\zﬁ%aWﬁ%%%%fﬁ ﬁé@@cﬁa%s Noints of
contacéﬁ@emd 93Iaj?a cumeentéashichds imlucadey\thbgirebe marinBe1 and 24, can be

S, or .pojnts. of coptact 32 and 33 at a

mOd%%ﬁf%ﬁ’fi 8? \%?ﬁdctﬁy @#Oﬂawwdr I%¥e probe arms 2 1 and
can be nodel | ed and descri bed by the foll ow ng
reI ation: where KO(x) is the nodified Bessel of the

dk f t
R g ek AR TR
|s % rPansf Ien ai or

i ncrease the surface sensitivity and the spati al

resolution in the nmulti-point probe measur enents, and
whers iIKp)tie fe Hiddifietl B 841 &f e sB68HY king gk 6f é?&ﬁ&lon which

a dlfferent approach than the above escrl be (5
decrepsms-raplly wijhian instassing groitary veniebleaymarabt is the transfer length
nge the probe armconfiguration from equidistant to

givenby. , . . .
asynmetric, as is shown in the generalized
illustration in Figure 2. Wen a current flowis
i nj ect ed2 by a

a=|Le | .

R. +R, (2)

In order to increase the surface sensitivity and the spatial resolution in the multi-point
probe measurements, and simultaneously avoiding the negative scaling effects, a
different approach than the above described down-scaling is necessary. One such
approach is to change the probe arm configuration from equidistant to asymmetric, as
is shown in the generalized illustration in Figure 2. When a current flow is injected by a

specific area or point of contact 32’ of a probe arm 22, the electrostatic potential in
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specific area or point of contact 32' of a probe arm
22', the electrostatic potential inclose proximty to
wohelomaexsent i njecti on point mai nly depends onPCIM®K2009/000161
conductivity of the sanple tap |ayer 12'. The
asymmetric probe arm configuration has the advant age,
that the m ninmum el ectrode probe-armdistance is onI y
| necessg ryﬁ%%}qv\/een two of the four probe arns, i
CloSHPEBUMEY curapt iniectipp PoiY ARk dgrensis on th@swraiuc@wty of the
sam?l@z tbp@yeg . Thus the probe arm configuration is nore
| exi bl'e for mnimzing scaling effects discussed
above, especially if it is used in conjunction with
metrical, or _non-unidirectiqgnal probe arns of
The BT bRibec oo pontgiratin s 18 adVhoieen e minimum
electrdde pidbtNa@h @lﬁﬁhé@%ﬂ?ﬂééé%%ﬁ\%‘& E\D@\A};%H&r probe arms,

probe arm 24" can principal [y be place anywhere
i.e. Pt"@?ﬁ agaERleand 22’ inulhie-gritesaliZBdellggteation io Fagamen? eThufs the probe

arm B54RARRGH I o1 oAb By Rul TR sbo v,
espeaaﬂmﬁat [ Gsef mhﬁ)@mﬁtmﬂfntr%éﬁhhféﬂncﬁ)br%ﬁ lﬂﬁﬁiré‘éﬂdn%ﬁ‘ﬁrobe
t he separ ations given above, if the probe arm3

armSFr“ggur@‘ the ipsobe appa 23i-2a ¢anebe Fed e eurtentfinjentiomand voltage

£ .t e tions c and
meagieffart 4RF IR RRRETBBe P4 Ren PSR LBES AfvBREre on o
test samapld af a bgokigater 1 above can be approxi mated by: /
Ri+R 2 {R{ UJ UJJ UJJ Cearly, the voltage VAsym
bet ween the specific areas or points of contact 32 an

The %’ecﬁ‘ﬁtﬁek&]ﬂ [ebEelfdd %\"tréel%#? abol; dée; ﬁP@é‘n&r{“ {il?é’tﬁ)rﬁr Bfid 2 can be

can read|I be enp riving
adjuq‘de@ geeoidig lﬁ the mggeam esymn’maltrmptdbe ehray eoneﬁburtaﬂvsm By the
S|n an a obe

when

definfiforate S Patom o SEHHE ot haiprBbe g i Fioure 1 is placed at a
greateh didtafccaRbRotheRshbHiHRe & $FSHIhMES, 'Hbtﬁ %?tﬂeﬁQQ%é]ﬁléﬁs c.and d will

direction of a probe armis revealed in the different
incregseeara sefficieatiylargernepanations @and i, gquatiors4abave can be

to schematically illustrate the workings of

appr%)anmgperp}ﬂre vvhen a probe armis enployed in a

rreasurerrent i's understood that the tw sting of the
robe ar rrs:gn F| gure 3 |s exaggerat ed whi ch is done

\

Asymto Belpnst elé e? ef f ect . Fi gure é
onto a supporting)
bodf 315, W £r qnlu rnf s 350 corresponds to

I Shews # Wo,pr,
a S|tuat| on of non- errpl oyed probe arnms, while the

Clearly, the voltage Vasm between the specific areas or points of contact 32 an 33 and
the injected current / through the probe arm 21 can readily be employed for deriving
electrical properties of a bi-layered ( or multi-layered) test sample, when using an

asymmetric probe arm configuration.

The concept of an elongated through-going aperture extending in the lengthwise
direction of a probe arm is revealed in the different aspects of the present invention.
Figures 3-4 are included to schematically illustrate the workings of an aperture when a
probe arm is employed in a measurement. It is understood that the twisting of the
probe arms in Figure 3 is exaggerated, which is done to demonstrate the desired

technical effect.
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dashed profiles 351 corresponds to a situation of

probe arns actively enployed in a neasurenent. The
wonrobwoesss 3 11 have points of contacts 321 , PGiID&2009/000161

are offset relative to the peoppendi cul ar bisectors

313. An orthonornmal basis of the vectors ex, ey and

ez, can be defined in Figure 3, where ex is parallel

. to.th (Ngend cul ar bjisectors 313 and ey is parall el
Figuf,3 SHONRAWDTREE PrETeeS Hortaahest ORiara Seproring bodyids, where the

sohd%bmé%'%(ﬁ('}mlrééﬁﬁndBrtB lﬁ‘faﬁrﬁn%f%oﬂf%rﬁéfo??db&ogemﬁn | Wlile the

force conponent in a direction para
dashesisimofilesl 3571 «:@s&:&tﬂmdsrtota/\mtuaylpes:fqn‘rob@Biﬁ’msfactlaelfylefmplbged ina

meagljofutt 3t O BTES 1t i Eoe BTl e
relative&oghe @@fﬁérl%ﬂcﬁﬁldwlsaét%rs 88! &n bR ohWRL |§‘BF¥H@ vectors e,, e

are induced by the offset between point of contacts
and gg cagrhe defin Indv'sgma:m whersi %Stp@ralle{tI(StheTperqmerdflsectors

313 gr‘.?&"ia&élnm cuﬁeﬂrobe} érgecﬁ %&g 6%'1@1 Oéétﬁlcf ﬁ‘?é‘?"i"ﬁs ggﬂoiﬁ? &c 'Vgly

emplsxygdsprotbe thas e afﬁet@dl a BRI forodedmbbRe R iIAREdREEON parallel

ctively enpl oyed. nsequently, the tw sting
to ezwwﬁ{é‘ﬁ't essgatigiyrEesulis iptwe &ynasy reomfn% a fhexing mad ;a)ﬁvvtstmg

mom‘éfnt ﬁﬂﬁ%}ﬁ&m@?ﬂolﬂéﬁtsb%r@qg@ﬁce% ﬁgﬂ{e BﬁTe‘%}eeé\?iegﬁ B&& pom"i1 of contac"cs

be arns
321 amﬂ)thfssupporgng)ppdyl&'lé hailertiad twistiegreriraents dréendedadt By the offset
of contact 3 re 4 each of the praobe

betw3sn HRl & roRfisi 32D anciie Rere g Sk BiERElsrs 333416 points of
cont@étt&ﬁdérﬁgobﬁaatdlwe??% ro'gegaéx??‘?ﬁt%rﬁthéﬁlthé ?ﬁb&%dlcular blse?tlgl)rs 313,

er pendi cul ar bi sec ects
l‘esulgngmoapwt@sgnamﬂthmbvcstmp’mg mm;n@mtdym@ﬁtrw grobe arms are
13 and 315

actnvé&leﬁéb@g?ggei)rﬁh%%&e ot%ﬁ%tr@dgl ems s gg rgys gfobe arms 311

so that teep@int® dfcapesdtiizange &Bu?ﬁﬁcl@@&f’t&' drfe &h ePfhérhﬁhen the
per pendi cul ar bi sector 333 fromthe point of contact

prob%@lms 3 carggan-emetoysgs rwrese@mgppmm lsteratmorveiments of the
r f the probe arns 331 so that, when the
pomtgrog%%fa]c‘c’ﬁzggl are enpl oyed, the lateral novenent of

the point of contact 321 of each probe arm 331 is
subst anti I y el i m nated, even though the tw sting

In Figiggdheactspid hethrpbe grsetd 1 has B elendated moughresing eperure 344
r

cer W [ RRA O05A N E0 B L RLEREE 48, L
aspeaois| ;hlel‘ m@bfepam‘meBh 3t end the supp%m?g teidg BRI ?1@ |ﬁbhﬁcél Ehe

or al. t he advan an atures of _t
corredhainaimpas £6hane 5 ated Mubigore i Thepertups 84 of each
probé'afm i§PosifISRES bhitRE dppBBRE skt AtREerpendicular bisector 333 from the
point of contact 341. The apertures 344 will change the structural properties of the
probe arms 331 so that, when the probe arms 331 are employed, the lateral movement
of the point of contact 321 of each probe arm 331 is substantially eliminated, even

though the twisting moments are still present.

A preferred embodiment of a four-point probe is described with reference to Figure 5.
Although this particular embodiment encompasses only four probe arms, it is
understood that the some, or all, of the advantages and features of this embodiment
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arnms. The profile of a four-point probe 100 having

four probe arns 101-101'" placed in a sequence is
wehowwoiws Fi gure 5. The probe arns 101-101"' aPe€T/DK2009/000161

connected to a planar supporping body 105 at their

proxi mal ends 205-205"" by the |ines of contact

202-202'". Each of the lines of contact 202-202""

defi nes erpendlcular bi sect or 203-203'" extendin

also |C@Hmiﬂ oAy mHki-pejpt %@E&ﬁ/&lﬁh@n msecnﬁeﬁmmbqr@% ‘probe

armd.n a plane parallel to the plane 106 defined by the
supporting body 105. Each of the probe arns 10l- 101'"
has a tapered el ement 207-207'" and a specific area or

The BRis gBa S0CHARLPobe 1ghtErying raristebe s fls 61 placed i
sequePBtas hdwh-in F?glure FAMpel [S?@Bé %sdmemcﬂ Ild)’f"’ e 'cBHne%t.ed to a planar
parallel to the |ines of contact . I'nthis

Sumgétmg bodwad Opeéthair p@mnabendsems-mﬁ”’ la/pﬂflel lines afroeataa202-202".

1 | [ t m
Eactfl BT O8RS abb i deindl € kA5 TLuSPpRRH Ha-203
exte2difg Ié’r@hwm@‘ albhg th@b@fr@gp@icﬁvl‘%?tot%)grrﬁqm 210U Q%lane parallel
th irst 101 andthethlrdl robe arns have f{

to the p w@ﬂéﬂ%@ﬁ by dve sepperting bogy 145. hegheoftae @mbﬂsatms 101-
1074184 5 BBRETGbA RogP AR, 58X ol b1

narr owe ortio

111"t at theadigtei padml P664206 " hiverert tie spedfic amlaSZ@Sdpomw \of dditact 111-
.1 aper ed enments 207" an 07" are oriented so th

111"} B oGt Shade£etng PR, © e s contant 20805 11
are | ocated closer to one another than the bisectors
203" and 203" of the probe arns 101" and 101" they

In thlseqaﬁ’t@labpremeect eowodiment, drelspéafi¢ argashorlfdihts cpfrcmmact 111-

111724 Bl RS LR Bh s 08 AL o Mol A borion 205

208" ofethetté eMél@mt 20PrA070NFudPlr and ﬁ%&8101 %‘n@ tﬁbltﬂ.ﬂ?#ov probe
al ong qg@ejndl cul ar bisector's 203 and

armspmy@\,t@p tapﬁ@ Eresd 20 Ragrdi28T catan glnltmredatd/eZlDQhélrar e
permbRRRERLBLERFE 2% A4 85310 4 I, REEBVALL BB RE R e re

offseafdlamfe tdwthewperﬁdncwar B ciirs POBNAR QOSC%HditHe thbérdd elements
e |located offset relative to the respective

207 6@? 8@%%@%?”@@&%@1% hespeditizareas: erapgintssaf comtactddd’ and 1117

e 880 iRk o MERRGHETS Y, bREABE AP0 EIE7 o1 B probe o

101’ apadiOfli’ ¢they balengitopoi nts of contact 111-1 11'" to nove

in a lateral directions
The second 101 and the fourth 101 probe arms have tapered elements 207 and
207" without any angle to the perpendicular bisectors 203 and 2030, i.e. the
narrowest portions 208 and 208’ are aligned along the perpendicular bisectors 203
and 203™". However, the pointed shaped elements 209 and 209'” are located offset
relative to the perpendicular bisectors 203 and 203" of the probe arms 101 and 101",
Hence, all of the specific areas or points of contact 111-111"” are located offset relative
to the respective perpendicular bisectors 203-203", the first 101’ and third 101" probe
arms by a larger amount than the second 101 and fourth 101", This will cause the
specific areas or points of contact 111-111"" to move in a lateral directions

perpendicular to the perpendicular bisectors 203-203™, when flexibly moving the
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per pendi cul ar to the perpendicul ar bisectors

203-203"", when flexibly noving thespecific areas or
woabniwows contact 111-1 11'" parallel to the ROTM&2007000161

the plane 106 of the supportippg body 105, e.g. when

the probe 100 is enployed in a measurenment, as is

further explained in relation to Figures 3 and 4. The

lateral nmovenment is, to any substantial extent,

Spealig ﬂﬁ%&t%@%@tsaf&ﬁg&%awn 11 hearadel tgdhagioamel otiihesplane 106 of

e AR ooyt SEURE B0 SRR 4 bl s

is fu2iodr @q:zlai‘hedfln eeiahorptmﬁ@umsrﬁ a4 . ITHe latéral hevahesht ¢3) to any

d i.cul ar bi sector
subsiyi) Rt Sisfing %?E&@E&?ﬁ?'ﬁ@ fsreeehfgomlaegrt@r@s 204-204",
whmﬁ‘éx’l‘én@fer@%k@étanﬁléﬁs%t ﬁiatl p?é}h heRuldr Hi fCtors 203 203",

four - poi nt” probe 100 w sensi
The ﬁ'@@@uvfeea%rﬂémmwftelachrmobaarmeslt01d1 &‘t”é\mlesatmi methe d);bﬁosnte side

o R ToHE B3l 200 BBt S or o

contadtiticali1’scal i ng effects. The di stance between the
specific areas or points of contact first 101' and
second 101 probe arms is smaller than but of the sane

e st AR 1 SHAGIPBR ST pppuromerss,

with the stioréddt eﬂstahd:e/s‘;‘bam@édﬂ tfe Iﬁpectf’@@réaé 0P plins @f‘@@ﬁitaﬁﬁhielow 14,

sub tanti y the sane. The distance between t
and ‘é’ﬁ' t@”ﬁ? x CHPU@M?H&@e&ar&%rﬁmatlomd ERécal ﬁpawwgmfiects The
a0 RV (0 0Bl S I RS o o SR 11

probepematis smaller (ahetna oo bf tbmssame o degy cufenagmt@@@s&ha corresponding

distafife BiehiSs tnd EESmCREE aRd G SurtC 1 T probe T s aternative
embécﬂlméﬂsﬂwe%'mb%hstg%& s (Her § t &atﬁé s*éﬁ’i diBfince

surface of the test sanp e an ur con uct Ive
betwgeami@e apeeifip aseaﬁe@mp@ota efvahtact crfdllne thitd 181°5apd fattt $01” probe

R e T A T VNN M e

arnms. The nethod for applying the current and
detecting the voltage can be any nmethod known in the
In opgration an gxtesnaldasitianing devedipiaass, a tati-point pholpe oizsle according

to th%P@é&%g}venﬁoh%a&%m‘g\ gntgﬁp@ﬁﬁﬁlg?aﬁpggg%togﬁgctgat §&mple. Once

electdcgiwiostact etivben she satecadf ectiest sémm@ &nhd amebuMdohductive probe
ubstltute one of the probe arms. preferred

arms GReAchieved 3 P%@nﬁdﬁ Gbeligd fo Mqof H&CWL@W@M@% arms and
a corfds g@?’ﬁ?%'% BHheadfed tb%\geglﬁﬁoéwvﬁgol ﬁtgh%?'tcghhﬂgtl\% S The

arro t portion
method for applying the current and detecting the voltage can be any method known in

the art. In an alternative embodiment, the fourth probe arm 101" is replaced with a
back-gate (not shown in Figure 5). A back-gate can in principle be placed anywhere on

the surface of a test sample, and will substitute one of the probe arms.

In a preferred embodiment, the first probe arm 101’ has an extension or tapered
element 207’ that defines a pointing distal end or narrowest portion 208’ providing its
specific area or point of contact 111°, which is located offset relative to its

perpendicular bisector 203’. The second probe arm 101 is located juxtaposed to the
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specific area or point of contact 111', which is

| ocated offset relative to its perpendicul ar bisector
waQ@sgio/oiee second probe arm 101 is | ocated | uxPapmaaon/ 000161

to thefirst probe arm 101" apg has at its distal end

206 a bevel |l ed end face 220 congruent wth the

extensi on 207" of the first probe arm 101'. The

i IIed Snd face 220 defines a pointing distal or
first H 1 0hand Bas abiss disiliend %Qé:gtbietvatle@ enddfacpadd tpogruent
; i
163 827 5 5 5 LA R 2 e
a pofntmgtdlﬁabbenmowééﬂportlafnQOSea\dmm pm&tﬁul@’smsléﬁbom(ﬁ@rea or point of

ta}dﬁnl?)th%éjg [l ed en fae221|ocated on the oth
contactykl blocatRd ¢as )éﬁ&?‘é‘éﬂ’ prbihecsasiicaeadr Rajat deamtast 111° of
thefﬁé‘,%b@féﬂrﬂ.%q’wth respect to the first probe arm

where the other bevelled end face 207 is
congruent with the extension or tapered el enent 207"

Tho ShedfF it 15 BF i) S VGRS i 257 Bl on e

otheasne cF@he peiperriiculat bisbeorDed of kinss
not her |ﬁﬁweat t he Igve | ed surf aceéd%%&g)%@ é@g%@ﬂ\ﬁth respect

to tha|flr$i\m0b@ ara 1 bswherspheiatheyevallpdsind fase 207da soogaient with the
extofn of ¥l e 267 o B8 S AL AOR PR P dedibGercas o

pombcﬁffcsmtaastel Teit-1 Vot thei threepfrs Peitbecarngd 101304t afe dfTociled closely
e of which the third probe arm 101" is |ocated.

Spacﬂg EF%Y' aheanathgrini thehiheiheveledesuréaraselt andaRil jjows for a closer
t
spacil b} 89/51n@ SRR 407 dRRATLULE (63085 b arm 101
also has itaspecificereadr emﬁmd:rf nfenla,ct i 1 lecaied effstbethtivieab its
PerpREYIap BSe s bual AR PG CAWHE it gl HOHB GTofO Tl bacated.
arms. Figure 6 shows a wafer 410, for exanple a

section of a sem conductor wafer, in internedi ate
A prefered estbadiment ist dicacted toveardwmakingua inaittepdihé prdbesand is

cesoB BRI Botie BGRB8 MRS RN E R e ¥ frured
the phefetred draly&dins?®, it & uﬁUérS&deQﬁéiﬁd&br?b)éd%é%ﬂg'cﬁﬂ be employed
| ayer 421 , also being either electrically isolating

for m@ﬂu?éawm&)ﬁwtppwg prahesehating anrashitrany oumpen of prabe arms.
bottomlayer is of silicon dioxide, and the carrying
| ayer is of poly-crystalline silicon. The deposition

Figuref6 slthAf@atwmer gaﬁefor@&alnm@h a%@@ﬁd @ﬂ@@tééﬁp}bhﬁd@@tﬁf Waid, in

e acconpl i she any techni que known
'”termﬁgkar‘ﬂ?esgﬁ% of tpricalien dhenpwar %{?@@ tepboa Bugs)tnatedmz) Govered by
a botﬂirﬁﬁ%r‘iﬁ@a%@g %r(e?é:c@i’@"g iQWiRG B SURR-coHRUEAT MR bottom

el ectron cyclotron resonan
layer 420 is in turn covered by a carrying layer 421, also being either electrically

isolating or semi-conducting. In a preferred embodiment the bottom layer is of silicon
dioxide, and the carrying layer is of poly-crystalline silicon. The deposition of the
bottom layer 420 and subsequently the carrying layer 421 can be accomplished by any
technique known in the art, such as chemical vapour deposition (CVD), plasma
enhanced CVD (PECVD), low-pressure CVD (LPCVD), electron cyclotron resonance
(ECR) or sputtering. In an alternative embodiment the carrying layer 421 is of poly-
crystalline silicon created by laser-crystallisation of amorphous silicon, which has been

deposited onto the bottom layer 420 by the previously mentioned techniques, e.g.
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(ECR) or sputtering. In an alternative enbodi ment the

carrying layer 421 is of polycrystalline silicon
wonentoeeeby | aser-crystallisation of anor phousPeT/IDK2009%/000161

whi ch has been deposited ontggqthe bottom | ayer 420 by

t he previously nentioned techni ques, e.g.PECVD.

Alternatively, in another preferred enbodi nent the

ubstrate 412 and the bottom | ayer 420 is a
PECYL . iAlishnativaindicaectier pseferreggrabodiment the substrate 412 and the

- GrAsetald dirs il ri { : it
ot 4218 Y o TaE (O R WY 5o &gt ticon s
the rhatesial dlihessairyimg fayeng2iiayer 421 are patterned and

etched to formthe beans 401 and 402, having the

features and characteristics of the probe arns 101 and

As sl'h(b%vd i IﬁPGHJ 8, the H(ﬁﬁ)?ﬁfég)re\‘@fbb-anﬂ“@a nﬁgﬁ;&fr@ftzﬂgé;e patterned and

imted To any particu formor s
etched toforanthegesaras AP 1dwid 402) daving thiel featipes ahd charagisristics of the

Ql.nts,of c ¢t —. The pattern i rned by formng a
prooB ST Bt e 1025 FioliR ok Petitavel. Ehgheamsy g painTiet to any
partidgibi ftf dheyrhietriye ey @ﬂb@ﬁﬁaﬂﬁge@méﬂﬁdéf%gﬁ%iﬁé’fﬁé specific

431 of the caﬁra%l ng layer 421 .” The phot oresi st
areag £ poifs o§ ceplagbd by conventional photolithographic
phot oresi st formation, exposure, devel opnent and
renoval techniques. The bottom | ayer 420 and the
The pattewi isforinage by 4@ing @ pitoreist pettens (g shown iBFHIGUS) which
such as dry etching, wet etchin

. kno in the ar hi ng,
def'r}eéatgg 1@ begmeteh PRE 408 @) thealon alasecidl af thegsirying layer 421.
e B ey 4Bt PPt BP0 R Bl phetgrosist

formatiom expestucy devefopreemt2hdatnidwval sadisiiguese ThdDotbnelayer 420 and
etching na e rformed . i n, several steps usin he
the Mg Byt 2 DB i T Lt ATb or R il K1t Pulecast, such as
dry 26H1Rg ] WBNétcAfngt ' iEgn - -
Y R g, N o ot (I b B Ao ot Bhing
(ASHi yhtilrthe sinmasked| partsogfithe lvacrying layes42 tahddsttom layer 420 are

remq%)ieﬁﬁ[’)cgﬁ 2%%@@6%{1%%%@?@ %ﬁie{éﬁsgrs %6;7 QPXB%%%hing may be performed
in sevetdlepRniving s 6he bt EBogaRBithin hiduegr aphy, or a

conbi nation thereof. As an exanple to a particular
alternative enbodi nent of this kind, the focused

BEHERD PP BB i 0 12,0
partspofchem, vhnlbe défired iind higts@seiution lithédrephriiethods such as

net hods are enBI o%/)%d for the larger features or _
electgqn-peany/kRogrepby. forEsed iansheamyihographysatoptiesforce microscopy

(AFNPAIhSSrABHy, 1h86r RHBGRYCUNEItRBGHPHY ¥r LeBMtSfatidh thereof. As an
example to a particular alternative embodiment of this kind, the focused ion-beam
lithography may be employed to define the smallest features or structures of the multi-
point probe, while other high-resolution lithographic methods are employed for the

larger features or structures.

Once the bottom layer 420 has been patterned, the substrate is partially removed to
release the patterned bottom layer 420, forming two probe arms 401’ and 402, as is

illustrated in Figure 7. The probe arms 401’ and 402" have the same features and
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rel ease the patterned bottom | ayer 420, formng two
probe arnms 401' and 402', as is illustrated in Figure
w@ 20iDlveo2es obe arns 401" and 402" have the sanmePCeEMK20@®D00161
andcharacteristics as the prege arns 101 and 102 in
Figure 5, respectively. In the preferred enbodi ment,
the substrate is renoved as illustrated in Figure 7.
r enoval achi eved by depositing a protective
Chafﬁ‘é";%’ﬁ“%%% ﬂlﬁqambel ams 40t andy10grindTigurech respectivehon
the top and bottom surfaces of the substrate 412.
Next, a photoresist pattern is fornmed on the bottom

In thswé@cmdﬁmbb@nmwﬁsmead@sh‘ate:rsmemvedw illustrated i m Figure 7. The
rmatjon, exposu

c8/?tollt @H hot or esi st fﬁ
remgay & %‘H?Jr% hdepeRiing o Rrotafiive dayer (PRESHOWR .I@EI%@@» of silicon
nitridesor} frRMtobSARVSStoM subRIcHE BREHEEUBERAS 43D Nakt téoéﬁ&me&st pattern

surface of the substrate using reactive ion &
is fornpedepn the fottom wrfﬂcasmfdhe subairaieny &m\/m@n@pmmhthographlc

ents. and,th sbsrate is efch
photdfeBietRomiaiRR Bkos EBab TEpRieh RY Zp ikl GebRiotes( Respitrice
layerois theis refnbasd e Girhdisked bl*eafshfh ﬂfee@dttbrﬁéh%% R the substrate
probe arms 401' and 402" are exposed. Alternatively,

US'ng Feagtivetien elshdRIE) 10 el Blasara Contajning: 56 and @.oor similar
hi
reaoShEAg APRAE (85l JaRY ah U0 R s B

potas&mﬁﬁq&im}klde fQKOEl—l)bﬁ'ta sindllar shegisthEuntirthe $igely ¥bnding probe arms

with a chem stry conprisin hosphoric acid
4071 @P@ are gxpep rﬁltpmata/ﬁmn“gamthe%@ﬁ@feagdtmbodlment deep

reacﬁ\?es%?ltét@ﬁm?? )56r R@ %Bel t%gdgiﬁfl}ﬁl n?ﬂé ﬂg&e?tnp% ayer of

mul ti - poin pro e can oun
nitrideris lﬁemar/ad fom thmls)paauré»ctaen‘ihe lsuBQt?atedﬁlmgt R1B, ar using wet etching

nt| end 208" and praqvidj ts.specific area or
with §ShBRY 5T feino sEspRBHs pc GoPCia. $ict avmitas chemisty.
per pendi cul ar bi sector 203'. The second probe arm 402’

Is |ocated juxtaposed the i rst probe arm 401" and has
Somegof the; eggential featdresad aapriearcéd echhodimentef 2aaulti- pomt probe can

ve 5P ot TheLNE SR Raf Vo aihab 2Rz ot

end 208 taald provid#RBitsopsdific Hida\er ;bélﬁt &PESHhELCT B ¢@caﬁéd BRL8L relative
of contact 111 |ocated closely spaced fromt

to |ts§@ég¢¢q|§ulgf Bigestor gO3ntTher seesmdarobe Brm 492'tis tpdated;j_uxtaposed the
first (ROBRGrA 481’ EHPt &' at il fs gﬁg[?é)% a@h}&?ﬂ%q %n%F%cgoﬁZO congruent

contact 111 e secon

with thecaxtteusion ROE! ofr thkdirstysrobe drirs4@Er MRedbewliatl didstaes P20 defines
.203. Fia(%ure 7. al so shows_an endpoint of the line of
a poipiing distal 559 218 eonstituting ltw%@fl@arﬁatgnpomt ofhpentant 111 located

closeﬂnﬁﬁ’é&éﬂf fréth thB& labi'ﬁg &hba SPPLRE £§§ata%F 14 eof thé?f@tﬁirﬁgg arm.

arm4 . The second probe arm hAs 'ano
Furthbe\ﬁbelsté)ecéln@réaoe p2itit of contaet! 16 of liee se@mﬁ pb2i gten 902 is also
Iocaté@ offst I%Fartwe(to Iit%rperpendicular bisector 203. Figure 7 also shows an
endpoint of the line of contact 202’of the first probe arm 401", and an endpoint of the
line of contact 202 of the first probe arm 401°. The second probe arm 402’ also has
another bevelled end face 221 located on the opposite side of the perpendicular
bisector 203 from the first probe arm 401’. Further, the probe arms 401’ and 402’ have
elongated through-going apertures 204’ and 204 extending lengthwise and offset
relative to the perpendicular bisectors 203’ and 203. This embodiment may eliminate,

to any substantial extent, any motion perpendicular to the perpendicular bisectors 203’
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bi sector 203 fromthe first probe arm401 ' . Further,
the probe arns 401 ' and 402' have el ongated
wohowuwgéeegoi ng apertures 204" and 204 ext endi ngCT/DK2009/000161
| engt hwi se and offset relatige to the perpendicul ar
bi sectors 203" and 203. This enbodi ment may elim nate,
to any substantial extent, any notion perpendicular to

éag per en@fli cul ar _bi sectors 203" and 203 and par al | el
and 243 aRg I'g the ficsé sugacariOR Whl%yﬂ%lplyrmovmg theraprelative to the
r
supePis] by 10588 UL oA d0oR B Sk 11 ana 11
perppedisoladiydalthe figst tsarfabe 0i6r st surface 106. Figure 8
illustrates the etching of the bottomlayer to

undercut the carrying layer 421 . In this preferred
F 0
lgul(fi‘l% IFﬂJstVérEgest thfghﬁcgibgrﬁfglge g%&?rsﬁoltéygrgfog c{%@ufi"fh&%eﬁ‘nﬂ@’ layer 421. In

this prefesrethembeidjmenty thenetchirgesteptis wayfotreedmhilmdw b’gchlng method,

suchit o bR Bl Wltr' Vet n B uderthl TeNde aehiked by

buﬁa@@mweeétemgt(wzo& BRYoRPA8vantRY Gdé efdiig Q@OE Further, after the
orted t he bottom | ayer 420, but only

etchl@ﬁﬂ% .pﬁgwt%;séape@ elements $309'Ineyumoi Iﬂngelgluﬁ! supported by the

ot BUb s B RILEUEL ¢RI 30 y P o, o

undelranimﬂthel bsttom Iayemzﬁ) masalsdive dhtameddpgiehly of the substrate 412
ion is shown jn Figure 9, and involves the

cat
usmgjémg ? JIigHes,or ehernsiiesal |y conducting | ayer 422 on
the top surface of the wafer 410. The conducting |ayer
422 is made of conducting materials Iike Au, Ag, Pt,
The final stage of fabﬂcatlcmus shsqer\m Mgure 8, alﬁ%ﬁiln\@i;esF{he deposition of an

e B o P S BT, T omccing
Iayer(‘@‘zji'é%a@@ of @M@ducﬁiﬁ@ rﬁStéi’%‘ijoelll@c Ad, thgﬁ{ Wld?Qeﬁl % Cy, Os, W,

sem conducting material. The conducting [ayer 4
Mo, IpePdicpdsiRe eepnitsictiye élam@nd),rmBMmhex@socamdlmimgmeramyc or

comfhHins Bt ARSTRBVET InSh S oG 36 St 8 Bkl <1 highty
dopedwaﬂmicbmdlgbtln@}métt#%ﬂ THd borﬁtﬁictlﬁg%\)‘/@r £2NEIE b 2 pRaIES using

bet ween the two probe arns, two electrically
electiall;paans £ vaporalisn Qéﬁnmgvtfp@roﬁ@llar techn@ue lmm/vmwtheaare Due to the

tact
undelfoér?%g?éj of t-ﬂée%%%%‘? Ilér})(f? 4%@6 ﬂiea(%feﬁg%aﬂg %ﬁég&ﬁb&%&g&gﬁz A not
createmnelutmg pathsroetween iaé tw0$3r®b@armg andltwee aRietridily isolated but
devi ce (not As_shown in Figure 9,

h
condygfing pigbe; Qrﬂiﬁqﬁw @%4@§nat&fqrﬁ§d dperspeciigtargas or points of
conteRt BEIHOS®D BUB fl b€cah Rofl DL & e%'irﬁ%%x%@ﬂﬁgb@% an

t hese eI ect r odes are use for active guar
external positioning and measuring device (not shown in Figure 9)

As shown in Figure 9, the deposition of the conducting layer creates electrodes on the
substrate. In a preferred embodiment these electrodes are used for active guarding of
the conductive probe arms to significantly reduce leakage resistance and,

consequently, increase the measuring accuracy of the invention.



the conductive probe arnms to significantly reduce

| eakage resistance and, consequently, increase the
woreBizwey accuracy of the invention. A set of PpOTMER009/000161

characterizing the invention27l. A multi-point probe

for testing electrical properties of a nunber of

specific locations of a test sanple, said nmulti-point

robe conprising; (a) .a supporting body defining a
A SeFP?E‘P'nEﬁJ‘F glaeterizing heripyantiod ti t ude of conductive

probe arnms, each of said probe arns defining a

proxi mal end and a distal end, and said probe arns

1. Abmiuitgpoioh praticefdr testigi elestipalopropedidsosiya Atmdar 8f specific locations
rqxi mal ends,. and havi n%r,of)ai d distal ends freely
OB RiERkAEPIeY SIFSAH - RRIBERIOBA R BRI T gi vi ng
(@i V& duBbdinGlMy eniFRf 4 Bt ishysgbd Probe arms: said
robe arns togethér wth said supporting body define
d%i) nesA tifst cauititucde deondecdtiweapiobef arsw, @aph atf sa@l prebaraims defining

i d ting, body, .each of said. i f t act
St O UL SR AR BT T eSS s G Shrnecea to
sai d ddid %Upﬁ@ﬁﬁw@%dy(ét)saﬁﬁbﬁx%ﬁﬂ%ﬁdé,\é%dH{éQ}g?g 8hid’distal ends

originating froma process o roducing said "™
nul t ifteRly extepding:frorcsaidisngpertingdyy gsdnglindividualtyi flexible

b . . ing. in_facial. t act ,
W ¢ h G BT APORE LR, I GhoBe e Do 0P it 4 Spporting
of sdiativadfizre lredyofmopvadibegvean ¢ash pP8aid HBbE sl said
providin onducti ve CProbe arnms freely extendin

sai d . Pr !
from%pg"'tiﬂﬂp*ﬁ Y.iaaghid @pid lings abeantast dafininga eespendieular
def i ny; % ' .ar toits
per pgﬂﬁédiu:éﬁll' g?hgi secl‘tﬂéolcri16 gﬁﬁrg{fgﬁf%&w th its line of
(chnt aaid wonductviecorsbe pomsiorigimatihg, fremd protess i Producing said
t hi cknel%s cﬁer&egdi.cw %r to i.ts perpendi cul ar bisector
and iMYUrRGIA IPPEREIYING RroHUSAD $ald ppUtiNg PEeles arms on
cai d . . y ) c v
aratio ibn t \)g!aﬁggnfbggs}g? %‘%—dygﬁésucw gésﬁ‘is'ju?gértﬁﬂ\k@fé?%ody and
pr ef geaigval of 3 padrf saittwatsr bomiycprpridiey saidsuppuiting ody and

speci f ] rea.or int of contact. at its distal end .
for ERYdEG i soBRldiverroPg afisgeclh st rlingiuh supporting
of sprelyfic |ocations of said test sanple; and (e) at

| east one of said probe arns having an extension

(dbf i mash of sgisl pkabegarms defining a maximum width perpendicular to its

perpendicular bisector and parallel with its line of contact with said
supporting body, and a maximum thickness perpendicular to its
perpendicular bisector and its line of contact with said supporting body, said
maximum width and said maximum thickness defining a ratio in the range of
0.5-20, such as 1-10, preferably 1-3, and each of said probe arms having a
specific area or point of contact at its distal end for contacting a specific
location among said number of specific locations of said test sample; and

(e)  atleast one of said probe arms having an extension defining a pointing
distal end providing its specific area or point of contact located offset relative
to its perpendicular bisector.

2. The multi-point probe according to point 1, wherein another of said probe arms

located juxtaposed said one probe arm and having at its distal end a bevelled end
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distal end providing its specific area or point of
contact |located offset relative to its perpendicul ar

woiemmbass 2. The mul ti-point probe accordi ng POTR&20M9/000161

1, wherein another of said prpgbe arns | ocated

j uxt aposed said one probe arm and having at its distal

end a bevelled endface congruent wth said extension

of said one probe armand defining a pointing distal
fagricersrsent withisgid extessiani afisaidpae psebe srmangfdefmingatpointing

|§§P% ﬁ&ﬁﬁ ni(_q ﬁ?gﬁgghﬂé aoé]ée 8@#}%@2 ngéﬁtaét I%ﬂ:ﬁ%doélosely spaced

fmmh Sardmpermmoar@aeoxqmmoﬁ dutact gfskait ode prdiry &m. sai d
specific area or point of contact of sal d ot her probe

armis located offset relative to its perpendicul ar

3. TtlﬂestﬁﬁFt mnf1 e?éEHrEhh ﬁB'p%;nt@v ?\g’%réﬁ\%gl&j r%ﬁgcitig raf%e pF point of

-3, ere| east ne of sai d probe a
doataah gf aaldebtbagpttmé arnm cuigbatgdi offsed pelative ® kx perplindicular
l.engt hwvi se and offset relative to its perpendicul ar
bb? Ctor of said at |east one probe arm for
elimnating, to any substantial extent, any notion
erpendi cular to its perpendicular bisector and
pr aultiepoinbprabiedagdordingda poirde 1v$xemheneerxabllegsh@w afsaid probe

" AN ARG AR BRR A B g r

oFfebtirdiathvel tositd pependfeoularittsdBibl oF 20d At |RsPBRe }RE9S HitAJor
to. any of the points 1-4, wherein said first nultitude

edim"&imé@ A% spbsiaatial exteat @nyrneiiorepeipsndicula. tomdoerpendlcular
ol L PhecRE P A0 594 St 3y il QAR et o sa

ssippoitingbadyeand mavingisaidfspecificatta o pairftiof sbnizcd perpndicular to
of t;s”_a'{d rcronductlve probe arms to said specific area or

s8i} St 8Pt act of a second probe arm of said

conductive probe arnms, a second distance is defined

between said normal bisector of said first probe arm

. Tihe rsultiepaiot pmbetﬂmcding tofany af thes poimtsl 1F, Mdeerainngaid first multitude

0308 (i Cgr def | n| n rJ[%al rdof di st ances, and said first
PO @elgm HUHAIEEGtigNabcond di st ance. 7. The
mul ti - poi nt probe accordlng to points 1-6, wherein
three of said conductive probe arns are placed in a

- Tdequelicroishprodedcsepiiogto agy b e paintad ©, memt@ﬂrsbyhstance is

flﬁ%@ﬁ%&@@%ﬁézgg s}%&ﬁor rfgé& ndi nr}gﬂ%%lngacg 35 flrst probe arm of said

conductive probe arms to said specific area or point of contact of a second probe
arm of said conductive probe arms, a second distance is defined between said
normal bisector of said first probe arm to said normal bisector of said second probe
arm, together defining a pair of distances, and said first distance is smaller than

said second distance.

. The multi-point probe according to points 1-6, wherein three of said conductive

probe arms are placed in a sequence on said supporting body and are separated
by a first separation corresponding said pair of distances and a second separation
also corresponding to said pair of distances, where said first distance is smaller
than said second distance in each of said first separation and said second
separation.
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al so corresponding to said pair of distances, where

said first distance is smaller than said second
wdizetoanessi n each of said first separati on andPe®iD&k2009/000161

second separation.8. The nul g- poi nt probe accordi ng

to points 1-7, wherein said first distance of said

first separation is substantially the sane as said

first distance of said second separation. 9. The

8. Thg multiRRiRt pr@b@b@c&é@lagdo RYints Tpbiwherein saidfirstdistear of said

fikdi" apétﬁngﬁﬁ%%&gﬁrﬁi%h §§ﬁ1esaeso @tﬁ\fsc{%%t?g?%ﬁggalgfsecond

substant erent fromsal i TSt

separthtwacond separation. 10. The nul ti-point probe
according to points 1-9, where said first distance of
said first separation is in the ranges Inmto 120mm

9. THIWURC ﬁﬁﬂﬁﬂob%oé@oﬁ'cgngqggb feqL 8’ URid ﬂ;s]r nce of said first

preferably 200nm an |rst st ance o
separmiignde pubataintally diffierenteom aagisﬁrsndmarmeldfmmd séComd
%B ?agnm 80nmto 30mm and/or 160nmto 15mm
d lPQny 200nm 11. The nul ti-poi nt probe according
to poi nts 1-10, where said first distance of said
irst separation is in the range Inmto 100nm 100nm

10. Tth@ rsolirpRINBRIOhe acsording ta peints 15mwhesaraadd fiidistance of said first

<SR P R L A8 RO B 5, am

1306mm Bl piteferbisiy 200Am] and aid frsNdistatiderss s@id g868Rd
to 120mm  12. The nul ti-point probe accordu%é;
Sseﬁﬁt@nﬁ in the RGRE IMio] AMo O8RS (@ GBI do $0uPw and/or

18bAE 1013 a{{)l%%rja lys ce with said sequence of
uc obe

three co ive p arims and separated fromthe
cl osest of said three conductlve probe arms by a third

1. TRETRUBHACT SBbaERPHG o PRIt 11ich Shas Seith Bt fistaiea of said first
sbéél%%bntlé‘ﬁfﬂtﬂé%h éafrﬁnftd)ﬁébnﬁ' FbOAMS Po\fOCﬁﬁ‘h Bddd; njjtto 1um, 1um to

separ ation and sard Tirst drstance of said secon
Syap & toA0um3 or 2Aprmial 1201poj and paidifrstdistanderad saa second

BPalindds i EirEBe a0 Mo IPBHE PR F4driraF6 16m, 1um o
5dis 5une e 20umaof 20Rsto sERAAAt i on and said first
di stance of said second separation by factor in the

ranges 2 to 1000, 5 to 800, 10 to 600, and/or 20 to
12. TﬁQQ'nuIH ﬁlﬁr{g‘g g%?gﬂﬁ%l@éoﬁ?é Z 1&p9\m%§’%lplr obgpg %@% ednductive
probe arms is Iocated in sequence with said sequence of three conductive probe
arms and separated from the closest of said three conductive probe arms by a third
separation corresponding to said pair of distances, said third separation having a
first distance which is larger than both said first distance of said first separation and

said first distance of said second separation.

13. The multi-point probe according to point 12, wherein said third separation has a first
distance which is larger than either of said first distance of said first separation and
said first distance of said second separation by factor in the ranges 2 to 1000, 5 to
800, 10 to 600, and/or 20 to 400, preferably 40.
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has a first distance which is |arger than either of

said first distance of said first separation and said
woiowtooaiest ance of sai d second separation by faCTmK2D09%/000161

the ranges 3 to 10, 10 to 303030 to 90, 90 to 300, 300

to 1000, 103 to 104, 104 to 105, 105 to 106, 106 to

107, or 107 to 108. 15. The nulti-point probe

ccor oints 1-14, wherein said first nultitude
ﬁ'&@[‘{ B@Bsr%@rcaﬁ%o RPBMLE @ndald vdipraingsaid thifé sgparation

hb@l% ﬁr@t’éfstélfg%t\ﬁhlgﬁté Leweh dittler %f"ggldcf rstséﬁéfjan%%esald first

arnms, said tom | a i S connecte
seppiation; angl mdylrstmtbece af daidgecoayeepasatiopnnefdotsr ihahe ranges

338 0,7 658 5B 2rE S0 aioc 3Ph 18 B 196 B8 ¥ 0% 10° 0 107
10% telilof egaditwgodl | el ongat ed t hrough- goi ng apertures,

each of said top |l ayer and said bottom | ayer has a
substantially rectangul ar cross section defining: the

15. THdRIM-BBIn? r AL & ging 0 Cp'i)flrz?tgcleﬁ’e\lvﬂg %{g;?i firgﬂﬁjgﬁude of

16.

17.

sal d rectan ar Cross -se on per pen

qﬂr@netlm pamajalfms ate mwﬁlaymfedfarﬁadeflr@@mp lalyegah@ @ybottom layer
a di nce between the |ines

13y Sadh B Fak ARG A CcPadclion [RUAT Burainadted s saie supporting
tﬁidyn hilk safd opf l'a§/§|I |s$dann@€fe g ssa‘r@BBftB K‘Qrogﬂd iiBlated on the

he' di nensi on as a |stance
C}ﬂp@ﬁltﬁﬁﬂdeaﬂﬂsaid b@étor.n ka(yedflom said ;supbertmgrtmdyo aad; i disregarding

MW A
hefs & sildstaatiallycleciehgul s oss ﬁéctl’@ﬂﬁdé’flrﬁﬁ@tthe%m@ﬁb ntcﬂ’R/vldth as a

layer that is smaller than or substantially equa
Gt'frténa% behwvesn the linasoeftssidl regiangularcrosh sestion pemsmdlcular to the

i er.ei n_eac
S5 0 0L 0 PRl ISR o
dlsatyace bbaNeerstHedmroftém revtasgliat eoks akbliog gapdllel ® the plane of
aid bottom | ayer. 18. The multi-point
BRETS Sdafeirh g RRoThos BodY 1dnd ihaiEenpruel lanol 8¢ & distance

f
TS0 R GRS B S 8 1R e sl
cohduetivegerobe &60: 1 to 2:1 , such as ratios 50:1 and

5:1 , preferable application having the ratio of 5:1
.19. The nulti-point probe according to points 1-18,

TMaahBItp iRl Srdbbraﬁicomhg it E@fht qb, %%Pé&ﬁtéﬁ ¥R AHARE B dtive probe
have a ratio of said to said t sald
aposthas 3 dgpth of said top Iayer that is smaller than or substan’ually equal to the

depth of said bottom layer.

The multi-point probe according to points 15 and 16, wherein each of said
conductive probe arms has a width of said top layer that is larger than or
substantially equal to the width of said bottom layer.

18. The multi-point probe according to points 1-17, wherein said first multitude of

conductive probe arms have a ratio of said length to said width of said bottom layer
within the range of 500:1 to 2:1, such as ratios 50:1 and 5:1, preferable application
having the ratio of 5:1.
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within the range of 20:1 to 1:5, preferable
application having the ratio of 2:1 . 20. The
waoubtoicopes nt probe according to points 1-19, WRET®K220@1000161

| east one of said conductivegprobe arnms has tapered

el ements extending fromsaid distal end of said

conductive probe arns. 21. The nulti-point probe

ccording to points 1-20, wherein at |east one of said
19-@8&1%&9@@ PHOBBaGEPING 4@ paintsfet& avhareinesaid Sratendiiivugie of

j ' j tive. :
ORI Srobl Sl e Bl e NP S EHRB R potiom layer
withpethedrange df&pet tahd, préfepshle dipphcdtion hawed thevtiohof 2:1.

are extensions of said top |ayer and said bottom
| ayer, respectively, of said conductive probe arm and
i ' 1 r . i . J | t .
20 THRIUERIN oL ARG BYRl 7 Akl iSRS i
caoduetivierprobe gioisrhas tapeied eleheends extendirgpfomosaid distal end of said

' onducti ve probe arns has a pointed shaped
Céﬁéﬁ%tfyte %@8@&{% froman area, point or tapered
el enent at said distal end of said conductive probe

arms, and said specific area or point of contact is
21. Thganeléicpaint rrebe gssprdied te hainds! 1610s mhereinZs. legsiene of said

. . - 5o wher el

oBHb R Boe BB ACH B8 1o ROl rd Font Rt enc o

saidi cbricdeictvd prolie b, sd Eeparbd EIEMBM béing MultiRyef&T ahd Yefine a
a length of 10 nm 24. The multi-point probe according

tgnerediion laver and ajepeeschbetippdayeryhisdugre extensigns of said top layer
I=AH i : - poLnt pr ordi . e
<R B4l 1RO, L pHR LB 082560 Ak i secin
anocpoidtiof corjactkisdodated af6aidtaperad ¢ler@pitnt probe
according to point 25, wherein said sem conducting
mat erial conprising Ge, Si or any conbinations

22. ThE9R@8ipcit probe d&bﬁdin#’ﬁi&?{uin@ ?0a ARSI d1%4R IR SHsid
1-26, wherein sald botto ayer 1S a dielectric
condugtivel probe armertiasenpointer shaged dleenanilextenuting fropt abarea,

ofEF 8 Fis UTBL o SR R SrBr el Cole b gbe pis, and said
spetific afs Ot pHihPEEcEHREEN idiloEhté® olﬁcﬁa‘it! PohtePshABE Blehent.

said top layer is a conducting |ayer.

23.The multi-point probe according to points 1-22, wherein said first multitude of
conductive probe arms have said lengths in the range of 100 nm to 2mm,

preferably a length of 10 pm.

24.The multi-point probe according to points 1-23, wherein supporting body is of a

ceramic material,

25. The multi-point probe according to points 1-23, wherein supporting body is of a

semiconducting material.

26. The multi-point probe according to point 25, wherein said semiconducting material

comprising Ge, Si or any combinations thereof.
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30. The nulti-point probe according to points 1-28,

wherein said top | ayer conprises: a conducting |ayer
wanadio@oessryi ng | ayer, said carrying |ayer bei RQTIDK2009/000161

contact with said bottom | aygp, while said conducting

| ayer is connected to said carrying layer and is

| ocated on the opposite side of said carrying |ayer

fromsaid bottomlayer. 31. The nulti-point probe

27. ThedvrllirpRint Brohsi agesrdingdegonts 1wl ereinsaid botiont tayagis a
ol ThRHaBLNE SRS TN PN 2" e

conduct i ve d| am)nd net al SUI ci des conduci ng ceranic,
her eof 2. The mul ti - poi nt praob

r anﬁ tions é
28. ir Ffcoraipgdegont 27, wﬁ'@r%nﬁ%ml%caﬂmaﬁgnal ora
Sbﬁﬂ@dnméoﬁﬁ rls‘\ar‘%’@@zndUCt' ng materials, such as
oly

crystalline or crystalline silicon, dielectric
materi al s, netals or alloys. 33. A nultl-point testing

par or ,testing electric p £s qn.a .
20 TR B e B S B LS AR s 5 ey s o
Cﬁﬁau@t,rfg) gecei vi ng and supporting said test sanple;
(i) el ectyrl C properties testing neans including

electric generator neans for generating a test signal

30. T"ﬁgqnﬁqti?&%im §50 éﬂ{o@ﬂg[ﬁﬁ?ﬁﬁ% g[?eéj %@gﬁitﬁhﬂ% ﬁ égp? ?33/)%? go%pnses a

congpetirig lagebady adefriyindgtayar, fSardS t:aﬁylh@asﬁer Hehg : @h toritakt with said
n}‘JItltude of, conductive probe arns, eac sai d probe
boHam layer. whil %?'%P@W%tmgelﬁme@ﬁdmn@padaho W caa’mm\g layer and is

53555 CROTE SRS UREE 33 1 BP0 S

freely extending fromsaid supporting body, giving
| exi bI tion,t sai d

nd|V|duaI sai d_praobe arns;
31. ThPapulteRctal Broberareording o BRINE 20 356r 401G ey qid coneUcting layer
cbr‘dﬁﬁ?@lr@ coRIUCHcE n@ﬁtbﬂﬁ%nsﬁaﬂ:?s $@\fu ii’tpl(lpg% & & &1 0s, W, Mo,

sai porting body, eac sarl d I nes cont act”’
Ira & ﬁ?ldngiea Cpedp@tnm diamaondpirssdatt silicithes, rapngdaciigl edramic, or any

t, surf.ace; (c) said conductive probe arns
Cgﬁb&%fgﬂgﬁﬂ 'fero(gm a process of producing

32.The multi-point probe according to points 30 and 31, wherein said carrying layer
comprises semiconducting materials, such as crystalline or poly-crystalline silicon,

dielectric materials, metals, or alloys.

33.A multi-point testing apparatus for testing electric properties on a specific location
of a test sample, comprising:

(i)  means for receiving and supporting said test sample;

(i)  electric properties testing means including electric generator means for
generating a test signal and electric measuring means for detecting a
measuring signal;

(iii) a multi-point probe, comprising:

(@) a supporting body defining a first surface;
(b) a first multitude of conductive probe arms, each of said probe arms

defining a proximal end and a distal end, and said probe arms being
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said nmul ti-point probe including producing said
conductive probe arns on supporting wafer body in

woéaciomoowsnt act with said supporting wafer bodpCamik2009/000161

renmoval of a part of said waBgr body providing said
supporting body and providing said conductive probe

arns freely extending from said supporting body; (d)

each of said probe arns defining a maximum wi dth

per pendi ciAnaectes {a saigstppadingiasly i said peeximabiends, and having

paral | el it h:dts, L] t 11 h .sal WNg.. .
body, an alla %)E%Irﬁﬁgsﬁﬁ?%& S eggs}mﬁgé B%h?%@?sé‘% p? gﬂ‘%[otéédﬂ%wmg
per pendi dodiduzilly dlekible andiontts saidpradle aomnd;aeid pidde arms

sai d supporting hody, said nmaxi mumw dth_and said

maxi num ttﬁgﬁﬁﬁgé’@ﬁb%ﬁ'ij SURBCRAINGRQAY qefineningspigonéact between

0. 5- 20, (YA P oL

P obe. ar e e el Bro bl Rl stid sdbndiifa ©30), Sert 8 Said lines
at its didfta@intasidiefioingca pegenidigylar sipectof beirlgogartllelto said first
anong sai d punber of specific |locations of said test

sanpl e; a(cg) at | east one of said probe arns having

an excENshRNcRiuchive prébdaims bﬂgin%itiﬁ{; HorR R BEEYd 6f @%ducing
its specific area or point of contact |ocated offse
rel ati ve said multipeinidnabe inciuding peeduning caid criddictive probe arms

oroper t1 62! pBRTgS SRSl e boudR MuB 5  Frartins water
for nmovi ngpdyedarst mrhbwalmiagcsarpbp@@dwfat by&y @%\ﬂdm?%bid
sanple so as to cause sai d conductive probe arnms to be

cont act ecPURPCRincabedy; Bad ipre\iding said sandictygi probearms freely

sampl e f £ Q] ' ' f electric
properti %xt?ﬁ&gﬁ@é#@n@%a%@ptﬁu‘?ﬁq Bg%)?’nt testing
appar(d) usaels obsdidmrobe grmisrdefidithg amesmdmuns aiidth perpendicular to its

mul ti-point testi apparatus further conprises a . .
back- gat PABENAGHRE BiasPranctParplet Wit 1t 1Bp af cpetact with said

testing MRS j 3 ' - aat: .
bei ng especi alrlfﬁyb Eﬁ?ﬁﬁ)ﬁé%r |Eléﬁ7ntgﬂaggggi%%‘§p&?&€ular tolts
conj unct ipaipendinular bisecior@pridits linebbcdrtachyitiasaldesigiporting body,

e SO bl P VRIAGTE < Rb AR FHEbS HBhing a rato i
&ﬁiﬁ Ie:ng Ztlg?géﬁ’é@éf 0.8-20, M8 40110 RFsTedbIRANB, 3thd each of said
probe arms having a specific area or point of contact at its distal end
for contacting a specific location among said number of specific
locations of said test sample; and
(e) atleast one of said probe arms having an extension defining a pointing
distal end providing its specific area or point of contact located offset
relative to its perpendicular bisector;
(f) said multi-point probe communicating with said electric properties

testing means; and

(iv)  reciprocating means for moving said multi-point probe relative said test

sample so as to cause said conductive probe arms to be contacted with said
specific location of said test sample for performing said testing of electric
properties thereof.



10

1

W

20

25

30

el ectric properties testing nmeans further conprising

nmeans for electric properties probing of said test
weamploeo26s 36. The nulti-point testing apparat BET/DK2009/000161
according to points 33-35, whkegrein said reciprocating
means further conprises holding neans for said neans
for said nmulti point probe. 37. The nulti-point
testln apparatus according to points 33-36, further

g piuldiPREt fesiing arparpiss aqcéfﬁ“ﬁg t@ HOINtI3, whegeinesait multi-point

ST REPA A R R D55 Sl D

fropentidst testimg nteanssbisaid mspaampua sz bacdk-gatd Delhgleﬁ,b%mally
|d nmeans, for_positjoning conpris

rein
%WE’Z%WWQ)&'WQ H?e I e@riuagian wit aimelcPeRGprope hﬁylng 3t least three
shrRfEtive 'b?ob‘é)ﬁllrﬁé‘ fir té&l@él‘écﬁ%’ g?&}%ég{ @srﬁgg té’%t{s%% chﬂts

perpendi cular to said test sa
testing appar atus according to points 33- 38 wherein

Q ositiqQning further co
35. TR Py BRI G R uERBRE D Borerdins & pReknand cde i teip said
efgotic gropRiftss %fstlﬁQ%éa@ﬁurth@F céﬁipﬁilsﬁ‘@ﬁ\ﬂéaﬁg ForSélk&tric properties
mul ti-point probe. 40. The nulti-point testing
PEQhR® &f §9iddesbsainplg- t o poi nts 33-39, wherein said
means for positioning further conprising nmeans for
angul ar nmovenent of said hol di ng neans along an axis
36. Therrallighoinioesting appaefius atebriiy t S€33- SQC\Whéﬁenﬁ Qaid
rovi de angul ar. positions for said means for said
‘%HPEQC&‘BBQ egnsiythencamprgesplding meanstfes saidgneans for said multi-
2*@?@3 according to points 33-40, wherein said
posi tioning further conprising nmeans for
angular novenent of said holdlng neansalong an axis
er di cular..to surface of said test sa such as
37.7hg rﬁv@\ﬁ%t teRting QPP%@H% AETRIAMNG Oé%q"atsr%?g@ fusthes gpapprising
nigdrs fopﬁbmloﬁhg%id Hgldln@ﬁe%E%cr&% $Mid tesitddMle and recording of
apparatus according to points 33- wherel n said
ad@@ﬁt@w@rsqa@bbldurcgme@nrsueuwe te emdrilest sgmpians f or
sensing contact between said test sanple and said
means for said multi-point probe. 43. The nulti-point
38. TheshilticpAmasimd/apparadisihdbriimgnel dtists 33-47, WHQI%" r?éé‘nd means for
said multi point probe further i ncl udes any of
Pegitipningscamprisgiiyg Branoeevisdiliy i all sgatlaulﬂmoﬁenﬁ,d@e:ng directions co-

p%?gggfégg BstSrhbrePld birdltBRE ePpBAdiRHIAP  BSid L s?a%Bl%

34.

39.The multi-point testing apparatus according to points 33-38, wherein said means for
positioning further comprising means for angular movement of said holding means,

such as to provide angular positions for said means for said multi-point probe.

40. The multi-point testing apparatus according to points 33-39, wherein said means for
positioning further comprising means for angular movement of said holding means
along an axis parallel to surface of said test sample, such as to provide angular

positions for said means for said multi-point probe.

41.The multi-point testing apparatus according to points 33-40, wherein said means for

positioning further comprising means for angular movement of said holding means
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(i) producing a wafer body; (ii) producing a first

mul tiple of conductive probe arns positioned in
woaepliaeas and facial relationship with said watCemK2009/000161

body; and (iv) renoving a pags of said wafer body for

provi di ng said conductive probe arnms freely extending

from said non-renmoved part of said wafer body

onstituting a supporting body from which said
BrigPipepdcalario suiachiof said|tgst seaplehauches &ptgvide
mg@%ﬁ"ﬁbgﬁloﬁs%'rl% did AL dHs #F 28 rﬂﬁﬁpéﬁhpgrotb poi nt 44,
erein the technique of app y ng onducti ve probe
arms in co-planar and facial relationship with the
nvol ves m cr.of abri cation

12 TR LSRR BB AR S S s mosns for
pb@l'tléhmb'fbﬁhbﬁé&ﬂbﬂéllﬁg rﬁ@éﬁifdr's’é‘n%@@%rﬂé’@t twBen said test sample -

combi nati on t her eof net h produci ng
andIsaid msians for swd raldhmmmtrm'obe poi nts 44 and 45,
wherein said first nultiple of conductive probe arns
are nultilayered. 47. The nethod of producing a

43. ThieIrhiiltisoint teptingde Ppﬁ@mﬂaa@orﬂmgq@ ﬂHIﬁtS“S‘B 48, whBRIi® 58id multi-
said first multiple of conductive probe arns are

PRI Preayfusthes lw'&%%@moof thedieptiups vhpoyof Heppeints 2132.
(CVD), plasma enhanced CVD (PECVD), electron cyclotron
resonance (ECR) or sputtering, nechanical grinding,

44. Aemetlnonigof pmghcmgminutti-p@nt ptdbeasRbSing e RIRWANG Bteps:

[ith h b [ith h f
o GSRBIE RFTEr PoMSgr aphy . T ocussd. | on beam (F18)
ﬁ‘)n d/ ﬁb’rodi@&ﬁé] d ﬁrﬁhﬂ%ftﬁﬁg‘ ¥f ¢ lﬁczuc-lgipg 6’?5!%@ 3%@?}%@&%’@9 rh%o-planar

p0|nts 44 avin

f eat @ngsfaoial fGHEUQTlﬂhlp wﬁblsald mnatélﬁamn@andl ng to any of
OI nt be for

fhe points 1-43.

(VEs ePfigVied Paveti <3 Bater o or pidiing sPid foagiiive mrobe amms
| Ocaﬁfﬂe@lyseﬂ%nélrfg%m%%@hSn réﬁ‘fo%ﬂ'? ?’ﬂoﬂ%odl@bva?érqp@dy constituting
conprising: (a upporting bod ning a

sur f &PRAsng ody f;“Drmwhtqht sai@ coﬁd ectivéuprobearprsodadend freely.
arms, each of said probe arns defining a proxi mal end

and a distal end, and said probe arns bei ng connected

45, The nsethdd mﬂpmadm?a beGH-pYintSFoBe RICBSIIIRY tEpEt 44”\Where|n the
havj ng sai d di st ends freeli\)/ extendi ng from said
el

te§b|a\§é'f3tqfr?¢>pé»6@|9 theycondistivadirobe aams yn toedamareand facial relationship
with the supporting wafer body, involves microfabrication technique, planar

technique, CMOS technique, thick-film technique, thin-film technique or a
combination thereof.

46. The method of producing a multi-point probe according to points 44 and 45,

wherein said first multiple of conductive probe arms are multilayered.

47.The method of producing a multi-point probe according to points 44-46, wherein
said first multiple of conductive probe arms are provided by a process of chemical
vapour deposition (CVD), plasma enhanced CVD (PECVD), electron cyclotron
resonance (ECR) or sputtering, mechanical grinding, etching, high resolution
lithographic methods such as UV lithography, electron-beam lithography, atomic



notion to said probe arns; said probe arns together

Wi th said supporting body define |lines of contact
woebwwemesach of said probe arns and sai d supp®CTIDK2009/000161

body, each of said lines of gentact defining a

per pendi cul ar bi sector being parallel to said first

surface; (c) said conductive probe arns originating

froma process of producing said nulti-point probe

foreeImrerFopYdAdMdghegirahy.oraused \an beapdFiBandier laser
"ﬁﬂgggﬁﬁ*ng waf er body in facial contact wth said
supporting wafer body and renoval of a part of said
waf er body providing said supporting body and
roviding sai d. conducgtive e arnms freely extending
48. T?&ednﬁﬂ%oga%% B8P RoNSB g4 1 356 Sadf peintauple Py aimne the
i ] ]
S TORUH OR0S I T IBe BBt BV BF ol 143,
contact with said supporting body, and a maxi num
t hi ckness perpendicular to its perpendi cul ar bisector
and its line of contact wth said supporting body,
sai d maxi mum wi dt h over said maxi mum t hi ckness
defining a ratio in the range of 0.5-20, such as 1-10,
preferably 1-3, and each of said probe arnms having a
specific area or point of contact at its distal end
for contacting a specific |location anong sai d nunber
of specific locations of said test sanple; and (e) at
| east one of said probe arns having an extension
defining a pointing distal end providing its specific
area or point of contact |ocated offset relative to
its perpendi cul ar bisector. 2. The nulti-point probe
according to claim11, wherein another of said probe
arns | ocated juxtaposed said one probe arm and having
at its distal end a bevell ed endface congruent with
sai d extension of said one probe armand defining a
poi nting distal end constituting its specific area or
poi nt of contact |ocated closely spaced fromsaid
speci fic area or point of contact of said one probe
arm 3. The nulti-point probe according to claim 2,
wherein said specific area or point of contact of said
ot her probe armis |ocated offset relative to its
per pendi cul ar bi sector.
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4. The multi-point probe according to clainms 1-3,
wherein at | east one of said probe arns further having

wanowloomgat ed t hr ough- goi ng aperture extendi ngPCT/DK2009/000161

| engt hwi se and offset relatigg to its perpendicul ar
bi sector of said at |east one probe armfor
elimnating, to any substantial extent, any notion

cl .Bg pendi cul ar to its perpendi cul ar bisector and

allel to said first surface when flexibly nmoving it
relative to said supporting body and novi ng said
specific area or point of contact perpendicular to

1. Asmutti-poins praher for testing. el@tteicalproperiEsndf pnoinberof opatifiglocations

0.any of the clains 1-4, erein,said first nmultitude
Oiﬁt@%%?ﬁfﬂ?lievEa'ﬂrrBH@?%ﬁ'%pngtg&%“mﬁ'W:r ectionally from
@ d S9eR9EihgHoRYBefinthg % Rest®lfabepoi Nt probe
according to any of theclains 1-5, wherein a first
) st enfiest mulitetiernf ¢obdusienprobiedarsyss eath of aaielprobe arms defining

i nt fo a.first f id .
Cona iR 853 e cEuivll She bR 88 8afioBs Aifischeing ppamected o
of canfidetpbringIRRYNHL RICPRXANE Shd$ And FAMSAi\Bstal ends
probe arnms, a second distance is defined between said

nor nrealy sytangingfrogesaid suppertingdinsyagivingindividuallyrfrexible

pai ¢ BotorPte SAbro6E AP SA8 BrOb a8 GhcARer §Rb slid yBborting
t han by efinedlirbsthfsdiontast belwedh eathlof saielgprobe irAREaNd said
according to claim6, wherein three of said conductive

pr obSURPREING BOGY. £a6h qfrsaid inaneieantast dafining apeepandieplar
body \aguhiar Seiﬁggfcgéﬁéi_‘io '%Xjfoafglét SgfaggParati on

correspondi ng pair o stances and a second
(skparsaid oondiictivequobe spmsdiriginatmgsfaor gppiaces$ of producing said

di stances, .where said first di.stance is . snaller than

O o BB oBe et o mtbrERt Saidicend e SEapaAnDR on

and i i bi-1RQ]

S0 APRERRSPRT 20859 onl S I ARV by an
conduesmoyal ot apartafisaid wafesdwdydrovidirgysaid seippottingstzody and

7 omi i o seld EpFORHR ohP i el B ind FBALEHE Supporting

by apddiyyd separation corresponding to said pair of
di stances, said third separation having a first _
(€1 st £ireb afiseichpiobe armpedefiniag agparinusm dvidih gerpendicalae do its

o, PR SE SRR PRSI [ 3L FpSLBRE R b

accorsdppgrting lsddy, amd4 Mhaxishemehitknass peigetidicilt totitede

of perpendicular bisector and its line of contact with said supporting body, said
maximum width over said maximum thickness defining a ratio in the range
of 0.5-20, such as 1-10, preferably 1-3, and each of said probe arms having
a specific area or point of contact at its distal end for contacting a specific
location among said number of specific locations of said test sample; and

(e) atleast one of said probe arms having an extension defining a pointing
distal end providing its specific area or point of contact located offset relative

to its perpendicular bisector.

2. The multi-point probe according to claim 1, wherein another of said probe arms

located juxtaposed said one probe arm and having at its distal end a bevelled end
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conductive probe arns are nmultilayered and define a

top layer and a bottom | ayer for each of said probe
waro®/ooeasd bottom | ayer is connected to said PCT/DK2009/000161
supporting body, while said t3gp | ayer is connected to

said bottomlayer and is | ocated on the opposite side

of said bottomlayer from said supporting body, and,

if disregarding all elongated, through-going apertures,

facg RORGrUEH;} With 58id extepsigRPfsaidione prehe aey @ndrdefining a pointing

diaEs R o, SBEEared 8 Bomf Bl LATlaElkbMeddieldl spaced
fromn daidespemifipdren arrpoist cfeonitast ofeajeenst prob afhe t he

pl ane of said first surface of said supporting body,
the di nension of depth as a di stance between the |ines

. Tole ﬁ‘a@iti%diﬁ%r@%@!’é&br&hg?té cRfinl2, WhdralAdif 'sg[agifi[: Rfea or point of
of ody, and

pl ane said first surface of 'supporting

contacipheaidiathenproberartrisdecatediaffsehnaelafiveoto isaperpendicular
e%)féml end of said conductive probe arns to said
I'stal end of said conductive probe arm 10.A

mul ti-point testing apparatus for testing electric
roperties on a specific location of a test sanple,

- Tp@@rmwﬁiswqi@t: propy agsarding ée cleioeilvd nyhenein atilepst onegf said probe

' L I r.C rties testin .
AR LR ididate VB B G5 BBRHLS 8RB engthvise and
offeetretdtivedodtstprspendignialr bivetie! Felaid gt IBBaBUHé PEOUEEAMS for

.0r_detecting a neasuring signal; (iii) a multi-point _
e[:! ',ngctcﬁhﬁfﬂ!?%%t?n?@')e)ﬁe%ﬁﬁksmqﬂ RRI®¢Ndistiatita éfs perpendicular
el i) Gt Sl L IS A48 o sai
spppwitingIboely careinmiosingi seticspedific aseal os poitht pf obetast perpendicular to

' nected to said supporting body at said

bei co
SBP&?(?E%H &fds, and havi ng said distal ends freely

extending fromsaid supporting body,
,Tgi vingi ndividually flexible notion to said probe armns;

ginaulBriostiet pipke acogestimg to any bf B caisup pet, Whegeinoshid first

e T T —

boayt act defining a perpendi cul ar bi sector being
parallel to said first surface;

. The multi-point probe according to any of the claims 1-5, wherein a first distance is

defined between said specific area or point of contact of a first probe arm of said
conductive probe arms to said specific area or point of contact of a second probe
arm of said conductive probe arms, a second distance is defined between said
normal bisector of said first probe arm to said normal bisector of said second probe
arm, together defining a pair of distances, and said first distance is smaller than

said second distance.

- The multi-point probe according to claim 6, wherein three of said conductive probe

arms are placed in a sequence on said supporting body and are separated by a
first separation corresponding said pair of distances and a second separation also
corresponding to said pair of distances, where said first distance is smaller than

said second distance in each of said first separation and said second separation.
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(i) said conductive probe arns originating froma

process of producing said nmulti-point probe including
woromwoizey sai d conductive probe arms on sSuppoPCTMEK2009/000161

waf er body in facial contact3wgith said supporting

waf er body and renoval of a part of said wafer body

provi di ng said supporting body and providing said

ondu tive be arns freely extending fromsaid
8. THGIpBleRoigt Hobg:acepiding i climsaiwhespbRnatharokRais songductive

pPolEs A% 8 ngfe'a |FI‘°s|r LS Wlﬁlrsél? sbéﬁ r?c,eé gﬁ{ﬂ?ct% %ﬁ‘@lﬁchve probe

bi sect or par al w th
aﬁas@r@quarahedg‘rdmdlye chrseéstofnsedd threet dundkiethes probe arms by a third

SRR Sl 2 SIS B Soaet i i
firgOdigTHATMVidh IQWQQ%?H%WB&% fi t%‘fé@?@e g?gélﬂ' ?e[ﬁaratlon and

ratio in the rangé 0, suc prefe
Sﬁld:#"rsbﬂl@taé‘@@wf@ﬁldsa%blmmrahm havi ng a specific
area or point of contact at its distal end for

contacting a specific |ocation anong said nunber of

9. H‘[&amuitl poinbpmbeomcarﬂir@atocblalmst4-8amhleee|n el fitst ndititude of
arns havi ng, an extension

b
EEREHIVE PIohs S A GUISYETEHAMI e o lewos pagarhattom layer
f@f 88cIPbf B8 rHroBé aff8t %?odr&l%ﬁ ;%‘%P id écﬁ’ir]é’c?éc? d é’@dts‘ﬂlggortmg

i ts perpendicul ar bi sec
kastymimhile @laid'l@pviﬁyﬁ |sa10cm nekttect toi saig botiemt Iayer andis Iogated on the

diife siot e pRRPRT R kolts 8 Supodhatiachs andet disregarding
atleals pgatet dhReLEdihy @p_HORSS, @é&ﬁ df@aféﬁtoﬁ%{ré&cér%js%tﬁbttom layer

said specific locatron of said test sanple
hssra é\ﬂ'%tﬁgt'@bf rgcienguilaicross seetian d@flrpm@ptbetdlmsnsmn of width as a

Jé%géc?%?)ﬁtva%e H%qlr{gélléf sa\?\?‘: "%ﬁ%\lﬁﬁ@é Ef%ﬁ% %?a% lg% %ﬁ{pendlcular to the

s oﬁgaldpﬁlp@trmﬁasefdﬂsfait%ummmng pedy athbafifedisioh dfepth as a
sajid electric properties testing neans to

383«% bg? e&lhihedines £f @%Eqpigmtganb@*pﬁg section parallel to the plane of
s‘éﬁpﬁt%'t slirdSabt & " |ﬁg bBEg nQnder‘Fed lkrﬂntrﬁs%H B é #\”\gtcﬁstance

anutl-pomt pr ree con
frono saldaprmxmnairertdersftsm@ cehéudtiviegabbprappertbiszsd dfstal dneiséf said

conHBctlve probe arm.

10. A multi-point testing apparatus for testing electric properties on a specific location
of a test sample, comprising:

()  means for receiving and supporting said test sample;

(ii)  electric properties testing means including electric generator means for
generating a test signal and electric measuring means for detecting a
measuring signal;

(i) a multi-point probe, comprising:

(9) a supporting body defining a first surface;

(h) afirst muititude of conductive probe arms, each of said probe arms
defining a proximal end and a distal end, and said probe arms being
connected to said supporting body at said proximal ends, and having
said distal ends freely extending from said supporting body, giving
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12. The multi-point testing apparatus according to
clains 10-1 1, wherein said nultipoint probe further

wonelowdess any of the features of any of the cl aCmDK203/000161

13. A net hod of producing a nybti-point probe
conprising the follow ng steps: (i) producing a wafer
body; (ii) producing a first nmultiple of conductive
probe arms positioned in co-planar and faci al

r el at i ondAAlidgally flexible meatien tesaid probe arms; seishprabsgrns

art of ' vidi hg: sald ¢ '
P obe. ar oo it i bRbr PO SR R B pween
of said vedabrofisziy pamesaﬁrtgsmhd@aﬁd Wd i?dj bgldgl,oelé:ylciﬁ obgaid lines
whi ch sai d condyctive probe arns exten reely. . o
The net hcfg‘ QS’PWR&I@HBF@E REFRANGiICYRY; bise@Pb Bainggeaiplielig said first
to clai mgigigcwherein the techni que of applying the

conducti ve probe arns in co-planar and faci al _
r el at(i)onsaidpcokduetivé ereheppoms originating frano dyprotesobigoducing

Cechn qusaid bl Brosk fio st Biad g paticandibive probe ams
or a CO”tdeth'b[Sltiﬁiﬁ?WaGF@lf bodyPin fABRI H@ﬁtﬁ@ﬁwﬁﬁ%@i&éwd@ng wafer

clains 13 an he mul ti’- poi nt probe having any o

the feat 1asty a1d fameovaliof io-peast af sajd stafernbedy praviding saity
of the cl@Rrifigody and providing said conductive probe arms freely
extending from said supporting body;

() each of said probe arms defining a maximum width perpendicular to its
perpendicular bisector and parallel with its line of contact with said
supporting body, and a maximum thickness perpendicular to its
perpendicular bisector and its line of contact with said supporting body,
said maximum width and said maximum thickness defining a ratio in
the range of 0.5-20, such as 1-10, preferably 1-3, and each of said
probe arms having a specific area or point of contact at its distal end
for contacting a specific location among said number of specific
locations of said test sample; and

(k) atleast one of said probe arms having an extension defining a pointing
distal end providing its specific area or point of contact located offset
relative to its perpendicular bisector;

(I)  said multi-point probe communicating with said electric properties
testing means; and

(iv)  reciprocating means for moving said multi-point probe relative said test
sample so as to cause said conductive probe arms to be contacted with said
specific location of said test sample for performing said testing of electric
properties thereof.

11. The multi-point testing apparatus according to claim 10, wherein said multi-point

testing apparatus further comprises a back-gate for connecting said electric

properties testing means to said test sample, said back-gate being especially



WO 2010/000265 PCT/DK2009/000161
41

suitable for being used in conjunction with a multi-point probe having at least three

conductive probe arms for testing electrical properties of a test sample.

12. The multi-point testing apparatus according to claims 10-11, wherein said multi-

5 point probe further includes any of the features of any of the claims 2-9.
13.A method of producing a multi-point probe comprising the following steps:
(i) producing a wafer body;
(ii) producing a first multiple of conductive probe arms positioned in co-planar
10 and facial relationship with said wafer body; and

(iv) removing a part of said wafer body for providing said conductive probe arms
freely extending from said non-removed part of said wafer body constituting

a supporting body from which said conductive probe arms extend freely.

15  14.The method of producing a multi-point probe according to claim 13, wherein the
technique of applying the conductive probe arms in co-planar and facial relationship
with the supporting wafer body, involves microfabrication technique, planar
technique, CMOS technique, thick-film technique, thin-film technique or a
combination thereof.

20

15. The method according to claims 13 and 14, the multi-point probe having any of the

features of the multi-point probe according to any of the claims 1-12.



