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(57) ABSTRACT 

A test probe for a finger tester for the testing of non-compo 
nented circuit boards has a test needle with a probe tip which 
may be brought into contact with a circuit board test point, 
and which may be pivotably attached to a mount by means of 
at least two flexible sprung retaining arms. It is distinguished 
by the fact that at least one of the retaining arms is made of an 
electrically conductive material and is electrically connected 
to the test needle. In a corresponding finger tester, the test 
probe is driven by a linear motor. 
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1. 

TEST PROBE FOR FINGER TESTER AND 
CORRESPONDING FINGER TESTER 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

RELATED APPLICATIONS 

This application is a Continuation of PCT application Ser. 
No. PCT/EP02/12770 filed on Nov. 14, 2002, which was 
published in the German language under PCT Article 21(2), 
and which claims priority to DE 101 60 119.0, filed Dec. 7, 
2001, both of which are incorporated herein by reference in 
their entirety. 

BACKGROUND OF THE INVENTION 

Basically, test equipment for the testing of circuit boards 
may be divided into two categories, namely finger testers and 
parallel testers. Parallel testers are test devices that, by means 
of an adapter, simultaneously contact all or at least the major 
ity of contact points of a circuit board to be tested. Finger 
testers are test devices for the testing of non-componented or 
componented circuit boards, which scan the individual con 
tact points sequentially with two or more test fingers. 

In the testing of non-componented circuit boards, as com 
pared with the testing of componented circuit boards or in 
circuit testing, many more circuit board test points must be 
contacted. Consequently the main criterion for successful 
marketing of a finger tester for non-componented circuit 
boards is the throughput of contacted circuitboard test points 
within a predetermined period of time. 

The test fingers are generally fastened to a slide that is able 
to move along cross-bars, while the cross-bars in turn are 
guided and able to move along guide rails. The slides may 
thus be positioned at any desired point on a test field, which is 
usually rectangular. For contacting a contact point of a circuit 
board to be tested, the slide is able to move vertically on the 
cross-bar, so that the test finger may be placed on the contact 
point of the circuit board from above and from below. 
A finger tester is described in EP 0 468 153 A1, and a 

method of testing circuit boards using a finger tester is 
described in EP 0 853 242 A1. EP990 912 A discloses a test 
probe for a finger tester in which a test needle is movably 
guided in Such a way that it can extend out from the test probe 
to contact a circuitboard test point. If a circuitboard test point 
is contacted, then the test needle can deflect to the side, 
thereby limiting the mechanical stress on the circuit board test 
point. In this case the test needle is driven by an electromag 
netic drive. Also known are test probes in which a sprung test 
needle is used. If the test needle is mounted vertically relative 
to the circuit board to be tested there is the disadvantage that 
two circuit board test points lying closely adjacent to one 
another can not be contacted since, owing to the size of the 
sprung test needles, the latter cannot be arranged with their 
probe tips as close together as may be desired. 

To avoid this disadvantage, the test needles have been 
mounted in a suitable tester—at an angle to the circuit 
board to be tested. This makes it possible to arrange two test 
needles with their probe tips very close together. However 
this has the drawback that, in pressing down the sprung test 
needles, the probe tip is moved along the surface of the circuit 
board to be tested. With high contact speeds this can cause a 
scratch on the circuit board. Moreover, due to the inclined 
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2 
position of the test needle, the point at which the circuit board 
is contacted is imprecise, since the probe tip is moved parallel 
to the surface of the circuit board. 
To avoid these problems, test probes have been developed 

with a relatively long, horizontally mounted spring arm, with 
the test needle formed on its end. On this long spring arm it is 
advantageous that a deflection by only a small angle produces 
a relatively large spring movement. By this means the move 
ment parallel to the surface of the circuit board to be tested 
may be kept small but not completely avoided. With a test 
probe of this kind there is also a risk of the surface of a circuit 
board to be tested being scratched. In addition the size of the 
spring arm makes the test probe relatively heavy, which can 
lead to damage to the circuitboard if the probe tip is placed on 
it at high speed. To reduce Such damage a photoelectric 
Switch, which can detect any deflection of the spring arm, is 
provided in the area of the spring arm. In the event of deflec 
tion of the spring arm, the movement of the test probe is 
braked or stopped, so that any further damage to the circuit 
board is avoided as much as possible. 
Owing to the considerable size of the spring arm it is very 

costly to shield it from electrical radiation, which is problem 
atic in the case of measurements with high-frequency signals. 

Another known test probe has, as test needle, a rigid needle, 
which is fastened to a mount by means of a parallel steering 
unit. The parallel steering unit is comprised of two retaining 
arms made of plastic, with one end attached to a mount, while 
the rigid needle is attached to the other end of the retaining 
arms. When the parallel steering unit is swivelled, this needle 
may be moved vertically upwards. An end section of the test 
needle carrying the probe tip is bent relative to the remainder 
of the test needle, so that the probe tip projects a little from the 
test probe. By this means it is possible for two closely adja 
cent circuit board test points to be contacted by two test 
probes. The retaining arms of the parallel steering unit are so 
dimensioned that a Swivelling movement of the parallel steer 
ing unit produces the Smallest possible movement parallel to 
the surface of the circuit board. 
The disadvantage of this test probe is that the cable used to 

Supply the measuring signal and which is attached to the test 
needle, due to its strength and weight, generates a consider 
able impulse when the test probe impinges rapidly on a circuit 
board, which may lead to damage of the circuit board to be 
tested. This applies especially to an embodiment in which two 
test needles are attached to a parallel steering unit, with a 
cable attached to each test needle so that a 4-wire measure 
ment may be made. 

Disclosed by U.S. Pat. No. 5,804,982 is a test probe for 
testing the contact points of integrated circuits. This test 
probe has two elastic retaining arms, which are fastened by 
one end to a frame of a tester. The two retaining arms are 
arranged parallel to one another and have, at the end remote 
from the frame, a non-magnetic body, which is mounted 
between the two endpoints of the retaining arms. Fitted in the 
lower section of the body is a test needle. Provided between 
the retaining arms are magnetic coils which act together with 
a further magnet in Such a way that they are able to exert a 
Vertically downwards force on the retaining arms. 
A contact point of an integrated circuit is contacted by 

means of this test probe by excitation of the magnetic coils 
located in the test probe, so that the test needle is moved on to 
the contact point. 
WO 96/24069 concerns a device for the testing of flat 

components (in-circuit test). The test probe of this device has 
a pivotable test needle which with one end contacts the test 
point of the flat component, and at the other end has a move 
ment mimic arrangement to Swivel the test needle. 
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SUMMARY OF THE INVENTION 

The invention relates to a test probe for a finger tester for 
the testing of non-componented circuit boards, and a corre 
sponding finger tester. 
The invention is based on the problem of creating a test 

probe for a finger tester, and a corresponding finger tester, for 
the testing of non-componented circuit boards, wherein the 
test probe may be brought into contact with the circuit board 
to be tested at a high speed without causing damage to the 
circuit board. 

In general, according to one aspect, the invention features 
a test probe for a finger tester for the testing of circuit boards, 
with no independent drive, and with a test needle with a probe 
tip which may be brought into contact with a circuit board test 
point, and which may be pivotably attached to a mount by 
means of at least two pairs of flexible sprung retaining arms. 
At least one of the retaining arms is made of an electrically 
conductive material and is electrically connected to the test 
needle and each pair of retaining arms is mounted in one 
plane, with one end fixed to the test needle and the other end 
to the mount, and spanning a triangle when viewed from 
above. 

In general, according to another aspect, the invention fea 
tures a finger tester for the testing of non-componented circuit 
boards comprising a linear motor with two static magnetic 
flux elements arranged opposite one another, and an armature 
plate mounted movably between them and made of a non 
magnetic material and having at regularintervals strip-shaped 
armature elements made of a magnetic material. A test probe 
is mounted on the armature plate and the test probe is pro 
vided with a finger tester for the testing of circuitboards, with 
no independent drive, and with a test needle with a probe tip 
which may be brought into contact with a circuit board test 
point, and which may be pivotably attached to a mount by 
means of at least two flexible sprung retaining arms. At least 
one of the retaining arms is made of an electrically conductive 
material and is electrically connected to the test needle. 
The test probe according to the invention preferably has a 

test needle which may be brought into contact with a circuit 
board test point by a probe tip. The test needle is pivotably 
mounted on a parallel steering unit by at least two retaining 
arms. It is distinguished by the fact that at least one of the 
retaining arms is made of an electrically conductive material 
and is electrically connected to the test needle. 

In the case of the test probe according to the invention, the 
measuring signal can be fed to the test needle via the electri 
cally conductive retaining arm. The test needle is conse 
quently not connected to any cable which would cause an 
impulse when the test probe makes contact with a circuit 
board to be tested. On the other hand, when the test probe 
makes contact with the circuit board, only the test needle is 
moved on the parallel steering unit relative to the mount, so 
that the force exerted on the circuit board is comprised solely 
of the movement impulse of the test needle and the spring 
force exerted by the retaining arms. Due to the low weight of 
the test needle, its impulse is very low. The same applies to the 
spring force exerted by the retaining arms. 

Thus, using the test probe according to the invention, a low, 
precisely defined contact force is exerted in contacting the 
circuit board—even with rapid movement of the probe. 

According to a preferred embodiment, at least two retain 
ing arms are made of an electrically conductive material and 
are electrically connected to the test needle. This permits a 
4-wire measurement. 

According to a further preferred embodiment of the inven 
tion, two pairs of retaining arms are provided. Each pair of 
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4 
retaining arms is arranged in one plane, with one end fastened 
to the test needle and the other end to the mount, so that when 
viewed from above, each pair of retaining arms forms a tri 
angle. A variant of this kind with four retaining arms makes 
possible on the one hand a 4-wire measurement using two of 
the four retaining arms, and the electrical contacting of a 
shielding element by means of a further retaining arm. This 
spatial arrangement of the retaining arms also has the advan 
tage that the test needle is held to the mount in a very stable 
and defined manner. 
The retaining arms of the parallel steering unit are prefer 

ably so dimensioned that the test needle is held in an angled 
position relative to the circuit board to be tested but, during 
swivelling movement of the test needle, the probe tip makes 
no movement or else only an extremely small movement 
parallel to the surface of the circuit board to be tested. 
The finger tester according to the invention for the testing 

of non-componented circuit boards comprises a linear motor 
with two static magnetic flux elements arranged opposite one 
another and, mounted between them, a movable armature 
plate made of a non-magnetic material and with Strip-like 
armature elements made of a magnetic material, at regular 
intervals, with a test probe according to the invention 
mounted on the armature plate. 
The combination of the test probe according to the inven 

tion with a linear motor with a movable armature plate, which 
is very easily designed, allows a drastic increase in through 
put in the contacting of circuit board test points as compared 
with known finger testers, since only low masses need to be 
accelerated and in addition, when the probe tip makes contact 
with the circuit board test point, the impulse is softened by the 
test probe. 
The above and other features of the invention including 

various novel details of construction and combinations of 
parts, and other advantages, will now be more particularly 
described with reference to the accompanying drawings and 
pointed out in the claims. It will be understood that the par 
ticular method and device embodying the invention are 
shown by way of illustration and not as a limitation of the 
invention. The principles and features of this invention may 
be employed in various and numerous embodiments without 
departing from the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings, reference characters refer 
to the same parts throughout the different views. The draw 
ings are not necessarily to scale; emphasis has instead been 
placed upon illustrating the principles of the invention. Of the 
drawings: 

FIG. 1 is a perspective view of a first embodiment of a test 
probe according to the invention; 

FIG. 2 shows the test probe of FIG. 1, with the test needle 
shown in both the original position and in the deflected posi 
tions; 

FIG.3 shows a second embodiment of a test probe accord 
ing to the invention in a perspective view: 

FIG. 4 shows the test probe of FIG.3 in a view in which the 
individual elements are made transparent; 

FIG. 5 shows a third embodiment of a test probe according 
to the invention in a perspective view; 

FIG. 6 shows a perspective view of the test probe of FIG.5 
without a housing: 

FIG. 7 is a schematic side view with dimensions of a test 
probe according to the invention; 
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FIG. 8 shows a schematic simplified circuit diagram of a 
4-wire measurement with two test probes according to the 
invention; 

FIG.9 is a schematic view of a first embodiment of a linear 
motor, 5 

FIG. 10 is a schematic view of a second embodiment of a 
linear motor, 

FIG. 11 is a schematic view of a third embodiment of a 
linear motor, 

FIG. 12 is a schematic side view of a test probe; and 10 
FIG. 13 is a schematic perspective view of a finger tester 

according to the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 15 

FIGS. 1 and 2 show a first embodiment of a test probe 1 
according to the invention. The test probe has a test needle 2. 
formed in the present embodiment by a needle 3 with a 
diameter d of 0.3 to 0.5 mm. 2O 
The needle 3 is made for example of steel or tungsten. The 

needle 3 is coated with an insulating layer which is polytet 
rafluoroethylene or Teflon R material, for example. The coat 
ing is covered in turn by an electrically conductive layer. This 
coating with the electrically conductive layer forms a shield 4 25 
which shields the needle 3 from electrical fields. 

The needle3 extends with both ends from the shield 4, with 
one of the two ends tapering to form a probe tip 5. At the end 
opposite the probe tip, the test needle 2 or needle 3 is con 
nected to two retaining arms 6, 7, which will subsequently be 30 
described as the upper retaining arms. 
Two further retaining arms 8, 9 are fastened to the shield 4, 

a short distance away from the connection point, between the 
upper retaining arms 6, 7 and the test needle 2. The retaining 
arms 8, 9 will subsequently be described as the lower retain- 35 
ing arms. 
The two pairs of retaining arms 6, 7 and 8, 9 respectively 

are each formed by a wire element bent in the middle, with the 
test needle 2 fastened at the bending point by means of an 
electrically conductive connection, e.g. a soldered joint. Each 40 
of the two pairs of retaining arms 6, 7 and 8, 9 thus forms an 
isosceles triangle, with the test needle 2 located in the apex of 
the isosceles triangle. 

The retaining arms 6 to 9 are fixed to the mount 10 by their 
ends which are furthest from the test needle 2. The mount 10 45 
is an electrically insulating plastic part, provided on the top 
with a row of contact faces 11a to 11h. Each of the upper 
retaining arms 6, 7 is electrically connected via conductor 
paths to the contact faces 11a and 11h respectively. The lower 
retaining arms 8, 9 are each connected via an electrically 50 
conductive metal pin 12 (FIG. 4) extending vertical through 
the mount 10, and a conductor path, to the contact face 11b 
and 11g respectively. 

These contact faces 11a to 11h are connected via further 
conductor paths (not shown) to an electrical plug connector 55 
(not shown) formed on the mount 10. The mount 10 is in the 
form of a plug-in element which may be plugged into a test 
head of a finger tester. 

In the present embodiment the mount 10 has a slot 13, 
which leads to the side face of the mount 10 located away 60 
from the test needle 2. The mount 10 also has a through hole 
14, arranged at right-angles to the slot 13. Using the slot, the 
mount 10 can thus be pushed against a thin wall 15 of the test 
head, and fixed by means of a pin passing through the through 
hole 14 in the mount and a corresponding through hole in the 65 
wall 15. When the mount 10 is pushed on to or plugged into 
the wall 15 of the test head, the conductor paths connected to 

6 
the contact face 11a to 11h are electrically connected to 
corresponding conductor paths of the test head. 

Fitted to the mount 10, on the side face adjacent to the test 
needle 2, is a photoelectric switch element 16. In plan view 
the photoelectric switch element 16 is U-shaped, with a base 
16a and two limbs 16b. Located on the end section and the 
inside of one of the two limbs 16b is a light source, and on the 
other limb 16b is a light sensor which receives the light signal. 
The light source and the light sensor thus form an optical 
measuring section. In the horizontal plane, the light Source 
and the light sensor have a specific longitudinal extent, 
amounting to e.g. 1 mm. Fixed to the test needle 2 is a 
measuring vane 17, made e.g. of a thin metal sheet. This 
measuring Vane 17 lies in a longitudinal centre plane of the 
test probe 1, which is arranged vertically and forms the mirror 
plane to the retaining arms 6, 7 and 8, 9 respectively. The 
upper edge of the measuring vane 17 is designed as a mea 
Suring edge 18 and runs, in the original position shown in 
FIG. 1, in which the retaining arms 6 to 9 run in a straight line, 
at an angle to a horizontal plane, and is located directly below 
the optical measuring section. 

In placing the test probe 1 on a circuitboard to be tested, the 
test needle 2 is Subjected to a force which causes the retaining 
arms to be swivelled from the original position into a swiv 
elled-out position (upwards in FIGS. 1 and 2). By this means, 
the measuring edge 18 is introduced into the optical measur 
ing section. Due to the provision of the inclined measuring 
edge 18, the optical measuring section is interrupted in pro 
portion to the distance by which the test needle moves relative 
to the mount 10, so that the signal measured by the photo 
electric switch is proportional to the distance moved by the 
test needle. 
The photoelectric switch element 16 is connected via each 

of four conductor paths to one of the contact faces 11c to 11f 
which, just like the other contact faces, are connected to the 
test head by means of an electrical plug connector. 

FIG. 7 shows in schematic from a side view of the test 
probe 1 according to the invention with the mount 10 and the 
upper and lower retaining arms 6, 7 and 8.9 respectively, and 
the test needle 2. When the test probe 1 is brought into contact 
with a circuitboard to be tested, the test probe 1 with the probe 
tip 5 is placed on the circuit board (direction 19). This 
involves the test needle 2 moving in the direction of arrow 20 
relative to the mount 10 (upwards in FIG. 5). This direction 20 
is described hereafter as the direction of movement 20 of the 
test needle 2. Viewed from the side, together with the corre 
sponding boundary edge of the mount 10 and the section of 
the test needle 2 located between the upper and lower retain 
ing arms, the upper and lower retaining arms 6, 7 and 8.9 form 
a trapeziod. The lengths of the individual sections, given in 
millimeters in FIG.7, are so dimensioned that in movement of 
the test needle 2, the probe tip 5 is moved over a certain 
distance of e.g. 5 millimeters (mm) along a straight line 21 
which is at right-angles to the planes spanned by the upper 
retaining arms and the lower retaining arms in their original 
position. 

Since the direction 19 in which the test probe 1 is moved 
towards the circuit board is exactly opposite to the direction of 
movement 20 of the test needle relative to the mount 10, and 
the probe tip is moved along a straight line parallel to the 
direction of movement 20, no movement component is gen 
erated parallel to the surface of the circuit board to be tested, 
thereby ensuring that the probe tip 5 does not scratch the 
surface of the circuit board. Thus the probe tip is not moved 
horizontally when the test probe is placed on the test piece. 

FIG. 12 shows the trapezoidal arrangement of the test 
probe schematically in a side view, in which the length of the 
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upper retaining arms 6, 7 in side view is designated by the 
variable a, the length of the lower retaining arms 8, 9 by the 
variable b, the length of the test needle 2 by the variable L, and 
the length of the section of the test needle 2 between the upper 
and lower retaining arms by the variable L0. In the arrange 
ment shown in FIG. 12, the probe tip is not moved when the 
test needle is placed in position, if these lengths conform for 
instance to the following formula: 

a st b(1 -tan) 

This formula applies to the angular range of 

This formula may also be represented by the following 
series expansion: 

For small movements of the test probe this formula may be 
simplified as follows: 

The formulae stated above thus describe an embodiment in 
which the probe tip is moved substantially vertically. This 
applies to the trapezoidal arrangement shown in FIG. 12. 

In placing the test probe 1, as may be discerned with the aid 
of FIGS. 2 and 7, the test needle 2 is deflected elastically 
relative to the mount 10, from the original position shown in 
FIG. 1 in the direction of movement 20, with the retaining 
arms 6 to 9 acting as elastic spring elements. The result of this 
is that, when the test probe 1 is placed on a circuit board to be 
tested, only the movementorinertia impulse of the test needle 
2 and the spring forces exerted by the retaining arms 6 to 9 are 
exerted on the circuit board to be tested. Since the test needle 
weighs less than 0.1 gram and preferably less than 70 milli 
grams, the its inertia or impulse is very low, and the force 
exerted on the circuit board is substantially determined solely 
by the spring hardness of the retaining arms. 

This test probe can be guided on to a circuit board to be 
tested at a high movement Velocity without damaging the 
circuit board, since the impulse transmitted is very low and 
the spring forces are precisely defined. 

The movement of the test probe 1 is preferably controlled 
by the signal detected by the photoelectric switch. If the test 
needle 2 is moved in direction of movement 20, then the 
measuring vane 17 enters the optical measuring section, 
which is detected by a corresponding electrical signal. Since 
the signal is proportional to the path of the test needle 2, the 
measuring signal may be used to determine how far the test 
needle has moved from the original position. After a certain 
deflection distance, e.g. 1 mm, the movement of the test probe 
1 can be braked. 
By this means the maximum deflection of the test needle 2 

relative to the mount 10 is limited, which in turn limits the 
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8 
spring force exerted on the circuit board by the retaining arms 
via the test needle 2. Thus the force exerted on a circuit board 
can be kept very low and even if the test probe 1 is moved on 
to the circuit board to be tested with high velocity, the surface 
of the circuit board to be tested will not be damaged due to the 
low movement impulse transmitted and the limited spring 
force. 

FIG. 8 shows, in Schematic simplified form, a measuring 
set-up for measuring the electrical resistance of a conductor 
path 21a of a circuit board 21 to be tested. The conductor path 
21a has a circuit board test point 22 at both ends. A test probe 
1 with a test needle 2 is placed on each of the two circuit board 
test points 22. Each of the two test needles 2 is connected via 
conductor paths 23 to a current source 24. The test needles 2 
are also each connected via conductor paths 25 to a high 
impedance voltmeter 26. This circuit, which has two electri 
cal circuits with a current source and a Voltmeter, is described 
as a 4-wire circuit. It can be used to measure a resistance very 
precisely, since the current flowing through the voltmeter 26 
is extremely low. In the case of the test probe 1 of the embodi 
ment according to the invention, one of the two upper retain 
ing arms 6, 7 is connected to the conductor 23 and the other to 
the conductor 25. The resistance of the circuit board 21 to be 
tested is thus influenced only by the resistance of the test 
needles 2 and the contact resistance between the test needles 
2 and the circuit board test points. 

FIGS. 3 and 4 show a second embodiment in which the 
retaining arms 6 to 9 are located within an electrically con 
ductive trough 27 which shields the retaining arms acting as 
electrical Supply lines from electrical radiation. This trough 
27 has a base 28 and two side walls 29. 
The trough 27 is, like the lower retaining arms 8, 9, elec 

trically connected to the earthed or ground pins 12. Adjacent 
to the test needle 2 on the base 28 is a transverse web 29a 
which limits the downwards movement of the lower retaining 
arms 8,9, wherein the transverse web 29a is mounted higher 
than the fixing point of the lower retaining arms 8, 9 to the 
mount 10. By this means the unit comprised of test needle 2 
and retaining arms 7 to 9 is raised a little above the original 
position shown in FIG. 1, and the retaining arms 6 to 9 are 
under pre-tension. 

This pre-tension ensures that in the event of rapid accel 
eration of the test probe 1, on account of the forces occurring 
during acceleration the test needle 2 is not moved relative to 
the mount 10, possibly triggering the photoelectric Switch 
with its measuring vane in an undesired manner. 

Within the scope of the invention it is also possible to 
provide, instead of a trough, a tubular shield element, which 
also shields the retaining arms from above. 
A third embodiment of the test probe (FIGS. 5, 6) is sub 

stantially of exactly the same design as the two embodiments 
described above, for which reason identical parts are given 
the same reference numbers. The two upper retaining arms 6, 
7 and the two lower retaining arms 8, 9 are each made with a 
wall thickness of approximately 50 micrometers (um) to 200 
um by etching from a thin copper/beryllium sheet or spring 
steel. Any sheet metal with good electrical conductivity and 
good elastic properties is Suitable. The pairs of retaining arms 
are therefore narrow sheet metal strips, arranged in a V shape 
when viewed from above. Formed roughly in the longitudinal 
centre between the upper retaining arms 6, 7 is a transverse 
web 55, to which a measuring vane 56 is bonded and bent 
downwards. The transverse web is located at that point on the 
retaining arms at which the direction of curvature of the 
retaining arms changes on deflection (point of inflection) 
(FIG. 7). 
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The measuring vane 56 in turn has a measuring edge (not 
shown), which engages in a photoelectric Switch element 16. 
This measuring edge is howeveraligned horizontally and the 
light source and the light sensor extend Vertically, so that the 
photoelectric Switch element 16 emits a signal proportional to 5 
the insertion depth of the measuring vane 56. The retaining 
arms 6.7 and 8, 9 respectively end at a plate 59 which is 
fastened to the mount 10 by, for example, a bonded, screw or 
rivet connection. 
The lower retaining arms 8, 9 lie on a base plate 57 which 10 

is made of a non-electrically conductive material. Viewed 
from above, the base plate 57 is V-shaped in the area from the 
mount 10 to the test needle 2, i.e. tapering from the mount 10 
towards the test needle 2. The base plate 57 limits the down 
wards movement of the retaining arms. 15 
As in the two embodiments described above, the test needle 

2 is provided and arranged with a needle 3 and a shield 4. In 
the area between the lower and upper retaining arms 8, 9 and 
6, 7 it has a spacer sleeve 58, which is made of electrically 
insulating material and Surrounds the shield 4 in the area 20 
between the retaining arms 8, 9 and 6,7. The spacer sleeve 58 
is physically connected to the retaining arms 6, 7 and 8,9, so 
that the retaining arms are held at a distance by their end 
which is furthest away from the mount 10. The upper retain 
ing arms 6, 7 are electrically connected to the needle 3, and 25 
the lower retaining arms 8, 9 are electrically connected to the 
shield 4. 

In this embodiment the mount 10 is a roughly square body, 
fitted on to the base plate 57, with the plate of the lower 
retaining arms 8, 9 located between the mount 10 and the base 30 
plate 57. The bottom edge of the wall 60 of the mount 10 
facing the test needle 2 is bevelled, so that the lower retaining 
arms 6, 7 are slightly exposed and are able to move freely 
upwards from an area behind the wall 60. 
On the side facing away from the test needle 2, the base 35 

plate 57 extends outwards a little from the mount 10. In this 
area, contact points are arranged on the base plate 57, from 
which contact pins 61 lead upwards and end at a contact plate 
62. Fastened to the latter are electrical wires 63 which are 
electrically connected to the contact pins 61, and by which the 40 
test probe 1 is electrically connected to the tester. In this area 
the base plate 57 is also physically connected to the wall 15 of 
the test head. 

Via conductor paths on the base plate 57, the photoelectric 
switch element 16 and the upper retaining arms 6, 7 are 45 
electrically connected to the contact pins 61, while connect 
ing webs 67 lead downwards from the plate 59 of the upper 
retaining arms to the base plate 57, and are contacted at 
corresponding conductor paths. 

In its mode of operation, the third embodiment of the test 50 
probe corresponds to the two embodiments described above. 

In a further embodiment, instead of one test needle per test 
probe, it is possible to have two test needles arranged parallel 
adjacent to one another and Supported by the retaining arms, 
so that a 4-wire measurement may be made, in which this 55 
circuit containing the current source and that containing the 
Voltage source are brought together only at the circuit board 
test point 22. 
A further advantage of the test probe according to the 

invention is that, if test probes collide, which may occur with 60 
faulty programming of the finger tester, the retaining arms act 
as predetermined break points, so that only the relatively 
small module of the test probe 1 according to the invention on 
one test head is damaged, and may also be repaired by fitting 
a new test needle and new retaining arms. 65 

Preferably the test probe 1 according to the invention is 
moved by a linear motor, as shown in FIGS. 9 to 11. 

10 
The linear motor 30 shown in FIG.9 has two magnetic flux 

elements 31, 32, U-shaped when viewed from the side, each 
having a base 33 and limbs 34 arranged at the ends of the base 
33. In each case the base is made of a soft magnetic material. 
Each of the limbs 34 has a permanent magnet 35 adjacent to 
the base 33. The permanent magnets 35 of a magnetic flux 
element 31, 32 are each arranged alternately with their south 
pole or north pole adjacent to the base 33. On the side of the 
permanent magnet 35 facing away from the base there is 
provided in each case a pole piece 36, U-shaped when viewed 
from the side. Each of these pole pieces 36 has a base 37 and 
two pole walls 38, while they are arranged with their bases 37 
adjacent to the permanent magnets 35. In each case the pole 
walls comprise driving coils 39. Each driving coil 39 extends 
over two pole walls 38 of a pole piece 36. 
The sections of the driving coils which extend over a pole 

wall 38 are wound opposite to one another. On excitation of 
one of the driving coils 39, the magnetic flux generated by the 
permanent magnets is thus intensified in the area of one pole 
wall, and weakened in the area of the other pole wall of the 
same pole piece. Preferably the excitation current is set so that 
the magnetic flux is fully offset by the weakening in the area 
of one of the pole walls 38, and doubled in the area of the other 
pole wall. In the embodiment shown in FIG. 9, the driving 
coils 39 of the upper pole piece 36 are excited, thereby con 
centrating the magnetic flux through the upper pole walls of 
the two opposing pole pieces 36 (see magnetic flux lines 42). 
The driving coils of the lower pole pieces 36 are not excited, 
so that the magnetic flux is distributed evenly to both pole 
walls 38 of the pole pieces 36. 

Provided at each free end of the pole walls 38 of the pole 
pieces 36 of the two magnetic flux elements 31, 32 is a guide 
plate 40, in which air nozzles 41 have been made at regular 
intervals. These air nozzles 41 are so designed that air can be 
blown in by the air nozzle 41 from the side at which the pole 
piece 36 fits against the guide plate 40, and exits on the other 
side of the guide plate 40. 
The two magnetic flux elements 31, 32 with their guide 

plates 40 are arranged opposite one another in Such a way that 
the permanent magnets 35 are arranged with the poles of the 
permanent magnets 35 alternating, so that the magnetic flux 
lines 42 run through both magnetic flux elements 31, 32. 
The guide plates 40 of the two magnetic flux elements 31, 

32 are mounted parallel to one another at a predetermined 
distance D. 

Between the two guide plates 40 is an armature plate 43, 
made of a non-magnetic material Such as for example ceramic 
material, plastic or a non-magnetic metal (e.g. aluminium or 
copper). Inserted into this armature plate 43 at regular inter 
vals d are strip-shaped armature elements 45 made of mag 
netic material such as iron. The distanced between two adja 
cent armature elements 45 is chosen so that the following 
applies: 

if an armature element 45 is located in the area between two 
pole walls 38 of two opposite pole pieces 36, then a 
section of the armature plate 43 made of non-magnetic 
material 44 is arranged in the area between the two other 
pole walls 38 of the same pole pieces 36, and 

there are in each case border Zones between armature ele 
ments 45 and sections of non-magnetic material 
between the pairs of pole walls 38 of the other pole 
pieces 36 of the linear motor 30. 

The test probe 1 according to the invention is attached to 
one end of the armature plate 43. 
The mode of operation of the linear motor 30 will be 

explained in detail below. 
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In operation, air is blown from the air nozzles 41 on to the 
armature plate 43, causing the armature plate 43 to be held at 
a distance from the guide plates 40, so that there is no 
mechanical friction between the armature plate 43 and the 
guide plates 40. Here the air is blown in with a pressure of 
approx 2-6 bar, producing air cushions with a thickness of 
approx. 5-10 um. These air cushions are self-centring, i.e. if 
the armature plate 43 should be pressed by external influences 
againstone of the two guide plates, then the reducing distance 
increases the force, which recreates the original distance. 
The driving coils 39 of the magnetic flux elements 31, 32 

are excited alternately. By this means the magnetic flux of the 
permanent magnets 35 is concentrated in one pole wall 38 of 
a pole piece 36, and reduced in the other pole wall 38 of the 
pole piece. In FIG.9 the driving coils 39 of the two upper pole 
pieces are excited, so that the magnetic flux is concentrated 
through the upper pole walls. The driving coils of the lower 
pole pieces 36 are not excited, so that the magnetic flux lines 
42 are evenly distributed on both pole walls 38. 

In the area of the opposite pole walls 38, through which the 
magnetic flux is concentrated, in each case the nearest arma 
ture element 45 is attracted, causing the armature plate 43 to 
move in direction of movement 46 (downwards or upwards). 
By driving the driving coils 39 with an excitation current 
pattern corresponding to a sine curve, the armature plate 43 
may be moved evenly downwards or upwards, with the two 
driving coils driven by one each of the magnetic flux elements 
31, 32 with a phase displacement of 90°. The driving coils 
arranged opposite are driven synchronously. This mode of 
driving conforms to that of known linear motors. 
The principle of a linear motor according to the present 

invention lies in the fact that the armature plate with its 
armature elements 45 arranged linearly in a predetermined 
direction is moved by skillful magnetic driving over an area 
comprising several armature elements, and may be held at 
several points within this area, with the spacing of these 
holding points usually corresponding to half the distance 
between two adjacent armature elements. 
A major benefit of the linear motor according to the inven 

tion is that the armature plate 43 is very light. In a prototype 
of the linear motor according to the invention, the armature 
plate weighs 10 g. This armature plate is a ceramic plate in 
which armature elements of soft iron material are inserted. 

Because of the low weight of the armature plate and the test 
probe 1 according to the invention, they may be accelerated 
and braked rapidly with low forces. Since there is also no 
mechanical friction during movement of the armature plate, 
the movement forces which occur are very low. This permits 
very rapid contacting of the circuit board test points to be 
tested, while the low movement forces mean that the risk of 
damage to the circuit board is very low. Acceleration and 
deceleration of 800 m/s2 were obtained with the prototype of 
the present invention. 

FIG.10 shows a simplified embodiment of the linear motor 
shown in FIG. 9, in which once again two magnetic flux 
elements 47, 48 are provided, wherein the magnetic flux 
element 47 is identical to the magnetic flux element 31 of 
FIG. 9, so that identical parts are provided with the same 
reference numbers. 
The magnetic flux element 48 is comprised only of a base 

49 and two limbs 50. The base 49 and the limbs 50 are made 
of a magnetic material. The magnetic flux element 48 is 
U-shaped when viewed from the side. The individual limbs 
50 are again U-shaped viewed from the side, with pole walls 
51, arranged in each case in pairs opposite the pole walls 38 of 
the magnetic flux element 48. The magnetic flux element 48 
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has in turn a guide plate 40 with air nozzles 41, which is 
attached to the free ends of the pole walls 51. 
The magnetic flux element 48 thus forms a passive mag 

netic flux element opposite the active magnetic flux element 
47. 
The embodiment of the linear motor shown in FIG. 10 is 

substantially simpler and more cost-effective than the 
embodiment shown in FIG. 9. 

FIG. 11 shows a third embodiment of a linear motor. This 
again has two magnetic flux elements 52, 53. The magnetic 
flux element 53 is identical to the passive magnetic flux 
element 48 of FIG. 10. Identical parts have therefore been 
given the same reference numbers. The magnetic flux element 
52 has substantially the same form as the magnetic flux ele 
ment 53 with a base 49 and two limbs 50 in the form of pole 
pieces, with each pole piece having two pole walls 51. Only 
the pole walls 51 are somewhat longer, since the driving coils 
39 for driving the armature plate 43 are provided on them. 
Instead of the permanent magnets of the embodiments 
described above, a coil 54 is arranged around the base 49 of 
the magnetic flux element 52, by means of which a static 
magnetic field is applied to the magnetic flux elements 52,53. 
The force by which the armature plate 43 is held may be 
varied by changing the static magnetic field. The static mag 
netic field is therefore variable. The rates of change applicable 
to the static magnetic field are however much less than the 
rates of change of the magnetic fields generated by the driving 
coils 39, which are switched on and off or reversed at higher 
frequency. 

Since by excitation of the driving coils, the static magnetic 
field is concentrated on the pole walls 38 in the manner 
described above with the aid of the embodiment according to 
FIG. 9, the force by which the armature plate is moved can 
also be controlled by varying this magnetic field. Very gentle 
contacting can thus be effected, so that with this linear motor 
it is also possible in principle to use a test probe with an 
unsprung test needle. 

FIG. 13 shows in schematic form a tester for the testing of 
non-componented circuit boards 21, which is a finger tester. 
The finger tester has several test heads 68, each formed by a 
test probe 1 according to the invention and one of the linear 
motors 30 described above. 
The finger tester has an area for holding the circuit board to 

be tested 21, which is held by means of retaining elements 64. 
Located in the area above this holding area is at least one 
cross-bar 65 which extends over the holding area. Preferably 
there are several cross-bars 65, fixed to or also movable on the 
finger tester. If the cross-bars 65 are fixed immovably to the 
finger tester, then the test heads are provided with a swivel 
unit, by means of which at least the test probe 1 concerned 
may be swivelled around a vertical axis. 

Each of the test heads 68 is coupled to a conveyor belt 66, 
by means of which it may be automatically traversed along 
the respective cross-bar 65. Preferably two test heads 68 are 
mounted on a cross-bar, so that two conveyor belts 66 are 
fitted to the cross-bars 65. 

In operation the test probes 1 with their probe tips 5 are 
positioned, by means of a movement in the plane parallel to 
the circuit board 21, over a circuit board test point 22 to be 
tested. The contact tip is then lowered on to the circuit board 
test point 22 by means of the linear motor 30, until the probe 
tip 5 contacts the circuit board test point. The electrical mea 
Surement then takes place, after which the test probe is again 
raised and then traversed to the next circuit board test point. 

Accelerations up to 80 g have been obtained with the linear 
motors according to the invention. 
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With the finger tester according to the invention, the verti 
cal movement may be made at a higher Velocity (e.g. 1.5 
meters per second (m/s)), with minimal mechanical impulses 
being exerted on the circuit board test points. It has been 
shown in tests in which thin plastic film of flexible plastic 
materials such as e.g. FIG. 4, epoxy film, for example, has 
been inserted in the finger tester instead of circuitboards, that 
no contact impressions have been left on the film by the probe 
tips, even though the test probes were moved with maximum 
velocity on to the film. 
The finger tester shown in FIG. 13 has test heads on only 

one side of the circuit board 21 to be tested. Within the scope 
of the invention it is of course possible to design the finger 
tester to have test heads, cross-bars, etc. on both sides of the 
circuit board to be tested. 
The following is a list of reference numbers: 1-test probe; 

2-test needle: 3-needle: 4-shield; 5-probe tip; 6-retaining 
arm; 7-retaining arm; 8-retaining arm, 9-retaining arm; 
10-mount; 11-contact face; 12-pin; 13-slot; 14-through hole; 
15-test headwall; 16-photoelectric switch element; 16a-base; 
16b-limb: 17-measuring vane; 18-measuring edge: 19-direc 
tion of movement for contacting; 20-direction of movement 
2: 21-circuitboard; 21a-conductor path; 22-circuit board test 
point; 23-conductor; 24-current source: 25-conductor; 
26-voltmeter; 27-trough; 28-base; 29-side wall; 29a-trans 
verse web; 30-linear motor; 31-magnetic flux element; 
32-magnetic flux element; 33-base; 34-limb; 35-permanent 
magnet; 36-pole piece; 37-base; 38-pole wall: 39-driving 
coil; 40-guide plate; 41-air nozzle; 42-magnetic flux line; 
43-armature plate; 44-non-magnetic material: 45-armature 
element: 46-direction of movement; 47-magnetic flux ele 
ment; 48-magnetic flux element: 49-base: 50-limb; 51-pole 
wall; 52-magnetic flux element; 53-magnetic flux element; 
54-coil; 55-transverse web: 56-measuring vane; 57-base 
plate: 58-spacer sleeve: 59-plate: 60-wall; 61-contact pin; 
62-contact plate: 63-conductor; 64-retaining element; 
65-cross-bar: 66-conveyor belt; 67-connecting web; and 
68-test head. 

While this invention has been particularly shown and 
described with references to preferred embodiments thereof, 
it will be understood by those skilled in the art that various 
changes in form and details may be made therein without 
departing from the scope of the invention encompassed by the 
appended claims. 

What is claimed is: 
1. Test probe for a finger tester for the testing of circuit 

boards, with no independent drive, the test probe comprising: 
a test needle with a probe tip which may be brought into 

contact with a circuit board test point; 
a mount; and 
at least two pairs of flexible sprung retaining arms that 

pivotably attach the test needle to the mount, 
wherein at least one of the retaining arms is made of an 

electrically conductive material and is electrically con 
nected to the test needle, 

wherein each pair of retaining arms is mounted in one 
plane, with one end fixed to the test needle and the other 
end to the mount, and each pair of retaining arms span 
ning legs of a triangle having at least a partially open 
interior when viewed from above and 

wherein the length of the retaining arms further away from 
the probe tip viewed from the side is designated by the 
variable a, the length of the retaining arms closer to the 
probe tip by the variable b, the length of the test needle 
by the variable L, and the length of the section of the test 
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needle between the respective retaining arms by the 
variable Lo, and these length details satisfy the following 
relationship: 

2. Test probe according to claim 1, wherein both pairs of 
retaining arms comprise a retaining arm made of an electri 
cally conductive material and are electrically connected to the 
test needle. 

3. Test probe according to claim 2, wherein the test needle 
is surrounded by a shield which is electrically connected to 
one or more of the retaining arms, which is electrically con 
ductive and connected to earth and which pivotably attaches 
the test needle to the mount. 

4. Test probe according to claim 1, wherein the test needle 
is surrounded by a shield which is electrically connected to 
one or more of the retaining arms, which is electrically con 
ductive and connected to ground and which pivotably 
attaches the test needle to the mount. 

5. Test probe according to claim 4, wherein the retaining 
arms span the shape of a trapezoid when viewed from the side. 

6. Test probe according to claim 5, wherein the retaining 
arm or arms which is or are closer to the probe tip is or are 
longer than the retaining arm(s) which is or are further from 
the probe tip. 

7. Test probe according to claim 6, wherein the retaining 
arms are surrounded, at least in part, by a shield element. 

8. Test probe according to claim 7, wherein a pre-tension 
ing element is provided, to pre-tension the retaining arms 
against the direction of contacting by a specific amount. 

9. Test probe according to claim 8, wherein a position 
sensor is provided to determine the position of the test needle 
relative to the mount. 

10. Test probe according to claim 9, wherein the position 
sensor has a photoelectric Switch with an optical measuring 
section provided on the mount, and a vane to interrupt the 
optical measuring section provided on the test needle. 

11. Test probe according to claim 10, wherein the optical 
measuring section has a predetermined extent roughly at 
right-angles to the direction of movement of the test needle, 
and the Vane has an interrupting edge running at an angle to 
the direction in which the optical measuring section extends. 

12. Test probe according to claim 1, wherein the retaining 
arms span the shape of a trapezoid when viewed from the side. 

13. Test probe according to claim 12, wherein the retaining 
arm or arms which is or are closer to the probe tip is or are 
longer than the retaining arm(s) which is or are further from 
the probe tip. 

14. Test probe according to claim 1, wherein the retaining 
arms are surrounded, at least in part, by a shield element. 

15. Test probe according to claim 1, wherein a pre-tension 
ing element is provided, to engage and pre-tension the retain 
ing arms against the direction of contacting by a specific 
amount. 

16. Test probe according to claim 1, wherein a position 
sensor is provided to determine the position of the test needle 
relative to the mount. 

17. Test probe for a finger tester for the testing of circuit 
boards, with no independent drive, and with a test needle with 
a probe tip which may be brought into contact with a circuit 
board test point, and which may be pivotably attached to a 
mount by means of at least two pairs offlexible sprung retain 
ing arms, 
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wherein at least one of the retaining arms is made of an 
electrically conductive material and is electrically con 
nected to the test needle, and 

wherein each pair of retaining arms is mounted in one 
plane, with one end fixed to the test needle and the other 
end to the mount, and each pair of retaining arms span 
ning a triangle when viewed from above; and 

further comprising a position sensor to determine the posi 
tion of the test needle relative to the mount, wherein the 
position sensor has a photoelectric Switch with an opti 
cal measuring section provided on the mount, and a vane 
to interrupt the optical measuring section provided on 
the test needle. 

18. Test probe according to claim 17, wherein the optical 
measuring section has a predetermined extent roughly at 
right-angles to the direction of movement of the test needle, 
and the Vane has an interrupting edge running at an angle to 
the direction in which the optical measuring section extends. 

19. Test probe for a finger tester for the testing of circuit 
boards, comprises a test needle with a probe tip for contacting 
a circuit board test point, the test needle being attached to a 
mount by at least two pairs of flexible sprung retaining arms, 

wherein at least one of the retaining arms is electrically 
conductive and is electrically connected to the test 
needle, 

wherein each pair of retaining arms is mounted in a differ 
ent plane, with one end fixed to the test needle and the 
other end to the mount, and each pair of retaining arms 
spanning legs of a triangle having at least a partially 
open interior when viewed from above; and 

wherein the length of the retaining arms further away from 
the probe tip viewed from the side is designated by the 
variable a, the length of the retaining arms closer to the 
probe tip by the variable b, the length of the test needle 
by the variable L, and the length of the section of the test 
needle between the respective retaining arms by the 
variable Lo, and these length details satisfy the following 
relationship: 

20. Test probe according to claim 19, wherein both pairs of 
retaining arms comprise a retaining arm being constructed 
from an electrically conductive material and being electri 
cally connected to the test needle. 

21. Test probe according to claim 19, wherein the test 
needle is surrounded by a shield which is electrically con 
nected to one or more of the retaining arms, which is electri 
cally conductive and connected to ground and which attaches 
the test needle to the mount. 

22. Test probe according to claim 19, wherein the retaining 
arms span the shape of a trapezoid when viewed from the side. 

23. Test probe according to claim 19, wherein the retaining 
arms are surrounded, at least in part, by a shield element. 

24. Test probe according to claim 19, wherein a pre-ten 
Sioning element is provided, to pre-tension the retaining arms 
against the direction of contacting by a specific amount. 

25. Test probe according to claim 19, wherein a position 
sensor is provided to determine the position of the test needle 
relative to the mount. 

26. Test probe for a finger tester for the testing of circuit 
boards, comprises a test needle with a probe tip for contacting 
a circuit board test point, the test needle being attached to a 
mount by at least two pairs of flexible sprung retaining arms, 
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wherein at least one of the retaining arms is electrically 

conductive and is electrically connected to the test 
needle, and 

wherein each pair of retaining arms is mounted in a differ 
ent plane, with one end fixed to the test needle and the 
other end to the mount, and each pair of retaining arms 
spanning a triangle when viewed from above; further 
comprisingaposition sensor to determine the position of 
the test needle relative to the mount in which the position 
sensor has a photoelectric Switch with an optical mea 
Suring section and a vane to interrupt the optical mea 
Suring section. 

27. Test probe according to claim 26, wherein the optical 
measuring section is provided on the mount and the Vane is 
provided on the test needle. 

28. A test probe for a finger tester for the testing of circuit 
boards, with no independent drive, the test probe comprising: 

a test needle with a probe tip which may be brought into 
contact with a circuit board test point, 

a mount, and 
at least two pairs of flexible sprung retaining arms that 

pivotably attach the test needle to the mount, 
wherein at least One of the retaining arms is made of an 

electrically conductive material and is electrically con 
nected to the test needle, and 

wherein each pair of retaining arms is mounted in One 
plane, with One end fixed to the test needle and the other 
end to the mount, and each pair of retaining arms spans 
legs of a triangle having at least a partially open interior 
when viewed from above, 

wherein the lengths of the One pair of retaining arms fir 
ther away from the probe tip are designated by variable 
a and when viewed from the side are shorter than the 
lengths of the other pair of the retaining arms that are 
closer to the probe tip and are designated by variable b. 

29. A test probe according to claim 28, wherein both pairs 
of retaining arms comprise a retaining arm made of electri 
cally conductive sheet metal and are electrically connected to 
the test needle. 

30. A test probe according to claim 28, wherein the test 
needle is surrounded by a shield which is electrically con 
nected to one or more of the retaining arms, which is electri 
cally conductive and connected to ground. 

31. A test probe according to claim 30, wherein the retain 
ing arms span the shape of a trapezoid when viewed from the 
side. 

32. A test probe according to claim 28, wherein the retain 
ing arms span the shape of a trapezoid when viewed from the 
side. 

33. A test probe according to claim 28, wherein the retain 
ing arms are surrounded, at least in part, by a shield element. 

34. A test probe according to claim 28, wherein a pre 
tensioning element is provided to engage and pre-tension the 
retaining arms against the direction of contacting by a spe 
cific amount. 

35. A test probe according to claim 28, wherein a position 
sensor is provided to determine the position of the test needle 
relative to the mount. 

36. A test probe according to claim 28, wherein the sheet 
metal is between 50 and 200 micrometers in thickness. 

37. A tester for testing a circuit board, comprising: 
retaining elements for holding the circuit board 
several test heads that are positioned relative to the circuit 

board, each of the test heads comprising a test probe that 
is contacted with the circuit board, the test probe includ 
ing. 
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a test needle with a probe tip which may be brought into 
contact with a circuit board test point, 

a mount, and 
at least two pairs of flexible sprung retaining arms that 

pivotably attach the test needle to the mount, 
wherein at least One of the retaining arms is made of 

electrically conductive sheet metal and is electrically 
connected to the test needle, and 

wherein each pair of retaining arms is mounted in One 
plane, with One end fixed to the test needle and the other 
end to the mount, and each pair of retaining arms spans 
legs of a triangle having at least a partially open interior 
when viewed from above. 

38. A tester according to claim 37, wherein both pairs of 
retaining arms comprise a retaining arm being constructed 
from electrically conductive sheet metal and being electri 
cally connected to the test needle. 

39. A tester according to claim 38, wherein the test needle 
is surrounded by a shield which is electrically connected to 
One or more of the retaining arms, which is electrically con 
ductive and connected to ground. 
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40. A tester according to claim 37, wherein the retaining 

arms span the shape of a trapezoid when viewed from the side. 
41. A tester according to claim 37, wherein the retaining 

arms are surrounded, at least in part, by a shield element. 
42. A tester according to claim 37, wherein a pre-tension 

ing element is provided, to pre-tension the retaining arms 
against the direction of contacting by a specific amount. 

43. A tester according to claim 37, wherein a position 
sensor is provided to determine the position of the test needle 
relative to the mount. 

44. A tester according to claim 37, wherein each pair of 
retaining arms is made from a single unitary piece of electri 
cally conductive sheet metal. 

45. A tester according to claim 37, wherein the sheet metal 
is between 50 and 200 micrometers in thickness. 

46. A tester according to claim 37, wherein the retaining 
arms which are closer to the probe tip are longer than the 
retaining arms which are farther from the probe tip. 


