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SINGLE-POSITION HALL EFFECT MEASUREMENTS

In semiconductor processing, it has become more and more important and also
difficult to characterize material properties along with the continuous down-scaling of
the critical dimensions. Sheet materials such as ultra-shallow junctions are widely
used, and sheet resistance measurement has been developed for the study of
these. In addition to the sheet resistance of film materials, the sheet carrier density
and the mobility are also important properties for the performance of semiconductor
device, e.g. in complementary metal-oxide-semiconductor (CMOS) transistors.
However, most of the present measurement methods for determining the sheet
resistance, the sheet carrier density, and the sheet carrier mobility require either
special sample preparation or destructive machining of the sample. Some
measurement methods also require several engagements between a probe and a
test sample, which impairs the efficiency of the methods.

In order to characterize the sheet carrier density and the mobility of sheet materials,
a fast, cheap, and non-destructive method is therefore desired. There are several
methods employing microscopic multi-point probes produced by silicon-based
micro-fabrication technology that can be used for the sheet resistance
measurements. In WOQ02007045246A1 it has been shown that Hall effect
measurement can be made with an in-line micro four-point probe to measure the
sheet resistance, the sheet carrier density, and the Hail mobility. However, the
method demands two measurement points, i.e. two different engagements between
probe and test sample, which can cause large measurement errors when the

electrical property is not ideally homogeneous across the sample under test.

It is an object of the present invention to improve the accuracy and reduce the time
of determining an electrical property of a test sample. In particular, it is an object of
the present invention to improve the accuracy and reduce the time of determining an
electrical property that depends on the distance to an electrical boundary of the test
sample. According to the present invention, only one measurement point, i.e. one

engagement between probe and test sample, is necessary in a Hall effect
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measurement. This will reduce the measuring time significantly and provide more

accurate results for electrical transport properties of thin films.

The object of the invention is achieved according to a first aspect of the invention by
a first position on an electrically conducting surface portion of a test sample and an
electrical boundary of the electrically conducting surface portion by a multi-point
probe comprising a first contact element, a second contact element, a third contact
element, and a fourth contact element, each contact element defining a contact
point for establishing an electrical contact with the test sample, the method
comprising: (i.i) contacting the test sample with the first contact element, the second
contact element, the third contact element, and the fourth contact element at the first
position on the electrically conducting surface portion, (i.ii) applying a magnetic field
having a major field component perpendicular to the electrically conducting surface
portion at the first position, (i.iii) applying a first electrical potential across the first
and third contact elements for generating a first current in the surface portion at the
first position, (i.iv) measuring the first current through the first or the third contact
element, (i.v) measuring a first voltage across the second and fourth contact
elements, (i.vi) calculating a first resistance value (Rg) based on the first current and
the first voltage, (i.vii) applying a second electrical potential across the second and
fourth contact elements for generating a second current in the surface portion at the
first position, (i.viii) measuring the second current through the second or the fourth
contact element, (i.ix) measuring a second voltage across the first and third contact
elements, (i.x) calculating a second resistance value (Rg) based on the second
current and the second voltage, (i.xi) calculating a first resistance difference (ARgs)
based on the difference between the first resistance value and the second
resistance value, (i.xii) applying a third electrical potential across the first and
second contact elements for generating a third current in the surface portion at the
first position, (i.xiii) measuring the third current through the first or the second
contact element, (i.xiv) measuring a third voltage across the third and fourth contact
elements, (i.xv) calculating a third resistance value (R¢) based on the third current
and the third voltage, (i.xvi) applying a fourth electrical potential across the third and
fourth contact elements for generating a fourth current in the surface portion at the

first position, (i.xvii) measuring the fourth current through the third or the fourth
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contact element, (i.xviii) measuring a fourth voltage across the first and second
contact elements, (i.xix) calculating a fourth resistance value (R¢) based on the
fourth current and the fourth voltage, and (i.xx) calculating a second resistance
difference (ARcc) based on the difference between the third resistance value and
the fourth resistance value, or in an alternative replacing steps (i.xii) to (i.xx) with:
the multi-point probe comprising a plurality of contact elements, each contact
element defining a contact point for establishing an electrical contact with the test
sample, the plurality of contact elements comprising the first contact element, the
second contact element, the third contact element, the fourth contact element and
one or more additional contact elements, (ii.xii) defining a first configuration of
contact elements of the plurality of contact elements, the first configuration of
contact elements being composed of the first contact element, the second contact
second configuration of contact elements of the plurality of contact elements, the
second configuration of contact elements being composed of a fifth contact element,
a sixth contact element, a seventh contact element, and an eighth contact element,
at least one contact element of the second configuration of contact elements being a
contact element of the one or more additional contact elements, (ii.xiv) contacting
the test sample with the contact elements of the second configuration of contact
elements at the first position on the electrically conducting surface portion at the
same time as contacting the test sample with the contact elements of the first
configuration of contact elements, (ii.xv) applying a third electrical potential across
the fifth and seventh contact elements for generating a third current in the surface
portion at the first position, (ii.xvi) measuring the third current through the fifth or the
seventh contact element, (ii.xvii) measuring a third voltage across the sixth and
eighth contact elements, (ii.xviii) calculating a third resistance value (Rg ) based on
the third current and the third voltage, (ii.xix) applying a fourth electrical potential
across the sixth and eighth contact elements for generating a fourth current in the
surface portion at the first position, (ii.xx) measuring the fourth current through the
sixth or the eighth contact element, (ii.xxi) measuring a fourth voltage across the fifth
and seventh contact elements, (ii.xxii) calculating a fourth resistance value (Rg:>2)
based on the fourth current and the fourth voltage, and (ii.xxiii) calculating a second

resistance difference (ARgg’2) based on the difference between the third resistance
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value and the fourth resistance value, and both the alternative including the steps
(i.xii) to (i.xx) and the alternative including the steps (ii.xii) to (ii.xxiii) further
comprising: (i.xxi) defining a first relation (f) including a first, a second, and a third
parameter representing the first resistance difference, the second resistance
difference, and the distance between the first position and the electrical boundary,
respectively, and (i.xxii) employing the first and second resistance differences
(ARgs, ARcc, ARgs’2) as the first and second parameters, respectively, in the first
relation for determining the third parameter representing the distance (y) between

the first position and the electrical boundary.

The method according to the first aspect of the present invention and the alternative
replacing steps (i.xii) to (i.xx) may further comprise: (iii.xxiv) calculating a first

resistance mean (72;,1) of the first resistance value (Rg) and the second resistance

value (Rg), (iii.xxv) calculating a second resistance mean (E,z) of the third

resistance value (Rg2) and the fourth resistance value (Rg'2), and (iii.xxvi) applying
a fifth electrical potential across the first and fourth contact elements for generating
a fifth current in the surface portion at the first position, (iii.xxvii) measuring the fifth
current through the first or the fourth contact element, (iii.xxviii) measuring a fifth
voltage across the second and third contact elements, (iii.xxix) calculating a fifth
resistance value (Ras) based on the fifth current and the fifth voltage, (iii.xxx)
applying a sixth electrical potential across the second and third contact elements for
generating a sixth current in the surface portion at the first position, (iii.xxxi)
measuring the sixth current through the second or the third contact element,
(iii.xxxii) measuring a sixth voltage across the first and fourth contact elements,
(iii.xxxiii) calculating a sixth resistance value (R4’ ) based on the sixth current and
the sixth voltage, (iii.xxxiv) calculating a third resistance mean (R_AA.,1) of the fifth
resistance value (R4 1) and the sixth resistance value (R4:4), and (iii.xxxv) applying
a seventh electrical potential across the fifth and eighth contact elements for
generating a seventh current in the surface portion at the first position, (iii.xxxvi)
measuring the seventh current through the fifth or the eighth contact element,
(iii.xxxvii) measuring a seventh voltage across the sixth and seventh contact
elements, (iii.xxxviii} calculating a seventh resistance value (Ra2) based on the
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seventh current and the seventh voltage, (iii.xxxix) applying an eighth electrical
potential across the sixth and seventh contact elements for generating an eighth
current in the surface portion at the first position, (iii.xl) measuring the eighth current
through the sixth or the seventh contact element, (iii.xli) measuring an eighth voltage
across the fifth and eighth contact elements, (iii.xlii) calculating an eighth resistance
value (Ra’2) based on the eighth current and the eighth voltage, (iii.xliii) calculating a

fourth resistance mean (R, ») of the seventh resistance value (R, 2) and the eighth
resistance value (Ra’>), (iii.xliv) defining a second relation including a fourth, fifth,

and sixth parameter representing the first resistance mean (R, 1), the third
resistance mean (R_A;,1), and a first pseudo sheet resistance (Rp,1), respectively,
(iii.xlv) employing the first resistance mean (R, .1) and the third resistance mean

(R_AA,,1) as the fourth parameter and the fifth parameter, respectively, in the second

relation for determining the sixth parameter representing the first pseudo sheet
resistance (Rp ), (iii.xlvi) defining a third relation including a seventh, eighth, and

ninth parameter representing the second resistance mean (R, ), the fourth
resistance mean (R, »), and a second pseudo sheet resistance (Rp ), respectively,
(iii.xlvii) employing the second resistance mean (E;,g) and the fourth resistance

mean (R_AA.,Q) as the seventh parameter and the eighth parameter, respectively, in

the third relation for determining the ninth parameter representing the second
pseudo sheet resistance (Rp ), (iii.xlviii) defining a fourth relation (gp) including a
tenth, an eleventh, and a twelfth parameter representing the first pseudo sheet
resistance (Rp1), the second pseudo sheet resistance (Rp>), and the distance
between the first position and the electrical boundary, respectively, and (iii.xlix)
employing the first and the second pseudo sheet resistances (Rg 1, Rp,2) as the tenth
and eleventh parameter, respectively, in the fourth relation (gp) for determining the
twelfth parameter representing an additional distance (y) between the first position
and the electrical boundary, or in an alternative replacing step (iii.xlix) with: the
contact elements of the second configuration representing an additional distance
(y2) between the first position on the electrically conducting surface portion of the
test sample and the electrical boundary of the electrically conducting surface

portion, the first relation (fp) further including a thirteenth parameter representing the
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additional distance between the first position and the electrical boundary, the fourth
relation (gp) further including a fourteenth parameter representing the additional
distance between the first position and the electrical boundary, and the method
further comprising: (iv.xlix) employing the first and the second pseudo sheet
resistances (Rp1, Rp2) as the tenth and eleventh parameter, respectively, in the
fourth relation (gp) for simuitaneously determining the thirteenth parameter and the
fourteenth parameter representing the distance (y) and the additional distance (y2)
between the first position and the electrical boundary, respectively.

In the alternative including step (iii.xlix) the fourth relation may be equivalent to Rg 4/
Rr > = gp(y), where Rp 1 represents the first pseudo sheet resistance, Rp ; represents
the second pseudo sheet resistance, and gp represents a function including the
distance y as a parameter, the function gp defining a peak value at a specific
distance, and the function gp increasing as a function of the distance below the
specific distance and decreasing as a function of the distance above the specific
distance, the method may further comprise: (iii.xIx) comparing the distance and the
specific distance to determine if the additional distance (y,) is below or above the
specific distance in the fourth relation. The additional distance (y») determined this
way is typically more accurate than the distance (y), since it is derived from

resistance means instead of resistance differences.

The additional distance may replace the distance for any purpose, e.g. for

determining an electrical property of a test sample.

The objects are according to a second aspect of the present invention obtained by a
method for determining a distance between a first position on an electrically
conducting surface portion of a test sample and an electrical boundary of the
electrically conducting surface portion by a multi-point probe comprising a plurality
of contact elements, each contact element defining a contact point for establishing
an electrical contact with the test sample, the plurality of contact elements
comprising a first contact element, a second contact element, a third contact
element, a fourth contact element and one or more additional contact elements, the

method comprising: (v.i) defining a first configuration of contact elements of the
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plurality of contact elements, the first configuration of contact elements being
composed of the first contact element, the second contact element, the third contact
element, and the fourth contact element, (v.ii) defining a second configuration of
contact elements of the plurality of contact elements, the second configuration of
contact elements being composed of a fifth contact element, a sixth contact
element, a seventh contact element, and an eighth contact element, at least one
contact element of the second configuration of contact elements being a contact
element of the one or more additional contact elements, (v.iii-iv) contacting the test
sample with the contact elements of the first and second configurations of contact
elements at the first position on the electrically conducting surface portion, (v.v)
applying a magnetic field having a major field component perpendicular to the
electrically conducting surface portion at the first position (v.vi) applying a first
electrical potential across the first and third contact elements for generating a first
current in the surface portion at the first position, (v.vii) measuring the first current
through the first or the third contact element, (v.viii) measuring a first voltage across
the second and fourth contact elements, (v.ix) calculating a first resistance value
(Rg) based on the first current and the first voltage, (v.x) applying a second
electrical potential across the second and fourth contact elements for generating a
second current in the surface portion at the first position, (v.xi) measuring the
second current through the second or the fourth contact element, (v.xii) measuring a
second voltage across the first and third contact elements, (v.xiii) calculating a

second resistance value (Rg) based on the second current and the second voltage,
(v.xiv) calculating a first resistance mean (R,,. 1) of the first resistance value (Rg)

and the second resistance value (Rg), (v.xv) applying a third electrical potential
across the fifth and seventh contact elements for generating a third current in the
surface portion at the first position, (v.xvi) measuring the third current through the
fifth or the seventh contact element, (v.xvii) measuring a third voltage across the
sixth and eighth contact elements, (v.xviii) calculating a third resistance value (Rg 2)
based on the third current and the third voltage, (v.xix) applying a fourth electrical
potential across the sixth and eighth contact elements for generating a fourth current
in the surface portion at the first position, (v.xx) measuring the fourth current through
the sixth or the eighth contact element, (v.xxi) measuring a fourth voltage across the

fifth and seventh contact elements, (v.xxii) calculating a fourth resistance value
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(Rg2) based on the fourth current and the fourth voltage, (v.xxv) calculating a
second resistance mean (R, 2) of the third resistance value (Rg?2) and the fourth

resistance value (Rg:2), and (v.xxvi) applying a fifth electrical potential across the
first and fourth contact elements for generating a fifth current in the surface portion
at the first position, (v.xxvii) measuring the fifth current through the first or the fourth
contact element, (v.xxviii) measuring a fifth voltage across the second and third
contact elements, (v.xxix) calculating a fifth resistance value (R4 1) based on the fifth
current and the fifth voltage, (v.xxx) applying a sixth electrical potential across the
second and third contact elements for generating a sixth current in the surface
portion at the first position, (v.xxxi) measuring the sixth current through the second
or the third contact element, (v.xxxii) measuring a sixth voltage across the first and
fourth contact elements, (v.xxxiii) calculating a sixth resistance value (R4’ 1) based

on the sixth current and the sixth voltage, (v.xxxiv) calculating a third resistance
mean (R, ;) of the fifth resistance value (R4 s) and the sixth resistance value (Ra:1),

and (v.xxxv) applying a seventh electrical potential across the fifth and eighth
contact elements for generating a seventh current in the surface portion at the first
position, (v.xxxvi) measuring the seventh current through the fifth or the eighth
contact element, (v.xxxvii) measuring a seventh voltage across the sixth and
seventh contact elements, (v.xxxviii) calculating a seventh resistance value (Rj2)
based on the seventh current and the seventh voltage, (v.xxxix) applying an eighth
electrical potential across the sixth and seventh contact elements for generating an
eighth current in the surface portion at the first position, (v.xl) measuring the eighth
current through the sixth or the seventh contact element, (v.xli) measuring an eighth
voltage across the fifth and eighth contact elements, (v.xlii) calculating an eighth
resistance value (Ra'2) based on the eighth current and the eighth voltage, (v.xliii)

calculating a fourth resistance mean (E;,z) of the seventh resistance value (R4 >)
and the eighth resistance value (Ra’2), (v.xliv) defining a second relation including a

fourth, fifth, and sixth parameter representing the first resistance mean (R, 1), the
third resistance mean (R, i), and a first pseudo sheet resistance (Rp.),
respectively, (v.xlv) employing the first resistance mean (R, ) and the third

resistance mean (R_A;,1) as the fourth parameter and the fifth parameter,
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respectively, in the second relation for determining the sixth parameter representing
the first pseudo sheet resistance (Rp 1), (v.xlvi) defining a third relation including a

seventh, eighth, and ninth parameter representing the second resistance mean

(R, 2), the fourth resistance mean (R, ), and a second pseudo sheet resistance
(Rp.2), respectively, (v.xlvii) employing the second resistance mean (R,,. 2) and the

fourth resistance mean (R, ;) as the seventh parameter and the eighth parameter,

respectively, in the third relation for determining the ninth parameter representing
the second pseudo sheet resistance (Rp ), (v.xlviii) defining a fourth relation (gp)
including a tenth, an eleventh, and a twelfth parameter representing the first pseudo
sheet resistance (Rp 1), the second pseudo sheet resistance (Rp,2), and the distance
between the first position and the electrical boundary, respectively, and (v.xlix)
employing the first and the second pseudo sheet resistances (Re 1, Rp2) as the tenth
and eleventh parameter, respectively, in the fourth relation (gp) for determining the
twelfth parameter representing a value of the distance (y) between the first position

and the electrical boundary.

The fourth relation may be equivalent to Rp 1/ Rp» = gp(y), where Rp s represents the
first pseudo sheet resistance, Rp represents the second pseudo sheet resistance,
and gp represents a function including the distance y as a parameter, the function gp
defining a peak value at a specific distance, and the function gp increasing as a
function of the distance below the specific distance and decreasing as a function of
the distance above the specific distance, and the method may further comprise:
(v.xIx) determining a distance by the method according to the first aspect of the
present invention for representing an auxiliary distance, and (v.xlxi) comparing the
auxiliary distance and the specific distance to determine if the distance is below or

above the specific distance in the fourth relation.

The methods according to the first and second aspects of the present invention
require only a single engagement between the probe and the test sample for

accurately determining the distance.
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An electrical boundary is to be understood as a boundary preventing a current from
leaving the electrically conducting surface portion. Relation is here meant to
encompass a single equation, a set of equations, a function, a set of functions, or
any appropriate mathematical model of the setup used in the method that involves
the specified parameters. The determining of the distance may encompass equation
solving, regression analysis, comparisons with modelled or calibrated parameters,

or any other mathematical technique appropriate for the specified relation.

The multi-point probe may have any number of contact elements equal to or greater
than four, e.g. the multi-point probe may have twelve contact elements. However,
four contact elements are employed independent on the total number of contact
elements. A contact elements that is not used in the method may be positioned
between two contact elements that are used in the method. The multi-point probe
may be a probe described in any of WO2010115771A1, WO2010000265A1,
WO02008110174A1, WO2007051471A1, WO05124371A1, or WO0003252A2. The
contact elements may be in the form of cantilevers that extend from a probe body,
e.g. as is shown in WO0003252A2. The test sample may be silicon wafer with a
doped surface portion or a thin metal film defining the electrically conductive surface
portion. The electrical boundary may be defined by a portion of the physical
boundary of the electrically conductive surface portion, with a non-conducting region
outside the boundary. Alternatively, the electrical boundary may be defined by a
portion of the physical boundary of the test sample as a whole, provided the

electrically conductive surface portion extends to the physical boundary.

The magnetic field may be generated by an electromagnet or a permanent magnet
positioned on the opposite side of the test sample from the electrically conducting
surface portion. The first, second, third, and fourth contact elements may be coupled
to a multiplexer, which in turn is coupled to a current source for generating an
electrical potential across two of the contact elements, an ammeter for measuring a
current through the contact elements, and a voltmeter for measuring the voltage
across two of the contact elements. A control unit may be coupled to the multiplexer
to automatically control the multiplexer such that the currents can be generated and

measured, and the voltages measured, as specified in the method.
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The features described below may be employed for both the first and second

aspects of the present invention.

The contact points may define a first line intersecting each of the contact points. The
contact points of the first contact element, the second contact element, the third
contact element, the fourth contact element, and the one or more additional contact
elements may define a first line intersecting each of the contact points prior to the
contact points contacting the test sample. The contact points of the first contact
element, the second contact element, the third contact element, and the fourth
contact element, may be located in the given order along the first line. The contact
points of the fifth contact element, the sixth contact element, the seventh contact
element, and the eighth contact element, may be located on and/or in the given

order along the first line.

The spacing between the contact points of the first and second contact elements,
the second and third contact elements, and the third and fourth contact elements
may be approximately equal to a first spacing value (ss). The spacing between the
contact points of the fifth and sixth contact elements, the sixth and seventh contact
elements, and the seventh and eighth contact elements may be approximately equal

to a second spacing value (sy).

In the alternative replacing steps (i.xii) to (i.xx) the first relation may be equivalent to
ARgs!ARBg 2> = fp(y,51,82), where ARgg' represents the first resistance difference,
ARgg ;> represents the second resistance difference, and fp is a function including
the distance y between the first position and the electrical boundary, the first

spacing value sy, and the second spacing value s;.

The function fp(y,ss,82) in said first relation ARgg/ARgs'2 = fp(y,S1,52) may be be
equivalent to (3*arctan(s+/2y) - arctan(3s4/2y)) / ( 3*arctan(s,/2y) - arctan(3s2/2y)).
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The second relation may be equivalent to exp(2rr- R, 1/Rp,1) - exp(21r- R,y 1IRp1) =
1, where Rp ; is the first pseudo sheet resistance, R, 1 is the first resistance mean,
and R, 1is the third resistance mean; and the third relation may be equivalent to
exp(2m- R, 2/Rp2) - exp(2m- R,, 2/Rp2) = 1, where Rp, is the second pseudo sheet

resistance, R, . is the second resistance mean, and R, »is the fourth resistance

mean.

The contact points may define a first line intersecting each of the contact points, i.e.

the contact points are on a common line.

In the alternative including step (iii.xlix) the fourth relation may be equivalent to Rp 4/
Re2 = goly,s1,S2), where Rp s represents the first pseudo sheet resistance, Rp
represents the second pseudo sheet resistance, and gp represents a function
including the distance y between the first position and the electrical boundary, the

first spacing value sy, and the second spacing value s,.

In the alternative replacing step (iii.xlix) the first relation may be equivalent to
ARgg!ARBg 2 = fp(y,y2,51,S2), where ARgg represents the first resistance difference,
ARgg’> represents the second resistance difference, and fp is a function including
the distance y and the additional distance y, between the first position and the

electrical boundary, the first spacing value sy, and the second spacing value s..

The function fp(y,y2,s1,82) in the first relation ARgg/ARgg 2 = fo(y,y2,S1,S2) may be
equivalent to (3*arctan(s+/2y) - arctan(3s4/2y)) / ( 3*arctan(s2/2y) - arctan(3s2/2y,)).

In the alternative replacing step (iii.xlix) the fourth relation may be equivalent to Rp 4/
Rer2 = go(y,y2.81,52), where Rp s represents the first pseudo sheet resistance, Rp,
represents the second pseudo sheet resistance, and gp represents a function
including the distance y and the additional distance y» between the first position and

the electrical boundary, the first spacing value sy, and the second spacing value s..
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The electrical boundary may have an approximately linear portion and the distance
between the first position and a point on the linear portion may be smaller than the
distance between the first position and any point on the electrical boundary outside
the linear portion. This means that the shortest distance from the first position to the

electrical boundary is to a point on the linear portion.

The method may further comprise: (vi.i) orienting the multi-point probe to position
the first line in a parallel relationship with the linear portion. The spacing between
the contact points of the first and second contact elements, the second and third
contact elements, and the third and fourth contact elements may be approximately

equal.

In the alternative including steps (i.xii) to (i.xx) the first relation may be equivalent to
ARcc/ARgs = R(y,s), where ARgg' represents the first resistance difference, ARcc
represents the second resistance difference, and f is a function including the
distance y between the first position and the electrical boundary and the spacing s

between the contact points as parameters.

The first resistance difference ARgg in the relation ARcc/ARgg = f(y,s) may be
equivalent to ARgs = 2Ru4/m*arctan(a/2y) + arctan(b/2y) + arctan(c/2y) -
arctan((a+b+c)/2y)), where ARgg represents the additional first difference (ARgs), y
represents the distance (y), a represents the spacing between the contact points of
the first and second contact elements, b represents the spacing between the contact
points of the second and third contact elements, and ¢ represents the spacing
between the contact points of the third and fourth contact elements; and the second
resistance difference ARcc' in the relation ARcc/ARgs’ = f(y,S) may be equivalent to
ARcer = 2Ru/m*(arctan((atb+c)/2y) + arctan(b/2y) - arctan((a+b)/2y) -
arctan((b+c)/2y)) where AR¢c represents the additional second difference (ARcc), y
represents the distance (y), a represents the spacing between the contact points of
the first and second contact elements, b represents the spacing between the contact
points of the second and third contact elements, and ¢ represents the spacing

between the contact points of the third and fourth contact elements.
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In the alternative including steps (i.xii) to (i.xx) of the first aspect of the present
invention the method may4further comprise: (i.xxiii) applying a fifth electrical
potential across the first and fourth contact elements for generating a fifth current in
the surface portion at the first position, (i.xxiv) measuring the fifth current through
the first or the fourth contact element, (i.xxv) measuring a fifth voltage across the
second and third contact elements, (i.xxvi) calculating a fifth resistance value (Ra)
based on the fifth current and the fifth voltage, (i.xxvii) applying a sixth electrical
potential across the second and third contact elements for generating a sixth current
in the surface portion at the first position, (i.xxviii) measuring the sixth current
through the second or the third contact element, (i.xxix) measuring a sixth voltage
across the first and fourth contact elements, (i.xxx) calculating a sixth resistance
value (Rs) based on the sixth current and the sixth voltage, (i.xxxi) calculating a
third resistance difference (ARas) based on the difference between the fifth
resistance value and the sixth resistance value, (i.xxxii) in defining the first relation
(H the first relation (f) further includes a fourth parameter representing the third
resistance difference (ARaa’), and (i.xxxiii) in determining the distance (y) between
the first position and the electrical boundary, the third resistance difference (ARaa’)
is used as the fourth parameter in the first relation in addition to the first and the
second resistance differences (ARgs, ARcc’) may be used as the first and the

second parameter, respectively.

This allows for the accurate measurements of the distance y with asymmetric probe

that have non-equidistant contact points.

The contact points may be positioned in-line and the spacing between the contact
points of the first and second contact elements and the spacing between the contact
points of the second and third contact elements may be approximately equal. The
contact points may be positioned in-line and the spacing between the contact points
of the third and fourth contact elements may be different from the spacing between
the contact points of the first and second contact elements. It has been found in
simulations that this particular relative spacing of the contact probes gives accurate

determinations of the distance to the electrical boundary.
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The spacing between the contact points of the third and fourth contact element may
be greater than the spacing between the contact points of the first and second
contact element by a factor in one or more of the ranges 1.1-3.7, 1.2-3.3, 1.3-2.9,
1.4-2.5, 1.5-2.1, and 1.6-1.7, and/or in one of the ranges 1.2-1.3, 1.3-1.4, 1.4-1.5,
1.5-1.6, 1.6-1.7, 1.7-1.8, 1.8-1.9, 1.9-2.0, 2.0-2.2, 2.2-2.4, 2.4-2.6, 2.6-2.8, 2.8-3.0,
3.0-3.3, 3.3-3.6, 3.6-3.9, and/or approximately five divided by three, or by a factor in
one or more of the ranges 1.2-3.8, 1.6-3.4, 1.8-3.2, 2.0-3.0, 2.2-2.8, and 2.4-2.6,
and/or in one of the ranges 1.2-1.3, 1.3-1.4, 1.4-1.5, 1.5-1.6, 1.6-1.7, 1.7-1.8, 1.8-
1.9, 1.9-2.0, 2.0-2.2, 2.2-2.4, 24-2.6, 2.6-2.8, 2.8-3.0, 3.0-3.3, 3.3-3.6, 3.6-3.9,
and/or approximately five divided by two. It has been found in simulations that these
particular relations give accurate determinations of the distance to the electrical

boundary.

The spacing between the contact points of the first and second contact elements
may be in one of the ranges 1-5 pm, 5-10 ym, 10-15 pm, 15-20 pm, 20-25 pm, 25-
30 pm, 30-40 pm, 40-50 ym, 50-500 pm, and/or in one or more of the ranges 1-50
pgm, 5-40 pm, 10-30 pm, 15-25 pm.

The first relation may be equivalent to (ARaa + dARcc)/ARgs = f(y,a,b,c), where
ARgg is the first resistance difference, ARcc is the second resistance difference,
ARa is the third resistance difference, a is a tuning factor in the range -10 to 10;
and f is a function including the distance y between the first position and the
electrical boundary and a the spacing between the contact points of the first and
second contact elements, b the spacing between the contact points of the second
and third contact elements, and c the spacing between the contact points of the third

and fourth contact elements.

The tuning factor a may be approximately 1 or approximately -1.

The first resistance difference ARgg in the relation (ARaa + aARcc)/ARgs =
fly,a,b,c) may be equivalent to ARgg = 2Ru/m*(arctan(a/2y) + arctan(b/2y) +
arctan(c/2y) - arctan((a+b+c)/2y)), where ARgg represents the additional first

difference (ARaa), y represents the distance (y), a represents the spacing between
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the contact points of the first and second contact elements, b represents the spacing
between the contact points of the second and third contact elements, and ¢
represents the spacing between the contact points of the third and fourth contact
elements; the second resistance difference ARccr in the relation (ARaa +
aARcc)/ARgs = f(y,a,b,c) may be equivalent to ARcc' = 2Ruy/m*(arctan((a+b+c)/2y) +
arctan(b/2y) - arctan((a+b)/2y) - arctan((b+c)/2y)), where ARcc represents the
additional second difference (ARcc’), y represents the distance (y), a represents the
spacing between the contact points of the first and second contact elements, b
represents the spacing between the contact points of the second and third contact
elements, and c represents the spacing between the contact points of the third and
fourth contact elements; and the third resistance difference ARa4s in the relation
(ARaar + daARcc)/ARss = fy,ab,c) may be equivalent to ARaa =
2R/ (arctan((a+b)/2y) - arctan(a/2y) - arctan((b+c)/2y) + arctan(c/2y)), where
ARa represents the additional third resistance difference (ARaa), y represents the
distance (y), a represents the spacing between the contact points of the first and
second contact elements, b represents the spacing between the contact points of
the second and third contact elements, and ¢ represents the spacing between the
contact points of the third and fourth contact elements. It has been found that this
particular modelling gives accurate results over a wide range of measurement

conditions.

The spacing between the contact points of the first and second contact elements
may be in one or more of the ranges 0.1-100 pm, 1-90 pm, 10-80 pm, 20-70 pm, 30-
60 pym, and 40-50 pym; and/or in one of the ranges 0.1-1 pm, 1-10 pm, 10-20 pm,
20-30 pm, 30-40 pym, 40-50 pm, 50-60 pym, 60-70 pym, 70-80 pm, 80-90 pm, 90-100
KMm, or 100-500pm.

The object of the invention is achieved according to a third aspect of the invention
by a method for determining an electrical property at a first position on an electrically
conducting surface portion of a test sample, the electrically conducting surface
portion having an electrical boundary and the method comprising: (a) determining a
distance (y) between the first position on the electrically conducting surface portion

of the test sample and the electrical boundary of the electrically conducting surface
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portion according to any of the points 1 to 32, (b) defining a fifth relation including
the electrical property and a fifteenth parameter representing the distance (y), and
(c) employing the distance (y) as the fifteenth parameter in the fifth relation for
determining the electrical property, or alternatively the method comprising: (a)
determining an additional distance (y2) between the first position on the electrically
conducting surface portion of the test sample and the electrical boundary of the
electrically conducting surface portion according to any of the points 2 to 32, (b)
defining a fifth relation including the electrical property and a fifteenth parameter
representing the additional distance (y,), and (c) employing the additional distance
(y2) as the fifteenth parameter in the fifth relation for determining the electrical

property.

According to this method, only a single engagement is necessary between the
probe and the test sample for accurately determining the electrical property.

An electrical boundary is to be understood as a boundary preventing a current from
leaving the electrically conducting surface portion. Relation is here meant to
encompass a single equation, a set of equations, a function, a set of functions, or
any appropriate mathematical model of the setup used in the method that involves
the specified parameters. The determining of the electrical property may encompass
equation solving, regression analysis, comparisons with modelled or calibrated
parameters, or any other mathematical technique appropriate for the specified

relation.

The fifth relation may further including the spacing between the contact points of the
first contact element, the second contact element, the third contact element, and/or
the fourth contact element, and: (b’) in defining the fifth relation, the fifth relation may
further include a sixteenth parameter representing the spacing between the contact
points of the first contact element, the second contact element, the third contact
element, and/or the fourth contact element, and (c’) in determining the electrical
property, the spacing may be used as the sixteenth parameter in the fifth relation in
addition to the distance (y) or the additional distance (y>).
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The electrical property may be the Hall sheet resistance (Ry) and the fifth relation
(f1,f;) may further include a seventeenth parameter representing an additional first
resistance difference (ARgg), the method may further comprise: (d) applying an
additional first electrical potential across the first and third contact elements for
generating an additional first current in the surface portion at the first position, (e)
measuring the additional first current through the first or the third contact element, (f)
measuring an additional first voltage across the second and fourth contact elements,
and (g) calculating an additional first resistance value (Rg) based on the additional
first current and the additional first voltage, or (g')retaining the first resistance value
(Rg) from the determining of the distance as an additional first resistance value (Rg),
and (h) applying an additional second electrical potential across the second and
fourth contact elements for generating an additional second current in the surface
portion at the first position, (i) measuring the additional second current through the
second or the fourth contact element, (j) measuring an additional second voltage
across the first and third contact elements, and (k) calculating an additional second
resistance value (Rg) based on the additional second current and the additional
second voltage, or (k') retaining the second resistance value (Rg) from the
determining of the distance as an additional second resistance value (Rg), and (l)
calculating the additional first resistance difference (ARgg) based on the difference
between the additional first resistance value and the additional second resistance
value, or (I) retaining the first resistance difference (ARgg) from the determining of

the distance as the additional first resistance difference (ARgg)).

The fifth relation may be equivalent to ARgg' = 2Ry/m*(arctan(a/2y) + arctan(b/2y) +
arctan(c/2y) - arctan((a+b+c)/2y)) where ARgp represents the additional first
difference (ARgg), y represents the distance (y) or additional distance }(y1), a
represents the spacing between the contact points of the first and second contact
elements, b represents the spacing between the contact points of the second and
third contact elements, and c¢ represents the spacing between the contact points of

the third and fourth contact elements.

The electrical property may be the Hall sheet resistance (Ry) and the fifth relation

(f,f3) may further include a seventeenth parameter representing an additional
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second resistance difference (ARcc), the method may further comprise: (d) applying
an additional third electrical potential across the first and second contact elements
for generating an additional third current in the surface portion at the first position,
(e) measuring the additional third current through the first or the second contact
element, (f) measuring an additional third voltage across the third and fourth contact
elements, and (g) calculating an additional third resistance value (R¢) based on the
additional third current and the additional third voltage, or in the alternative including
steps (i.xii) to (i.xx): (g) retaining the third resistance value (Rc) from the
determining of the distance as an additional third resistance value (Rc¢), and (h)
applying an additional fourth electrical potential across the third and fourth contact
elements for generating an additional fourth current in the surface portion at the first
position, (i) measuring the additional fourth current through the third or the fourth
contact element, (j) measuring an additional fourth voltage across the first and
second contact elements, and (k) calculating an additional fourth resistance value
(Rc) based on the additional fourth current and the additional fourth voltage, or in
the alternative including steps (i.xii) to (i.xx): (k) retaining the fourth resistance value
(Rc) from the determining of the distance as an additional fourth resistance value
(Re), and (l)calculating the additional second resistance difference (ARcc) based on
the difference between the additional third resistance value and the additional forth
resistance value, or in the alternative including steps (i.xii) to (i.xx): (I') retaining the
second resistance difference (ARcc) from the determining of the distance as the

additional second resistance difference (ARc¢).

The fifth relation may be equivalent to ARce = 2Ry/m*(arctan((a+b+c)/2y) +
arctan(b/2y) - arctan((a+b)/2y) - arctan((b+c)/2y)), where ARcc represents the
additional second difference (ARcc), y represents the distance (y) or additional
distance (ys), a represents the spacing between the contact points of the first and
second contact elements, b represents the spacing between the contact points of
the second and third contact elements, and c represents the spacing between the

contact points of the third and fourth contact elements.

The electrical property may be the Hall sheet resistance (Ry) and the fifth relation

(fy) may further include a seventeenth parameter representing an additional third
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resistance difference (ARaa), the method may further comprise: (d) applying an
additional fifth electrical potential across the first and fourth contact elements for
generating an additional fifth current in the surface portion at the first position, (e)
measuring the additional fifth current through the first or the fourth contact element,
(f) measuring an additional fifth voltage across the second and third contact
elements, and (g) calculating an additional fifth resistance value (R4) based on the
additional fifth current and the additional fifth voltage, or (g’) retaining the fifth
resistance value (Rs) from the determining of the distance as an additional fifth
resistance value (Ra), and (h) applying an additional sixth electrical potential across
the second and third contact elements for generating an additional sixth current in
the surface portion at the first position, (i) measuring the additional sixth current
through the second or the third contact element, (j) measuring an additional sixth
voltage across the first and fourth contact elements, and (k) calculating an additional
sixth resistance value (Rj) based on the additional sixth current and the additional
sixth voltage, or (k') retaining the sixth resistance value (R4} from the determining of
the distance as an additional fifth resistance value (Ra), and (l) calculating the
additional third resistance difference (ARa4’) based on the difference between the
additional fifth resistance value and the additional sixth resistance value, or (I')
retaining the third resistance difference (ARa4’) from the determining of the distance

as the additional third resistance difference (ARaa).

The fifth relation may be equivalent to ARsa- = 2Ru/r*(arctan((a+b)/2y) - arctan(a/2y)
- arctan((b+c)/2y) + arctan(c/2y)), where ARas represents the additional third
resistance difference (ARaa?), y represents the distance (y) or additional distance
(v1), a represents the spacing between the contact points of the first and second
contact elements, b represents the spacing between the contact points of the
second and third contact elements, and c represents the spacing between the

contact points of the third and fourth contact elements.

The electrical property may be the sheet resistance (Rp) and the fifth relation (g)
may further include a seventeenth parameter representing a pseudo sheet
resistance (Rp), the method may further comprise: (d) applying an additional fifth

electrical potential across the first and fourth contact elements for generating an
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additional fifth current in the surface portion at the first position, (e) measuring the
additional fifth current through the first or the fourth contact element, (f) measuring
an additional fifth voltage across the second and third contact elements, (g)
calculating an additional fifth resistance value (Rs) based on the additional fifth
current and the additional fifth voltage, or (g’) retaining the fifth resistance value (R,)
from the determining of the distance as an additional fifth resistance value (Rj,), and
(h) applying an additional sixth electrical potential across the second and third
contact elements for generating an additional sixth current in the surface portion at
the first position, (i) measuring the additional sixth current through the second or the
third contact element, (j) measuring an additional sixth voltage across the first and
fourth contact elements, (k) calculating an additional sixth resistance value (Rg)
based on the additional sixth current and the additional sixth voltage, or (k) retaining
the sixth resistance value (R4’ from the determining of the distance as an additional

fifth resistance value (Ra), and () calculating a fifth resistance mean (R, ) of the

additional fifth resistance value (R4) and the additional sixth resistance value (Ra),
and (d”) applying an additional first electrical potential across the first and third
contact elements for generating an additional first current in the surface portion at
the first position, (e”) measuring the additional first current through the first or the
third contact element, (f’) measuring an additional first voltage across the second
and fourth contact elements, (g”) calculating an additional first resistance value (Rpg)

»”

based on the additional first current and the additional first voltage, or (g"’) retaining
the first resistance value (Rg) from the determining of the distance as an additional
first resistance value (Rg), and (h”) applying an additional second electrical potential
across the second and fourth contact elements for generating an additional second
current in the surface portion at the first position, (i”) measuring the additional
second current through the second or the fourth contact element, (j*) measuring an
additional second voltage across the first and third contact elements, (k™) calculating
an additional second resistance value (Rg) based on the additional second current

359

and the additional second voltage, or (k') retaining the second resistance value

(Rg) from the determining of the distance as an additional second resistance value
(R’s), and (I") calculating a sixth resistance mean (f;) of the additional first

resistance value (Rg) and the additional second resistance value (Rg), and (m)
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defining a sixth relation including a eighteenth, nineteenth, and twentieth parameter
representing the fifth resistance mean (R, ), the sixth resistance mean (R,, ), and
the pseudo sheet resistance (Rp), respectively, (n) determining the pseudo sheet

resistance (Rp) by using the fifth resistance mean (R, ) and the sixth resistance

mean (R_B;) as the eighteenth parameter and the nineteenth parameter,

respectively, in the sixth relation.

The sixth relation may be equivalent to exp(2m- R, IRp) - exp(21T-R,, IRp) = 1,

where Rp is the pseudo sheet resistance, R,, is the first resistance mean, and

R, is the second resistance mean.

The Hall sheet carrier density Nys may be calculated as: Nys = B/(ZeRy), where B is
the magnetic field component perpendicular to the electrically conducting surface
portion, Ze is the carrier charge (Z = +1), and Ry the Hall sheet resistance. The
mean Hall carrier mobility yy may be calculated as: uy = (ZRn)/(RoB), where Z = +1
depending on the type of carrier charge, Ry the Hall sheet resistance, R, the sheet
resistance, and B is the magnetic field component perpendicular to the electrically
conducting surface portion. If the magnetic field is generated by an electromagnet,
the magnetic field component B may be calculated theoretically from the current
through the electromagnet. If the magnetic field is generated by a permanent
magnet, the magnetic field component B may be pre-determined by a suitable

calibration.

The object of the invention is achieved according to a fourth aspect of the invention
by an apparatus for determining a distance between a first position on an electrically
conducting surface portion of a test sample and an electrical boundary of the
electrically conducting surface portion, the apparatus comprising: a multi-point probe
comprising a first contact element, a second contact element, a third contact
element, a fourth contact element, contact element defining a contact point for
establishing an electrical contact with the test sample, or a muiti-point probe

comprising a plurality of contact elements, and a control unit adapted for performing
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the method for determining a distance according to the first or second aspects of the

present invention.

The object of the invention is achieved according to a fifth aspect of the invention by
an apparatus for determining an electrical property at a first position on an
electrically conducting surface portion of a test sample comprising: a multi-point
probe comprising a first contact element, a second contact element, a third contact
element, and a fourth contact element, each contact element defining a contact
point for establishing an electrical contact with the test sample, or a multi-point
probe comprising a plurality of contact elements, and a control unit adapted for
performing the method for determining an electrical property at a first position on an
electrically conducting surface portion of a test sample according to the third aspect

of the present invention.

Description of Figures

A number of embodiments of the different aspects of the present invention are

described below, where:

FIG.1 illustrates a four-point probe in contact with an electrically conducting surface

portion of a test sample,

FIG.2A illustrates the equidistant spacing between the contact points of the contact

elements of a probe in a preferred embodiment,

FIG.2B illustrates the asymmetric spacing between the contact points of the contact

elements of a probe in an alternative embodiment,

FIG.2C illustrates the asymmetric spacing between the contact points of the contact

elements of a probe in another alternative embodiment,

FIGS.3A(1)-(2) illustrate current-source and voltage-measurement configurations of

the contact elements according to an alternative embodiment,
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FIGS.3B(1)-(2) and FIGS.3C(1)-(2) illustrate current-source and voltage-
measurement configurations of the contact elements according to the preferred

embodiment,

FIGS.4A-C illustrate relations for determining the distance to an electrical boundary,
the Hall sheet resistance, and the sheet resistance according to the preferred

embodiment,

FIGS.5A-C illustrate relations for determining the distance to an electrical boundary,
the Hall sheet “resistance, and the sheet resistance according to an alternative

embodiment,

FIG.6 illustrates a seven-point probe according to an alternative embodiment in

contact with an electrically conducting surface portion of a test sample,
FIG.7A illustrates the position of the contact points in a contact with the test sample,

FIG.7B illustrates the position of the contact points in an alternative contact with the

test sampile,

FIGS.8A(1)-(4) illustrate current-source and voltage-measurement configurations of

the contact elements of the probe described in relation to FIG.6,

FIGS.8B(1)-(4) illustrate additional current-source and voltage-measurement

configurations of the contact elements of the probe described in relation to FIG.6,

FIG.9 illustrates relations for determining the distance to an electrical boundary
according to the alternative embodiment described in relation to the probe of FIG.6,

and
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FIG.10 illustrates additional relations for determining the distance to an electrical
boundary according to the alternative embodiment described in relation to the probe
of FIG.6.

Detailed description

FIG.1 illustrates a multi-point probe 36 contacting a test sample 30. The test sample
30 has an electrically conducting surface portion 32 and a boundary 34 physically
defined by the edge between the surface portion 32 corresponding to the top
surface of the test sample 30 and the side surface 33 of the test sample 30. The
side surface 33 is not electrically conducting and the boundary is therefore an
electrical boundary preventing currents from leaving the electrically conducting

surface portion 32.

The multi-point probe 36 has a probe body 18 from which a first contact element 10,
a second contact element 12, a third contact element 14, and a fourth contact
element 16 extend. Each of the contact elements 10-16 is cantilever with one end
connected to the probe body 18 and the other end defining a contact point 20-26.
The contact points 20-26 of the setup in FIG.1 are in contact with the electrically
conducting surface portion 32. The contact elements 10-16 are electrically
conducting. Thus, a current can pass through each of the contact elements into the
electrically conducting surface portion 32. A constant magnetic field B is applied to
the test sample 30 such that it has a field component 38 that is perpendicular to the

electrically conducting surface portion 32.

The contact points 20-26 of the contact elements 10-16 all lay on a common line 40,
as is shown in FIGS.2A-C. The electrical boundary 34 has a linear portion 42 and
the contact elements 10-16 are oriented so that the common line 40 is parallel to the
linear portion 42. The distance or spacing between the contact points 20-22 of the
first and second contact elements is denoted a, the distance or spacing between the
contact points 22-24 of the second and third contact elements is denoted b, and the
distance or spacing between the contact points 24-26 of the third and fourth contact

elements is denoted ¢. The distance or spacing between the common line 40 and



10

15

20

25

30

WO 2012/083955 PCT/DK2011/000156

26

the linear portion 42 is denoted y. In the preferred embodiment shown in FIG.2A the
distances a-c between the contact points 20-26 of the contact elements are
approximately equal to 21 pm. In the alternative embodiment shown in FIG.2B the
distance a between the contact points 20’-22’ of the first and second contact
elements is approximately 21 ym, the distance b between the contact points 22’-24’
of the second and third contact elements is approximately 21 pm, and the distance ¢
between the contact points 24’-26’ of the third and fourth contact elements is
approximately 35 uym. In another alternative embodiment shown in FIG.2C the
distance a between the contact points 207-22” of the first and second contact
elements is approximately 14 pm, the distance b between the contact points 22"-24"
of the second and third contact elements is approximately 14 ym, and the distance ¢
between the contact points 24”-26” of the third and fourth contact elements is

approximately 35 pym.

The test sample described in relation to the preferred embodiment of FIG.2A and
the test sample described in relation to the alternative embodiment of FIG.2B are
the same. In these embodiments the electrical boundary 34 is defined as described
in relation to FIG.1. In the alternative embodiment described in relation to FIG.2C
the electrical boundary 34’ is defined as a fransition between an electrically
conducting surface portion 32" and an electrically non-conducting surface portion 44
on the top surface of a test sample, which means that the two surface portions 34’

44 are essentially parallel.

Different electrical properties of the electrically conductive surface portion can be
determined. In a preferred embodiment the Hall sheet resistance and the sheet
resistance are measured with a four-point probe having contact points as shown in
FIG.2A.

The positioning of the contact points 20-26 defines a first position on the electrically
conducting surface portion 32 at a distance y from the electrical boundary 34. An
electrical potential is applied across the first 10 and third 14 contact elements such
that a current / is injected in the surface portion through the first contact element 10,

and at least some of the current is drained through the third contact element 14, as
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is shown in FIG.3B(1). The current / through the first contact element 10 and the
voltage V4 across the second 12 and fourth 16 contact elements are measured, and
a first resistance value (Rg) is calculated as the voltage V, divided by the current /.
Subsequently, an electrical potential is applied across the second 12 and fourth 14
contact elements such that a current / is injected in the surface portion through the
second element 12, and at least some of the current is drained through the fourth
contact element 14, as is shown in FIG.3B(2). The current / through the second
contact element 12 and the voltage V4 across the first 10 and third 14 contact
elements are measured, and a second resistance value (Rg) is calculated as the
voltage V- divided by the current /. A first resistance difference (ARgg) defined as
the difference between the first resistance value (Rg) and the second resistance

value (Rpg) is then calculated:

AR,y =R, - R, (Eq.1.1)

as well as the mean (R,, ) between the third resistance value (Rg) and the fourth

resistance value (Rg):
Ry = (R, +R,)/2. (Eq.1.2)

An electrical potential is applied across the first and second contact elements such
that a current / is injected in the surface portion through the first contact element 10,
and at least some of the current is drained through the second contact element 12,
as is shown in FIG.3C(1). The current / through the first contact 10 element and the
voltage V¢ across the third 14 and fourth 16 contact elements are measured, and a
third resistance value (Rc) is calculated as the voltage V¢ divided by the current /.
Subsequently, an electrical potential is applied across the third 14 and fourth 16
contact elements such that a current / is injected in the surface portion through the
third element 14, and at least some of the current is drained through the fourth
contact element 16, as is shown in FIG.3B(2). The current / through the third contact
element 14 and the voltage V¢ across the first 10 and second 12 contact elements

are measured, and a fourth resistance value (R¢) is calculated as the voltage V¢
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divided by the current /. A second resistance difference (ARcc) defined as the
difference between the third resistance value (R¢) and the fourth resistance value

(Rc) is then calculated:

AR...=R.-R. (Eq.1.3)

as well as the mean (E) between the third resistance value (R¢) and the fourth

resistance value (R¢):
R =(R.+R.)/2, (Eq.1.4)

A number of relations are defined corresponding to a mathematical model of a four-

point probe contacting a test sample as shown in FIG.2A:

AR, 2 S 3s
JA _—E}l——”(3arctan 2y arctan Zy]’ and (Eq-1-5)
AR, 2 3s s s
A _—TH-_ ”(arctan—zy+arctan—2y 2arctany]. (Eq.1.6)

Where s represents the spacing between neighbouring probe arms, which is the
same for all pairs of neighbouring probe arms, i.e. s = a = b = ¢, ARgg’ represents
the first resistance difference, y represents the distance between the contact points
20-26 and the electrical boundary 34, ARc¢c' represents the second resistance
difference, Ry represents the Hall sheet resistance at the first position of the
electrically conducting surface portion 32 where contact is established by the four-
point probe 36. In FIG.4C the relation f; (Eq.1.5) is shown as a dotted line and £,

(Eq.1.6) is shown is a dashed line.

The ratio between the two relations above (Eq.1.4 and 1.3) is employed for defining

a first relation:
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A Eq.1.7
f 7 (Eq.1.7)
which can also be written as:
ARCC' y |
—C = (), Eq.1.8
AR f(s) (Eq.1.8)

i.e. the first relation is a function of the distance y normalized with the nominal
spacing s. This relation (Eq.1.7 and 1.8) is shown as a solid line in the graph of
F1G.4C. The measured first (ARgg) and the second (ARcc’) resistance differences
are then used with the first relation (Eq.1.8) to derive the normalized distance y/s.
For example, a ratio ARcc/ARgs of 0.2 would give a normalized distance y/s of
approximately 2, and a ratio ARcc/ARgg of 0.4 would give a normalized distance y/s
of approximately 5.5, which can be read from FIG.4C. The nominal spacing s is
known and the distance y is therefore readily determined from the normalized
distance y/s. A normalized distance y/s of 2 would give a value of the function f; of
approximately 0.5, and a normalized distance y/s of 5.5 would give a value of the
function f; of approximately 0.08. The measured first resistance difference (ARgs)
together with the relation in Eq.1.3 then gives the Hall sheet resistance Ry. The

function f, can also be used in a similar fashion.

In order to determine the Sheet resistance of the electrically conductive surface

portion, i.e. another electrical property than the Hall sheet resistance, a first

resistance mean R, is calculated as the sum of the resistance means R, and

R, defined by Egs.1.2 and 1.4:

R, =Ry +Rep - (Eq.1.9)

The pseudo sheet resistance R, is then determined from the van der Pauw

equation:
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27R,, 27 R,
- —= =1, Eq.1.10
oo 2 ) 2 | a0

A second relation is defined for determining the sheet resistance of the electrically

conducting surface potion where it is contacted by the four-point probe, namely:
=g(%), (Eq.1.11)

where R, is the pseudo sheet resistance, R, the sheet resistance, and g is a
function of the normalized distance y/s. The function g is geometrical in the sense
that it does not depend on the actual size or dimensions of the four-point probe. The
function g representing a four-point probe with equidistant contact probes as in
FIG.2A is shown in FIG.4B. For example, normalized distance y/s of 2 would give a
value of the function g, i.e. the ration Ry/Ry, of approximately 1.40, and a normalized
distance y/s of 5.5 would give the corresponding value, or ratio, of approximately
1.14. With the pseudo sheet resistance R, determined as described in relation to

Egs.1.9 and 1.10, the sheet resistance Ryis then readily calculated from Eq.1.11.

In a second embodiment the Hall sheet resistance and the sheet resistance are

measured with an asymmetric four-point probe as shown in FIG.2B.

The positioning of the contact points 20°-26’ defines a first position on the electrically
conducting surface portion 32 at a distance y from the electrical boundary 34. An
electrical potential is applied across the first 10 and third 14 contact elements such
that a current / is injected in the surface portion through the first contact element 10,
and at least some of the current is drained through the third contact element 14, as
is shown in FIG.3B(1). The current / through the first contact element 10 and the
voltage Vg across the second 12 and fourth 16 contact elements are measured, and
a first resistance value (Rg) is calculated as the voltage Vg divided by the current.
Subsequently, an electrical potential is applied across the second 12 and fourth 14
contact elements such that a current / is injected in the surface portion through the

second element 12, and at least some of the current is drained through the fourth



10

15

20

25

30

WO 2012/083955 PCT/DK2011/000156

31

contact element 14, as is shown in FIG.3B(2). The current / through the second
contact element 12 and the voltage Vg across the first 10 and third 14 contact
elements are measured, and a second resistance value (Rg) is calculated as the
voltage Vp divided by the current /. A first resistance difference (ARgg) defined as
the difference between the first resistance value (Rg) and the second resistance

value (Rp) is then calculated:

AR, =R, —R, (Eq.2.1)

as well as the mean (ﬁ;) between the third resistance value (Rg) and the fourth

resistance value (Rg):
Ry =(Ry,+R;)/2. (Eq.2.2)

An electrical potential is applied across the first and second contact elements such
that a current / is injected in the surface portion through the first contact element 10,
and at least some of the current is drained through the second contact element 12,
as is shown in FIG.3C(1). The current / through the first contact 10 element and the
voltage V¢ across the third 14 and fourth 16 contact elements are measured, and a
third resistance value (Rc) is calculated as the voltage V¢ divided by the current /.
Subsequently, an electrical potential is applied across the third 14 and fourth 16
contact elements such that a current / is injected in the surface portion through the
third element 14, and at least some of the current is drained through the fourth
contact element 16, as is shown in FIG.3B(2). The current / through the third contact
element 14 and the voltage V¢ across the first 10 and second 12 contact elements
are measured, and a fourth resistance value (R¢) is calculated as the voltage V¢
divided by the current /. A second resistance difference (ARcc) defined as the
difference between the third resistance value (R¢) and the fourth resistance value

(Rc) is then calcualted:

AR...=R.-R., (Eq.2.3)



10

15

20

25

30

WO 2012/083955 PCT/DK2011/000156

32

as well as the mean (R ) between the third resistance value (Rc) and the fourth

resistance value (R¢):
R =(R.+R.)/2, (Eq.2.4)

An electrical potential is applied across the first 10 and fourth 16 contact elements
such that a current / is injected in the surface portion through the first contact
element 10, and at least some of the current is drained through the fourth contact
element 16, as is shown in FIG.3A(1). The current / through the first contact element
10 and the voltage V, across the second 12 and third 14 contact elements are
measured, and a fifth resistance value (R,) is calculated as the voltage V, divided
by the current /. Subsequently, an electrical potential is applied across the second
12 and third 14 contact elements such that a current / is injected in the surface
portion through the second element 12, and at least some of the current is drained
through the third contact element 14, as is shown in FIG.3A(2). The current /
through the second contact element 12 and the voltage V- across the first 10’ and
fourth 16 contact elements are measured, and a sixth resistance value (Ra) is
calculated as the voltage V, divided by the current /. A third resistance difference
(ARaa) defined as the difference between the fifth resistance value (Rs) and the

sixth resistance value (Rg) is then calculated:

AR,.=R,-R, (Eq.2.5)
AA A A

as well as the mean (R, ) between the fifth resistance value (Rs) and the sixth

resistance value (Ry):

R,=(R,+R,)/2. (Eq.2.6)

A number of relations are defined corresponding to a mathematical model of a four-

point probe contacting a test sample as shown in FIG.2C, namely:
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f1=AR“' =-2— arctana—+b——arctan-i—arctanE+arctani ’ (EQ-2-7)
R, =« 2y 2y 2y 2y
AR .
f,i=—2= =£ arctani+arctan-é—+arctan—c——a.rctana+b+c , and (Eq-2-8)
R, =& 2y 2y 2y 2y
AR
f _ AR _ 2 arctana+b+c+arctani—arctana—+b—arctanb+c , (Eq.2.9)
R, 2y 2y 2y 2y

where a, b, and c, represent the spacings between the contact points as indicated in
FIG.2C, y represents the distance between the contact points 20'-26" and the
electrical boundary 34, ARgg represents the first resistance difference, ARcc
represents the second resistance difference, ARaa’ represents the third resistance
difference, Ry represents the Hall sheet resistance at the position of the electrically
conducting surface portion 32 where contact is established by the four-point probe
36. In FIG.5C the relation f; (Eq.2.7) is shown as a dash-dotted line, the relation f;
(Eq.2.8) is shown as a dotted line, and the relation f; (Eq.2.9) is shown as a dashed

line.

A first relation is then defined as:

p=dtt (Eq.2.10)

which can also be written as:

AR, +o-AR...
AR

BB'

=f(y,a,b,c), (Eq211)

with a equal to 1, i.e. the first relation is a function of the distance y and the spacings
a, b, and ¢ between the contact points. This relation (Eq.2.10 and 2.11) is shown as
a solid line in the graph of FIG.5C. The measured first (ARgg}), second (AR¢c), and
third (ARaa’) resistance differences are then used with the first relation (Eq.2.11) to
derive the normalized distance 3y/(a+b+c). For example, a ratio (ARas+ARcc)/ARgs

of 0.2 would give a normalized distance 3y/(a+b+c) of approximately 0.5, and a ratio
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ARcc/ARgs of 0.8 would give a normalized distance 3y/(a+b+c) of approximately 7,
which can be read from FIG.5C. The nominal spacings a, b, and ¢ are known and
the distance y is therefore readily determined from the normalized distance
3yl(a+b+c). For example, with the spacing of FIG.2C,i.,e.a=b=14 ymand c = 35
Um, a normalized distance 3y/(at+b+c) of 0.5 would give a distance y of
approximately 10.5 ym, and a normalized distance 3y/(a+b+c) of 7 would give a
distance y of approximately 147 ym. Further, a normalized distance 3y/(a+b+c) of
0.5 would give a value of the function f, of approximately 1.33, and a normalized
distance 3y/(a+b+c) of 7 would give a value of the function f» of approximately 0.04.
The measured first resistance difference (ARgg) together with the relation in Eq.2.8
then gives the Hall sheet resistance Ry. The functions f; and f;can also be used in a

similar fashion.

In order to determine the Sheet resistance of the electrically conductive surface
portion, the pseudo sheet resistance R, is first determined from the van der Pauw

equation:

exp[zﬂRRﬂ'j—exp(Z”R” ] 1 (Eq.2.12)

Another second relation is then defined for determining the sheet resistance of the
electrically conducting surface portion where it is contacted by the four-point probe,

namely:

R - oy,a8,0), (Eq.2.13)
R,

where R, is the pseudo sheet resistance, Ry the sheet resistance, and g is a
function of the normalized distance y and the spacings a, b, and ¢ between the
contact points. The function g representing a four-point probe with asymmetric
spacing contact probes as in FIG.2C is shown in FIG.5B. For example, distance y of

approximately 10.5 yum would give a value of the function g, or of the ration Ry/Ry, of

approximately 1.44. With the pseudo sheet resistance R, determined as described
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in relation to Eq.2.12, the sheet resistance R, is then readily calculated from
Eq.2.13.

A more general example for the determination of the Hall sheet resistance and the
sheet resistance with a symmetric probe is given here. For a symmetric four-point
probe with equidistant contact points. i.e. a=b=c=s, only four measurement
configurations B, B’, C and C’ as shown in FIGS.3B(1), 3B(2), 3C(1), and 3C(2)
giving the resistance values R, Rs; Rc, and Rc, respectively, are needed in the

data treatment. The following is derived from the resistance values:

ARBB':RB—RB', E=(RB+RB‘)/2,and (3.1)

ARce. =R —R.. E=(RC+RC')/2. (3.2)

With the averages, a pseudo sheet resistance Rp is calculated from the van der

Pauw equation:

R = Rgp + Ree , and (3.3)

exp[ 27R,, ] e ( 27R,, ] _
R R, . (3.4)

The resistance differences ARgg' and AR¢¢c are expressed with known functions as:

ARyp =Ry fi(z)
S, and (3.5)

ARee =R, fz(l)
s (3.6)

Therefore, the ratio of ARgg' and ARcc’ can be expressed as a function of y:
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AR Y
—==f(=)
ARgs. — s (3.7)

In this equation, the function f can be obtained either with theoretical calculation or
with numerical simulation, as is plotted in FIG.4A. With this plot, the distance y is
determined, and the Hall sheet resistance Ry is then solved from either Eq.3.5 or
Eq.3.6.

The ratio of the pseudo sheet resistance Rp and the sheet resistance Ry could also

be expressed as a known function g that is only dependant on y/s:

2 gy
S -

R, (3.8)

The function g can be found either with theoretical calculation or with numerical
simulation, and is plotted in Fig.4B. Finally, with this plot and the pseudo sheet
resistance Rpfrom Eq.3.4, the sheet resistance Ry is calculated.

A more general example for the determination of the Hall sheet resistance and the
sheet resistance with an asymmetric probe is given here. For an asymmetric four-
point probe with the spacings a, b, and c, between the contact points of the contact
elements, all the six configurations A, A, B, B’, C and C’ as shown in FIGS.3A(1),
3A(2), 3B(1), 3B(2), 3C(1), and 3C(2) giving the resistance values Ra, Ras Rs, Rs;
Rc and Rc, respectively, are needed in the data treatment. Only five of the
configurations are independent. Spacings of a=14um, b=14um, and ¢c=35um, as is
in FIG.2C, are used in the following example, where the following is derived from the

resistance values:

AR, =R,~R, E:(RA+RA.)/2, (4.1)

ARy =Ry _RB', E;;=(RB +RB,)/2’ and 4.2)
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ARce.=Rc—Re Rec=(Re+Rc)/2, (4.3)

With the averages, a pseudo sheet resistance Rp is calculated from the van der

Pauw equation:

exp ( 27R,, J _ exp( 27R,, ) _
Ry ) U R .  (4.4)

The resistance differences ARas, ARgg and AR¢c are expressed with known

functions as:

R,y =Ry fi(3na,b) (4.5)
ARBB' :RH ﬁ(yaaabac) , and (46)
ARCC‘ :RH f;(y:a>b,c) . (47)

Therefore, we can define a function of ARas, ARggs and ARcc, which is only

dependent on the distance y:

ARAA' +a.ARCC. = f(y’a’b,c)
ARy, , (4.8)

In this equation, the function f can be obtained either with theoretical calculation or
with numerical simulation. By tuning the factor a, the function f is optimized so that
the distance detection could be less sensitive to the probe position errors. When
a=14 pym, b=14 ym, and ¢=35 pm, it has been found that a=1 is a good choice, and
the function f can be plotted as is shown in FIG.5A. With this plot, the distance y is
determined, and the Hall sheet resistance Ry is then solved from either of Eq.4.5,
Eq.4.6, or Eq.4.7.
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The ratio of the pseudo sheet resistance Rr and the sheet resistance Ry could also

be expressed as a known function g:

R
—F=g(y,a,b,c)
R, (4.9)

The function g can be found either with theoretical calculation or with humerical
simulation, and is plotted in FIG.5B. Finally, with this plot and the pseudo sheet

resistance Rpfrom Eq.4.4, the sheet resistance Ryis calculated.

FIG.6 illustrates a multi-point probe 36’ contacting a test sample 30’. The test
sample 30’ has an electrically conducting surface portion 32’ and a boundary 34’
physically defined by the edge between the surface portion 32 corresponding to the
top surface of the test sample 30’ and the side surface 33’ of the test sample 30'.
The side surface 33’ is not electrically conducting and the boundary is therefore an
electrical boundary preventing currents from leaving the electrically conducting

surface portion 32’

The multi-point probe 36’ has a probe body 18’ from which seven contact elements
50-62 extend. Each of the contact elements 50-62 is a flexible cantilever with one
end connected to the probe body 18 and the other end defining a contact point 70-
82. The contact points 70-82 of the setup in FIG.6 are in contact with the electrically
conducting surface portion 32’. The contact elements 50-62 are electrically
conducting. Thus, a current can pass through each of the contact elements 50-62
into the electrically conducting surface portion 32’. A constant magnetic field B is
applied to the test sample 30’ such that it has a field component 38’ that is

perpendicular to the electrically conducting surface portion 32'.

A first configuration of contact elements is defined that is composed of a first,
second, third and fourth contact element corresponding to contact elements 50, 54,
58, and 62, respectively. A second configuration of contact elements is defined that

is composed of a fifth, sixth, seventh and eighth contact element corresponding to
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contact elements 56, 58, 60, and 62, respectively. Here, both the first and the

second configurations include the contact elements 58 and 62.

The contact points 70-82 of the contact elements 50-62 all lay approximately on a
common line 90 when contacting as is shown in FIGS.7A. The electrical boundary
34’ has a linear portion 42’ and the contact elements 50-62 are oriented so that the
common line 40’ is parallel to the linear portion 42'. The nominal distance or spacing
between the contact points 70-82 is approximately the same and is denoted s. The
distance or spacing between the common line 90 and the linear portion 42’ is
denoted y. In the alternative embodiment shown in FIG.7A the distance s between
the contact points 70-82 of the contact elements is approximately equal to 10 ym.
Thus, the contact points of the contact elements of the first configuration define an
effective separation or spacing s; of 2s, i.e. sy is approximately 20 pm, while the
contact points of the contact elements of the second configuration define an

effective separation or spacing s, of 1s, i.e. s, is approximately 10 pm.

In an alternative contacting shown in FIG.7B the surface portion 32’ is uneven,
which has caused three contact elements 70-74 to engage the surface portion 32’
differently from the other four contact elements 76-82. Thus the first configuration of
contact elements defines a mean distance y; to the linear portion 42’ that is different

from the corresponding additional mean distance y, of the second configuration.

In the contacting of FIG.7A the contact points 70-82 define a distance y to the
electrical boundary 34. An electrical potential is applied across the first 50 and third
58 contact elements such that a current / is injected in the surface portion through
the first contact element 50, and at least some of the current is drained through the
third contact element 58 as is shown in FIG.8A(1). The current / through the first
contact element 50 and the voltage Vg s across the second 54 and fourth 62 contact
elements are measured, and a first resistance value (Rg ) is calculated as the
voltage Vg s divided by the current /. Subsequently, an electrical potential is applied
across the second 54 and fourth 62 contact elements such that a current / is
injected in the surface portion through the second element 54, and at least some of

the current is drained through the fourth contact element 62, as is shown in
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FIG.8A(2). The current / through the second contact element 54 and the voltage
Vg 1 across the first 50 and third 58 contact elements are measured, and a second
resistance value (Rg’ 1) is calculated as the voltage V g1 divided by the current /. A
first resistance difference (ARgg's) defined as the difference between the first

resistance value (Rg 1) and the second resistance value (Rg; 1) is then calculated:

ARgp, =Ry, — Ry, , (Eq.5.1)

as well as a first resistance mean (R, 1) between the third resistance value (Rg,1)

and the fourth resistance value (Rg:1):
EBB,I' = (RB,I + Ry, )/2 . (Eq.5.2)

An electrical potential is applied across the fifth 56 and seventh 60 contact elements
such that a current / is injected in the surface portion through the fifth contact
element 56, and at least some of the current is drained through the seventh contact
element 60 as is shown in FIG.8A(3). The current / through the fifth contact element
56 and the voltage Vg, across the sixth 58 and eight 62 contact elements are
measured, and a third resistance value (Rgy) is calculated as the voltage Vg2
divided by the current /. Subsequently, an electrical potential is applied across the
sixth 58 and eighth 62 contact elements such that a current / is injected in the
surface portion through the sixth element 58, and at least some of the current is
drained through the eighth contact element 62, as is shown in FIG.8A(4). The
current / through the sixth contact element 58 and the voltage Vg, across the fifth
56 and seventh 60 contact elements are measured, and a fourth resistance value
(Rg:2) is calculated as the voltage Vg, divided by the current /. A second resistance
difference (ARgg’2) defined as the difference between the third resistance value

(Rs.2) and the fourth resistance value (Rg:2) is then calculated:

ARBB',Z = RB,2 - RB‘,Z (Eq.5.4)
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as well as a second resistance mean (R, ») between the third resistance value

(Rg2) and the fourth resistance value (Rg:»):
EBB',z = (RB,Z + Ry, )/ 2 (Eq.5.5)

A function is defined corresponding to a mathematical model of a four-point probe:

fls,y)= ARpy _2 3arctan— —arctan3—s (Eq.5.6)
Ry, /4 2y 2y

where s represents the effective spacing between neighbouring probe arms, ARgg
represents the first resistance difference, y represents the distance between the
contact points 70-82 and the electrical boundary 34’, ARcc’ represents the second
resistance difference, Ry represents the Hall sheet resistance at the first position of
the electrically conducting surface portion 32 where contact is established by the
four-point probe 36’. In FIG.9 the function f{s,y) is shown as function of y for a
spacing st equal to 20 pm (long dashes) and for a spacing s, equal to 10 ym (short
dashes). A first relation is defined as the ratio between the two functions formed

from (Eq.5.6) by the two different spacings:

35
2y

35
2y
3s,
2y

(Eq.5.7)

(3 arctan 7= — arctan ) 3arctan 5> —arctan
Y — Y

2
BB _ 5.,5,,y)= (Slsy): z =
—— fo( 1252 y) %(3arctan§—2y—arctan%z) 3arctan—2%—arctan

This relation is shown as a function fp(s1,52,y) (solid line) of the distance y in the
graph of FIG.9. The measured first (ARgg 1) and the second (ARgg’2) resistance
differences are then used with the first relation (Eq.5.4) to derive the distance y. For
example, a ratio ARcc/ARgg of 1 would give a distance y of approximately 19. The
measured first resistance difference (ARgg: 1) and the nominal spacing s = 20 uym
together with the relation in £Eq.5.6 then gives the Hall sheet resistance Ry. The

nominal spacing s2 = 10 pm can also be used in a similar fashion.
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To improve the accuracy of the determining of the distance y, further measurements
are made and employed in additional models of the contacting of FIG.7A. An
electrical potential is applied across the first 50 and fourth 62 contact elements such
that a current / is injected in the surface portion through the first contact element 50,
and at least some of the current is drained through the fourth contact element 62 as
is shown in FIG.8B(1). The current / through the first contact element 50 and the
voltage Vj 1 across the second 54 and third 58 contact elements are measured, and
a fifth resistance value (R, 1) is calculated as the voltage V, s divided by the current
I. Subsequently, an electrical potential is applied across the second 54 and third 58
contact elements such that a current / is injected in the surface portion through the
second element 54, and at least some of the current is drained through the third
contact element 58, as is shown in FIG.8B(2). The current / through the second
contact element 54 and the voltage Vg1 across the first 50 and fourth 62 contact

elements are measured, and a sixth resistance value (R4 1) is calculated as the
voltage Vy:; divided by the current /. A third resistance mean mean (R, 1) between

the fifth resistance value (R ) and the sixth resistance value (Ra: 1) is then

calculated:
EAA',] = (RA,I +R,, )/2 (Eq.5.8)

An electrical potential is applied across the fifth 56 and eighth 62 contact elements
such that a current / is injected in the surface portion through the fifth contact
element 56, and at least some of the current is drained through the eighth contact
element 62 as is shown in FIG.8B(3). The current / through the fifth contact element
56 and the voltage Vg, across the sixth 58 and seventh 60 contact elements are
measured, and a seventh resistance value (R, ) is calculated as the voltage Vi,
divided by the current /. Subsequently, an electrical potential is applied across the
sixth 58 and seventh 60 contact elements such that a current / is injected in the
surface portion through the sixth element 58, and at least some of the current is
drained through the seventh contact element 60, as is shown in FIG.8B(4). The
current / through the sixth contact element 58 and the voltage Vg, across the fifth
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56 and eighth 62 contact elements are measured, and a eigthth resistance value

(Ra-2) is calculated as the voltage Vg, divided by the current /. . A fourth resistance
mean (R, 2) between the fifth resistance value (Ra ;) and the sixth resistance value

(Ra’ 1) is then calculated:
EAA',Z = (RA,Z +R,, )/2 (Eq.5.9)

The van der Pauw equation is defined as:

exp( 27;RM.J_CXP[27[RBF]=1, (Eq.5.10)

where Rp is the pseudo sheet resistance, and the first and third resistance
differences (R, 1) and (R, 1) (Egs.5.2 and 5.8) are used in the van der Pauw
equation (Eq.5.10) to derive a first pseudo sheet resistance (Rp ). Similarly, the
second and fourth resistance differences (72—,;,2) and ('1_{:;,2) (Eqs.5.5 and 5.9) are

used in the van der Pauw equation (Eq.5.10) to derive a second pseudo sheet

resistance (Rp.2).

A function is defined corresponding to a mathematical model of the four-point probe

described in relation to FIG.6:

g(s,y)=£f% (Eq.5.11)

where Rp is the pseudo sheet resistance that is regarded as a function of the
spacing s between neighbouring probe arms and the distance y between the contact
points 70-82 and the electrical boundary 34’, and Rs represents the sheet resistance
at the contact point. Functions g(s,y) are derived for both the first spacing s; = 20
pum and the second spacing s; = 10 pm, which are shown in FIG.10 (long and short

dashes, respectively). The two functions are then are used to form a fourth relation:
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R , )
——’-’—(sl—)2=gD(sl,s2,y)= gls;.y) (Eq.5.12)

which is also depicted in FIG.10 (solid line). The first and second pseudo sheet
resistances (Rp 1, Rp2) are then used in the fourth relation for deriving a value of the
distance y, which can be made graphically from FIG.10. The function gp(s+,s2,y),
which can be derived either analytically or numerically, is not monotone and defines
a peak value at a specific distance. Thus, it will not give a unique determination of
the distance y. The fourth relation (Eq.5.12) will typically give a more accurate
determination of the distance y than the first relation (Eq.5.7). The first relation is
therefore used to derive an auxiliary distance, which is used to determine which side
of the peak value the distance y from the fourth relation, i.e. to uniquely determine
the distance y.

In an alternative embodiment, the first relation (Eq.5.7) and the fourth relation
(Eq.5.12) are modified to take into account a difference in the distance y; between
the first configuration of contact elements and the linear portion 42’ and the
additional distance y, between the second configuration of contact elements and the
linear portion 42’, as described in relation to FIG.7B. The first relation (Eq.5.7) is

redefined as:

;( . ﬁ) s 35
ARgp, _ f(s;,y,)  #\Barctang-—arctang -} 3arctan -—arctan
= fpl81,85, 31,1, )= =3 52 35, ) 5, 3s,
ARy f (s2 » Vs ) < (3 arctan 7= —arctan F) 3arctan 7,; —arctan %

(Eq.5.13)
and the fourth relation (Eq.5.11) is redefined as:
R, (s , s
ReGA) g (5050, m009) = E021) (Eq.5.14)
RP(Szayz) g(szvyz)

The two functions fp(s1,52,y1,y2) and gn(S1,S2,¥1,¥2) can be derived analytically or

numerically. The derived first (Eq.5.1) and second (Eq.5.4) resistance differences
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together with the first (£q.5.2), second (Eq.5.5), third (Eq.5.8) and fourth (Eq.5.9)
resistance means and the known nominal spacings s; = 20 ym and s, = 10 pm are
then used in the redefined first (Eq.5.13) and fourth (Eq.5.14) relations for
simultaneously deriving the distance y; and the additional distance y., e.g. by

regression analysis.

Points characterizing the invention:

1. A method for determining a distance between a first position on an
electrically conducting surface portion of a test sample and an electrical boundary of
said electrically conducting surface portion by a multi-point probe comprising a first
contact element, a second contact element, a third contact element, and a fourth
contact element, each contact element defining a contact point for establishing an
electrical contact with said test sample, said method comprising:

(i) contacting said test sample with said first contact element, said second
contact element, said third contact element, and said fourth contact element at said
first position on said electrically conducting surface portion,

(i) applying a magnetic field having a major field component perpendicular
to said electrically conducting surface portion at said first position

(iii) applying a first electrical potential across said first and third contact

elements for generating a first current in said surface portion at said first position,

(iv) measuring said first current through said first or said third contact
element,
(v) measuring a first voltage across said second and fourth contact
elements,
(vi) calculating a first resistance value (Rg) based on said first current and

said first voltage,

(vii) applying a second electrical potential across said second and fourth
contact elements for generating a second current in said surface portion at said first
position,

(viii) measuring said second current through said second or said fourth

contact element,
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(ix) measuring a second voltage across said first and third contact
elements,
(x) calculating a second resistance value (Rg) based on said second
current and said second voltage,
(xi) calculating a first resistance difference (ARgg) based on the difference

between said first resistance value and said second resistance value,
(xii) applying a third electrical potential across said first and second contact

elements for generating a third current in said surface portion at said first position,

(xiii) measuring said third current through said first or said second contact
element,

(xiv) measuring a third voltage across said third and fourth contact elements,
(xv) calculating a third resistance value (R¢) based on said third current and

said third voltage,
(xvi) applying a fourth electrical potential across said third and fourth contact

elements for generating a fourth current in said surface portion at said first position,

(xvii) measuring said fourth current through said third or said fourth contact
element,

(xviii) measuring a fourth voltage across said first and second contact
elements,

(xix) calculating a fourth resistance value (R¢) based on said fourth current

and said fourth voltage,

(xx) calculating a second resistance difference (ARcc) based on the
difference between said third resistance value and said fourth resistance value,

(xxi) defining a first relation (f) including a first, a second, and a third
parameter representing said first resistance difference, said second resistance
difference, and said distance between said first position and said electrical
boundary, respectively,

(xxii) determining said distance (y) between said first position and said
electrical boundary by using said first and said second resistance differences (ARgg,
ARcc) as said first and said second parameter, respectively, in said first relation.

2. The method according to point 1 characterized by said contact points

defining a first line intersecting each of said contact points.
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3. The method according to point 2 characterized by said electrical
boundary having an approximately linear portion and the distance between said first
position and a point on said linear portion being smaller than the distance between

said first position and any point on said electrical boundary outside said linear

portion.
4. The method according to point 3 characterized by further comprising:
(xxxiv) orienting said multi-point probe to position said first line in a parallel

relationship with said linear portion.

5. The method according to any of the points 1 to 4 characterized by the
spacing between said contact points of said first and second contact elements, said
second and third contact elements, and said third and fourth contact elements being

approximately equal.

6. The method according to any of the points 1 to 5 characterized by said
first relation being equivalent to ARcc/ARgs = fy,s), where ARgg' represents said
first resistance difference, AR¢c represents said second resistance difference, and f
is a function including said distance y between said first position and said electrical

boundary and said spacing s between said contact points as parameters.

7. The method according to point 6 characterized by the first resistance
difference ARgg’ in the relation ARcc/ARgs = fy,s) being equivalent to ARgg =
2Ry/mm*(arctan(al/2y) + arctan(b/2y) + arctan(c/2y) - arctan((a+b+c)/2y)), where ARgg’
represents said additional first difference (ARgg), y represents said distance (y), a
represents the spacing between the contact points of said first and second contact
elements, b represents the spacing between the contact points of said second and
third contact elements, and c represents the spacing between the contact points of
said third and fourth contact elements; and said second resistance difference ARcc
in the relation ARcc/ARsg = fly,s) being equivalent to ARcc =
2R/ (arctan((a+b+c)/2y) + arctan(b/2y) - arctan((a+b)/2y) - arctan((b+c)/2y))

where AR represents said additional second difference (ARcc), y represents said
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distance (y), a represents the spacing between the contact points of said first and
second contact elements, b represents the spacing between the contact points of
said second and third contact elements, and c represents the spacing between the

contact points of said third and fourth contact elements.

8. The method according to any of the points 1 to 4 characterized by
further comprising:
(xxiii) applying a fifth electrical potential across said first and fourth contact

elements for generating a fifth current in said surface portion at said first position,

(xxiv) measuring said fifth current through said first or said fourth contact
element,

(xxv) measuring a fifth voltage across said second and third contact
elements,

(xxvi) calculating a fifth resistance value (Ra) based on said fifth current and
said fifth voltage,

(xxvii) applying a sixth electrical potential across said second and third contact

elements for generating a sixth current in said surface portion at said first position,

(xxviii) measuring said sixth current through said second or said third contact
element,

(xxix) measuring a sixth voltage across said first and fourth contact elements,
(xxx) calculating a sixth resistance value (Ra’) based on said sixth current and

said sixth voltage,

(xxxi) calculating a third resistance difference (ARa4’) based on the difference
between said fifth resistance value and said sixth resistance value,

(xxxii) in defining said first relation (f) said first relation (f) further includes a
fourth parameter representing said third resistance difference (ARaa?), and

(xxxiii) in determining said distance (y) between said first position and said
electrical boundary, said third resistance difference (ARaa’) is used as said fourth
parameter in said first relation in addition to said first and said second resistance
differences (ARgs, ARcc) being used as said first and said second parameter,

respectively.
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9. The method according to point 8 characterized by said contact points
being positioned in-line and the spacing between said contact points of said first and
second contact elements and the spacing between said contact points of said

second and third contact elements being approximately equal.

10. The method according to any of the points 8 to 9 characterized by said
contact points being positioned in-line and the spacing between said contact points
of said third and fourth contact elements being different from the spacing between

said contact points of said first and second contact.

11. The method according to point 10 characterized by the spacing
between said contact points of said third and fourth contact element being greater
than the spacing between said contact points of said first and second contact
element by a factor in one or more of the ranges 1.1-3.7, 1.2-3.3, 1.3-2.9, 1.4-2.5,
1.5-2.1, and 1.6-1.7, and/or in one of the ranges 1.2-1.3, 1.3-1.4, 1.4-1.5, 1.5-1.6,
1.6-1.7, 1.7-1.8, 1.8-1.9, 1.9-2.0, 2.0-2.2, 2.2-2.4, 2.4-2.6, 2.6-2.8, 2.8-3.0, 3.0-3.3,
3.3-3.6, 3.6-3.9, and/or approximately five divided by three, or by a factor in one or
more of the ranges 1.2-3.8, 1.6-3.4, 1.8-3.2, 2.0-3.0, 2.2-2.8, and 2.4-2.6, and/or in
one of the ranges 1.2-1.3, 1.3-1.4, 1.4-1.5, 1.5-1.6, 1.6-1.7, 1.7-1.8, 1.8-1.9, 1.9-2.0,
2.0-2.2, 22-24, 2426, 26-28, 2.8-3.0, 3.0-3.3, 3.3-3.6, 3.6-3.9, and/or
approximately five divided by two.

12. The method according to any of the points 8 to 11 characterized by the
spacing between said contact points of said first and second contact elements being
in one of the ranges 1-5 pm, 5-10 ym, 10-15 pym, 15-20 pm, 20-25 pm, 25-30 pm,
30-40 pm, 40-50 pm, 50-500 pm, and/or in one or more of the ranges 1-50 pm, 5-40
pm, 10-30 pm, 15-25 pm.

13. The method according to any of the points 8 to 12 characterized by said
first relation being equivalent to (ARaa’ + aARcc)/ARgs = fy,a,b,c), where ARpg' is
said first resistance difference, ARc¢' is said second resistance difference, ARaa’ is
said third resistance difference, a is a tuning factor in the range -10 to 10; and fis a

function including said distance y between said first position and said electrical
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boundary and a said spacing between said contact points of said first and second
contact elements, b said spacing between said contact points of said second and
third contact elements, and ¢ said spacing between said contact points of said third

and fourth contact elements.

14. The method according to point 13 characterized by said tuning factor a

being approximately 1 or approximately -1.

15. The method according to any of the points 13 to 14 characterized by the
first resistance difference ARgg in the relation (ARaa' + aARcc)/ARss = Ry,a,b,c)
being equivalent to ARgg = 2Ry/m*(arctan(a/2y) + arctan(b/2y) + arctan(c/2y) -
arctan((a+b+c)/2y)), where ARgg represents said additional first difference (ARas?), y
represents said distance (y), a represents the spacing between the contact points of
said first and second contact elements, b represents the spacing between the
contact points of said second and third contact elements, and c¢ represents the
spacing between the contact points of said third and fourth contact elements; said
second resistance difference ARc¢ in the relation (ARsa’ + aARcc)/ARgg = f(y,a,b,¢)
being equivalent to ARcer = 2Rug/m*(arctan((atb+c)/2y) + arctan(b/2y) -
arctan((a+b)/2y) - arctan((b+c)/2y)), where ARcc represents said additional second
difference (ARcc’), y represents said distance (y), a represents the spacing between
the contact points of said first and second contact elements, b represents the
spacing between the contact points of said second and third contact elements, and
¢ represents the spacing between the contact points of said third and fourth contact
elements; and said third resistance difference ARasa in the relation (AR +
aARcc)/ARgs = f(y,a,b,c) being equivalent to ARas' = 2Ru/m*(arctan((a+b)/2y) -
arctan(a/2y) - arctan((b+c)/2y) + arctan(c/2y)), where ARaa represents said
additional third resistance difference (ARaa’), y represents said distance (y), a
represents the spacing between the contact points of said first and second contact
elements, b represents the spacing between the contact points of said second and
third contact elements, and ¢ represents the spacing between the contact points of

said third and fourth contact elements.
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16. The method according to any of the points 1 to 15 characterized by said
spacing between said contact points of said first and second contact elements being
in one or more of the ranges 0.1-100 pym, 1-90 ym, 10-80 pm, 20-70 pm, 30-60 ym,
and 40-50 pm; and/or in one of the ranges 0.1-1 pm, 1-10 pm, 10-20 pm, 20-30
pum, 30-40 pm, 40-50 pm, 50-60 ym, 60-70 pm, 70-80 pum, 80-90 pm, 90-100 pm, or
100-500pm.

17. A method for determining an electrical property at a first position on an
electrically conducting surface portion of a test sample, said electrically conducting
surface portion having an electrical boundary and said method comprising:

(a) determining a distance (y) between said first position on said electrically
conducting surface portion of said test sample and said electrical boundary of said
electrically conducting surface portion according to any of the points 1 to 16,

(b) defining a second relation including said electrical property and a fifth
parameter representing said distance (y), and

(c) determining said electrical property from said second relation by using

said distance (y) as said fifth parameter.

18. The method according to point 17 characterized by said second relation
further including said spacing between the contact points of said first contact
element, said second contact element, said third contact element, and/or said fourth
contact element, and:

(b) in defining said second relation, said second relation further includes a
ninth parameter representing the spacing between the contact points of said first
contact element, said second contact element, said third contact element, and/or
said fourth contact element, and

() in determining said electrical property, said spacing is used as said

ninth parameter in said second relation in addition to said first distance (y).

19. The method according to any of the points 17 to 18 characterized by
said electrical property being the Hall sheet resistance (Ry) and said second relation
(f1,f2) further including a sixth parameter representing an additional first resistance

difference (ARgg), said method further comprising:
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(d) applying an additional first electrical potential across said first and third
contact elements for generating an additional first current in said surface portion at
said first position,

(e) measuring said additional first current through said first or said third
contact element,

1)) measuring an additional first voltage across said second and fourth
contact elements,

(9) calculating an additional first resistance value (Rg) based on said
additional first current and said additional first voltage, or

(g) retaining said first resistance value (Rg) from said determining of said
distance as an additional first resistance value (Rg), and

(h) applying an additional second electrical potential across said second
and fourth contact elements for generating an additional second current in said
surface portion at said first position,

(i) measuring said additional second current through said second or said
fourth contact element,

)] measuring an additional second voltage across said first and third
contact elements,

(k) calculating an additional second resistance value (Rg) based on said
additional second current and said additional second voltage, or

(K) retaining said second resistance value (Rg) from said determining of
said distance as an additional second resistance value (Rg), and

{) calculating said additional first resistance difference (ARgg) based on
the difference between said additional first resistance value and said additional
second resistance value, or

(B retaining said first resistance difference (ARgg) from said determining of

said distance as said additional first resistance difference (ARgg).

20. The method according to point 19 characterized by said second relation
being equivalent to ARgg' = 2Ru4/mr*(arctan(a/2y) + arctan(b/2y) + arctan(c/2y) -
arctan((a+b+c)/2y)) where ARgp represents said additional first difference (ARgg), ¥
represents said distance (y), a represents the spacing between the contact points of

said first and second contact elements, b represents the spacing between the
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contact points of said second and third contact elements, and ¢ represents the

spacing between the contact points of said third and fourth contact elements.

21. The method according to any of the points 17 to 18 characterized by
said electrical property being the Hall sheet resistance (Ry) and said second relation
(f,f5) further including a sixth parameter representing an additional second
resistance difference (ARcc’), said method further comprising:

(d) applying an additional third electrical potential across said first and
second contact elements for generating an additional third current in said surface
portion at said first position,

(e) measuring said additional third current through said first or said second
contact element,

) measuring an additional third voltage across said third and fourth
contact elements,

(9) calculating an additional third resistance value (R¢) based on said
additional third current and said additional third voltage, or

(9) retaining said second resistance value (R¢) from said determining of
said distance as an additional first resistance value (R¢), and

(h) applying an additional fourth electrical potential across said third and
fourth contact elements for generating an additional fourth current in said surface
portion at said first position,

(i) measuring said additional fourth current through said third or said fourth
contact element,

0) measuring an additional fourth voltage across said first and second
contact elements,

(k) calculating an additional fourth resistance value (R¢) based on said
additional fourth current and said additional fourth voltage, or

(k) retaining said second resistance value (R¢) from said determining of
said distance as an additional first resistance value (R¢’), and

()] calculating said additional second resistance difference (ARcc) based
on the difference between said additional third resistance value and said additional

forth resistance value, or
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) retaining said second resistance difference (ARcc) from said

determining of said distance as said additional second resistance difference (ARcc).

22. The method according to point 21 characterized by said second relation
being equivalent to ARcer = 2Rud/mX(arctan((a+b+c)/2y) + arctan(b/2y) -
arctan((a+b)/2y) - arctan((b+c)/2y)), where ARcc represents said additional second
difference (ARcc), y represents said distance (y), a represents the spacing between
the contact points of said first and second contact elements, b represents the
spacing between the contact points of said second and third contact elements, and
c represents the spacing between the contact points of said third and fourth contact

elements.

23. The method according to any of the points 17 to 18 characterized by
said electrical property being the Hall sheet resistance (Ry) and said second relation
(fy) further including a sixth parameter representing an additional third resistance
difference (ARaa), said method further comprising:

(d) applying an additional fifth electrical potential across said first and fourth
contact elements for generating an additional fifth current in said surface portion at
said first position,

(e) measuring said additional fifth current through said first or said fourth
contact element,

() measuring an additional fifth voltage across said second and third
contact elements,

(9) calculating an additional fifth resistance value (Ra) based on said
additional fifth current and said additional fifth voltage, or

(g9) retaining said fifth resistance value (R,) from said determining of said
distance as an additional fifth resistance value (R4), and

(h) applying an additional sixth electrical potential across said second and
third contact elements for generating an additional sixth current in said surface
portion at said first position,

(i) measuring said additional sixth current through said second or said third

contact element,
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() measuring an additional sixth voltage across said first and fourth
contact elements,
(k) calculating an additional sixth resistance value (Ra) based on said

additional sixth current and said additional sixth voltage, or

(K) retaining said sixth resistance value (R4) from said determining of said
distance as an additional fifth resistance value (R4?), and

()] calculating said additional third resistance difference (ARa4) based on
the difference between said additional fifth resistance value and said additional sixth
resistance value, or |

() retaining said third resistance difference (ARa4) from said determining

of said distance as said additional third resistance difference (ARaxs).

24, The method according to point 23 characterized by said second relation
being equivalent to ARsa’ = 2Ry/m*(arctan((a+b)/2y) - arctan(a/2y) - arctan((b+c)/2y)
+ arctan(c/2y)), where ARaa represents said additional third resistance difference
(ARaa), y represents said distance (y), a represents the spacing between the
contact points of said first and second contact elements, b represents the spacing
between the contact points of said second and third contact elements, and ¢
represents the spacing between the contact points of said third and fourth contact

elements.

25. The method according to any of the points 17 to 18 characterized by
said electrical property being the sheet resistance (Ry) and said second relation (g)
further including a sixth parameter representing a pseudo sheet resistance (Rp),
said method further comprising:

(d) applying an additional fifth electrical potential across said first and fourth
contact elements for generating an additional fifth current in said surface portion at
said first position,

(e) measuring said additional fifth current through said first or said fourth
contact element,

() measuring an additional fifth voltage across said second and third

contact elements,
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(9) calculating an additional fifth resistance value (R,) based on said
additional fifth current and said additional fifth voltage, or

(g) retaining said fifth resistance value (Rx) from said determining of said
distance as an additional fifth resistance value (R4), and

(h) applying an additional sixth electrical potential across said second and
third contact elements for generating an additional sixth current in said surface
portion at said first position,

(i) measuring said additional sixth current through said second or said third
contact element,

) measuring an additional sixth voltage across said first and fourth
contact elements,

(k) calculating an additional sixth resistance value (Rs) based on said
additional sixth current and said additional sixth voltage, or

(K) retaining said sixth resistance value (R4 from said determining of said

distance as an additional fifth resistance value (R4}, and
) calculating a first resistance mean (R_AA,) of said additional fifth

resistance value (R4) and said additional sixth resistance value (R4, and

(d”) applying an additional first electrical potential across said first and third
contact elements for generating an additional first current in said surface portion at
said first position,

() measuring said additional first current through said first or said third
contact element,

) measuring an additional first voltage across said second and fourth
contact elements,

(g") calculating an additional first resistance value (Rg) based on said
additional first current and said additional first voltage, or

(g retaining said first resistance value (Rg) from said determining of said
distance as an additional first resistance value (Rg), and

(hy - applying an additional second electrical potential across said second
and fourth contact elements for generating an additional second current in said
surface portion at said first position,

()] measuring said additional second current through said second or said

fourth contact element,
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() measuring an additional second voltage across said first and third
contact elements,
(k™) calculating an additional second resistance value (Rg) based on said

additional second current and said additional second voltage, or

(k™) retaining said second resistance value (Rg) from said determining of
said distance as an additional second resistance value (R’s), and

() calculating a second resistance mean (E) of said additional first
resistance value (Rg) and said additional second resistance value (Rg), and

(m) defining a third relation including a seventh, eighth, and ninth parameter
representing said first resistance mean (R_AA.), said second resistance mean (E),
and said pseudo sheet resistance (Rp), respectively,

(n) determining said pseudo sheet resistance (Rp) by using said first
resistance mean (_R;;) and said second resistance mean (E) as said seventh

parameter and said eighth parameter, respectively, in said third relation.

26. The method according to point 25 characterized by said third relation
being equivalent to exp(2m- R . /Rp) - exp(2m- R, IRp) = 1, where Rp is said pseudo
sheet resistance, R, is said first resistance mean, and R,, is said second

resistance mean.

27. An apparatus for determining a distance between a first position on an
electrically conducting surface portion of a test sample and an electrical boundary of
said electrically conducting surface portion, said apparatus comprising:

a multi-point probe comprising a first contact element, a second contact
element, a third contact element, and a fourth contact element, each contact
element defining a contact point for establishing an electrical contact with said test
sample, and

a control unit adapted for performing the method for determining a

distance according to any of the points 1 to 16.

28. An apparatus for determining an electrical property at a first position on

an electricaily conducting surface portion of a test sample comprising:
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a multi-point probe comprising a first contact element, a second contact
element, a third contact element, and a fourth contact element, each contact
element defining a contact point for establishing an electrical contact with said test
sample, and

a control unit adapted for performing the method for determining an
electrical property at a first position on an electrically conducting surface portion of a
test sample according to any of the points 17 to 26.

Additional points characterizing the invention:

1. A method for determining a distance between a first position on an
electrically conducting surface portion of a test sample and an electrical boundary of
said electrically conducting surface portion by a multi-additional point probe
comprising a first contact element, a second contact element, a third contact
element, and a fourth contact element, each contact element defining a contact
point for establishing an electrical contact with said test sample, said method
comprising:

(i.i) contacting said test sample with said first contact element, said second
contact element, said third contact element, and said fourth contact element at said
first position on said electrically conducting surface portion,

(i.ii) applying a magnetic field having a major field component perpendicular
to said electrically conducting surface portion at said first position,

(i..ii) applying a first electrical potential across said first and third contact

elements for generating a first current in said surface portion at said first position,

(i.iv) measuring said first current through said first or said third contact
element,
(i.v) measuring a first voltage across said second and fourth contact
elements,
(i.vi) calculating a first resistance value (Rg) based on said first current and

said first voltage,
(i.vii) applying a second electrical potential across said second and fourth
contact elements for generating a second current in said surface portion at said first

position,
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(i viii) measuring said second current through said second or said fourth
contact element,
(i.ix) measuring a second voltage across said first and third contact
elements,
(i.x) calculating a second resistance value (Rg) based on said second
current and said second voltage,
(i.xi) calculating a first resistance difference (ARgg) based on the difference

between said first resistance value and said second resistance value,
(i.xii) applying a third electrical potential across said first and second contact

elements for generating a third current in said surface portion at said first position,

(i.xiii) measuring said third current through said first or said second contact
element,

(i.xiv) measuring a third voltage across said third and fourth contact elements,
(i.xv) calculating a third resistance value (R¢) based on said third current and

said third voltage,
(i.xvi) applying a fourth electrical potential across said third and fourth contact

elements for generating a fourth current in said surface portion at said first position,

(i.xvii) measuring said fourth current through said third or said fourth contact
element,

(i.xviii) measuring a fourth voltage across said first and second contact
elements,

(i.xix) calculating a fourth resistance value (R¢) based on said fourth current

and said fourth voltage, and

(i.xx) calculating a second resistance difference (ARgc) based on the
difference between said third resistance value and said fourth resistance value,

or in an alternative replacing steps (i.xii) to (i.xx) with:

said multi-additional point probe comprising a plurality of contact elements, each
contact element defining a contact point for establishing an electrical contact with
said test sample, said plurality of contact elements comprising said first contact
element, said second contact element, said third contact element, said fourth
contact element and one or more additional contact elements,

(ii.xii) defining a first configuration of contact elements of said plurality of contact

elements, said first configuration of contact elements being composed of said first
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contact element, said second contact element, said third contact element, and said
fourth contact element,

elements, said second configuration of contact elements being composed of a fifth
contact element, a sixth contact element, a seventh contact element, and an eighth
contact element, at least one contact element of said second configuration of
contact elements being a contact element of said one or more additional contact
elements,

(ii.xiv) contacting said test sample with said contact elements of said second
configuration of contact elements at said first position on said electrically conducting
surface portion at the same time as contacting said test sample with said contact
elements of said first configuration of contact elements,

(ii.xv) applying a third electrical potential across said fifth and seventh contact

elements for generating a third current in said surface portion at said first position,

(ii.xvi) measuring said third current through said fifth or said seventh contact
element,
(ii.xvii) measuring a third voltage across said sixth and eighth contact
elements,
(ii.xviii) calculating a third resistance value (Rp_2) based on said third current

and said third voltage,
(ii.xix) applying a fourth electrical potential across said sixth and eighth contact

elements for generating a fourth current in said surface portion at said first position,

(ii.xx) measuring said fourth current through said sixth or said eighth contact
element,

(ii.xxi) measuring a fourth voltage across said fifth and seventh contact
elements,

(ii.xxii) calculating a fourth resistance value (Rg’,) based on said fourth current

and said fourth voltage, and

(ii.xxiii) calculating a second resistance difference (ARgg:2) based on the
difference between said third resistance value and said fourth resistance value, and
both the alternative including the steps (i.xii) to (i.xx) and the alternative including

the steps (ii.xii) to (ii.xxiii) further comprising:
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(i.xxi) defining a first relation (f) including a first, a second, and a third
parameter representing said first resistance difference, said second resistance
difference, and said distance between said first position and said electrical
boundary, respectively, and

(i.xxii) employing said first and second resistance differences (ARgs, ARcc;
ARgg'2) as said first and second parameters, respectively, in said first relation for
determining said third parameter representing said distance (y) between said first

position and said electrical boundary.

2. The method according to additional point 1 and said alternative
replacing steps (i.xii) to (i.xx) characterized by:

(jii.xxiv) calculating a first resistance mean (76;,1) of said first resistance value
(Rg) and said second resistance value (Rg),

(iii.xxv) calculating a second resistance mean (E;,g) of said third resistance

value (Rg») and said fourth resistance value (Rg:2), and

(iii.xxvi) applying a fifth electrical potential across said first and fourth contact
elements for generating a fifth current in said surface portion at said first position,
(iii.xxvii) measuring said fifth current through said first or said fourth contact
element,

(ii.xxviii)  measuring a fifth voltage across said second and third contact
elements,

(iii.xxix) calculating a fifth resistance value (R4, 1) based on said fifth current and
said fifth voltage,

(jii.xxx) applying a sixth electrical potential across said second and third contact
elements for generating a sixth current in said surface portion at said first position,
(il xxxi) measuring said sixth current through said second or said third contact
element,

(iii.xxxii) measuring a sixth voltage across said first and fourth contact elements,
(lii.xxxiii) ~ calculating a sixth resistance value (Ra;1) based on said sixth current

and said sixth voltage,
(iii.xxxiv)  calculating a third resistance mean (R, 1) of said fifth resistance value

(Ra,1) and said sixth resistance value (Ry 1), and
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(ii.xxxv)  applying a seventh electrical potential across said fifth and eighth
contact elements for generating a seventh current in said surface portion at said first
position,

(iii.xxxvi)  measuring said seventh current through said fifth or said eighth contact
element,

(iii.xxxvii) measuring a seventh voltage across said sixth and seventh contact
elements,

(iii.xxxviii) calculating a seventh resistance value (Ra.) based on said seventh
current and said seventh voltage,

(iii.xxxix)  applying an eighth electrical potential aéross said sixth and seventh

contact elements for generating an eighth current in said surface portion at said first

position,
(iii.x1) measuring said eighth current through said sixth or said seventh contact
element,
(iii.xli) measuring an eighth voltage across said fifth and eighth contact
elements,
(iii. xtii) calculating an eighth resistance value (Ra'2) based on said eighth

current and said eighth voltage,
(iii. xiii) calculating a fourth resistance mean (_R;,z) of said seventh resistance

value (R4 ») and said eighth resistance value (Ra:2),

(iii.xliv) defining a second relation including a fourth, fifth, and sixth parameter
representing said first resistance mean (EJ), said third resistance mean (7%;,1),
and a first pseudo sheet resistance (Rp 1), respectively,

(iii.xIv) employing said first resistance mean (R, ;) and said third resistance

mean (78:;,1) as said fourth parameter and said fifth parameter, respectively, in said

second relation for determining said sixth parameter representing said first pseudo
sheet resistance (Rp 1),

(iii. xIvi) defining a third relation including a seventh, eighth, and ninth parameter

representing said second resistance mean (R, ), said fourth resistance mean

(R,, 2), and a second pseudo sheet resistance (Rp,2), respectively,
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(iii.xlvi)  employing said second resistance mean (R, 2) and said fourth

resistance mean (EA_A—.,Q) as said seventh parameter and said eighth parameter,

respectively, in said third relation for determining said ninth parameter representing
said second pseudo sheet resistance (Rp,2),

(iii.xlviii) defining a fourth relation (gp) including a tenth, an eleventh, and a
twelfth parameter representing said first pseudo sheet resistance (Rp,7), said second
pseudo sheet resistance (Rp ), and said distance between said first position and
said electrical boundary, respectively, and

(iii.xlix) employing said first and said second pseudo sheet resistances (Rp 1,
Rp ) as said tenth and eleventh parameter, respectively, in said fourth relation (gp)
for determining said twelfth parameter representing an additional distance (y)
between said first position and said electrical boundary,

or in an alternative replacing step (iii.xlix) with:

said contact elements of said second configuration representing an additional
distance (y,) between said first position on said electrically conducting surface
portion of said test sample and said electrical boundary of said electrically
conducting surface portion, said first relation (fp) further including a thirteenth
parameter representing said additional distance between said first position and said
electrical boundary, said fourth relation (gp) further including a fourteenth parameter
representing said additional distance between said first position and said electrical
boundary, and said method further comprising:

(iv.xlix) employing said first and said second pseudo sheet resistances (Rp 1,
Re ) as said tenth and eleventh parameter, respectively, in said fourth relation (gp)
for simultaneously determining said thirteenth parameter and said fourteenth
parameter representing said distance (y) and said additional distance (y,) between

said first position and said electrical boundary, respectively.

3. The method according to additional points 2 and said alternative
including step (iii.xlix) characterized by said fourth relation being equivalent to Rp, 4/
Re> = gp(y), where Rp; represents said first pseudo sheet resistance, Rp:
represents said second pseudo sheet resistance, and gp represents a function

including said distance y as a parameter, said function gp defining a peak value at a
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specific distance, and said function gp increasing as a function of said distance
below said specific distance and decreasing as a function of said distance above
said specific distance, said method further comprising:

(iii.xIx) comparing said distance and said specific distance to determine if said

additional distance is below or above said specific distance in said fourth relation.

4, A method for determining a distance between a first position on an
electrically conducting surface portion of a test sample and an electrical boundary of
said electrically conducting surface portion by a multi-additional point probe
comprising a plurality of contact elements, each contact element defining a contact
point for establishing an electrical contact with said test sample, said plurality of
contact elements comprising a first contact element, a second contact element, a
third contact element, a fourth contact element and one or more additional contact
elements, said method comprising:

(v.i) defining a first configuration of contact elements of said plurality of
contact elements, said first configuration of contact elements being composed of
said first contact element, said second contact element, said third contact element,
and said fourth contact element,

(v.ii) defining a second configuration of contact elements of said plurality of
contact elements, said second configuration of contact elements being composed of
a fifth contact element, a sixth contact element, a seventh contact element, and an
eighth contact element, at least one contact element of said second configuration of
contact elements being a contact element of said one or more additional contact
elements,

(v.ii-iv) contacting said test sample with said contact elements of said first and
second configurations of contact elements at said first position on said electrically
conducting surface portion,

(v.v) applying a magnetic field having a major field component perpendicular
to said electrically conducting surface portion at said first position

(v.vi) applying a first electrical potential across said first and third contact
elements for generating a first current in said surface portion at said first position,
(v.vii) measuring said first current through said first or said third contact

element,
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(v.viii) measuring a first voltage across said second and fourth contact
elements,
(v.ix) calculating a first resistance value (Rg) based on said first current and
said first voltage,
(v.x) applying a second electrical potential across said second and fourth

contact elements for generating a second current in said surface portion at said first
position,
(v.xi) measuring said second current through said second or said fourth

contact element,

(v.xii) measuring a second voltage across said first and third contact
elements,
(v.xiii) calculating a second resistance value (Rg) based on said second

current and said second voltage,
(v.xiv) calculating a first resistance mean (R,,. 1) of said first resistance value

(Rg) and said second resistance value (Rg),
(v.xv) applying a third electrical potential across said fifth and seventh contact

elements for generating a third current in said surface portion at said first position,

(v.xvi) measuring said third current through said fifth or said seventh contact
element,
(v.xvii) measuring a third voltage across said sixth and eighth contact
elements,
(v.xviii) calculating a third resistance value (Rg2) based on said third current

and said third voltage,
(v.xix) applying a fourth electrical potential across said sixth and eighth contact

elements for generating a fourth current in said surface portion at said first position,

(v.xx) measuring said fourth current through said sixth or said eighth contact
element,

(v.xxi) measuring a fourth voltage across said fifth and seventh contact
elements,

(v.xxii) calculating a fourth resistance value (Rg:2) based on said fourth current

and said fourth voltage,
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(V.XXV) calculating a second resistance mean (R,, ) of said third resistance

value (Rg2) and said fourth resistance value (Rg2), and

(v.xxvi) applying a fifth electrical potential across said first and fourth contact
elements for generating a fifth current in said surface portion at said first position,
(v.xxvii) measuring said fifth current through said first or said fourth contact
element,

(v.xxviii) measuring a fifth voltage across said second and third contact
elements,

(v.xxix) calculating a fifth resistance value (R, 1) based on said fifth current and
said fifth voltage,

(v.xxx) applying a sixth electrical potential across said second and third contact
elements for generating a sixth current in said surface portion at said first position,
(v.xxxi) measuring said sixth current through said second or said third contact
element,

(v.xxxii) measuring a sixth voltage across said first and fourth contact elements,
(v.xxxiii)  calculating a sixth resistance value (Ra’s) based on said sixth current

and said sixth voltage,
(v.xxxiv)  calculating a third resistance mean (Ej) of said fifth resistance value

(Ra, 1) and said sixth resistance value (R4’ 1), and

(v.xxxv) applying a seventh electrical potential across said fifth and eighth
contact elements for generating a seventh current in said surface portion at said first
position,

(v.xxxvi)  measuring said seventh current through said fifth or said eighth contact
element,

(v.xxxvii) measuring a seventh voltage across said sixth and seventh contact
elements,

(v.xxxviii) calculating a seventh resistance value (Ra2) based on said seventh
current and said seventh voltage,

(v.xxxix)  applying an eighth electrical potential across said sixth and seventh
contact elements for generating an eighth current in said surface portion at said first

position,
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(v.xl) measuring said eighth current through said sixth or said seventh contact
element,
(v.xli) measuring an eighth voltage across said fifth and eighth contact
elements,
(v.xlii) calculating an eighth resistance value (Ra:2) based on said eighth
current and said eighth voltage,
(v.xliii) calculating a fourth resistance mean (73;,2) of said seventh resistance

value (R4 2) and said eighth resistance value (Ra’>),

(v.xliv) defining a second relation including a fourth, fifth, and sixth parameter
representing said first resistance mean (R, 1), said third resistance mean (R, 1),
and a first pseudo sheet resistance (Rp 1), respectively,

(v.xlv) employing said first resistance mean (R, 1) and said third resistance

mean (7{;,1) as said fourth parameter and said fifth parameter, respectively, in said

second relation for determining said sixth parameter representing said first pseudo
sheet resistance (Rp 1),
(v.xlvi) defining a third relation including a seventh, eighth, and ninth parameter

representing said second resistance mean (R, 2), said fourth resistance mean
(R,, 2), and a second pseudo sheet resistance (Rp,2), respectively,
(v.xlvii) employing said second resistance mean (ﬁ;,g) and said fourth

resistance mean (R, ) as said seventh parameter and said eighth parameter,

respectively, in said third relation for determining said ninth parameter representing
said second pseudo sheet resistance (Rp ),

(v.xlviii) defining a fourth relation (gp) including a tenth, an eleventh, and a
twelfth parameter representing said first pseudo sheet resistance (Rp,s), said second
pseudo sheet resistance (Rp), and said distance between said first position and
said electrical boundary, respectively, and

(v.xlix) employing said first and said second pseudo sheet resistances (Rp,s,
Rp2) as said tenth and eleventh parameter, respectively, in said fourth relation (gp)
for determining said twelfth parameter representing a value of said distance (y)

between said first position and said electrical boundary.
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5. The method according to additional point 4 characterized by said fourth
relation being equivalent to Re+/ Rp. = gp(y), where Rp s represents said first
pseudo sheet resistance, Rp» represents said second pseudo sheet resistance, and
gp represents a function including said distance y as a parameter, said function gp
defining a peak value at a specific distance, and said function gp increasing as a
function of said distance below said specific distance and decreasing as a function
of said distance above said specific distance, and the method further comprising:
(v.xlIx) determining a distance by the method according to any of the additional
points 1 to 3 for representing an auxiliary distance, and

(v.xlxi) comparing said auxiliary distance and said specific distance to
determine if said distance is below or above said specific distance in said fourth

relation.

6. The method according to any of the additional points 1 to 5
characterized by said contact points defining a first line intersecting each of said

contact points.

7. The method according to any of the additional points 1 to 6
characterized by said contact points of said first contact element, said second
contact element, said third contact element, said fourth contact element, and said
one or more additional contact elements defining a first line intersecting each of said

contact points prior to said contact points contacting said test sample.

8. The method according to additional point 7 characterised by said
contact points of said first contact element, said second contact element, said third
contact element, and said fourth contact element, being located in the given order

along said first line.

9. The method according to additional point 8 characterised by said
contact points of said fifth contact element, said sixth contact element, said seventh
contact element, and said eighth contact element, being located in the given order

along said first line.
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10. The method according to any of the additional points 8 to 9
characterized the spacing between said contact points of said first and second
contact elements, said second and third contact elements, and said third and fourth

contact elements being approximately equal to a first spacing value (sy).

11. The method according to any of the additional points 8 to 10
characterized the spacing between said contact points of said fifth and sixth contact
elements, said sixth and seventh contact elements, and said seventh and eighth

contact elements being approximately equal to a second spacing value (s5).

12. The method according to additional point 11 and said alternative
replacing steps (i.xii) to (i.xx) characterized by said first relation being equivalent to
ARgs/ARgg' 2 = fp(y,s1,52), where ARgg represents said first resistance difference,
ARgg ;> represents said second resistance difference, and fp is a function including
said distance y between said first position and said electrical boundary, said first

spacing value sy, and said second spacing value s;.

13. The method according to additional point 12 characterized by the
function fp(y,s1,S2) in said first relation ARgs/ARgs2 = fp(y,S1,52) being equivalent to
(3*arctan(ss/2y) - arctan(3s/2y)) / ( 3*arctan(s,/2y) - arctan(3s./2y)).

14. The method according to any of the additional points 2 to 13

characterized by said second relation being equivalent to exp(2rr-§;,1/RP,1) -
exp(21- R, 1/Rp1) = 1, where Rp; is said first pseudo sheet resistance, R, 1 is
said first resistance mean, and R, 1 is said third resistance mean; and said third
relation being equivalent to exp(2rr-R_M.,2/Rp,2) - exp(2n-E,2/Rp,2) =1, where Rp
is said second pseudo sheet resistance, R, - is said second resistance mean, and

R,, 2is said fourth resistance mean.

15. The method according to any of the additional points 2 to 14 and said

alternative including step (iii.xlix) characterized by said fourth relation being



10

15

20

25

30

WO 2012/083955 PCT/DK2011/000156

70

equivalent to Rp 1/ Rp2 = gp(y,S1,S2), where Rp s represents said first pseudo sheet
resistance, Rp, represents said second pseudo sheet resistance, and gp represents
a function including said distance y between said first position and said electrical

boundary, said first spacing value sy, and said second spacing value s,.

16. The method according to any of the additional points 2 to 14 and said
alternative replacing step (iii.xlix) characterized by said first relation being equivalent
to ARgs/ARgs2 = fp(y,y2,51,82), where ARgg represents said first resistance
difference, ARgg > represents said second resistance difference, and fp is a function
including said distance y and said additional distance y, between said first position
and said electrical boundary, said first spacing value ss, and said second spacing

value ss..

17. The method according to additional point 12 characterized by the
function fp(y,y2,51,52) in said first relation ARgg/ARgs 2 = fp(y,y251,82) being
equivalent to (3*arctan(s+/2y) - arctan(3s4/2y)) / ( 3*arctan(s2/2y>) - arctan(3s,/2y5)).

18. The method according to any of the additional points 2 to 14 and said
alternative replacing step (iii.xlix) characterized by said fourth relation being
equivalent to Rp+/ Rp2 = goly.y2,51,S2), Rp 1 represents said first pseudo sheet
resistance, Rp , represents said second pseudo sheet resistance, and gp represents
a function including said distance y and said additional distance y» between said first
position and said electrical boundary, said first spacing value sy, and said second

spacing value s;.

19. The method according to any of the additional points 6 to 18
characterized by said electrical boundary having an approximately linear portion and
the distance between said first position and a additional point on said linear portion
being smaller than the distance between said first position and any additional point

on said electrical boundary outside said linear portion.

20. The method according to additional point 19 characterized by further

comprising:
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(vi.i) orienting said multi-additional point probe to position said first line in a

parallel relationship with said linear portion.

21. The method according to any of the additional points 1 to 20
characterized by the spacing between said contact points of said first and second
contact elements, said second and third contact elements, and said third and fourth

contact elements being approximately equal.

22. The method according to any of the additional points 1 to 21 and said
alternative including steps (i.xii) to (i.xx) characterized by said first relation being
equivalent to ARcc/ARgs = fy,s), where ARgg represents said first resistance
difference, ARcc represents said second resistance difference, and f is a function
including said distance y between said first position and said electrical boundary and

said spacing s between said contact points as parameters.

23. The method according to additional point 22 characterized by the first
resistance difference ARgg' in the relation AR¢cc/ARgs' = f(y,s) being equivalent to
ARgg = 2R4/r*(arctan(a/2y) + arctan(b/2y) + arctan(c/2y) - arctan((a+b+c)/2y)),
where ARpgg represents said additional first difference (ARgg), y represents said
distance (y), a represents the spacing between the contact points of said first and
second contact elements, b represents the spacing between the contact points of
said second and third contact elements, and ¢ represents the spacing between the
contact points of said third and fourth contact elements; and said second resistance
difference ARcc in the relation ARcc/ARgs = f(y,s) being equivalent to ARce =
2Ry/r*(arctan((at+b+c)/2y) + arctan(b/2y) - arctan((a+b)/2y) - arctan((b+c)/2y))
where ARcc represents said additional second difference (ARc¢), y represents said
distance (y), a represents the spacing between the contact points of said first and
second contact elements, b represents the spacing between the contact points of
said second and third contact elements, and c represents the spacing between the

contact points of said third and fourth contact elements.

24. The method according to any of the additional points 1 to 23 and said

alternative including steps (i.xii) to (i.xx) characterized by further comprising:
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(i.xxiii) applying a fifth electrical potential across said first and fourth contact

elements for generating a fifth current in said surface portion at said first position,

(i.xxiv) measuring said fifth current through said first or said fourth contact
element,
(i.xxv) measuring a fifth voltage across said second and third contact
elements,
(i.xxvi) calculating a fifth resistance value (Rs) based on said fifth current and

said fifth voltage,
(i.xxvii) applying a sixth electrical potential across said second and third contact
elements for generating a sixth current in said surface portion at said first position,

(i.xxviii) measuring said sixth current through said second or said third contact

element,
(i.xxix) measuring a sixth voltage across said first and fourth contact elements,
(i.xxx) calculating a sixth resistance value (Ra’) based on said sixth current and

said sixth voltage,

(i.xxxi) calculating a third resistance difference (ARaa) based on the difference
between said fifth resistance value and said sixth resistance value,

(i.xxxii) in defining said first relation (f) said first relation (f) further includes a
fourth parameter representing said third resistance difference (ARa4), and

(i.xxxiii) in determining said distance (y) between said first position and said
electrical boundary, said third resistance difference (ARas’) is used as said fourth
parameter in said first relation in addition to said first and said second resistance
differences (ARgg, ARcc) being used as said first and said second parameter,

respectively.

25. The method according to any of the additional points 1 to 24
characterized by said contact points being positioned in-line and the spacing
between said contact points of said first and second contact elements and the
spacing between said contact points of said second and third contact elements

being approximately equal.

26. The method according to any of the additional points 1 to 25

characterized by said contact points being positioned in-line and the spacing
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between said contact points of said third and fourth contact elements being different
from the spacing between said contact points of said first and second contact

elements.

27. The method according to additional point 26 characterized by the
spacing between said contact points of said third and fourth contact element being
greater than the spacing between said contact points of said first and second
contact element by a factor in one or more of the ranges 1.1-3.7, 1.2-3.3, 1.3-2.9,
1.4-2.5, 1.5-2.1, and 1.6-1.7, and/or in one of the ranges 1.2-1.3, 1.3-1.4, 1.4-1.5,
1.5-1.6, 1.6-1.7, 1.7-1.8, 1.8-1.9, 1.9-2.0, 2.0-2.2, 2.2-2.4, 2.4-2.6, 2.6-2.8, 2.8-3.0,
3.0-3.3, 3.3-3.6, 3.6-3.9, and/or approximately five divided by three, or by a factor in
one or more of the ranges 1.2-3.8, 1.6-3.4, 1.8-3.2, 2.0-3.0, 2.2-2.8, and 2.4-2.6,
and/or in one of the ranges 1.2-1.3, 1.3-1.4, 1.4-1.5, 1.5-1.6, 1.6-1.7, 1.7-1.8, 1.8-
1.9, 1.9-2.0, 2.0-2.2, 2.2-24, 24-2.6, 2.6-2.8, 2.8-3.0, 3.0-3.3, 3.3-3.6, 3.6-3.9,

and/or approximately five divided by two.

28. The method according to any of the additional points 1 to 27
characterized by the spacing between said contact points of said first and second
contact elements being in one of the ranges 1-5 pm, 5-10 pm, 10-15 pm, 15-20 pm,
20-25 ym, 25-30 pm, 30-40 pm, 40-50 pm, 50-500 pm, and/or in one or more of the
ranges 1-50 pm, 5-40 pym, 10-30 pm, 15-25 pm.

29. The method according to any of the additional points 24 to 28
characterized by said first relation being equivalent to (ARaa’ + aARcc)/ARgs =
fly,a,b,c), where ARgg is said first resistance difference, ARcc is said second
resistance difference, ARa4’ is said third resistance difference, a is a tuning factor in
the range -10 to 10; and fis a function including said distance y between said first
position and said electrical boundary and a said spacing between said contact
points of said first and second contact elements, b said spacing between said
contact points of said second and third contact elements, and ¢ said spacing

between said contact points of said third and fourth contact elements.



10

15

20

25

30

WO 2012/083955 PCT/DK2011/000156

74

30. The method according to additional point 29 characterized by said

tuning factor a being approximately 1 or approximately -1.

31. The method according to any of the additional points 29 to 30
characterized by the first resistance difference ARgg in the relation (ARaa +
aARcc)/ARsg = f(y,a,b,c) being equivalent to ARgg = 2Ru/m*(arctan(a/2y) +
arctan(b/2y) + arctan(c/2y) - arctan((a+b+c)/2y)), where ARgg represents said
additional first difference (ARaa?), y represents said distance (y), a represents the
spacing between the contact points of said first and second contact elements, b
represents the spacing between the contact points of said second and third contact
elements, and c represents the spacing between the contact points of said third and
fourth contact elements; said second resistance difference ARcc in the relation
(ARaar + aARcc)ARge = fly,a,b,c) being equivalent to ARce =
2Ry/*(arctan((a+b+c)/2y) + arctan(b/2y) - arctan((a+b)/2y) - arctan((b+c)/2y)),
where ARcc represents said additional second difference (ARcc), y represents said
distance (y), a represents the spacing between the contact points of said first and
second contact elements, b represents the spacing between the contact points of
said second and third contact elements, and ¢ represents the spacing between the
contact points of said third and fourth contact elements; and said third resistance
difference ARxa’ in the relation (ARaa' + dARcc)/ARgs = (y,a,b,c) being equivalent
to ARaa' = 2Ru/r*(arctan((a+b)/2y) - arctan(a/2y) - arctan((b+c)/2y) + arctan(c/2y)),
where ARas represents said additional third resistance difference (ARaa), y
represents said distance (y), a represents the spacing between the contact points of
said first and second contact elements, b represents the spacing between the
contact points of said second and third contact elements, and c represents the
spacing between the contact points of said third and fourth contact elements.

32. The method according to any of the additional points 1 to 31
characterized by said spacing between said contact points of said first and second
contact elements being in one or more of the ranges 0.1-100 ym, 1-90 ym, 10-80
pm, 20-70 pm, 30-60 pm, and 40-50 pm; and/or in one of the ranges 0.1-1 pm, 1-
10 pym, 10-20 pm, 20-30 pm, 30-40 pm, 40-50 pm, 50-60 pm, 60-70 pm, 70-80 um,
80-90 pm, 90-100 um, or 100-500pum.
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33. A method for determining an electrical property at a first position on an
electrically conducting surface portion of a test sample, said electrically conducting
surface portion having an electrical boundary and said method comprising:

(a) determining a distance (y) between said first position on said electrically
conducting surface portion of said test sample and said electrical boundary of said
electrically conducting surface portion according to any of the additional points 1 to
32,

(b) defining a fifth relation including said electrical property and a fifteenth
parameter representing said distance (y), and

(c) employing said distance (y) as said fifteenth parameter in said fifth
relation for determining said electrical property,

or alternatively said method comprising:

(a) determining an additional distance (y,) between said first position on
said electrically conducting surface portion of said test sample and said electrical
boundary of said electrically conducting surface portion according to any of the
additional points 2 to 32,

(b) defining a fifth relation including said electrical property and a fifteenth
parameter representing said additional distance (y»), and

(c) employing said additional distance (y,) as said fifteenth parameter in

said fifth relation for determining said electrical property.

34. The method according to additional point 33 characterized by said fifth
relation further including said spacing between the contact points of said first contact
element, said second contact element, said third contact element, and/or said fourth
contact element, and:

(b) in defining said fifth relation, said fifth relation further includes a
sixteenth parameter representing the spacing between the contact points of said
first contact element, said second contact element, said third contact element,
and/or said fourth contact element, and

(c) in determining said electrical property, said spacing is used as said
sixteenth parameter in said fifth relation in addition to said first distance (y) or said

additional distance (y>).
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35. The method according to any of the additional points 33 to 34
characterized by said electrical property being the Hall sheet resistance (Ry) and
said fifth relation (f1,f2) further including a seventeenth parameter representing an
additional first resistance difference (ARgg), said method further comprising:

(d) applying an additional first electrical potential across said first and third
contact elements for generating an additional first current in said surface portion at
said first position,

(e) measuring said additional first current through said first or said third
contact element,

(f) measuring an additional first voltage across said second and fourth
contact elements, and

(9) calculating an additional first resistance value (Rg) based on said
additional first current and said additional first voltage, or

(g) retaining said first resistance value (Rg) from said determining of said
distance as an additional first resistance value (Rg), and

(h) applying an additional second electrical potential across said second
and fourth contact elements for generating an additional second current in said
surface portion at said first position,

(i) measuring said additional second current through said second or said
fourth contact element,

)] measuring an additional second voltage across said first and third
contact elements, and

(k) calculating an additional second resistance value (Rg) based on said
additional second current and said additional second voltage, or

(k) retaining said second resistance value (Rg) from said determining of
said distance as an additional second resistance value (Rg), and

(1) calculating said additional first resistance difference (ARgg) based on
the difference between said additional first resistance value and said additional
second resistance value, or

(1 retaining said first resistance difference (ARgg) from said determining of

said distance as said additional first resistance difference (ARgg).
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36. The method according to additional point 35 characterized by said fifth
relation being equivalent to ARgg = 2Rud/m*(arctan(a/2y) + arctan(b/2y) +
arctan(c/2y) - arctan((a+b+c)/2y)) where ARgg represents said additional first
difference (ARsgg), y represents said distance (y) or said additional distance, a
represents the spacing between the contact points of said first and second contact
elements, b represents the spacing between the contact points of said second and
third contact elements, and c represents the spacing between the contact points of

said third and fourth contact elements.

37. The method according to any of the additional points 35 to 36
characterized by said electrical property being the Hall sheet resistance (Ry) and
said fifth relation (f,,f;) further including a seventeenth parameter representing an
additional second resistance difference (ARc¢), said method further comprising:

(d) applying an additional third electrical potential across said first and
second contact elements for generating an additional third current in said surface
portion at said first position,

(e) measuring said additional third current through said first or said second
contact element,

1) measuring an additional third voltage across said third and fourth
contact elements, and

(9) calculating an additional third resistance value (R¢) based on said
additional third current and said additional third voltage, or in said alternative
including steps (i.xii) to (i.xx):

(g) retaining said third resistance value (R¢) from said determining of said
distance as an additional third resistance value (Rc), and

(h) applying an additional fourth electrical potential across said third and
fourth contact elements for generating an additional fourth current in said surface
portion at said first position,

(1) measuring said additional fourth current through said third or said fourth
contact element,

1) measuring an additional fourth voltage across said first and second

contact elements, and
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(k) calculating an additional fourth resistance value (R¢) based on said
additional fourth current and said additional fourth voltage, or in said alternative
including steps (i.xii) to (i.xx):

(K) retaining said fourth resistance value (R¢) from said determining of said
distance as an additional fourth resistance value (R¢), and

()] calculating said additional second resistance difference (ARcc) based
on the difference between said additional third resistance value and said additional
forth resistance value, or in said alternative including steps (i.xii) to (i.xx):

() retaining said second resistance difference (ARcc) from said
determining of said distance as said additional second resistance difference (ARc¢c).

38. The method according to additional point 37 characterized by said fifth
relation being equivalent to ARccr = 2Ru/m*(arctan((a+b+c)/2y) + arctan(b/2y) -
arctan((a+b)/2y) - arctan((b+c)/2y)), where ARcc represents said additional second
difference (ARcc), y represents said distance (y) or said additional distance, a
represents the spacing between the contact points of said first and second contact
elements, b represents the spacing between the contact points of said second and
third contact elements, and c represents the spacing between the contact points of

said third and fourth contact elements.

39. The method according to any of the additional points 33 to 34
characterized by said electrical property being the Hall sheet resistance (Ry) and
said fifth relation (f;) further including a seventeenth parameter representing an
additional third resistance difference (ARa4), said method further comprising:

(d) applying an additional fifth electrical potential across said first and fourth
contact elements for generating an additional fifth current in said surface portion at
said first position,

(e) measuring said additional fifth current through said first or said fourth
contact element,

) measuring an additional fifth voltage across said second and third
contact elements, and

(9) calculating an additional fifth resistance value (R,) based on said

additional fifth current and said additional fifth voltage, or
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(g9) retaining said fifth resistance value (Ra) from said determining of said
distance as an additional fifth resistance value (R,), and

(h) applying an additional sixth electrical potential across said second and
third contact elements for generating an additional sixth current in said surface
portion at said first position,

(i) measuring said additional sixth current through said second or said third
contact element,

() measuring an additional sixth voltage across said first and fourth
contact elements, and

(k) calculating an additional sixth resistance value (Rs) based on said
additional sixth current and said additional sixth voltage, or

(k") retaining said sixth resistance value (Ra) from said determining of said
distance as an additional fifth resistance value (Ry), and

()] calculating said additional third resistance difference (ARas’) based on
the difference between said additional fifth resistance value and said additional sixth
resistance value, or

(I retaining said third resistance difference (ARa4) from said determining

of said distance as said additional third resistance difference (ARaa).

40. The method according to additional point 39 characterized by said fifth
relation being equivalent to ARas = 2Ry/m*(arctan((a+b)/2y) - arctan(a/2y) -
arctan((b+c)/2y) + arctan(c/2y)), where ARaa represents said additional third
resistance difference (ARaa), y represents said distance (y) or said additional
distance, a represents the spacing between the contact points of said first and
second contact elements, b represents the spacing between the contact points of
said second and third contact elements, and ¢ represents the spacing between the

contact points of said third and fourth contact elements.

41. The method according to any of the additional points 33 to 34
characterized by said electrical property being the sheet resistance (Ry) and said
fifth relation (g) further including a seventeenth parameter representing a pseudo

sheet resistance (Rp), said method further comprising:
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(d) applying an additional fifth electrical potential across said first and fourth
contact elements for generating an additional fifth current in said surface portion at
said first position,

(e) measuring said additional fifth current through said first or said fourth
contact element,

1) measuring an additional fifth voltage across said second and third
contact elements,

(9) calculating an additional fifth resistance value (Rs) based on said
additional fifth current and said additional fifth voltage, or

(g) retaining said fifth resistance value (R,s) from said determining of said
distance as an additional fifth resistance value (Rx), and

(h) applying an additional sixth electrical potential across said second and
third contact elements for generating an additional sixth current in said surface
portion at said first position,

(i) measuring said additional sixth current through said second or said third
contact element,

0) measuring an additional sixth voltage across said first and fourth
contact elements,

(k) calculating an additional sixth resistance value (R4) based on said
additional sixth current and said additional sixth voltage, or

(k") retaining said sixth resistance value (R4) from said determining of said

distance as an additional fifth resistance value (Ra’), and
(1) calculating a fifth resistance mean (E;) of said additional fifth

resistance value (R,) and said additional sixth resistance value (R}, and

(d”) applying an additional first electrical potential across said first and third
contact elements for generating an additional first current in said surface portion at
said first position,

(e”) measuring said additional first current through said first or said third
contact element,

i) measuring an additional first voltage across said second and fourth
contact elements,

(@) calculating an additional first resistance value (Rg) based on said

additional first current and said additional first voltage, or
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(@ retaining said first resistance value (Rg) from said determining of said
distance as an additional first resistance value (Rg), and

(h™) applying an additional second electrical potential across said second
and fourth contact elements for generating an additional second current in said
surface portion at said first position,

(i) measuring said additional second current through said second or said
fourth contact element,

() measuring an additional second voltage across said first and third
contact elements,

(k™) calculating an additional second resistance value (Rg) based on said
additional second current and said additional second voltage, or

(k™) retaining said second resistance value (Rg) from said determining of

said distance as an additional second resistance value (R’s), and
(8] calculating a sixth resistance mean (R,, ) of said additional first

resistance value (Rg) and said additional second resistance value (Rg’), and

(m) defining a sixth relation including a eighteenth, nineteenth, and

twentieth parameter representing said fifth resistance mean (R, ), said sixth

resistance mean (R_B;), and said pseudo sheet resistance (Rp), respectively,
(n) determining said pseudo sheet resistance (Rp) by using said fifth
resistance mean (R, ) and said sixth resistance mean (R, ) as said eighteenth

parameter and said nineteenth parameter, respectively, in said sixth relation.

42. The method according to additional point 41 characterized by said sixth
relation being equivalent to exp(21- R, IRp) - exp(21- R, IRp) = 1, where Rp is said
pseudo sheet resistance, R, is said first resistance mean, and R, is said second

resistance mean.

43. An apparatus for determining a distance between a first position on an
electrically conducting surface portion of a test sample and an electrical boundary of

said electrically conducting surface portion, said apparatus comprising:
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a multi-additional point probe comprising a first contact element, a
second contact element, a third contact element, and a fourth contact element, each
contact element defining a contact point for establishing an electrical contact with
said test sample, and

a control unit adapted for performing the method for determining a

distance or additional distance according to any of the additional points 1 to 32.

44. An apparatus for determining an electrical property at a first position on
an electrically conducting surface portion of a test sample comprising:

a multi-additional point probe comprising a first contact element, a
second contact element, a third contact element, and a fourth contact element, each
contact element defining a contact point for establishing an electrical contact with
said test sample, and

a control unit adapted for performing the method for determining an
electrical property at a first position on an electrically conducting surface portion of a
test sample according to any of the additional points 33 to 42.
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ITEM LIST

12 second contact element

14 third contact element

16 fourth contact element

18 probe body

20 contact point of the first contact element
22 contact point of the second contact element
24 contact point of the third contact element
26 contact point of the fourth contact element
30 test sample

32 surface portion

33 side surface

34 electrical boundary

36 multi-point probe

40 common line

42 linear portion

44 electrically non-conducting surface portion
50-62 contact elements

70-82 contact points

90 common line

PCT/DK2011/000156



10

15

20

25

30

WO 2012/083955 PCT/DK2011/000156

84

CLAIMS

1. A method for determining a distance between a first position on an
electrically conducting surface portion of a test sample and an electrical boundary of
said electrically conducting surface portion by a multi-point probe comprising a first
contact element, a second contact element, a third contact element, and a fourth
contact element, each contact element defining a contact point for establishing an
electrical contact with said test sample, said method comprising:

(i.i) contacting said test sample with said first contact element, said second
contact element, said third contact element, and said fourth contact element at said
first position on said electrically conducting surface portion,

(i.ii) applying a magnetic field having a major field component perpendicular
to said electrically conducting surface portion at said first position,

(i.iii) applying a first electrical potential across said first and third contact

elements for generating a first current in said surface portion at said first position,

(i.iv) measuring said first current through said first or said third contact
element,
(i.v) measuring a first voltage across said second and fourth contact
elements,
(i.vi) calculating a first resistance value (Rg) based on said first current and

said first voltage,

(i.vii) applying a second electrical potential across said second and fourth
contact elements for generating a second current in said surface portion at said first
position,

(i.viii) measuring said second current through said second or said fourth

contact element,

(i.ix) measuring a second voltage across said first and third contact
elements,
(i.x) calculating a second resistance value (Rg) based on said second

current and said second voltage,
(i.xi) calculating a first resistance difference (ARgg) based on the difference

between said first resistance value and said second resistance value,
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(i.xii) applying a third electrical potential across said first and second contact

elements for generating a third current in said surface portion at said first position,

(i.xiii) measuring said third current through said first or said second contact
element,

(i.xiv) measuring a third voltage across said third and fourth contact elements,
(i.xv) calculating a third resistance value (R¢) based on said third current and

said third voltage,
(i.xvi) applying a fourth electrical potential across said third and fourth contact

elements for generating a fourth current in said surface portion at said first position,

(i.xvii) measuring said fourth current through said third or said fourth contact
element,

(i.xviii) measuring a fourth voltage across said first and second contact
elements,

(i.xix) calculating a fourth resistance value (R¢) based on said fourth current

and said fourth voltage, and

(i.xx) calculating a second resistance difference (ARcc) based on the
difference between said third resistance value and said fourth resistance value, and
(i.xxi) defining a first relation (f) including a first, a second, and a third
parameter representing said first resistance difference, said second resistance
difference, and said distance between said first position and said electrical
boundary, respectively, and

(i.xxii) employing said first and second resistance differences (ARgs, ARccy
ARgg:,) as said first and second parameters, respectively, in said first relation for
determining said third parameter representing said distance (y) between said first

position and said electrical boundary.

2 A method for determining a distance between a first position on an
electrically conducting surface portion of a test sample and an electrical boundary of
said electrically conducting surface portion by a multi-point probe comprising a first
contact element, a second contact element, a third contact element, and a fourth
contact element, each contact element defining a contact point for establishing an

electrical contact with said test sample, said method comprising:
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(i.i) contacting said test sample with said first contact element, said second
contact element, said third contact element, and said fourth contact element at said
first position on said electrically conducting surface portion,

(i.ii) applying a magnetic field having a major field component perpendicular
to said electrically conducting surface portion at said first position,

(i.iii) applying a first electrical potential across said first and third contact

elements for generating a first current in said surface portion at said first position,

(i.iv) measuring said first current through said first or said third contact
element,
(i.v) measuring a first voltage across said second and fourth contact
elements,
(i.vi) calculating a first resistance value (Rg) based on said first current and

said first voltage,

(i.vii) applying a second electrical potential across said second and fourth
contact elements for generating a second current in said surface portion at said first
position,

(i.viii) measuring said second current through said second or said fourth

contact element,

(i.ix) measuring a second voltage across said first and third contact
elements,
(i.x) calculating a second resistance value (Rg) based on said second

current and said second voltage,

(i.xi) calculating a first resistance difference (ARgg) based on the difference
between said first resistance value and said second resistance value,

said multi-point probe comprising a plurality of contact elements, said plurality of
contact elements comprising said first contact element, said second contact
element, said third contact element, said fourth contact element and one or more
additional contact elements, each of said one or more additional contact elements
defining a contact point for establishing an electrical contact with said test sample,
(ii.xii) defining a first configuration of contact elements of said plurality of contact
elements, said first configuration of contact elements being composed of said first
contact element, said second contact element, said third contact element, and said

fourth contact element,
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elements, said second configuration of contact elements being composed of a fifth
contact element, a sixth contact element, a seventh contact element, and an eighth
contact element, at least one contact element of said second configuration of
contact elements being a contact element of said one or more additional contact
elements,

(ii.xiv) contacting said test sample with said contact elements of said second
configuration of contact elements at said first position on said electrically conducting
surface portion at the same time as contacting said test sample with said contact
elements of said first configuration of contact elements,

(ii.xv) applying a third electrical potential across said fifth and seventh contact

elements for generating a third current in said surface portion at said first position,

(ii.xvi) measuring said third current through said fifth or said seventh contact
element,
(ii.xvii) measuring a third voltage across said sixth and eighth contact
elements,
(ii.xviii) calculating a third resistance value (Rg2) based on said third current

and said third voltage,
(ii.xix) applying a fourth electrical potential across said sixth and eighth contact

elements for generating a fourth current in said surface portion at said first position,

(ii.xx) measuring said fourth current through said sixth or said eighth contact
element,

(ii.xxi) measuring a fourth voltage across said fifth and seventh contact
elements,

(ii.xxii) calculating a fourth resistance value (Rg:2) based on said fourth current

and said fourth voltage, and

(ii.xxiii) calculating a second resistance difference (ARgg:2) based on the
difference between said third resistance value and said fourth resistance value, and
(i.xxi) defining a first relation (f) including a first, a second, and a third
parameter representing said first resistance difference, said second resistance
difference, and said distance between said first position and said electrical

boundary, respectively, and
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(i.xxii) employing said first and second resistance differences (ARgs, ARcc;
ARgg:7) as said first and second parameters, respectively, in said first relation for
determining said third parameter representing said distance (y) between said first

position and said electrical boundary.

3. The method according to claim 2 further characterized by:

(jii.xxiv) calculating a first resistance mean (R—BE_.J) of said first resistance value
(Rg) and said second resistance value (Rg),

(iii.xxv) calculating a second resistance mean (E;,g) of said third resistance

value (Rg ) and said fourth resistance value (Rg:2), and

(iii. xxvi) applying a fifth electrical potential across said first and fourth contact
elements for generating a fifth current in said surface portion at said first position,

(iii. xxvii) measuring said fifth current through said first or said fourth contact
element,

(iii.xxviii)  measuring a fifth voltage across said second and third contact
elements,

(iii.xxix) calculating a fifth resistance value (R4 1) based on said fifth current and
said fifth voltage,

(iii.xxx) applying a sixth electrical potential across said second and third contact
elements for generating a sixth current in said surface portion at said first position,
(iiii.xxxi) measuring said sixth current through said second or said third contact
element,

(iii. xxxii) measuring a sixth voltage across said first and fourth contact elements,
(iii.xxxiii)  calculating a sixth resistance value (Ra’ 1) based on said sixth current
and said sixth voltage,

(lii.xxxiv)  calculating a third resistance mean (R_AA,,1) of said fifth resistance value
(Ra 1) and said sixth resistance value (Ra;1), and

(iii. xxxv) applying a seventh electrical potential across said fifth and eighth
contact elements for generating a seventh current in said surface portion at said first
position,

(lii.xxxvi)  measuring said seventh current through said fifth or said eighth contact

element,
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(ii.xxxvii) measuring a seventh voltage across said sixth and seventh contact
elements,

(ili.xxxviii) calculating a seventh resistance value (Ra2) based on said seventh
current and said seventh voltage,

(iii.xxxix)  applying an eighth electrical potential across said sixth and seventh

contact elements for generating an eighth current in said surface portion at said first

position,
(iii.x1) measuring said eighth current through said sixth or said seventh contact
element,
(iii. i) measuring an eighth voltage across said fifth and eighth contact
elements,
(iii.xii) calculating an eighth resistance value (Ra’2) based on said eighth

current and said eighth voltage,
(i xliii) calculating a fourth resistance mean (R, o) of said seventh resistance

value (Ra2) and said eighth resistance value (Ra:2),

(iii.xliv) defining a second relation including a fourth, fifth, and sixth parameter
representing said first resistance mean (R_B;,1), said third resistance mean (R_AA.J),
and a first pseudo sheet resistance (Rp 1), respectively,

(iii.xIv) employing said first resistance mean (R, 1) and said third resistance

mean (R—M,1) as said fourth parameter and said fifth parameter, respectively, in said

second relation for determining said sixth parameter representing said first pseudo
sheet resistance (Rp 1),
(jii.xIvi) defining a third relation including a seventh, eighth, and ninth parameter

representing said second resistance mean (E,z), said fourth resistance mean
(R, 2), and a second pseudo sheet resistance (Rp ), respectively,
(ii.xlvi)  employing said second resistance mean (R, 2) and said fourth

resistance mean (R, ) as said seventh parameter and said eighth parameter,

respectively, in said third relation for determining said ninth parameter representing
said second pseudo sheet resistance (Rp,2),
(iii. x1viii) defining a fourth relation (gp) including a tenth, an eleventh, and a

twelfth parameter representing said first pseudo sheet resistance (Rp, 1), said second
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pseudo sheet resistance (Rp ), and said distance between said first position and
said electrical boundary, respectively, and

(iii.xlix) employing said first and said second pseudo sheet resistances (Rp,1,
Re ) as said tenth and eleventh parameter, respectively, in said fourth relation (gp)
for determining said twelfth parameter representing an additional distance (y»)

between said first position and said electrical boundary.

4. The method according to claims 3 characterized by said fourth relation
being equivalent to Rp 1/ Rp2 = go(y), where Rp s represents said first pseudo sheet
resistance, Rp , represents said second pseudo sheet resistance, and gp represents
a function including said distance y as a parameter, said function gp defining a peak
value at a specific distance, and said function gp increasing as a function of said
distance below said specific distance and decreasing as a function of said distance
above said specific distance, said method further comprising:

(iii.xIx) comparing said distance and said specific distance to determine if said

additional distance is below or above said specific distance in said fourth relation.

5. The method according to claim 2 further characterized by:

(iii.xxiv) calculating a first resistance mean (EJ) of said first resistance value
(Rs) and said second resistance value (Rg),

(iii.xxv) calculating a second resistance mean (E;,z) of said third resistance

value (Rg ;) and said fourth resistance value (Rg:2), and

(iii.xxvi) applying a fifth electrical potential across said first and fourth contact
elements for generating a fifth current in said surface portion at said first position,

(i xxvii) measuring said fifth current through said first or said fourth contact
element,

(iii.xxviii)  measuring a fifth voltage across said second and third contact
elements,

(jii. xxix) calculating a fifth resistance value (R4, 1) based on said fifth current and
said fifth voltage,

(iii. xxx) applying a sixth electrical potential across said second and third contact

elements for generating a sixth current in said surface portion at said first position,
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(iiil.xxxi) measuring said sixth current through said second or said third contact
element,

(iiil.xxxii) measuring a sixth voltage across said first and fourth contact elements,
(iii.xxxiii)  calculating a sixth resistance value (Ra’ 1) based on said sixth current
and said sixth voltage,

(lii.xxxiv)  calculating a third resistance mean (R—AA.J) of said fifth resistance value
(Ra 1) and said sixth resistance value (Ra: ), and

(ii.xxxv)  applying a seventh electrical potential across said fifth and eighth
contact elements for generating a seventh current in said surface portion at said first
position,

(lii.xxxvi)  measuring said seventh current through said fifth or said eighth contact
element,

(ili.xxxvii) measuring a seventh voltage across said sixth and seventh contact
elements,

(iii.xxxviii) calculating a seventh resistance value (Ras2) based on said seventh
current and said seventh voltage,

(iii.xxxix)  applying an eighth electrical potential across said sixth and seventh

contact elements for generating an eighth current in said surface portion at said first

position,
(iii.x1) measuring said eighth current through said sixth or said seventh contact
element,
(iii.xli) measuring an eighth voltage across said fifth and eighth contact
elements,
(ii.xlii) calculating an eighth resistance value (Ra:2) based on said eighth

current and said eighth voltage,
(iii.xliii) calculating a fourth resistance mean (R, ) of said seventh resistance

value (R4 ») and said eighth resistance value (Ra'>),

(iii.xliv) defining a second relation including a fourth, fifth, and sixth parameter
representing said first resistance mean (EJ), said third resistance mean (R_AA.,,),
and a first pseudo sheet resistance (Rp 1), respectively,

(iii.xlv) employing said first resistance mean (R, .s) and said third resistance

mean (R, 1) as said fourth parameter and said fifth parameter, respectively, in said
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second relation for determining said sixth parameter representing said first pseudo
sheet resistance (Rp,1),

(iii.xIvi) defining a third relation including a seventh, eighth, and ninth parameter

representing said second resistance mean (R, ), said fourth resistance mean
(R, 2), and a second pseudo sheet resistance (Rp,2), respectively,
(ii.xlvii)  employing said second resistance mean (R, ) and said fourth

resistance mean (R, ) as said seventh parameter and said eighth parameter,

respectively, in said third relation for determining said ninth parameter representing
said second pseudo sheet resistance (Re>),

(iii. xlviii) defining a fourth relation (gp) including a tenth, an eleventh, and a
twelfth parameter representing said first pseudo sheet resistance (Rp,1), said second
pseudo sheet resistance (Rp2), and said distance between said first position and
said electrical boundary, respectively, and

said contact elements of said second configuration representing an additional
distance (y,) between said first position on said electrically conducting surface
portion of said test sample and said electrical boundary of said electrically
conducting surface portion, said first relation (fp) further including a thirteenth
parameter representing said additional distance between said first position and said
electrical boundary, said fourth relation (gp) further including a fourteenth parameter
representing said additional distance between said first position and said electrical
boundary, and said method further comprising:

(iv.xlix) employing said first and said second pseudo sheet resistances (Rp 4,
Rp ) as said tenth and eleventh parameter, respectively, in said fourth relation (gp)
for simultaneously determining said thirteenth parameter and said fourteenth
parameter representing said distance (y) and said additional distance (y.) between

said first position and said electrical boundary, respectively.

6. A method for determining a distance between a first position on an
electrically conducting surface portion of a test sample and an electrical boundary of
said electrically conducting surface portion by a multi-point probe comprising a
plurality of contact elements, each contact element defining a contact point for

establishing an electrical contact with said test sample, said plurality of contact
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elements comprising a first contact element, a second contact element, a third
contact element, a fourth contact element and one or more additional contact
elements, said method comprising:

(v.) defining a first configuration of contact elements of said plurality of
contact elements, said first configuration of contact elements being composed of
said first contact element, said second contact element, said third contact element,
and said fourth contact element,

(v.ii) defining a second configuration of contact elements of said plurality of
contact elements, said second configuration of contact elements being composed of
a fifth contact element, a sixth contact element, a seventh contact element, and an
eighth contact element, at least one contact element of said second configuration of
contact elements being a contact element of said one or more additional contact
elements,

(v.iii-iv) contacting said test sample with said contact elements of said first and
second configurations of contact elements at said first position on said electrically
conducting surface portion,

(v.v) applying a magnetic field having a major field component perpendicular
to said electrically conducting surface portion at said first position

(v.vi) applying a first electrical potential across said first and third contact

elements for generating a first current in said surface portion at said first position,

(v.vii) measuring said first current through said first or said third contact
element,
(v.viii) measuring a first voltage across said second and fourth contact
elements,
(v.ix) calculating a first resistance value (Rg) based on said first current and

said first voltage,

(v.x) applying a second electrical potential across said second and fourth
contact elements for generating a second current in said surface portion at said first
position,

(v.xi) measuring said second current through said second or said fourth
contact element,

(v.xii) measuring a second voltage across said first and third contact

elements,
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(v.xiii) calculating a second resistance value (Rp) based on said second
current and said second voltage,
(v.Xiv) calculating a first resistance mean (R, 1) of said first resistance value

(Rg) and said second resistance value (Rg),
(v.xv) applying a third electrical potential across said fifth and seventh contact

elements for generating a third current in said surface portion at said first position,

(v.xvi) measuring said third current through said fifth or said seventh contact
element,
(v.xvii) measuring a third voltage across said sixth and eighth contact
elements,
(v.xviii) calculating a third resistance value (Rg_2) based on said third current

and said third voltage,
(v.xix) applying a fourth electrical potential across said sixth and eighth contact

elements for generating a fourth current in said surface portion at said first position,

(v.xx) measuring said fourth current through said sixth or said eighth contact
element,

(v.xxi) measuring a fourth voltage across said fifth and seventh contact
elements,

(v.xxii) calculating a fourth resistance value (Rg:2) based on said fourth current

and said fourth voltage,
(V.XXV) calculating a second resistance mean (R, ») of said third resistance

value (Rg ) and said fourth resistance value (Rg:2), and

(v.xxvi) applying a fifth electrical potential across said first and fourth contact
elements for generating a fifth current in said surface portion at said first position,
(v.xxvii) measuring said fifth current through said first or said fourth contact
element,

(v.xxviii)  measuring a fifth voltage across said second and third contact

elements,

(V.xxix) calculating a fifth resistance value (R4 1) based on said fifth current and
said fifth voltage,

(V.xxx) applying a sixth electrical potential across said second and third contact

elements for generating a sixth current in said surface portion at said first position,
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(v.xxxi) measuring said sixth current through said second or said third contact
element,

(v.xxxii) measuring a sixth voltage across said first and fourth contact elements,
(v.xxxiii)  calculating a sixth resistance value (Ra;1) based on said sixth current

and said sixth voltage,
(v.xxxiv)  calculating a third resistance mean (R_AA,,1) of said fifth resistance value

(Ra 1) and said sixth resistance value (Ra;1), and

(V.xxxVv) applying a seventh electrical potential across said fifth and eighth
contact elements for generating a seventh current in said surface portion at said first
position,

(v.xxxvi)  measuring said seventh current through said fifth or said eighth contact
element,

(v.xxxvii) measuring a seventh voltage across said sixth and seventh contact
elements,

(v.xxxviii) calculating a seventh resistance value (Ra2) based on said seventh
current and said seventh voltage,

(v.xxxix)  applying an eighth electrical potential across said sixth and seventh

contact elements for generating an eighth current in said surface portion at said first

position,
(v.xt) measuring said eighth current through said sixth or said seventh contact
element,
(v.xli) measuring an eighth voltage across said fifth and eighth contact
elements,
(v.xlii) calculating an eighth resistance value (Ra;2) based on said eighth

current and said eighth voltage,
(v.xliii) calculating a fourth resistance mean (E;.-,g) of said seventh resistance

value (R, 2) and said eighth resistance value (Ra’2),

(v-xliv) defining a second relation including a fourth, fifth, and sixth parameter
representing said first resistance mean (R, 1), said third resistance mean (R, 1),
and a first pseudo sheet resistance (Rp 1), respectively,

(v.xIv) employing said first resistance mean (R, .s) and said third resistance

mean (EJ) as said fourth parameter and said fifth parameter, respectively, in said
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second relation for determining said sixth parameter representing said first pseudo
sheet resistance (Rp,1),
(v.xtvi) defining a third relation including a seventh, eighth, and ninth parameter

representing said second resistance mean (E;,g), said fourth resistance mean
(R_M,z), and a second pseudo sheet resistance (Rp ), respectively,
(v.xlvii) employing said second resistance mean (R,, ) and said fourth

resistance mean (—f—é;’z) as said seventh parameter and said eighth parameter,

respectively, in said third relation for determining said ninth parameter representing
said second pseudo sheet resistance (Rp,2),

(v.xlviii) defining a fourth relation (gp) including a tenth, an eleventh, and a
twelfth parameter representing said first pseudo sheet resistance (Rp ), said second
pseudo sheet resistance (Rp2), and said distance between said first position and
said electrical boundary, respectively, and

(v.xlix) employing said first and said second pseudo sheet resistances (Rp 1,
Rr ) as said tenth and eleventh parameter, respectively, in said fourth relation (gp)
for determining said twelfth parameter representing a value of said distance (y)

between said first position and said electrical boundary.

7. The method according to claim 6 characterized by said fourth relation
being equivalent to Rp«/ Rp> = gp(y), where Rp 1 represents said first pseudo sheet
resistance, Rp represents said second pseudo sheet resistance, and gp represents
a function including said distance y as a parameter, said function gp defining a peak
value at a specific distance, and said function gp increasing as a function of said
distance below said specific distance and decreasing as a function of said distance
above said specific distance, and the method further comprising:

(v.xIx) determining a distance by the method according to any of the claims 1
to 5 for representing an auxiliary distance, and

(v.xIxi) comparing said auxiliary distance and said specific distance to
determine if said distance is below or above said specific distance in said fourth

relation.
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8. The method according to any of the claims 1 to 7 characterized by said

contact points defining a first line intersecting each of said contact points.

9. The method according to any of the claims 2 to 7 characterized by said
contact points of said first contact element, said second contact element, said third
contact element, said fourth contact element, and said one or more additional
contact elements defining a first line intersecting each of said contact points prior to

said contact points contacting said test sample.

10. The method according to claim 9 characterised by said contact points of
said first contact element, said second contact element, said third contact element,

and said fourth contact element, being located in the given order along said first line.

11. The method according to claim 10 characterised by said contact points
of said fifth contact element, said sixth contact element, said seventh contact
element, and said eighth contact element, being located in the given order along

said first line.

12. The method according to any of the claims 10 to 11 characterized by
the spacing between said contact points of said first and second contact elements,
said second and third contact elements, and said third and fourth contact elements

being approximately equal to a first spacing value (sy).

13. The method according to any of the claims 10 to 12 characterized the
spacing between said contact points of said fifth and sixth contact elements, said
sixth and seventh contact elements, and said seventh and eighth contact elements

being approximately equal to a second spacing value (s5).

14. The method according to claim 13 characterized by said first relation
being equivalent to ARgg/ARgs 2 = fp(y,S1,52), where ARpg represents said first
resistance difference, ARgg 2 represents said second resistance difference, and fp is
a function including said distance y between said first position and said electrical

boundary, said first spacing value sy, and said second spacing value s.
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15. The method according to claim 14 characterized by the function
fo(y,s1,52) in said first relation ARgs/ARgs > = fp(y,S1,52) being equivalent to

(3*arctan(ss/2y) - arctan(3s+/2y)) / ( 3*arctan(s2/2y) - arctan(3s2/2y)).

16. The method according to any of the claims 3 to 14 characterized by
said second relation being equivalent to exp(2m- R, .1//Rp.1) - exp(21* Ry, 1/Rp.1) =
1, where Rp ¢ is said first pseudo sheet resistance, -Ig;j is said first resistance
mean, and 7(;1 is said third resistance mean; and said third relation being
equivalent to exp(2n-R_M,2/Rp,2) - exp(2rr-1—€;,2/RP,2) = 1, where Rp is said second

pseudo sheet resistance, R,  is said second resistance mean, and R,  is said

fourth resistance mean.

17. The method according to claim 3 or any of the claims 1 to 16 depending
on claim 3 characterized by said fourth relation being equivalent to Rp 4/ Rp2 =
go(y,S1,S2), where Rp 1 represents said first pseudo sheet resistance, Rp > represents
said second pseudo sheet resistance, and gp represents a function including said
distance y between said first position and said electrical boundary, said first spacing

value sy, and said second spacing value s;.

18. The method according to claim 5 or any of the claims 1 to 17 depending
on claim 5 characterized by said first relation being equivalent to ARgs/ARBgs 2 =
fo(y,y2,51,82), where ARgg represents said first resistance difference, ARgg2
represents said second resistance difference, and fp is a function including said
distance y and said additional distance y, between said first position and said

electrical boundary, said first spacing value s4, and said second spacing value s...

19. The method according to claim 18 characterized by the function
fo(y,y2,51,82) in said first relation ARgg/ARBgs:2 = fp(y,y2,51,52) being equivalent to

(3*arctan(s/2y) - arctan(3s4/2y)) / ( 3*arctan(sz/2y>) - arctan(3s,/2y>)).
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20. The method according to claim 5 or any of the claims 1 to 19 depending
on claim 5 characterized by said fourth relation being equivalent to Rp s/ Rp2 =
goly.y2,51,82), Rp 1 represents said first pseudo sheet resistance, Rp2 represents
said second pseudo sheet resistance, and gp represents a function including said
distance y and said additional distance y, between said first position and said

electrical boundary, said first spacing value s4, and said second spacing value s..

21. The method according to any of the claims 8 to 20 characterized by
said electrical boundary having an approximately linear portion and the distance
between said first position and a additional point on said linear portion being smaller
than the distance between said first position and any additional point on said

electrical boundary outside said linear portion.

22. The method according to claim 21 characterized by further comprising:
(vi.i) orienting said multi-point probe to position said first line in a parallel

relationship with said linear portion.

23. The method according to any of the claims 1 to 22 characterized by the
spacing between said contact points of said first and second contact elements, said
second and third contact elements, and said third and fourth contact elements being

approximately equal.

24. The method according to claim 23 and any of the claims 1 to 23
depending on claim 1 characterized by said first relation being equivalent to
ARcc!ARgs = f(y,s), where ARgg represents said first resistance difference, ARcc
represents said second resistance difference, and f is a function including said
distance y between said first position and said electrical boundary and said spacing

s between said contact points as parameters.

25. The method according to claim 24 characterized by the first resistance
difference ARgg in the relation ARcc/ARgs = f(y,s) being equivalent to ARgg =
2Ry/r*(arctan(al2y) + arctan(b/2y) + arctan(c/2y) - arctan((a+b+c)/2y)), where ARgp’

represents said additional first difference (ARgg), y represents said distance (y), a
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represents the spacing between the contact points of said first and second contact
elements, b represents the spacing between the contact points of said second and
third contact elements, and c represents the spacing between the contact points of
said third and fourth contact elements; and said second resistance difference ARcc
in the relation ARcc/ARsgr = f(y,s) being equivalent to ARge =
2Ry/rXarctan((a+b+c)/2y) + arctan(b/2y) - arctan((a+b)/2y) - arctan((b+c)/2y))
where ARcc represents said additional second difference (ARcc), y represents said
distance (y), a represents the spacing between the contact points of said first and
second contact elements, b represents the spacing between the contact points of
said second and third contact elements, and c represents the spacing between the

contact points of said third and fourth contact elements.

26. The method according claim 1 or any of the claims 1 to 25 depending
on claim 1 characterized by further comprising:
(i.xxiii) applying a fifth electrical potential across said first and fourth contact

elements for generating a fifth current in said surface portion at said first position,

(i.xxiv) measuring said fifth current through said first or said fourth contact
element,
(i.xxv) measuring a fifth voltage across said second and third contact
elements,
(i.xxvi) calculating a fifth resistance value (Rx) based on said fifth current and

said fifth voltage,
(i.xxvii) applying a sixth electrical potential across said second and third contact
elements for generating a sixth current in said surface portion at said first position,

(i.xxviii) measuring said sixth current through said second or said third contact

element,
(i.xxix) measuring a sixth voltage across said first and fourth contact elements,
(i.xxx) calculating a sixth resistance value (R4’ based on said sixth current and

said sixth voltage,

(i.xxxi) calculating a third resistance difference (ARa4’) based on the difference
between said fifth resistance value and said sixth resistance value,

(i.xxxii) in defining said first relation (f) said first relation (f) further includes a

fourth parameter representing said third resistance difference (ARa4’), and
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(i.xxxiii) in determining said distance (y) between said first position and said
electrical boundary, said third resistance difference (ARaa) is used as said fourth
parameter in said first relation in addition to said first and said second resistance
differences (ARgs, ARcc) being used as said first and said second parameter,

respectively.

27. The method according to any of the claims 1 to 26 characterized by
said contact points being positioned in-line and the spacing between said contact
points of said first and second contact elements and the spacing between said

contact points of said second and third contact elements being approximately equal.

28. The method according to any of the claims 1 to 27 characterized by
said contact points being positioned in-line and the spacing between said contact
points of said third and fourth contact elements being different from the spacing

between said contact points of said first and second contact elements.

29. The method according to claim 28 characterized by the spacing
between said contact points of said third and fourth contact element being greater
than the spacing between said contact points of said first and second contact
element by a factor in one or more of the ranges 1.1-3.7, 1.2-3.3, 1.3-2.9, 1.4-2.5,
1.5-2.1, and 1.6-1.7, and/or in one of the ranges 1.2-1.3, 1.3-1.4, 1.4-1.5, 1.5-1.6,
1.6-1.7, 1.7-1.8, 1.8-1.9, 1.9-2.0, 2.0-2.2, 2.2-2.4, 2.4-2.6, 2.6-2.8, 2.8-3.0, 3.0-3.3,
3.3-3.6, 3.6-3.9, and/or approximately five divided by three, or by a factor in one or
more of the ranges 1.2-3.8, 1.6-3.4, 1.8-3.2, 2.0-3.0, 2.2-2.8, and 2.4-2.6, and/or in
one of the ranges 1.2-1.3, 1.3-1.4, 1.4-1.5, 1.5-1.6, 1.6-1.7, 1.7-1.8, 1.8-1.9, 1.9-2.0,
2.0-22, 22-24, 24-26, 26-28, 2.8-3.0, 3.0-3.3, 3.3-3.6, 3.6-3.9, and/or
approximately five divided by two.

30. The method according to any of the claims 1 to 29 characterized by the
spacing between said contact points of said first and second contact elements being
in one of the ranges 1-5 ym, 5-10 ym, 10-15 pm, 15-20 ym, 20-25 pm, 25-30 ym,
30-40 pm, 40-50 pm, 50-500 pm, and/or in one or more of the ranges 1-50 pm, 5-40
pm, 10-30 um, 15-25 pm.
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31. The method according to any of the claims 26 to 30 characterized by
said first relation being equivalent to (ARaa' + aARcc)/ARgs = f(y,a,b,¢), where ARgg
is said first resistance difference, ARcc is said second resistance difference, ARaa’
is said third resistance difference, a is a tuning factor in the range -10 to 10; and fis
a function including said distance y between said first position and said electrical
boundary and a said spacing between said contact points of said first and second
contact elements, b said spacing between said contact points of said second and
third contact elements, and c¢ said spacing between said contact points of said third

and fourth contact elements.

32. The method according to claim 31 characterized by said tuning factor a

being approximately 1 or approximately -1.

33. The method according to any of the claims 30 to 31 characterized by
the first resistance difference ARgg in the relation (ARaa' + aARcc)/ARgg = f(y,a,b,c)
being equivalent to ARgg = 2Rp/m*(arctan(a/2y) + arctan(b/2y) + arctan(c/2y) -
arctan((a+b+c)/2y)), where ARgg represents said additional first difference (ARaa), y
represents said distance (y), a represents the spacing between the contact points of
said first and second contact elements, b represents the spacing between the
contact points of said second and third contact elements, and ¢ represents the
spacing between the contact points of said third and fourth contact elements; said
second resistance difference ARcc in the relation (ARsa’ + aARcc)/ARgs = f(y,a,b,¢)
being equivalent to ARcc = 2Ry/m*(arctan((a+b+c)/2y) + arctan(b/2y) -
arctan((a+b)/2y) - arctan((b+c)/2y)), where ARcc represents said additional second
difference (ARcc’), y represents said distance (y), a represents the spacing between
the contact points of said first and second contact elements, b represents the
spacing between the contact points of said second and third contact elements, and
¢ represents the spacing between the contact points of said third and fourth contact
elements; and said third resistance difference ARas in the relation (ARaa +
aARcc)/ARgg = f(y,a,b,c) being equivalent to ARas = 2Rp/m*(arctan((a+b)/2y) -
arctan(a/2y) - arctan((b+c)/2y) + arctan(c/2y)), where ARaa represents said

additional third resistance difference (ARaa), y represents said distance (y), a
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represents the spacing between the contact points of said first and second contact
elements, b represents the spacing between the contact points of said second and
third contact elements, and ¢ represents the spacing between the contact points of

said third and fourth contact elements.

34. The method according to any of the claims 1 to 33 characterized by
said spacing between said contact points of said first and second contact elements
being in one or more of the ranges 0.1-100 ym, 1-90 pm, 10-80 pym, 20-70 pym, 30-
60 um, and 40-50 pm; and/or in one of the ranges 0.1-1 pm, 1-10 pm, 10-20 pm,
20-30 pym, 30-40 pm, 40-50 ym, 50-60 pm, 60-70 pym, 70-80 pm, 80-90 pm, 90-100
pm, or 100-500um.

35. A method for determining an electrical property at a first position on an
electrically conducting surface portion of a test sample, said electrically conducting
surface portion having an electrical boundary and said method comprising:

(@) determining a distance (y) between said first position on said electrically
conducting surface portion of said test sample and said electrical boundary of said
electrically conducting surface portion according to claim 1 or any of the claims 1 to
34 depending on claim 1,

(b) defining a fifth relation including said electrical property and a fifteenth
parameter representing said distance (y), and

(c) employing said distance (y) as said fifteenth parameter in said fifth

relation for determining said electrical property.

36. A method for determining an electrical property at a first position on an
electrically conducting surface portion of a test sample, said electrically conducting
surface portion having an electrical boundary and said method comprising:

(a) determining an additional distance (y,;) between said first position on
said electrically conducting surface portion of said test sample and said electrical
boundary of said electrically conducting surface portion according to any of the
claims 2 or 6 or any of the claims 1 to 34 depending on claim 2 or 6,

(b) defining a fifth relation including said electrical property and a fifteenth

parameter representing said additional distance (y-), and
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(c) employing said additional distance (y,) as said fifteenth parameter in

said fifth relation for determining said electrical property.

37. The method according to any of the claims 35-36 characterized by said
fifth relation further including said spacing between the contact points of said first
contact element, said second contact element, said third contact element, and/or
said fourth contact element, and:

(b) in defining said fifth relation, said fifth relation further includes a
sixteenth parameter representing the spacing between the contact points of said
first contact element, said second contact element, said third contact element,
and/or said fourth contact element, and

(c) in determining said electrical property, said spacing is used as said
sixteenth parameter in said fifth relation in addition to said first distance (y) or said

additional distance (y>).

38. The method according to any of the claims 35 to 37 characterized by
said electrical property being the Hall sheet resistance (Ry) and said fifth relation
(f1,f2) further including a seventeenth parameter representing an additional first
resistance difference (ARgg), said method further comprising:

(d) applying an additional first electrical potential across said first and third
contact elements for generating an additional first current in said surface portion at
said first position,

(e) measuring said additional first current through said first or said third
contact element,

f measuring an additional first voltage across said second and fourth
contact elements, and

(9) calculating an additional first resistance value (Rg) based on said
additional first current and said additional first voltage, or

(g) retaining said first resistance value (Rg) from said determining of said
distance as an additional first resistance value (Rg), and

(h) applying an additional second electrical potential across said second
and fourth contact elements for generating an additional second current in said

surface portion at said first position,
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(i) measuring said additional second current through said second or said
fourth contact element,

() measuring an additional second voltage across said first and third
contact elements, and

(k) calculating an additional second resistance value (Rg) based on said
additional second current and said additional second voltage, or

(k) retaining said second resistance value (Rg) from said determining of
said distance as an additional second resistance value (Rg), and

() calculating said additional first resistance difference (ARgg) based on
the difference between said additional first resistance value and said additional
second resistance value, or

(B retaining said first resistance difference (ARgg) from said determining of

said distance as said additional first resistance difference (ARgz).

39. The method according to claim 38 characterized by said fifth relation
being equivalent to ARgs = 2Rud/m*(arctan(a/2y) + arctan(b/2y) + arctan(c/2y) -
arctan((a+b+c)/2y)) where ARgg represents said additional first difference (ARgg), ¥
represents said distance (y) or said additional distance, a represents the spacing
between the contact points of said first and second contact elements, b represents
the spacing between the contact points of said second and third contact elements,
and c represents the spacing between the contact points of said third and fourth

contact elements.

40. The method according to claim 35 and any of the claims 37 to 39
depending on claim 35 characterized by said electrical property being the Hall sheet
resistance (Ry) and said fifth relation (f,,f;) further including a seventeenth
parameter representing an additional second resistance difference (ARcc), said
method further comprising:

(d) applying an additional third electrical potential across said first and
second contact elements for generating an additional third current in said surface
portion at said first position,

(e) measuring said additional third current through said first or said second

contact element,
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1) measuring an additional third voltage across said third and fourth
contact elements, and
(9) calculating an additional third resistance value (R¢) based on said

additional third current and said additional third voltage, or

(g9) retaining said third resistance value (R¢) from said determining of said
distance as an additional third resistance value (R¢), and

(h) applying an additional fourth electrical potential across said third and
fourth contact elements for generating an additional fourth current in said surface
portion at said first position,

(i) measuring said additional fourth current through said third or said fourth
contact element,

)] measuring an additional fourth voltage across said first and second
contact elements, and

(k) calculating an additional fourth resistance value (R¢) based on said
additional fourth current and said additional fourth voltage, or

(K) retaining said fourth resistance value (R¢) from said determining of said
distance as an additional fourth resistance value (R¢), and

(1) calculating said additional second resistance difference (ARcc) based
on the difference between said additional third resistance value and said additional
forth resistance value, or

(" retaining said second resistance difference (ARcgc) from  said

determining of said distance as said additional second resistance difference (ARcc)-

41. The method according to claim 36 and any of the claims 37 to 39
depending on claim 36 characterized by said electrical property being the Hall sheet
resistance (Ry) and said fifth relation (f;,f;) further including a seventeenth
parameter representing an additional second resistance difference (ARc¢c), said
method further comprising:

(d) applying an additional third electrical potential across said first and
second contact elements for generating an additional third current in said surface
portion at said first position,

(e) measuring said additional third current through said first or said second

contact element,



10

15

20

25

30

WO 2012/083955 PCT/DK2011/000156

107
) measuring an additional third voltage across said third and fourth
contact elements, and
(9) calculating an additional third resistance value (R¢) based on said

additional third current and said additional third voltage,

(h) applying an additional fourth electrical potential across said third and
fourth contact elements for generating an additional fourth current in said surface
portion at said first position,

(i) measuring said additional fourth current through said third or said fourth
contact element,

@) measuring an additional fourth voltage across said first and second
contact elements, and

(k) calculating an additional fourth resistance value (R¢) based on said
additional fourth current and said additional fourth voltage,

(1) calculating said additional second resistance difference (ARcc) based
on the difference between said additional third resistance value and said additional

forth resistance value.

42. The method according to any of the claims 40 to 41 characterized by
said fifth relation being equivalent to ARcc = 2Ru/m*(arctan((a+b+c)/2y) +
arctan(b/2y) - arctan((a+b)/2y) - arctan((b+c)/2y)), where ARcc' represents said
additional second difference (ARcc), y represents said distance (y) or said
additional distance, a represents the spacing between the contact points of said first
and second contact elements, b represents the spacing between the contact points
of said second and third contact elements, and c represents the spacing between

the contact points of said third and fourth contact elements.

43. The method according to any of the claims 35 to 36 characterized by
said electrical property being the Hall sheet resistance (Ry) and said fifth relation (f)
further including a seventeenth parameter representing an additional third
resistance difference (ARa4), said method further comprising:

(d) applying an additional fifth electrical potential across said first and fourth
contact elements for generating an additional fifth current in said surface portion at

said first position,
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(e) measuring said additional fifth current through said first or said fourth
contact element,

1) measuring an additional fifth voltage across said second and third
contact elements, and

(9) calculating an additional fifth resistance value (Rs) based on said
additional fifth current and said additional fifth voltage, or

(g) retaining said fifth resistance value (R,) from said determining of said
distance as an additional fifth resistance value (Ra), and

(h) applying an additional sixth electrical potential across said second and
third contact elements for generating an additional sixth current in said surface
portion at said first position,

(i) measuring said additional sixth current through said second or said third
contact element,

) measuring an additional sixth voltage across said first and fourth
contact elements, and

(k) calculating an additional sixth resistance value (R4) based on said
additional sixth current and said additional sixth voltage, or

(k) retaining said sixth resistance value (Ra) from said determining of said
distance as an additional fifth resistance value (R4}, and

() calculating said additional third resistance difference (ARaa’) based on
the difference between said additional fifth resistance value and said additional sixth
resistance value, or

(" retaining said third resistance difference (ARa4) from said determining

of said distance as said additional third resistance difference (ARaa).

44. The method according to claim 43 characterized by said fifth relation
being equivalent to ARaa' = 2Ry/mr*(arctan((a+b)/2y) - arctan(a/2y) - arctan((b+c)/2y)
+ arctan(c/2y)), where ARaa' represents said additional third resistance difference
(ARaa), y represents said distance (y) or said additional distance, a represents the
spacing between the contact points of said first and second contact elements, b
represents the spacing between the contact points of said second and third contact
elements, and ¢ represents the spacing between the contact points of said third and

fourth contact elements.
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45. The method according to any of the claims 35 to 37 characterized by
said electrical property being the sheet resistance (Ry) and said fifth relation (g)
further including a seventeenth parameter representing a pseudo sheet resistance
(Rp), said method further comprising:

(d) applying an additional fifth electrical potential across said first and fourth
contact elements for generating an additional fifth current in said surface portion at
said first position,

(e) measuring said additional fifth current through said first or said fourth
contact element,

)] measuring an additional fifth voltage across said second and third
contact elements,

(9) calculating an additional fifth resistance value (Ra) based on said
additional fifth current and said additional fifth voltage, or

(g) retaining said fifth resistance value (R,) from said determining of said
distance as an additional fifth resistance value (Ra), and

(h) applying an additional sixth electrical potential across said second and
third contact elements for generating an additional sixth current in said surface
portion at said first position,

(i) measuring said additional sixth current through said second or said third
contact element,

) measuring an additional sixth voltage across said first and fourth
contact elements,

(k) calculating an additional sixth resistance value (Rs) based on said
additional sixth current and said additional sixth voltage, or

(k) retaining said sixth resistance value (R’ from said determining of said
distance as an additional fifth resistance value (R4’), and

()] calculating a fifth resistance mean (R_AA,) of said additional fifth
resistance value (R,) and said additional sixth resistance value (Ry4’), and

(d”) applying an additional first electrical potential across said first and third

contact elements for generating an additional first current in said surface portion at

said first position,
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(e”) measuring said additional first current through said first or said third
contact element,

() measuring an additional first voltage across said second and fourth
contact elements,

(g”) calculating an additional first resistance value (Rg) based on said
additional first current and said additional first voltage, or

(g™ retaining said first resistance value (Rg) from said determining of said
distance as an additional first resistance value (Rg), and

(h™) applying an additional second electrical potential across said second
and fourth contact elements for generating an additional second current in said
surface portion at said first position,

() measuring said additional second current through said second or said
fourth contact element,

g measuring an additional second voltage across said first and third
contact elements,

(k™) calculating an additional second resistance value (Rg) based on said
additional second current and said additional second voltage, or

(k™) retaining said second resistance value (Rg) from said determining of

said distance as an additional second resistance value (R’s), and
(") calculating a sixth resistance mean (R,, ) of said additional first

resistance value (Rg) and said additional second resistance value (Rg’), and

(m) defining a sixth relation including a eighteenth, nineteenth, and

twentieth parameter representing said fifth resistance mean (R,,), said sixth
resistance mean (E), and said pseudo sheet resistance (Rp), respectively,

(n) determining said pseudo sheet resistance (Rp) by using said fifth
resistance mean (R, ) and said sixth resistance mean (R, ) as said eighteenth

parameter and said nineteenth parameter, respectively, in said sixth relation.

46. The method according to any of the claims 44 to 45 characterized by

said sixth relation being equivalent to exp(2m- R ,,. /Rp) - exp(21- R, IRp) = 1, where
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Rp is said pseudo sheet resistance, R, is said first resistance mean, and R, is

said second resistance mean.

47. An apparatus for determining a distance between a first position on an
electrically conducting surface portion of a test sample and an electrical boundary of
said electrically conducting surface portion, said apparatus comprising:

a multi-point probe comprising a first contact element, a second contact
element, a third contact element, and a fourth contact element, each contact
element defining a contact point for establishing an electrical contact with said test
sample, and

a control unit adapted for performing the method for determining a

distance or additional distance according to any of the claims 1 to 34.

48. An apparatus for determining an electrical property at a first position on
an electrically conducting surface portion of a test sample comprising:

a multi-point probe comprising a first contact element, a second contact
element, a third contact element, and a fourth contact element, each contact
element defining a contact point for establishing an electrical contact with said test
sample, and

a control unit adapted for performing the method for determining an
electrical property at a first position on an electrically conducting surface portion of a
test sample according to any of the claims 35 to 46.



