
A MULTI-POINT PROBE FOR TESTING ELECTRICAL PROPERTIES
AND A METHOD OF PRODUCING A MULTI-POINT PROBE The
present invention generally relates to a technique for
testing electric properties on a specific location of
a test sample, and in particular the technique of
probing and analyzing surface layers and multilayered
structures. More specifically, the present invention
relates to a multi-point probe, a multi-point testing
apparatus and a method of producing a multi-point
probe. Microscopic four-point or multi-point probes
are a well known and established technique employed
for testing the electric properties of a test sample.
A conventional four-point probe typically has the
specific area or point of contact of each probe arm
laying in an in-line configuration with the
corresponding specific areas or points of contact of
the other probe arms. The probe arms are usually
straight, unidirectional and symmetrical around their
centre axes, e.g. by having the same rectangular or
circular cross-sections along the lengthwise extending
centre axes. Multi-point probes and the corresponding
methods and systems for determining electrical
properties of test samples have been described in
publications such as EP1095282B1 , US 7,304,486 and US
7,323,890. Reference is made to the above US patents,
which are hereby incorporated in the present
specification by reference. The above EP patent and US
patent corresponding to US patent application
US2004/0056674 disclose a multi-point probe having a
multitude of probe arms originating from a specific
manufacturing process. Each of the probe arms in
question is symmetric along a longitudinal symmetry
line, and has a specific area or point of contact
located on the symmetry line. All of the probe arms
also have the same shape, which in practise means that
the spatial resolution of the disclosed multi-point
probe is determined by the spacing between the probe
arms alone. Non-symmetrically oriented tip elements
extending from the probe arms are also disclosed in
the above EP and US patents, but they all originate
from a different manufacturing process than the
specific manufacturing process of the probe arms,
namely from metallization ofelectron beam depositions.
Clearly, having two different manufacturing processes
adds 



to the complexity of manufacturing a multi-point
probe. Conventionally, an external positioning system
places the four-point probe into physical contact with
a test sample by moving the four-point probe in a
perpendicular motion relative surface of the test
sample. A surface of a test sample may be uneven and a
force perpendicular to the surface has to be applied
to the four-point probe, in order to ensure that all
the specific areas or points of contact are connected
as desired. As a result of an uneven test surface, the
force from each specific area or point of contact on
the surface may vary between the probe arms. The
multi-point probes in the related art have several
operative constraints when reduced in scale. The
probe-arm distances and widths become smaller, where
the latter in particular presents some critical
scaling effects. If the vectors ex, ey and ez form an
orthonormal basis, where ex is parallel to the centre
axes and e2 is perpendicular to the plane formed by
the unidirectional probe arms, the probe arms have the
length L ex, the width w-ey, and the height h ez. Due
to the size and shape of the multi-point probe, the
probe arms need to be of a certain length, to avoid
any point of the supporting body of the probe
encountering the sample surface before the probe arms.
There are in principle three critical scaling effects
resulting from the narrowing of the probe arms.
Firstly, the flexibility, which can be represented by
a spring constant when modelling, will decrease. In
the y-direction parallel to ey the spring constant
scales with ky ~ W3Ii, whereas in the z-direction
parallel to ez it scales with kz ~ wh3. Thus, the
lateral spring constant ky decreases much faster than
kz when scaling down the width of the probe arms. In
practise, this means that the probe arms will be soft
and too flexible for an exact positioning and the
areas or points of contact will be very poorly
defined. Secondly, the narrowing of the probe arms
will increase the electrical and thermal resistance
between the connecting leads and the tip of the probe
arm, i.e. between the proximal and distal ends of the
probe arms. For low noise measurements, a
lowelectrical resistance of the probe arms, i.e.
between the connecting leads and the 



specific area or point of contact, is a necessity.
Further, if the thermal resistance is too high, the
electrode material will be damaged or destroyed as a
result of Joule heating causing electromigration
and/or thermomigration. Thirdly, when the volume of
the probe arm decreases as a result of a reduced width
and height, the heat capacity is reduced. Thereby, the
probe arms ability to absorb heat or energy is
decreased, which may result in overheating of the
probe arms at short transient peak currents and
subsequent malfunctioning of the probe arms. The
surface layer sensitivity of a measurement on the
surface of a bi-layered (or multilayered) test sample
depends on the probe-arm distance. At large distances
between the specific areas or points of contact the
current may pass through both the sample top layer, or
surface layer, and the sample bottom layer(s), or
substrate. However, if distances between the specific
areas or points of contact are sufficiently small, the
current will mainly pass through the sample top layer.
For the conventional multi-point probe as described
above, the sensitivity is increased by decreasing the
probe-arm distances. However, there is a lower
probe-arm distance limit, which is estimated as the
minimum probe-arm distance achievable, without
experiencing the critical scaling effects described
above. From experiments it has been found that the
minimum probe-arm distance limit is on the order of 1
mm and that probes with a probe-arm distance smaller
than 1 mm will experience the critical scaling
effects. Note that the lower probe-arm distance limit
is not sharp, but corresponds to a regime where the
scaling effects gradually take effect. The object of
this invention is to enable high-sensitivity
measurements, without experiencing any severe scaling
effects. The above object, the above advantage and the
above feature together with numerous other objects,
advantages and features which will be evident from the
below detailed description of a preferred embodiment
of the present invention is according to a first
aspect of the present invention obtained by a
multi-point probe for testing electrical properties of
a number of specific locations of a test sample, said
multi-point probe comprising:(a) a supporting body
defining a first surface; 



(b) a first multitude of conductive probe arms, each
of said probe arms defining a proximal end and a
distal end, and said probe arms being connected to
said supporting body at said proximal ends, and having
said distal ends freely extending from said supporting
body, giving individually flexible motion to said
probe arms; said probe arms together with said
supporting body define lines of contact between each
of said probe arms and said supporting body, each of
said lines of contact defining a perpendicular
bisector being parallel to said first surface; (c)
said conductive probe arms originating from a process
of producing said multi point probe including
producing said conductive probe arms on supporting
wafer body in facial contact with said supporting
wafer body and removal of a part of said wafer body
providing said supporting body and providing said
conductive probe arms freely extending from said
supporting body; (d) each of said probe arms defining
a maximum width perpendicular to its perpendicular
bisector and parallel with its line of contact with
said supporting body, and a maximum thickness
perpendicular to its perpendicular bisector and its
line of contact with said supporting body, said
maximum width over said maximum thickness defining a
ratio in the range of 0.5-20, such as 1-10, preferably
1-3, and each of said probe arms having a specific
area or point of contact at its distal end for
contacting a specific location among said number of
specific locations of said test sample; and (e) at
least one of said probe arms having an extension
defining a pointing distal end providing its specific
area or point of contact located offset relative to
its perpendicular bisector. A maximum width over
maximum thickness ratio in the range 0.5-20 may ensure
balanced relationship between the spring constants
involved in the flexing of the probe arms when
measuring, especially with probe arm distances at the
sub-micrometer scale. A small maximum width leads to a
small spring constant in the lateral direction, 



i.e. the probe arm is easily flexed in a direction
parallel to ey, which may result low accuracy in the
placing of the specific area or point of contact on a
test sample, especially on an uneven surface. This
effect may be increased by having a largemaximum
thickness, since then more force has to be employed in
order to ensure a good contact between the specific
area or point of contact and a test sample for all
probe-arms. Further, a large maximum width may lead to
the specific areas or points of contact being placed
far apart, which means a lower spatial resolution of
the multipoint probe. As the specific area or point of
contact of a probe arm is located at its distal end,
this implies that the extension is also located at its
distal end. The specific area or point of contact of
the probe arm having an extension is. located offset
relative to its perpendicular bisector. The offset may
have a first offset component perpendicular to the
perpendicular bisector and parallel to the line of
contact, and/or a second offset component
perpendicular to the perpendicular bisector and
perpendicular to the line of contact. Further, the
distance between the specific area or point of contact
of the probe arm having an extension and the specific
areas or point of contact of another probe arm may be
decreased by the offset, which may be an advantage as
it increases the spatial resolution of the multi-point
probe. Another probe arm of the multi-point probe may
be located juxtaposed the one probe arm and having at
its distal end a bevelled end face congruent with the
extension of the one probe arm and defining a pointing
distal end constituting its specific area or point of
contact located closely spaced from the specific area
or point of contact of the one probe arm. In a
preferred embodiment the bevelled end face is oriented
so that the width of the probe arm at its distal end
decreases with an increased distance from its proximal
end. Naturally, this will give a pointing distal end.
The bevelled end face of a probe arm may also be
interpreted as the probe arm having a chamfered end
face, or having a relief or a cut so that the end face
defines an angle to the perpendicular bisector when
the probe arm is viewed from a direction perpendicular
to both the perpendicular bisector and to the line of
contact. In addition, the probe arm is not 



limited to have a single bevelled end face at its
distal end, but it may have any number of such
surfaces. The one probe arm may correspond to the
earlier described probe arm having an extension. In
the present context, the expression congruent is
preferably interpreted inits conventional form, i.e.
that each of the one and the other probe arms has a
side facing the other probe arm, and that the sides
coincide if the probe arms are brought together. An
alternative interpretation is that the extension of
the one probe arm may have a geometrical shape that is
congruent with the geometrical shape of the distal end
of the other probe arm, i.e. the geometrical shapes
are isometric in that they only differ by a rotation,
a reflection and/or a translation. The extension
congruent with the bevelled end face may, in a broader
interpretation, correspond to a feature of the
extension such that the distance between the one probe
arm and the other probe arm is substantially constant,
or that it changes less than half of the maximum width
of either of the probe arms, when going from the
proximal ends to the specific areas or points of
contact of the probe arms. The specific area or point
of contact of the other probe arm may be located
closely spaced from the specific area or point of
contact of the one probe arm. This may be interpreted
as the congruent extension having the property that it
decreases the distance between the specific areas or
points of contact of the probe arms involved. Clearly,
this will bring the specific areas or points of
contact of the probe arms closer to one another, which
may be an advantage, since it may enable a higher
spatial resolution of the multi-point probe. The
specific area or point of contact of the other probe
may be located offset relative to its perpendicular
bisector. This may be an advantage, as it may bring
the specific area or point of contact of the other
probe arm closer to the specific area or point of
contact of the one probe arm, or closer to the
specific area or point of contact of yet another probe
arm. Naturally, this may be an advantage as it
increases the spatial resolution of the multi-point
probe. At least one of the probe arms of the
multi-point probe may have an elongated 



through-going aperture extending lengthwise and offset
relative to its perpendicular bisector of the at least
one probe arm for eliminating, to any substantial
extent, any motion perpendicular to its perpendicular
bisector and parallel to the first surface when
flexibly moving it relative to the supporting body and
moving the specific area or point of contact
perpendicular to the first surface.An offset of the
specific area or point of contact of a probe arm
relative to its perpendicular bisector may, when of a
probe arm is employed in a measurement, cause the
specific area or point of contact to move in a lateral
direction parallel to its line of contact. This may be
a disadvantage, as it results in a decrease in the
accuracy of the placing of the specific areas or
points of contact on a test sample, i.e. the spatial
accuracy of a measurement decreases. However, the
apertures may change the structural properties of the
probe arm so that, when the probe arms is employed in
a measurement, the lateral movement of the specific
area or point of contact is substantially eliminated,
even though a twisting moment may still present.
Clearly, the aperture may increase the spatial
accuracy of a measurement, which may be an advantage.
According to the basic realisation of the present
invention, the multi-point probe according to the
first aspect of the present invention is implemented
in accordance with the technique of producing
electronic circuits, in particular involving planar
techniques as the probe is produced from a supporting
body, originating from a wafer body on which a first
multitude of conductive probe arms are produced
involving deposition, accomplished by any technique
known in the art, such as chemical vapour deposition
(CVD), plasma enhanced CVD (PECVD), electron cyclotron
resonance (ECR), focused ion beam (FIB) induced
deposition or sputtering, chemical etching, plasma
etching, focused ion beam (FIB) etching or any other
production technique, for example high resolution
lithographic methods such as UV lithography,
electron-beam lithography, atomic force microscopy
(AFM) lithography or laser lithography, whereupon a
part of the original supporting body is removed
through mechanical grinding or etching producing the
freely extending conducting probe arms characteristic
to the present 



invention constituting the test pins of multi-point
probes according to the first aspect of the present
invention. The above part, which is removed from the
original wafer body, producing the body supporting the
conductive probe arms may constitute a minor part or a
major part of the original wafer body and, the
supporting body may according to alternative
embodiments of the multi-point probe according to the
present invention dimensionally constitute a minor
part or a major part as compared to the freely
extending part of theconductive probe arms. The
conductive probe arms characteristic to the
multi-point probe according to the first aspect of the
present invention according to the basic realisation
of the present invention allow the contacting of the
multi-point probe in an angular positioning of the
conductive probe arms in relation to the surface of
the test sample to be tested as distinct from the
above described four-point probe, which is moved
perpendicularly in relation to the surface of the test
sample. The angular orientation of the conductive
probe arms of the multi-point probe allows the
flexible and elastically bendable conductive probe
arms to contact any specific and intentional location
of the test sample and establish a reliable electrical
contact with the location in question. The technique
characteristic to the present invention of
establishing the contact between the multi-point probe
and the test locations of the test sample by utilising
an angular positioning of the conductive probe arms in
relation to the test sample for contacting in a
bending or flexing of the conducting probe arms
prevents the probe arms from mechanically destroying
or deteriorating the test sample to be tested, which
may be of crucial importance in specific applications
such as thin film characterization, magnetic tunnel
junction (MTJ) characterization, inter-layer contact
resistivity characterization, LSI and VLSI circuitry.
As distinct from the prior art four-point probe arm,
the multi-point probe according to the present
invention including a first multitude of conductive
probe arms may be configured in any appropriate
configuration due to the utilisation of the production
technique, allowing the conducting probe arms to be
orientated in any mutual 



orientation in relation to one another and further in
relation to the supporting body for complying with
specific requirements such as a specific test sample
to be tested. In this context, the particular feature
of the present invention, namely the possibility of
utilising a production technique compatible with the
techniques used for producing electronic circuits,
allows the multi-point probe to be readily configured
in accordance with specific requirements through the
utilisation of existing CAD/CAM techniques for
micro-systems. However, according to the presently
preferred embodiment of the multi-point probe
according to the first aspect of the present
invention, the firstmultitude of conductive probe arms
are unidirectional constituting a multitude of
parallel free extensions of the supporting body. The
first multitude of conductive probe arms of the
multi-point probe according to the first aspect of the
present invention has conductive probe arms that are
unidirectional. Further, the conductive probe arms
define a first distance between the specific area or
point of contact of a first probe arm of the
conductive probe arms and the specific area or point
of contact of a second probe arm of the conductive
probe arms. The first and second probe arms further
defines a second distance between the normal bisector
of the first probe arm to the normal bisector of the
second probe arm, which, together with the first
distance, defines a pair of distances where the first
distance is smaller than the second distance. Three of
the conductive probe arms of the multi-point probe
according to the first aspect of the present invention
are placed in a sequence on the supporting body and
are separated by a first separation corresponding to a
pair of distances and a second separation also
corresponding to a pair of distances, where the first
distance is smaller than the second distance in each
of the first and second separations. The first
distance of the first separation may be substantially
the same as the first distance of the second
separation, or the first distance of the first
separation may be substantially different from the
first distance of the second separation. The first
distance of the first separation may be in the ranges
10 nm to 120mm, 40nm to 60mm, 80nm to 30mm, and/or
160nm to 15mm, preferably 200nm, and the first 



distance of the second separation may also be in the
ranges 10nm to 120mm, 40nm to 60mm, 80nm to 30mm,
and/or 160nm to 15mm, preferably 200nm. Further, the
first distance of the first separation may be in the
range 10nm to 100nm, 100nm to 300nm, 300nm to 1mm, 1mm
to 5mm, 5mm to 20mm, or 20mm to 120mm, and the first
distance of the second separation may also be the
range 10nm to 100nm, 100nm to 300nm, 300nm to 1mm, 1mm
to mm, 5mm to 20mm, or 20mm to 120mm. Another of the
conductive probe arms of the multi-point probe
according to the first aspect of the present invention
may be located in sequence with the sequence of
threeconductive probe arms and separated from the
closest of the three conductive probe arms by a third
separation corresponding to a pair of distances, the
third separation having a first distance which is
larger than both the first distance of the first
separation and the first distance of the second
separation. The third separation may have a first
distance which is larger than the first distance of
the first and/or the second separation by factor in
the ranges 2 to 1000, 5 to 800, 10 to 600, and/or 20
to 400, preferably 40. Further, the third separation
may have a first distance which is larger than the
first distance of the first and/or the second
separation by factor in the ranges 3 to 10, 10 to 30,
30 to 90, 90 to 300, 300 to 1000, 103 to 104, 104 to
105, 105 to 106, 106 to 107, or 107 to 108.
Furthermore, the fourth probe arm may be removed and
replaced by any other means of electrically contacting
the test sample, such as a sample back gate, eutectic
contact, or clamp contact at any location on the test
sample. The first multitude of conductive probe arms
on one surface of the multi-point probe according to
the first aspect of the present invention has three or
more conductive probe arms positioned on one surface
as the presently preferred embodiment. Four conductive
probe arms is the presently preferred number for a
single measurement, while 12 is the presently
preferred number for several measurements at different
characteristic length scales. Application of a test
signal to the surface of the test sample between any
two of the four conductive probe arms provides a
resultant test signal between the remaining two
conductive probe arms, including information of the 



electric properties of the test sample. The conductive
probe arms of the multi-point probe according to the
first aspect of the present invention are multilayered
and define a top layer and a bottom layer for each of
the probe arms, the bottom layer is connected to the
supporting body, while the top layer is connected to
the bottom layer and is located on the opposite side
of the bottom layer from the supporting body. If all
elongated through-going apertures are disregarded,
each of the top layer and the bottom layer has a
substantially rectangular cross section, thereby
making it possible to define for each layer: the
dimension of width as a distance between the lines of
the rectangular cross section perpendicular tothe
plane of the first surface of the supporting body, the
dimension of depth as a distance between the lines of
the rectangular cross section parallel to the plane of
the first surface of supporting body, and the
dimension of length as a distance from the proximal
end of the conductive probe arms to the distal end of
the conductive probe arm. Each of the conductive probe
arms may have a depth of the top layer that is smaller
than the depth of the bottom layer. Further, each of
the conductive probe arms may have a width of the top
layer that is larger than the width of the bottom
layer. Further, each of the conductive probe arms may
have a length of the top layer that is larger than the
length of the bottom layer. The conductive probe arms
may have a ratio of the length to the width of the
bottom layer within the range of 500:1 to 2:1 , such
as ratios 50:1 and 5:1 , a preferable application
having the ratio of 10:1 . Further, the conductive
probe arms may have a ratio of the width to the depth
of the bottom layer within the range of 20:1 to 1:5,
preferable application having the ratio of 2:1 . At
least one of said conductive probe arms of the
multi-point probe according to the first aspect of the
present invention has tapered elements at the distal
end of the conductive probe arms. The tapered element
may be multilayered and define a tapered top layer and
a tapered bottom layer, which are extensions of the
top layer and the bottom layer, respectively, of the
conductive probe arm. Further, the specific area or
point of contact of the conductive probe arm may be
located at the tapered element. 



At least one of the conductive probe arms of the
multi-point probe according to the first aspect of the
present invention has a pointed shaped element
extending from an area, point or tapered element at
the distal end of the conductive probe arms; and the
specific area or point of contact of the conductive
probe arm may be located on the tapered element or the
extending element. The first multitude of conductive
probe arms of the multi-point probe according to the
first aspect of the present invention have the lengths
in the range of 100 nm to 2 mm, preferably a length of
10 mm.The supporting body of the multi-point probe
according to the first aspect of the present invention
is of a ceramic material, and/or the supporting body
is of a semiconducting material, and/or the supporting
body is of a polymer material. Preferably, the
material comprises Si, Quartz, SU-8 or any
combinations thereof. Use of the such materials or
combinations thereof allows for the micro-fabrication
in the manufacturing process of the multi-point probe,
hence benefiting from the advantages of the
micro-fabrication technology. The bottom layer of the
multi-point probe according to the first aspect of the
present invention is a dielectric material or a
semiconductor or a polymer. Preferably, the dielectric
material or semiconductor or a polymer comprises SiO2,
SixNy, Si or SU-8. The probe arm top layer of the
multi-point probe according to the first aspect of the
present invention is a conducting layer.
Alternatively, the top layer may comprise: a
conducting layer and a carrying layer, the carrying
layer being in contact with the bottom layer, while
the conducting layer is connected to the carrying
layer and is located on the opposite side of the
carrying layer from the bottom layer. The conducting
layer may comprise conductive materials, such as Au,
Ag, Pt, Ni, Ta, Ti, Cr, Cu, Os, W, Mo, Ir, Pd, Cd, Re,
conductive diamond, metal suicides, conducting
ceramic, semiconductor material or any combinations
thereof. The carrying layer may comprise dielectric
materials, semiconducting materials, or metals or
alloys, such as crystalline or poly-crystalline
silicon, Ge, diamond, diamond-like carbon, SiC, SixNy,
SU-8, TiN, TiW, NiSi TiSi2, Or WSi2, preferably
crystalline silicon. 



The above object, the above advantage and the above
feature, together with numerous other objects,
advantages and features which will be evident from the
below detailed description of a presently preferred
embodiment of the present invention, are obtained,
according to a second aspect of the present invention,
by a multi-point testing apparatus for testing
electric properties on a specific location of a test
sample, comprising: (i) means for receiving and
supporting said test sample;(ii) electric properties
testing means including electric generator means for
generating a test signal and electric measuring means
for detecting a measuring signal; (iii) a multi-point
probe, comprising: (a) a supporting body defining a
first surface; (b) a first multitude of conductive
probe arms, each of said probe arms defining a
proximal end and a distal end, and said probe arms
being connected to said supporting body at said
proximal ends, and having said distal ends freely
extending from said supporting body, giving
individually flexible motion to said probe arms; said
probe arms together with said supporting body define
lines of contact between each of said probe arms and
said supporting body, each of said lines of contact
defining a perpendicular bisector being parallel to
said first surface; (c) said conductive probe arms
originating from a process of producing said
multi-point probe including producing said conductive
probe arms on supporting wafer body in facial contact
with said supporting wafer body and removal of a part
of said wafer body providing said supporting body and
providing said conductive probe arms freely extending
from said supporting body; (d) each of said probe arms
defining a maximum width perpendicular to its
perpendicular bisector and parallel with its line of
contact with said 



supporting body, and a maximum thickness perpendicular
to its perpendicular bisector and its line of contact
with said supporting body, said maximum width and said
maximum thickness defining a ratio in the range of
0.5-20, such as 1-10, preferably 1-3, and each of said
probe arms having a specific area or point of contact
at its distal end for contacting a specific location
among said number of specific locations of said test
sample; and (e) at least one of said probe arms having
an extension defining a pointing distal end providing
its specific area or point of contact located offset
relative to its perpendicular bisector;(T) said
multi-point probe communicating with said electric
properties testing means; and (iv) reciprocating means
for moving said multi-point probe relative said test
sample so as to cause said conductive probe arms to be
contacted with said specific location of said test
sample for performing said testing of electric
properties thereof. The multi-point testing apparatus
according to the second aspect of the present
invention basically includes a multi-point probe
according to the first aspect of the present
invention, which multi-point probe, constituting a
component of the multi-point testing apparatus
according to second aspect of the present invention,
may be implemented in accordance with any of the above
features of the multi-point probe according to the
first aspect of the present invention. Furthermore,
the multi-point testing apparatus according to the
second aspect of the present invention includes
electric properties testing means for testing the test
sample comprising an electric generator means
providing a test signal to the surface of the test
sample, that being current or voltage, pulsed signal
or signals, DC or AC having sinusoidal, squared,
triangled signal contents or combinations thereof,
ranging from LF to RF including HF, in accordance with
specific requirements such as measurements of
resistance, inductance, capacitance, slew rate, unity
gain bandwidth and 3dB bandwidth. The 



electric properties testing means further comprises an
electric measuring means providing facilities for
detecting a measuring signal of the above described
test signal types and frequency ranges, and providing
extensive electric properties testing information and
including functionalities as Fast Fourier
Transformation (FFT), phase lock and real time
visualisation of measured test signal. The electric
properties testing means features probing means for
probing of the test sample, in accordance with
specific requirements, so as to perform the link
between the surface of the test sample and the
electric properties testing means. The multi-point
testing apparatus according to the second aspect of
the present invention also includes a back-gate for
connecting the electric properties testing means to
the test sample. The back-gate is especially suitable
for being used in conjunctionwith a multi-point probe
having three conductive probe arms for testing
electrical properties of a test sample. The
multi-point testing apparatus according to the second
aspect of the present invention also includes
reciprocating means for holding a multi-point probe
according to the first aspect of the present
invention, and positioning of the multi-point probe
according to the first aspect of the present invention
relative to the test sample so as to cause the
conductive probe arms to obtain physical contact with
a specific location on the surface of the test sample
for performing the testing of the electric properties,
and for recording of the specific location of the
multi-point probe according to the first aspect of the
present invention relative to the test sample, having
a resolution of 0.1mm or even smaller in all spatial
directions. An object of having full manoeuvrability
in all spatial directions, that being co-planar to the
surface of the test sample or perpendicular to the
surface of the test sample, is to allow for multiple
point measurements utilising one calibrated
multi-point probe according to the first aspect of the
present invention on a full surface of a test sample,
hence avoiding inaccuracies due to a multiple of
calibration discrepancies. The manoeuvrability
includes angular movements along an axis parallel to
surface of the test sample, providing an angle between
the surface of the test sample and the length of the
conductive probe arms on 



the multi-point probe according to the first aspect of
the invention, thus utilising the flexibility of the
conductive probe arms to insure against possible
destruction or deterioration of devices on the surface
of the test sample, and along an axis perpendicular to
the surface of the test sample providing a 360
rotation of the multi point probe according to the
first aspect of the present invention enabling
measurements on devices on the surface of the test
sample having any mutual relative co-planar angular
positions. The multi-point testing apparatus according
to the second aspect of the present invention further
includes means for sensing physical contact between
the surface of the test sample and the multiple of
conductive probe arms of the multi-point probe
according to the first aspect of the present invention
insuring non-destructive testing of the test sample
and hence avoiding the destruction of possible devices
on the surface of the test sample.The above object,
the above advantage and the above feature, together
with numerous other objects, advantages and features
which will be evident from the below detailed
description of a presently preferred embodiment of the
present invention, are obtained by a third aspect of
the present invention, by a method of producing a
multipoint probe comprising the following steps: (i)
producing a wafer body; (ii) producing a first
multiple of conductive probe arms positioned in
co-planar and facial relationship with said wafer
body; and (iii) removing a part of said wafer body for
providing said conductive probe arms freely extending
from said non-removed part of said wafer body
constituting a supporting body from which said
conductive probe arms extend freely. The method of
producing the multi-point probe in accordance with a
third aspect of the present invention may involve any
relevant production technique allowing the production
of the freely extending conductive probe arms
extending freely in relation to the supporting body.
Techniques of relevance and interest are based on
semiconductor micro-fabrication technology, thick-film
technique, thin-film technique or 



combinations thereof. The method of producing may
further involve any relevant production technique for
producing conductive probe arms that are multilayered.
The relevant production technique may further be a
process of chemical vapour deposition (CVD), plasma
enhanced CVD (PECVD), electron cyclotron resonance
(ECR) or sputtering, mechanical grinding, etching,
high resolution lithographic methods such as UV
lithography , electron-beam lithography, atomic force
microscopy (AFM) lithography, focused ion beam (FIB),
or laser lithography. Brief description of the
drawings Additional objects and features of the
present invention will be more readily apparent from
the following detailed description and appended claims
with taken in conjunction with the drawing, in which:
Figure 1, provides an overall illustration of the
conventional four-point probe measurement on a test
sample;Figure 2, provides an overall illustration of a
measurement on a test sample using an asymmetrical
four-point probe; Figure 3, provides a schematic
illustration of the flexing and twisting of a probe
arm without an aperture; where the two electrodes move
towards each other when engaged on a surface. Figure
4, provides a schematic illustration of the flexing
and twisting of a probe arm with an aperture; Figure
5, provides an illustration of a profile of an
asymmetric four-point probe measurement according to a
preferred embodiment; Figure 6, depicts the substrate
after patterning a deposited support layer; Figure 7,
illustrates the formation of the probe arms by removal
of part of the substrate; Figure 8, depicts the
etching of the substrate to undercut the probe arms;
Figure 9, depicts the deposition of an electrically
conducting layer. Detailed description of the
invention The general technique of a multi-point
probe, and the method of using a multi-point probe for
testing electric properties on a specific location of
a test sample, is described 



in detailed in EP1095282B1. There are similarities
between the subject matter of this publication and the
present invention, and all the described techniques
and methods may also be employed here. Figure 1
provides an overall illustration of the conventional
four-point probe measurement technique on a test
sample 10, where the probe arms 2 1, 22, 23 and 24
have their specific areas or points of contact in an
in-line configuration. In this example the test sample
is a bi-layer material comprising two layers with
different properties.The sample top layer 12 is
attached to the sample bottom layer 13 via a merging
surface 15. The probe arms 2 1 and 24 supply a current
through the specific areas or points of contact 3 1
and 34 of the two probe arms. The current is
represented by current lines 14 going from the test
sample surface 11 into the test sample 10. The other
two probe arms 22 and 23 are employed to measure the
voltage between the corresponding specific areas or
points of contact 32 and 33 of the probe arms. In this
specific example, a is the separation between 3 1 and
32, b is the separation between 3 1 and 33, c is the
separation between 32 and 34, and d is the separation
between 33 and 34. If pc is the specific contact
resistance ( or contact resistivity or resistance area
product) in the unit Wm2 of the merging surface 15, RT
RB are the resistances or sheet resistances of the
sample top layer 12 and sample bottom layer 13,
respectively; the measured voltage V between the
specific areas or points of contact 32 and 33 at a
current /, which is induced by the probe arms 2 1 and
24, can be modelled and described by the following
relation: where K0(x) is the modified Bessel of the
second kind of order zero, a function which decreases
rapidly with an increasing arbitrary variable x , and
l is the transfer length given by: In order to
increase the surface sensitivity and the spatial
resolution in the multi-point probe measurements, and
simultaneously avoiding the negative scaling effects,
a different approach than the above described
down-scaling is necessary. One such approach is to
change the probe arm configuration from equidistant to
asymmetric, as is shown in the generalized
illustration in Figure 2. When a current flow is
injected by a 



specific area or point of contact 32' of a probe arm
22', the electrostatic potential inclose proximity to
the current injection point mainly depends on the
conductivity of the sample top layer 12'. The
asymmetric probe arm configuration has the advantage,
that the minimum electrode probe-arm distance is only
necessary between two of the four probe arms, i.e.
probe arms 21' and 22' in the generalized illustration
in Figure 2. Thus the probe arm configuration is more
flexible for minimizing scaling effects discussed
above, especially if it is used in conjunction with
asymmetrical or non-unidirectional probe arms. Any of
the probe arms 2 1'-23' can be used for current
injection and voltage measurement, and the fourth
probe arm 24' can principally be place anywhere on a
test sample as a back-gate. The specific example of
related art given above in relation to Equations 1 and
2 can be adjusted according to the suggested
asymmetric probe arm configuration. By the definition
of the separations given above, if the probe arm 34 in
Figure 1 is placed at a greater distance from the
other three probe arms, both of the separations c and
d will increase. For a sufficiently large separations
c and d, equation 1 above can be approximated by: /
Rt+R 2 {R { UJ UJJ UJJ Clearly, the voltage VAsym
between the specific areas or points of contact 32 an
33 and the injected current / through the probe arm 2
1 can readily be employed for deriving electrical
properties of a bi-layered ( or multi-layered) test
sample, when using an asymmetric probe arm
configuration. The concept of an elongated
through-going aperture extending in the lengthwise
direction of a probe arm is revealed in the different
aspects of the present invention. Figures 3-4 are
included to schematically illustrate the workings of
an aperture when a probe arm is employed in a
measurement. It is understood that the twisting of the
probe arms in Figure 3 is exaggerated, which is done
to demonstrate the desired technical effect.Figure 3
shows two probe arms 3 11 attached onto a supporting
body 315, where the solid profiles 350 corresponds to
a situation of non-employed probe arms, while the 



dashed profiles 351 corresponds to a situation of
probe arms actively employed in a measurement. The
probe arms 3 11 have points of contacts 321 , which
are offset relative to the perpendicular bisectors
313. An orthonormal basis of the vectors ex, ey and
ez, can be defined in Figure 3, where ex is parallel
to the perpendicular bisectors 313 and ey is parallel
to a line between the points of contacts 321 . The
actively employed probe arms are affected by a driving
force component in a direction parallel to ez, which
essentially results in two types of moments, a flexing
and a twisting moment. The flexing moments are induced
by the offset between the point of contacts 321 and
the supporting body 315, while the twisting moments
are induced by the offset between point of contacts
321 and the perpendicular bisectors 313. The points of
contact 321 are located closer to one another than the
perpendicular bisectors 313, resulting in opposite
signs of the two twisting moments when the probe arms
are actively employed. Consequently, the twisting
moments deforms the probe arms 3 11 so that the points
of contact 321 are brought closer to one another than
when the probe arms 3 11 are non-employed,
representing opposite lateral movements of the points
of contact 321 . In Figure 4 each of the probe arms
331 has an elongated through-going aperture 344
extending lengthwise, i.e. parallel to the
perpendicular bisectors 333. In all other aspects, the
probe arms 331 and the supporting body 335 are
identical to the corresponding elements 313 and 315
illustrated in Figure 3. The aperture 344 of each
probe arm is positioned on the opposite side of the
perpendicular bisector 333 from the point of contact
341 . The apertures 344 will change the structural
properties of the probe arms 331 so that, when the
probe arms 331 are employed, the lateral movement of
the point of contact 321 of each probe arm 331 is
substantially eliminated, even though the twisting
moments are still present. A preferred embodiment of a
four-point probe is described with reference to Figure
5. Although this particular embodiment encompasses
only four probe arms, it is understood that the some,
or all, of the advantages and features of this
embodimentalso can be applied to any multi-point probe
with an unspecified number of probe 



arms. The profile of a four-point probe 100 having
four probe arms 101-101'" placed in a sequence is
shown in Figure 5. The probe arms 101-101"' are
connected to a planar supporting body 105 at their
proximal ends 205-205'" by the lines of contact
202-202'". Each of the lines of contact 202-202'"
defines a perpendicular bisector 203-203'" extending
lengthwise along the corresponding probe arm 101-101'"
in a plane parallel to the plane 106 defined by the
supporting body 105. Each of the probe arms 10I- 101'"
has a tapered element 207-207'" and a specific area or
point of contact 111- 111'" at the distal ends
206-206'", where the specific areas or points of
contact 111- 111'" are located on a line being
parallel to the lines of contact 202-202'". In this
particular preferred embodiment, the specific areas or
points of contact 111- 111'" are located on pointed
shaped elements 209-209'" at the narrowest portion
208- 208'" of the tapered element 207-207'". Further,
the first 101' and the third 101" probe arms have the
tapered element 207' and 207" at an angle relative to
their perpendicular bisectors 203' and 203", i.e. the
narrowest portions 208' and 208" are offset relative
to the perpendicular bisectors 203' and 203"; and the
tapered elements 207' and 207" are oriented so that
the specific areas or points of contact 111' and 111"
are located closer to one another than the bisectors
203' and 203" of the probe arms 101' and 101" they
belong to. The second 101 and the fourth 101'" probe
arms have tapered elements 207 and 207'" without any
angle to the perpendicular bisectors 203 and 203'"0,
i.e. the narrowest portions 208 and 208'" are aligned
along the perpendicular bisectors 203 and 203'".
However, the pointed shaped elements 209 and 209'" are
located offset relative to the perpendicular bisectors
203 and 203'" of the probe arms 101 and 101'". Hence,
all of the specific areas or points of contact 111-1
11'" are located offset relative to the respective
perpendicular bisectors 203-203'", the first 101' and
third 101 " probe arms by a larger amount than the
second 101 and fourth 101 '". This will cause the
specific areas or points of contact 111-1 11'" to move
in a lateral directions 



perpendicular to the perpendicular bisectors
203-203'", when flexibly moving thespecific areas or
points of contact 111-1 11'" parallel to the normal of
the plane 106 of the supporting body 105, e.g. when
the probe 100 is employed in a measurement, as is
further explained in relation to Figures 3 and 4. The
lateral movement is, to any substantial extent,
eliminated by elongated and through-going apertures
204-204'", which extend lengthwise and offset relative
to the perpendicular bisectors 203-203'". The aperture
204-204'" of each probe arms 101-101'" is located on
the opposite side of the perpendicular bisector
203-203'" from the corresponding specific area or
point of contact 111-1 11'". The features of the
four-point probe 100 will allow for high sensitivity
measurements, with the shortest distances between the
specific areas or points of contact below 1m, and will
simultaneously circumvent the earlier mentioned
critical scaling effects. The distance between the
specific areas or points of contact first 101' and
second 101 probe arms is smaller than, but of the same
order of magnitude, as the corresponding distance
between the second 101 and the third 101" probe arm.
In an alternative embodiment, these two distances may
be substantially the same. The distance between the
specific areas or points of contact of the third 101"
and fourth 101" probe arms is, however, about an order
of magnitude larger than the first two distances. In
operation an external positioning device places a
multi-point probe made according to the present
invention into physical contact with the surface of
the test sample. Once electrical contact between the
surface of the test sample and all four conductive
probe arms has been achieved, a current is applied to
two of the conductive probe arms and a corresponding
voltage is measured between the two other conductive
arms. The method for applying the current and
detecting the voltage can be any method known in the
art. In an alternative embodiment, the fourth probe
arm 101'" is replaced with a back-gate (not shown in
Figure 5). A back-gate can in principle be placed
anywhere on the surface of a test sample, and will
substitute one of the probe arms. In a preferred
embodiment, the first probe arm 101' has an extension
or tapered element 207' that defines a pointing distal
end or narrowest portion 208' providing its 



specific area or point of contact 111', which is
located offset relative to its perpendicular bisector
203'. The second probe arm 101 is located juxtaposed
to thefirst probe arm 101' and has at its distal end
206 a bevelled end face 220 congruent with the
extension 207' of the first probe arm 101'. The
bevelled end face 220 defines a pointing distal or
narrowest portion 208', which constitutes its specific
area or point of contact 111 located closely spaced
from the specific area or point of contact 111' of the
first probe arm 101'. The second probe arm 101 also
has another bevelled end face 221 located on the other
side of the perpendicular bisector 203 of the second
probe arm 101 with respect to the first probe arm
101', where the other bevelled end face 207 is
congruent with the extension or tapered element 207"
of the third probe arm 10 1" . The specific areas or
point of contact 111-1 1" of the three first probe
arms 101-101" are all located closely spaced from one
another in that the beveled surfaces 220 and 221
allows for a closer spacing by way of the extensions
207' and 207". Further, the second probe arm 101 also
has its specific area or point of contact 111 located
offset relative to its perpendicular bisector 203 on
the side of which the third probe arm 101" is located.
A preferred embodiment is directed toward making a
multi-point probe and is described with respect to
Figures 6-9. Although only two probe arms are featured
in the preferred embodiment, it is understood that
described methods can be employed for manufacturing
multi-point probes having an arbitrary number of probe
arms. Figure 6 shows a wafer 410, for example a
section of a semiconductor wafer, in intermediate
state of fabrication. It shows a surface 416 of a
substrate 412 covered by a bottom layer 420, being
either electrically isolating or semi-conducting. The
bottom layer 420 is in turn covered by a carrying
layer 421 , also being either electrically isolating
or semi-conducting. In a preferred embodiment the
bottom layer is of silicon dioxide, and the carrying
layer is of poly-crystalline silicon. The deposition
of the bottom layer 420 and subsequently the carrying
layer 421 can be accomplished by any technique known
in the art, such as chemical vapour deposition (CVD),
plasma enhanced CVD (PECVD), low-pressure CVD (LPCVD),
electron cyclotron resonance 



(ECR) or sputtering. In an alternative embodiment the
carrying layer 421 is of polycrystalline silicon
created by laser-crystallisation of amorphous silicon,
which has been deposited onto the bottom layer 420 by
the previously mentioned techniques, e.g.PECVD.
Alternatively, in another preferred embodiment the
substrate 412 and the bottom layer 420 is a
silicon-on-insulator (SOI) wafer, with
mono-crystalline silicon as the material of the
carrying layer 421 . As shown in Figure 3, the bottom
layer 420 and carrying layer 421 are patterned and
etched to form the beams 401 and 402, having the
features and characteristics of the probe arms 101 and
102 in Figure 5, respectively. The beams are not
limited to any particular form or symmetry; they can
be of any geometry defining suitable specific areas or
points of contact. The pattern is formed by forming a
photoresist pattern (not shown in Figure 6) which
defines the two beams 401 and 402 on the top surface
431 of the carrying layer 421 . The photoresist
pattern is formed by conventional photolithographic
photoresist formation, exposure, development and
removal techniques. The bottom layer 420 and the
carrying layer 421 are then etched using any technique
known in the art, such as dry etching, wet etching,
reactive ion etching (RIE), and advanced silicon
etching (ASE), until the unmasked parts of the
carrying layer 421 and bottom layer 420 are removed
from the top surface 426 of the substrate 412. The
etching may be performed in several steps using the
one or several etching techniques. In an alternative
embodiment of the present invention the two beams 401
and 402, or parts of them, can be defined using
high-resolution lithographic methods such as
electron-beam lithography, focused ion-beam
lithography, atomic-force microscopy (AFM)
lithography, laser lithography, UV-lithography, or a
combination thereof. As an example to a particular
alternative embodiment of this kind, the focused
ion-beam lithography may be employed to define the
smallest features or structures of the multi point
probe, while other high-resolution lithographic
methods are employed for the larger features or
structures. Once the bottom layer 420 has been
patterned, the substrate is partially removed to 



release the patterned bottom layer 420, forming two
probe arms 401' and 402', as is illustrated in Figure
7. The probe arms 401' and 402' have the same features
andcharacteristics as the probe arms 101 and 102 in
Figure 5, respectively. In the preferred embodiment,
the substrate is removed as illustrated in Figure 7.
The removal is achieved by depositing a protective
layer (not shown in Figure 7) of silicon nitride on
the top and bottom surfaces of the substrate 412.
Next, a photoresist pattern is formed on the bottom
surface of the substrate by conventional
photolithographic photoresist formation, exposure,
development and removal techniques. The nitride layer
is then removed in the unmasked areas on the bottom
surface of the substrate using reactive ion etch
(RIE), e.g. in a plasma containing SF6 and O2 or
similar reagents, and the substrate is etched using an
etching chemistry comprising potassium hydroxide (KOH)
or a similar chemistry until the freely extending
probe arms 401' and 402' are exposed. Alternatively,
in another preferred embodiment deep reactive ion
etching (DRIE) or ASE is used instead of KOH. The
protecting layer of nitride is removed from the top
surface of the substrate using RIE, or using wet
etching with a chemistry comprising phosphoric acid
(H3PO4) , or a similar chemistry. Some of the
essential features of a preferred embodiment of a
multi-point probe can be found in Figure 7. The first
probe arm 401' has an extension 207' defining a
pointing end 208' and providing its specific area or
point of contact 111' located offset relative to its
perpendicular bisector 203'. The second probe arm 402'
is located juxtaposed the first probe arm 401' and has
at its distal end 206 a bevelled end face 220
congruent with the extension 207' of the first probe
arm 401'. The bevelled end face 220 defines a pointing
distal end 208 constituting its specific area or point
of contact 111 located closely spaced from the
specific area or point of contact 111' of the first
probe arm. Further, the specific area or point of
contact 111 of the second probe arm 102 is also
located offset relative to its perpendicular bisector
203. Figure 7 also shows an endpoint of the line of
contact 202'of the first probe arm 401 ' , and an
endpoint of the line of contact 202 of the first probe
arm 401'. The second probe arm 402' also has another
bevelled end face 221 located on the opposite side of
the perpendicular 



bisector 203 from the first probe arm 401 ' . Further,
the probe arms 401 ' and 402' have elongated
through-going apertures 204' and 204 extending
lengthwise and offset relative to the perpendicular
bisectors 203' and 203. This embodiment may eliminate,
to any substantial extent, any motion perpendicular to
the perpendicular bisectors 203'and 203 and parallel
to the first surface 106 when flexibly moving them
relative to the supporting body 105 and moving the
specific areas or points of contact 111' and 111
perpendicularly to the first surface 106. Figure 8
illustrates the etching of the bottom layer to
undercut the carrying layer 421 . In this preferred
embodiment, the etching step is performed with a dry
etching method, such as an isotropic RIE etch.
Alternatively, in the undercut may be achieved by
buffered oxide etching (bHF or HF) or advanced oxide
etching (AOE). Further, after the etching the pointed
shaped elements 209 and 209' may no longer be
supported by the bottom layer 420, but only the
carrying layer 421 . Although not shown in Figure 8,
an undercut of the bottom layer 420 may also be
obtained by etching of the substrate 412 using similar
techniques or chemistries. The final stage of
fabrication is shown in Figure 9, and involves the
deposition of an electrically conducting layer 422 on
the top surface of the wafer 410. The conducting layer
422 is made of conducting materials like Au, Ag, Pt,
Ni, Ta, Ti, Cr, Cu, Os, W, Mo, Ir, Pd, Cd, Re,
conductive diamond, metal suicides, conducting
ceramic, or combinations thereof. Alternatively, the
conducting layer can be made of a highly doped
semiconducting material. The conducting layer 422 can
be deposited using electron-beam evaporation, or any
other similar technique known in the art. Due to the
undercutting of the bottom layer 420, the electrically
conducting layer 422 will not create conducting paths
between the two probe arms, and two electrically
isolated but conducting probe arms 401" and 402" are
formed. The specific areas or points of contact of the
probe arms 401" and 402" can now be electrically
connected to an external positioning and measuring
device (not shown in Figure 9). As shown in Figure 9,
the deposition of the conducting layer creates
electrodes on the substrate. In a preferred embodiment
these electrodes are used for active guarding of 



the conductive probe arms to significantly reduce
leakage resistance and, consequently, increase the
measuring accuracy of the invention.A set of points
characterizing the invention: 1. A multi-point probe
for testing electrical properties of a number of
specific locations of a test sample, said multi-point
probe comprising: (a) a supporting body defining a
first surface; (b) a first multitude of conductive
probe arms, each of said probe arms defining a
proximal end and a distal end, and said probe arms
being connected to said supporting body at said
proximal ends, and having said distal ends freely
extending from said supporting body, giving
individually flexible motion to said probe arms; said
probe arms together with said supporting body define
lines of contact between each of said probe arms and
said supporting body, each of said lines of contact
defining a perpendicular bisector being parallel to
said first surface; (c) said conductive probe arms
originating from a process of producing said
multi-point probe including producing said conductive
probe arms on supporting wafer body in facial contact
with said supporting wafer body and removal of a part
of said wafer body providing said supporting body and
providing said conductive probe arms freely extending
from said supporting body; (d) each of said probe arms
defining a maximum width perpendicular to its
perpendicular bisector and parallel with its line of
contact with said supporting body, and a maximum
thickness perpendicular to its perpendicular bisector
and its line of contact with said supporting body,
said maximum width and said maximum thickness defining
a ratio in the range of 0.5-20, such as 1-10,
preferably 1-3, and each of said probe arms having a
specific area or point of contact at its distal end
for contacting a specific location among said number
of specific locations of said test sample; and (e) at
least one of said probe arms having an extension
defining a pointing 



distal end providing its specific area or point of
contact located offset relative to its perpendicular
bisector. 2. The multi-point probe according to point
1, wherein another of said probe arms located
juxtaposed said one probe arm and having at its distal
end a bevelled endface congruent with said extension
of said one probe arm and defining a pointing distal
end constituting its specific area or point of contact
located closely spaced from said specific area or
point of contact of said one probe arm. 3. The
multi-point probe according to point 2, wherein said
specific area or point of contact of said other probe
arm is located offset relative to its perpendicular
bisector. 4. The multi-point probe according to points
1-3, wherein at least one of said probe arms further
having an elongated through-going aperture extending
lengthwise and offset relative to its perpendicular
bisector of said at least one probe arm for
eliminating, to any substantial extent, any motion
perpendicular to its perpendicular bisector and
parallel to said first surface when flexibly moving it
relative to said supporting body and moving said
specific area or point of contact perpendicular to
said first surface. 5. The multi-point probe according
to any of the points 1-4, wherein said first multitude
of conductive probe arms are unidirectional. 6. The
multi-point probe according to any of the points 1-5,
wherein a first distance is defined between said
specific area or point of contact of a first probe arm
of said conductive probe arms to said specific area or
point of contact of a second probe arm of said
conductive probe arms, a second distance is defined
between said normal bisector of said first probe arm
to said normal bisector of said second probe arm,
together defining a pair of distances, and said first
distance is smaller than said second distance. 7. The
multi-point probe according to points 1-6, wherein
three of said conductive probe arms are placed in a
sequence on said supporting body and are separated by
a first separation corresponding said pair of
distances and a second separation 



also corresponding to said pair of distances, where
said first distance is smaller than said second
distance in each of said first separation and said
second separation.8. The multi-point probe according
to points 1-7, wherein said first distance of said
first separation is substantially the same as said
first distance of said second separation. 9. The
multi-point probe according to points 1-8, where said
first distance of said first separation is
substantially different from said first distance of
said second separation. 10. The multi-point probe
according to points 1-9, where said first distance of
said first separation is in the ranges 1nm to 120mm,
40nm to 60mm, 80nm to 30mm, and/or 160nm to 15mm,
preferably 200nm, and said first distance of said
second separation is in the ranges 1nm to 120mm, 40nm
to 60mm, 80nm to 30mm, and/or 160nm to 15mm,
preferably 200nm. 11.The multi-point probe according
to points 1-10, where said first distance of said
first separation is in the range 1nm to 100nm, 100nm
to 300nm, 300nm to 1mm, 1mm to 5mm, 5mmto 20mm, or
20mm to 120mm, and said first distance of said second
separation is in the range 1nm to 100nm, 100nm to
300nm, 300nm to 1mm, 1mm to 5mm, 5mmto 20mm, or 20mm
to 120mm. 12. The multi-point probe according to
points 7-1 1, wherein another of said conductive probe
arms is located in sequence with said sequence of
three conductive probe arms and separated from the
closest of said three conductive probe arms by a third
separation corresponding to said pair of distances,
said third separation having a first distance which is
larger than both said first distance of said first
separation and said first distance of said second
separation. 13. The multi-point probe according to
point 12, wherein said third separation has a first
distance which is larger than either of said first
distance of said first separation and said first
distance of said second separation by factor in the
ranges 2 to 1000, 5 to 800, 10 to 600, and/or 20 to
400, preferably 40.14. The multi-point probe according
to points 12 and 13, wherein said third separation 



has a first distance which is larger than either of
said first distance of said first separation and said
first distance of said second separation by factor in
the ranges 3 to 10, 10 to 30, 30 to 90, 90 to 300, 300
to 1000, 103 to 104, 104 to 105, 105 to 106, 106 to
107, or 107 to 108. 15. The multi-point probe
according to points 1-14, wherein said first multitude
of conductive probe arms are multilayered and define a
top layer and a bottom layer for each of said probe
arms, said bottom layer is connected to said
supporting body, while said top layer is connected to
said bottom layer and is located on the opposite side
of said bottom layer from said supporting body, and,
if disregarding all elongated through-going apertures,
each of said top layer and said bottom layer has a
substantially rectangular cross section defining: the
dimension of width as a distance between the lines of
said rectangular cross section perpendicular to the
plane of said first surface of said supporting body,
the dimension of depth as a distance between the lines
of said rectangular cross section parallel to the
plane of said first surface of supporting body, and
the dimension of length as a distance from said
proximal end of said conductive probe arms to said
distal end of said conductive probe arm. 16. The
multi-point probe according to point 15, wherein each
of said conductive probe arms has a depth of said top
layer that is smaller than or substantially equal to
the depth of said bottom layer. 17. The multi-point
probe according to points 15 and 16, wherein each of
said conductive probe arms has a width of said top
layer that is larger than or substantially equal to
the width of said bottom layer. 18. The multi-point
probe according to points 1-17, wherein said first
multitude of conductive probe arms have a ratio of
said length to said width of said bottom layer within
the range of 500:1 to 2:1 , such as ratios 50:1 and
5:1 , preferable application having the ratio of 5:1
.19. The multi-point probe according to points 1-18,
wherein said first multitude of conductive probe arms
have a ratio of said width to said depth of said
bottom layer 



within the range of 20:1 to 1:5, preferable
application having the ratio of 2:1 . 20. The
multi-point probe according to points 1-19, wherein at
least one of said conductive probe arms has tapered
elements extending from said distal end of said
conductive probe arms. 21. The multi-point probe
according to points 1-20, wherein at least one of said
conductive probe arms has a tapered element extending
from said distal end of said conductive probe arm,
said tapered element being multilayered and define a
tapered top layer and a tapered bottom layer, which
are extensions of said top layer and said bottom
layer, respectively, of said conductive probe arm; and
said specific area or point of contact is located at
said tapered element. 22. The multi-point probe
according to points 1-21 , wherein at least one of
said conductive probe arms has a pointed shaped
element extending from an area, point or tapered
element at said distal end of said conductive probe
arms, and said specific area or point of contact is
located on said pointed shaped element. 23. The
multi-point probe according to points 1-22, wherein
said first multitude of conductive probe arms have
said lengths in the range of 100 nm to 2mm, preferably
a length of 10 mm. 24. The multi-point probe according
to points 1-23, wherein supporting body is of a
ceramic material. 25. The multi-point probe according
to points 1-23, wherein supporting body is of a
semiconducting material. 26. The multi-point probe
according to point 25, wherein said semiconducting
material comprising Ge, Si or any combinations
thereof.27. The multi-point probe according to points
1-26, wherein said bottom layer is a dielectric
material or a semiconductor. 28. The multi-point probe
according to point 27, wherein said dielectric
material or a semiconductor comprises Siq 2. 29. The
multi-point probe according to points 1-28, wherein
said top layer is a conducting layer. 



30. The multi-point probe according to points 1-28,
wherein said top layer comprises: a conducting layer
and a carrying layer, said carrying layer being in
contact with said bottom layer, while said conducting
layer is connected to said carrying layer and is
located on the opposite side of said carrying layer
from said bottom layer. 31. The multi-point probe
according to points 29 and 30, wherein said conducting
layer comprising conductive materials, such as Au, Ag,
Pt, Ni, Ta, Ti, Cr, Cu, Os, W, Mo, Ir, Pd, Cd, Re,
conductive diamond, metal suicides, conducing ceramic,
or any combinations thereof. 32. The multi-point probe
according to points 30 and 3 1, wherein said carrying
layer comprises semiconducting materials, such as
crystalline or poly-crystalline silicon, dielectric
materials, metals, or alloys. 33.A multi-point testing
apparatus for testing electric properties on a
specific location of a test sample, comprising: (i)
means for receiving and supporting said test sample;
(ii) electric properties testing means including
electric generator means for generating a test signal
and electric measuring means for detecting a measuring
signal; (iii) a multi-point probe, comprising: (a) a
supporting body defining a first surface; (b) a first
multitude of conductive probe arms, each of said probe
arms defining a proximal end and a distal end, and
said probe arms beingconnected to said supporting body
at said proximal ends, and having said distal ends
freely extending from said supporting body, giving
individually flexible motion to said probe arms; said
probe arms together with said supporting body define
lines of contact between each of said probe arms and
said supporting body, each of said lines of contact
defining a perpendicular bisector being parallel to
said first surface; (c) said conductive probe arms
originating from a process of producing 



said multi-point probe including producing said
conductive probe arms on supporting wafer body in
facial contact with said supporting wafer body and
removal of a part of said wafer body providing said
supporting body and providing said conductive probe
arms freely extending from said supporting body; (d)
each of said probe arms defining a maximum width
perpendicular to its perpendicular bisector and
parallel with its line of contact with said supporting
body, and a maximum thickness perpendicular to its
perpendicular bisector and its line of contact with
said supporting body, said maximum width and said
maximum thickness defining a ratio in the range of
0.5-20, such as 1-10, preferably 1-3, and each of said
probe arms having a specific area or point of contact
at its distal end for contacting a specific location
among said number of specific locations of said test
sample; and (e) at least one of said probe arms having
an extension defining a pointing distal end providing
its specific area or point of contact located offset
relative to its perpendicular bisector; (f) said
multi-point probe communicating with said electric
properties testing means; and (iv) reciprocating means
for moving said multi-point probe relative said test
sample so as to cause said conductive probe arms to be
contacted with said specific location of said test
sample for performing said testing of electric
properties thereof.34. The multi-point testing
apparatus according to point 33, wherein said
multi-point testing apparatus further comprises a
back-gate for connecting said electric properties
testing means to said test sample, said back-gate
being especially suitable for being used in
conjunction with a multi-point probe having at least
three conductive probe arms for testing electrical
properties of a test sample. 35. The multi-point
testing apparatus according to points 33 and 34,
wherein said 



electric properties testing means further comprising
means for electric properties probing of said test
sample. . 36. The multi-point testing apparatus
according to points 33-35, wherein said reciprocating
means further comprises holding means for said means
for said multi point probe. 37. The multi-point
testing apparatus according to points 33-36, further
comprising means for positioning said holding means
across said test sample and recording of a location of
said holding means relative to said test sample. 38.
The multi-point testing apparatus according to points
33-37, wherein said means for positioning comprising
manoeuvrability in all spatial directions, being
directions coplanar to said test sample and directions
perpendicular to said test sample. 39. The multi-point
testing apparatus according to points 33-38, wherein
said means for positioning further comprising means
for angular movement of said holding means, such as to
provide angular positions for said means for said
multi-point probe. 40. The multi-point testing
apparatus according to points 33-39, wherein said
means for positioning further comprising means for
angular movement of said holding means along an axis
parallel to surface of said test sample, such as to
provide angular positions for said means for said
multi-point probe. 4 1.The multi-point testing
apparatus according to points 33-40, wherein said
means for positioning further comprising means for
angular movement of said holding meansalong an axis
perpendicular to surface of said test sample, such as
to provide angular positions for said means for said
multi-point probe. 42. The multi-point testing
apparatus according to points 33-41 , wherein said
means for positioning further comprising means for
sensing contact between said test sample and said
means for said multi-point probe. 43. The multi-point
testing apparatus according to points 33-42, wherein
said multi point probe further includes any of the
features of any of the points 2-32. 44.A method of
producing a multi-point probe comprising the following
steps: 



(i) producing a wafer body; (ii) producing a first
multiple of conductive probe arms positioned in
co-planar and facial relationship with said wafer
body; and (iv) removing a part of said wafer body for
providing said conductive probe arms freely extending
from said non-removed part of said wafer body
constituting a supporting body from which said
conductive probe arms extend freely. 45. The method of
producing a multi-point probe according to point 44,
wherein the technique of applying the conductive probe
arms in co-planar and facial relationship with the
supporting wafer body, involves microfabrication
technique, planar technique, CMOS technique,
thick-film technique, thin-film technique or a
combination thereof. 46. The method of producing a
multi-point probe according to points 44 and 45,
wherein said first multiple of conductive probe arms
are multilayered. 47. The method of producing a
multi-point probe according to points 44-46, wherein
said first multiple of conductive probe arms are
provided by a process of chemical vapour deposition
(CVD), plasma enhanced CVD (PECVD), electron cyclotron
resonance (ECR) or sputtering, mechanical grinding,
etching, high resolution lithographic methods such as
UV lithography, electron-beam lithography, atomicforce
microscopy (AFM) lithography, focused ion beam (FIB)
and/or laser lithography. 48. The method according to
points 44-47, the multi-point probe having any of the
features of the multi-point probe according to any of
the points 1-43.Claims 1. A multi-point probe for
testing electrical properties of a number of specific
locations of a test sample, said multi-point probe
comprising: (a) a supporting body defining a first
surface; (b) a first multitude of conductive probe
arms, each of said probe arms defining a proximal end
and a distal end, and said probe arms being connected
to said supporting body at said proximal ends, and
having said distal ends freely extending from said
supporting body, giving individually flexible 



motion to said probe arms; said probe arms together
with said supporting body define lines of contact
between each of said probe arms and said supporting
body, each of said lines of contact defining a
perpendicular bisector being parallel to said first
surface; (c) said conductive probe arms originating
from a process of producing said multi-point probe
including producing said conductive probe arms on
supporting wafer body in facial contact with said
supporting wafer body and removal of a part of said
wafer body providing said supporting body and
providing said conductive probe arms freely extending
from said supporting body; (d) each of said probe arms
defining a maximum width perpendicular to its
perpendicular bisector and parallel with its line of
contact with said supporting body, and a maximum
thickness perpendicular to its perpendicular bisector
and its line of contact with said supporting body,
said maximum width over said maximum thickness
defining a ratio in the range of 0.5-20, such as 1-10,
preferably 1-3, and each of said probe arms having a
specific area or point of contact at its distal end
for contacting a specific location among said number
of specific locations of said test sample; and (e) at
least one of said probe arms having an extension
defining a pointing distal end providing its specific
area or point of contact located offset relative to
its perpendicular bisector. 2. The multi-point probe
according to claim 1, wherein another of said probe
arms located juxtaposed said one probe arm and having
at its distal end a bevelled endface congruent with
said extension of said one probe arm and defining a
pointing distal end constituting its specific area or
point of contact located closely spaced from said
specific area or point of contact of said one probe
arm. 3. The multi-point probe according to claim 2,
wherein said specific area or point of contact of said
other probe arm is located offset relative to its
perpendicular bisector. 



4. The multi-point probe according to claims 1-3,
wherein at least one of said probe arms further having
an elongated through-going aperture extending
lengthwise and offset relative to its perpendicular
bisector of said at least one probe arm for
eliminating, to any substantial extent, any motion
perpendicular to its perpendicular bisector and
parallel to said first surface when flexibly moving it
relative to said supporting body and moving said
specific area or point of contact perpendicular to
said first surface. 5. The multi-point probe according
to any of the claims 1-4, wherein said first multitude
of conductive probe arms extend unidirectionally from
said supporting body. 6. The multi-point probe
according to any of the claims 1-5, wherein a first
distance is defined between said specific area or
point of contact of a first probe arm of said
conductive probe arms to said specific area or point
of contact of a second probe arm of said conductive
probe arms, a second distance is defined between said
normal bisector of said first probe arm to said normal
bisector of said second probe arm, together defining a
pair of distances, and said first distance is smaller
than said second distance. 7. The multi-point probe
according to claim 6, wherein three of said conductive
probe arms are placed in a sequence on said supporting
body and are separated by a first separation
corresponding said pair of distances and a second
separation also corresponding to said pair of
distances, where said first distance is smaller than
said second distance in each of said first separation
and said second separation.8. The multi-point probe
according to claim 7, wherein another of said
conductive probe arms is located in sequence with said
sequence of three conductive probe arms and separated
from the closest of said three conductive probe arms
by a third separation corresponding to said pair of
distances, said third separation having a first
distance which is larger than both said first distance
of said first separation and said first distance of
said second separation. 9. The multi-point probe
according to claims 4-8, wherein said first multitude
of 



conductive probe arms are multilayered and define a
top layer and a bottom layer for each of said probe
arms, said bottom layer is connected to said
supporting body, while said top layer is connected to
said bottom layer and is located on the opposite side
of said bottom layer from said supporting body, and,
if disregarding all elongated through-going apertures,
each of said top layer and said bottom layer has a
substantially rectangular cross section defining: the
dimension of width as a distance between the lines of
said rectangular cross section perpendicular to the
plane of said first surface of said supporting body,
the dimension of depth as a distance between the lines
of said rectangular cross section parallel to the
plane of said first surface of supporting body, and
the dimension of length as a distance from said
proximal end of said conductive probe arms to said
distal end of said conductive probe arm. 10.A
multi-point testing apparatus for testing electric
properties on a specific location of a test sample,
comprising: (i) means for receiving and supporting
said test sample; (ii) electric properties testing
means including electric generator means for
generating a test signal and electric measuring means
for detecting a measuring signal; (iii) a multi-point
probe, comprising: (g) a supporting body defining a
first surface; (h) a first multitude of conductive
probe arms, each of said probe arms defining a
proximal end and a distal end, and said probe arms
being connected to said supporting body at said
proximal ends, and having said distal ends freely
extending from said supporting body,
givingindividually flexible motion to said probe arms;
said probe arms together with said supporting body
define lines of contact between each of said probe
arms and said supporting body, each of said lines of
contact defining a perpendicular bisector being
parallel to said first surface; 



(i) said conductive probe arms originating from a
process of producing said multi-point probe including
producing said conductive probe arms on supporting
wafer body in facial contact with said supporting
wafer body and removal of a part of said wafer body
providing said supporting body and providing said
conductive probe arms freely extending from said
supporting body; (j) each of said probe arms defining
a maximum width perpendicular to its perpendicular
bisector and parallel with its line of contact with
said supporting body, and a maximum thickness
perpendicular to its perpendicular bisector and its
line of contact with said supporting body, said
maximum width and said maximum thickness defining a
ratio in the range of 0.5-20, such as 1-10, preferably
1-3, and each of said probe arms having a specific
area or point of contact at its distal end for
contacting a specific location among said number of
specific locations of said test sample; and (k) at
least one of said probe arms having an extension
defining a pointing distal end providing its specific
area or point of contact located offset relative to
its perpendicular bisector; (I) said multi-point probe
communicating with said electric properties testing
means; and (iv) reciprocating means for moving said
multi-point probe relative said test sample so as to
cause said conductive probe arms to be contacted with
said specific location of said test sample for
performing said testing of electric properties
thereof. 11. The multi-point testing apparatus
according to claim 10, wherein said multi-point
testing apparatus further comprises a back-gate for
connecting said electric properties testing means to
said test sample, said back-gate being
especiallysuitable for being used in conjunction with
a multi-point probe having at least three conductive
probe arms for testing electrical properties of a test
sample. 



12. The multi-point testing apparatus according to
claims 10-1 1, wherein said multipoint probe further
includes any of the features of any of the claims 2-9.
13.A method of producing a multi-point probe
comprising the following steps: (i) producing a wafer
body; (ii) producing a first multiple of conductive
probe arms positioned in co-planar and facial
relationship with said wafer body; and (iv) removing a
part of said wafer body for providing said conductive
probe arms freely extending from said non-removed part
of said wafer body constituting a supporting body from
which said conductive probe arms extend freely. 14.
The method of producing a multi-point probe according
to claim 13, wherein the technique of applying the
conductive probe arms in co-planar and facial
relationship with the supporting wafer body, involves
microfabrication technique, planar technique, CMOS
technique, thick-film technique, thin-film technique
or a combination thereof. 15. The method according to
claims 13 and 14, the multi-point probe having any of
the features of the multi-point probe according to any
of the claims 1-12. 




