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(54) SENSOR DEVICE AND METHOD FOR DETECTING A POSITION OF A CARRIER IN A 
TRANSPORT SYSTEM

(57) There is provided a sensor device (11) and a
method for detecting the position of a carrier (60; 70) in
a transport system (3). The sensor device (11) comprises
at least two sensor elements (111, 112) for measuring
the position of said carrier (60; 70), at least two extra
sensor elements (113, 114) for measuring the position
of said carrier (60; 70), and an adjusting element (115)
for adjusting the detection signals (S10; S20; S30; S10,
S11) of said at least two sensor elements (111, 112) by
detection signals of the at least two extra sensor elements

(113, 114) to cancel at least one harmonic of a base tone
(S0; S01, S02) of one detection signal (S10; S20; S30;
S10, S11), wherein said at least two extra sensor ele-
ments (113, 114) are positioned relative to the at least
two sensor elements (111, 112) to cancel said at least
one harmonic of a base tone (S0; S01, S02) of the de-
tection signals (S10; S20; S30; S10, S11) of the at least
two sensor elements (111, 112) by the adjustment for
which said adjusting element (115) is configured.
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Description

[0001] The present invention relates to a sensor device and a method for detecting a position of a carrier in a transport
system. In particular, the present invention relates to a sensor device and a method for detecting a position of a carrier
in a transport system which moves and/or positions a carrier by interaction between magnetic units and controllable coil
units and is usable for example in the processing of semiconductor wafers.
[0002] Carriers which are individually movable in a transport system are usable to transport products along a processing
line in which the products can be treated by various processes. One example in this regard is the field of producing
semiconductor devices. For producing semiconductor chips with integrated circuits, semiconductor wafers are positioned
on a carrier so that they can be treated by predetermined processes, like etching or irradiation with laser radiation. In
the course of treating the wafer to produce the desired electric circuit element or electric circuitry on the wafer, it is
required that the wafer is positioned at a predefined position. Whether or not the wafer is positioned at the right predefined
position is usually determined by a sensor. Since the element(s) to be produced on the wafer has/have dimensions in
the area of micrometers or less, for example, the position sensor has to provide a high precision signal.
[0003] For positioning the wafer at the predefined position during the production process, a linear motor can be used
in the transport system. The linear motor moves the carrier with the wafer thereon along a track which may have at least
one linear section and additionally or alternatively at least one curved section. The movement of the carriers is achieved
by magnetic effect produced by the interaction of magnetic units and controllable coil units.
[0004] To detect the position of the carriers along the track, position sensors are positioned adjacent to the coils.
Currently, the position sensors are usually Hall sensors which vary their output voltage in response to a magnetic field
and detect thus the magnetic field strength. The gap between the Hall sensors and the controllable coils of the linear
motor influences the quality of the detection signal generated by the Hall sensors. Ideally, the sensor will output a
sinusoidal signal when the carriers move along. If the gap is too small, the signal will be distorted, showing higher odd
harmonics. If the gap is too big, the sensor signal will be smaller giving a worse signal to noise ratio (SNR). Finding an
optimal gap is far from trivial and requires time-consuming iterative procedures. Even if a sensor placement can be
optimized with respect to higher harmonics by varying the air gap between the controllable coils and the Hall sensors
until a radius plot of the squares of both a sine-measurement and a cosine-measurement is smooth, this is a tedious
task, especially with large scale systems, in which more than 1000 sensors are used, for example. In addition, careful
positioning is not always possible, especially in applications with limited space requirements or larger variations in air
gap due to a large variety of carriers.
[0005] Replacing the Hall sensors with magneto-resistive sensors, which are also named MR-sensors and measure
the direction of the magnetic field, cannot solve the above-mentioned problems related to the higher harmonics. In this
case, the positioning of a sensor can only be optimized by comparing its position signal to an additional, separate sensor
system during commissioning to visualize harmonic positioning errors in the MR-sensor readout. This makes accurate
placement of the sensor in most applications impossible.
[0006] Alternatively, an additional, more accurate sensor system can be used to create calibration tables. This is
usually done in a calibration station that is separated from the machine. This solution assumes that the air gap of the
sensor in the calibration station is equal to the air gap for all the sensors in the machine. In addition, the calibration
station cannot discern harmonic sensor inaccuracies from other inaccuracies which may be present in the magnet plate,
for example. Therefore, a separate calibration table is required for each magnet plate. As a result, also such a sensor
system is a tedious and expensive solution.
[0007] Therefore, it is an object of the present invention to provide a sensor device and a method for detecting a
position of a carrier in a transport system which can solve the above mentioned problems. In particular, it is an object
of the present invention to provide a sensor device and a method for detecting a position of a carrier in a transport system
which can simplify and enhance the calibration of a sensor device used for detecting the position of an object by the use
of a magnetic field in a transport system.
[0008] This object is solved by a sensor device for detecting the position of a carrier in a transport system according
to the features of claim 1. The sensor device comprises at least two sensor elements for measuring the position of the
carrier, at least two extra sensor elements for measuring the position of said carrier, and an adjusting element for adjusting
the detection signals of the at least two sensor elements by detection signals of the at least two extra sensor elements
to cancel at least one harmonic of a base tone of one detection signal, wherein the at least two extra sensor elements
are positioned relative to the at least two sensor elements to cancel the at least one harmonic of a base tone of the
detection signals of the at least two sensor elements by the adjustment for which the adjusting element is configured.
[0009] The above described sensor device is constructed such that the sensor device is more tolerant in respect of
an air gap variation. Due to this, even a somewhat inaccurate placement of the sensor device in a transport system
delivers sensor signals with high quality in which also the higher harmonics are cancelled. As a result, the placement of
the sensor device in a transport system is much easier and less cost intensive than before. Assembling a track of a
linear motion system (LMS track) can be done faster and cheaper while maintaining accuracy.
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[0010] Possibly, the described sensor device increases the accuracy due to the averaging of multiple sensor element
readouts.
[0011] The principle used by the described sensor device is beneficial for Hall sensors as well as MR-sensors. Op-
tionally, the principle may also be used for optical sensors or other measurement principles based on sine-cosine signals.
[0012] Further advantageous developments of the sensor device are set out in the dependent claims.
[0013] In an advantageous configuration, the at least two sensor elements and the at least two extra sensor elements
are positioned in a plane which is spaced by an air gap from said at least one carrier. Therewith, the position is detectable
in non-contact. As a result, the position detection does not contribute to wear of the sensor device or the carriers.
[0014] The magnetic sensor elements may be positioned on a line which is parallel with the direction of motion and
which is spaced by an air gap from the at least one carrier.
Possibly, two sensor elements are used for measuring the position of said carrier, wherein at least one of said at least
two extra sensor elements is positioned between the two sensor elements.
[0015] It is possible that the at least two sensor elements are magnetic sensor elements or optical sensor elements
or capacitive sensor elements. Herein, the magnetic sensor elements are Hall elements or magneto-resistive sensor
elements.
[0016] It is either possible that the adjusting element adjusts the detection signals in the analogue domain or in the
digital domain.
[0017] In one embodiment, the adjusting element adjusts the detection signals by subtracting or otherwise processing
the detection signals of the at least two sensor elements and the at least two extra sensor elements.
[0018] At least one sensor device may be used in a transport system which further comprises at least one carrier and
at least two controllable driving devices. Herein, the at least one magnetic element of the at least one carrier cooperates
with the at least two controllable driving devices so that the at least one carrier is moveable relative to the at least two
controllable driving devices by magnetic force, and wherein the at least one sensor device is positioned to detect the
position of the at least one carrier at one of the at least two controllable driving devices.
[0019] In the described transport system, the two controllable driving devices may build a track which comprises at
least one linear section and/or at least one curved section.
[0020] The described transport system may be part of a machine for treating and/or producing an article, wherein the
article is a semiconductor wafer or a display panel or any other (electronic) assembly.
[0021] The above mentioned object is further solved by a method for detecting a position of a carrier in a transport
system according to the features of claim 12. The method comprises the steps of: detecting, by a sensor device, the
position of a carrier in a transport system, wherein said sensor device comprises at least two sensor elements for
measuring the position of said carrier and comprises at least two extra sensor elements for measuring the position of
said carrier and comprises an adjusting element, and adjusting, by the adjusting element, the detection signals of the
at least two sensor elements by detection signals of the at least two extra sensor elements to cancel at least one harmonic
of a base tone of one detection signal, wherein said at least two extra sensor elements are positioned relative to the at
least two sensor elements to cancel the at least one harmonic of a base tone of the detection signals of the at least two
sensor elements by the adjustment performed by the adjusting element.
[0022] The above described method is performed by the use of the above described sensor device. Therefore, the
method achieves the same advantages as they are mentioned above in respect of the device.
[0023] Further possible implementations of the invention comprise also combinations of features or styles described
above or in the following with reference to the embodiments, even if they are not explicitly mentioned. Herein, the person
skilled in the art will also add single aspects as improvements or additions to the respective basic form of the invention.
[0024] Further implementations of the invention are subject matter of the embodiments of the invention described in
the following.
[0025] In the following, the invention is described in more detail by means of embodiments and with reference to the
appended drawing figures, wherein:

Fig. 1 schematically shows a side view of a part of a machine with a transport system having a sensor device
according to an embodiment;

Fig. 2 schematically shows a configuration of a sensor device according to the embodiment;

Fig. 3 shows signals outputted by a first sensor element of the sensor device according to a first example of the
embodiment;

Fig. 4 shows signals outputted by a first sensor element of the sensor device according to a second example of the
embodiment;
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Fig. 5 shows a Lissajous figure resulting from the signals shown in Fig. 7;

Fig. 6 shows a Lissajous figure resulting from the signals outputted by the sensor device according to the embodiment;
and

Fig. 7 shows signals output by first and second sensor elements of the sensor device according to a third example
of the embodiment.

[0026] In the drawing figures, the same or functionally same elements are provided with the same reference signs
unless given otherwise.
[0027] Fig. 1 shows in a simplified and schematic view a part of a machine 1 for treating and/or producing an article
2. The article 2 can be an electronic apparatus, for example. In particular, the article 2 is a semiconductor wafer or a
display panel. However, the article 2 is not limited thereto and can be any other article.
[0028] The machine 1 comprises a transport system 3 having a transport system control device 4, a detection device
5, a first driving device 10, a second driving device 20, a third driving device 30, a fourth driving device 40, a fifth driving
device 50, a first carrier 60 and a second carrier 70. In Fig. 1, the first to fifth driving devices 10, 20, 30, 40, 50 build up
a track of the transport system 3. The first and second carriers 60, 70 may be moved back and forth or translational on
the track in the transport system 3, as shown by the arrows 90, 91 in Fig. 1.
[0029] A movement of the carriers 60, 70 over the first to fifth driving devices 10, 20, 30, 40, 50 and the position of
the carriers 60, 70 is detected by sensor devices 11, 12, 21, 22, 31, 32, 41, 42, 51, 52. The carriers 60, 70 are spaced
to the first to fifth driving devices 10, 20, 30, 40, 50 and/or the sensor devices 11, 12, 21, 22, 31, 32, 41, 42, 51, 52 by
at least an air gap G.
[0030] The sensor devices 11, 12 are each positioned at one side of the first driving device 10.
[0031] The sensor devices 21, 22 are each positioned at one side of the second driving device 20.
[0032] The sensor devices 31, 32 are each positioned at one side of the third driving device 30.
[0033] The sensor devices 41, 42 are each positioned at one side of the fourth driving device 40.
[0034] The sensor devices 51, 52 are each positioned at one side of the fifth driving device 50.
[0035] The sensor devices 11, 12, 21, 22, 31, 32, 41, 42, 51, 52 can each detect at which position a carrier of the
carriers 60, 70 is present at the corresponding first to fifth driving devices 10, 20, 30, 40, 50. The time displacement of
the signals of the sensor devices 11, 12, 21, 22, 31, 32, 41, 42, 51, 52 indicate, in which direction the respective carrier
60, 70 travels or moves over the first to fifth driving devices 10, 20, 30, 40, 50.
[0036] The carriers 60, 70 are movable in the transport system 3 of Fig. 1 by a control performed by the transport
system control device 4 and first to fifth driving device control devices 14 to 54 of the transport system 3. Herein, the
first driving device 10 is controlled by the first driving device control device 14. The second driving device 20 is controlled
by the second driving device control device 24. The third driving device 30 is controlled by the third driving device control
device 34. The fourth driving device 40 is controlled by the fourth driving device control device 44. And, the fifth driving
device 50 is controlled by the fifth driving device control device 54.
[0037] As illustrated in the specific example of Fig. 1, the first carrier 60 comprises a plurality of magnetic elements
61 being positioned spaced to each other at a base plate. Similarly, the second carrier 70 comprises a plurality of
magnetic elements 71, being positioned spaced to each other at a base plate of the second carrier 70. For the sake of
clear depiction, not all of the magnetic elements 61, 71 are provided with a reference sign in Fig. 1. The magnetic
elements 61, 71 are spaced to each other at the first and second carriers 60, 70 so that a magnet pole pitch 62 is present,
as depicted in Fig. 1 at the first carrier 60. A similar magnet pole pitch is present at the second carrier 70, as well. The
magnet pole pitch 62 is equal to the distance from one North-pole to the next North-pole. The magnet pole pitch 62 is
typically selected as 24 mm. However, the magnet pole pitch 62 is not limited thereto but may be selected suitable for
the technical application.
[0038] The magnetic elements 61, 71 cooperate with the first to fifth driving devices 10, 20, 30, 40, 50 so that the
carriers 60, 70 are moveable over the first to fifth driving devices 10, 20, 30, 40, 50 by magnetic force and the control
performed by the control devices 4, 14, 24, 34, 44, 54. For this purpose, the magnetic elements 61, 71 of the first and
second carriers 60, 70 are faced to the first to fifth driving devices 10, 20, 30, 40, 50 so that the magnetic elements 61,
71 can cooperate with the first to fifth driving devices 10, 20, 30, 40, 50 to transport the carriers 60, 70. Thus, the carriers
60, 70 are moveable over the track of the transport system 3 from a first position to a second position different from the
first position. For example, the first position is the position on the left side of the transport system 3 in Fig. 1, where the
first driving device 10 is positioned in Fig. 1. The second position could then be the position of the fourth or fifth driving
device 40, 50, which are positioned on the right side in Fig. 1.
[0039] The movement of the carriers 60, 70 over the track can be tracked by evaluating the detection signals of the
sensor devices 11, 12, 21, 22, 31, 32, 41, 42, 51, 52.
[0040] A coarse position p of the carriers 60, 70 relates to a position of the carriers 60, 70 given in a dimension which
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corresponds to the dimension of more than one pole pitch 62. A fine position fp of the carriers 60, 70 relates to a position
of the carriers 60, 70 given in a dimension of one pole pitch 62. To determine a position of the carriers 60, 70 in the
dimension corresponding to the dimension of one pole pitch 62, i.e. a fine position fp, the vertical component of the field
of the magnet plate of the corresponding carriers 60, 70 is presumed sinusoidal. This assumption is used explicitly in
the use of a tan-1 function to determine an angle φ, as described in more detail below, and is seen to be valid - up to a
certain level of accuracy - at a carefully selected distance from the magnets of the carriers 60, 70. At this distance, called
the air gap G, sensor elements 111, 112, 121, 122 of the sensor devices 11, 12 should be placed. The same is valid for
the sensor devices 21, 22, 31, 32, 41, 42, 51, 52 so that the principle is only explained in detail by reference to the sensor
devices 11, 12.
[0041] As a rule of thumb, the air gap G should be approximately at a quarter of the pole pitch. If a 24mm magnet
plate is used, the air gap G should be approximately 6mm. However it is possible to alternatively choose different values
for the air gap G, in order to balance between signal distortion and signal to noise ratio (SNR).
[0042] Fig. 2 schematically shows a specific example for the configuration of the sensor device 11. One or more of
the sensor devices 12, 21, 22, 31, 32, 41, 42, 51, 52, 12, 21, 22, 31, 32, 41, 42, 51, 52 may be configured like the sensor
device 11.
[0043] The sensor device 11 has a first sensor element 111, a second sensor element 112, a third sensor element
113, a fourth sensor element 114, and an adjusting element 115. The sensor device 11 is a device in which the sensor
elements 111 to 114 each deliver a sinusoidal signal in detecting the position of the carriers 60, 70 at the first driving
device 10. The period of the sinusoidal signal corresponds to one pole pitch 62. Herein, the sensor elements 111, 112
build a SinCos-sensor to which the extra sensor elements 113, 114 are added as it is explained in more detail in the
following.
[0044] For detecting the position of the carriers 60, 70 at the first driving device 10, the sensor element 111 produces
a sine signal and the sensor element 112 is positioned to produce a cosine-signal. This is achieved by positioning the
sensor element 112 spaced apart from the sensor element 111 by an offset G11 in the direction of transitional movement
of one carrier 60, 70 over the driving device 10, as shown in Fig. 2. The offset G11 is defined as the distance between
the ends of the two sensor elements 111, 112, which a carrier 60, 70 reaches at first when the carrier 60, 70 moves to
the sensor element 111 and then to the sensor element 112. These ends of the sensor elements 111, 112 may also be
named as heads of the sensor elements 111, 112. The offset G12 between the sensor elements 112, 113 is defined in
the same way.
[0045] The sensor elements 111 to 114 monitor the magnetic field from magnetic elements 61 or 71 of the carriers
60, 70. Since the sensor elements 111, 112 are displaced by the offset G11 from each other, there is a phase difference
between the output of the two sensor elements 111, 112.
[0046] In the above-example, in which the magnet pole pitch 62 is selected as 24 mm, the sensor elements 111, 112
are displaced by an offset G11 of 24/4 = 6 mm apart, since this corresponds to a quarter of a period of the sinewave.
In general, it is said that the sensor element 111 produces a sinewave, while the sensor element 112 produces a cosine
wave, since sin (φ + 90°) = cos(φ).
[0047] For detecting the course position p of a carrier 60, 70 in the transport system 3, the sensor device 11 counts
how many magnetic periods or magnet pole pitches 62 have passed since the carrier 60, 70 was first detected by the
sensor device 11.
[0048] To obtain fine positioning fp, the angle φ is converted to units of the detected position, for example into mm,
using the magnetic period or magnet pole pitch 62, for example 24 mm, as mentioned in equation (1). 

[0049] The estimated angle φE is estimated using the trigonometric relations 

[0050] In the present embodiment, the sensor device 11 comprises magnetic elements as the sensor elements 111
to 114 to measure the position of a carrier 60, 70 by looking at the vertical field of a magnet plate of this carrier 60, 70.
The magnetic elements 111 to 114 may be Hall sensor elements and/or magneto-resistive sensor elements (MR-sensor
elements). Alternatively, the sensor elements 111, to 1142 may be optical sensors. Alternatively, the sensor elements
111, to 114 may be capacitive sensor elements. Alternatively, the sensor elements 111, to 114 may be pressure sensor
elements.
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[0051] The sensor elements 111, to 114 are positioned adjacent to each other in the same direction as the direction
of the movement of the carriers 60, 70 and which is approximately perpendicular to the direction of the air gap G. Thus,
the sensor elements 111, to 114 are positioned in a plane and on a line, wherein the plane and/or the line are/is in
parallel with the direction of the movement of the carriers 60, 70 and are/is spaced by the air gap G from the carriers
60, 70. In compliance with these conditions, the offset G130 with which the sensor elements 111 and 113 are positioned
relative to each other is determined as described in the following with reference to Fig. 3 and Fig. 4.
[0052] As an example, the first sensor element 111 outputs a detection signal S10 of Fig. 3 over the carrier position
p which corresponds to the angle φ, as mentioned above. The detection signal S10 has an output voltage Uo and a
period P10 and thus a spatial frequency f10 = 1/P10 as illustrated in Fig. 3. The detection signal S10 is built up by a base
tone S0 and a third harmonic S1. As derivable from Fig. 3, the detection signal S10 is a somewhat stomped version of
the sine-wave of the base tone S0. This shows that the first sensor element 111 is positioned at a distance which is too
close to detect the magnetic field correctly, i.e. the detection signal S10 is no longer well-described by a sinus. In other
words, the air gap G is too small.
[0053] As observable from Fig. 3, the third harmonic S1 repeats itself after 120° (one third) of the period P10 of the
base tone S0 while the base tone S0 repeats itself (by definition) after the period P10. In other words, the period P1 of
the third harmonic S1 and the period P10 of the base tone S0 are different.
[0054] Therefore, to remove harmonics from the detection signal S10 in order to achieve higher accuracy in the
determination of the position, extra sensor elements are added to the sensor elements 111, 112. In the example of Fig.
2, two extra sensors are added, namely, the sensor elements 113, 114. The sensor element 113 is positioned to be
spaced apart from the first sensor element 111 by a distance G130 which is equivalent to φ = 120°and where the second
sensor element 113 detects signals from the same source, for example a carrier 60 as shown in Fig. 1. Similarly an
extra sensor element 114 is added at a distance G140. Thus, the sensor element 111 is positioned at the position 0°,
the sensor element 112 is positioned at 90°, the extra sensor element 113 is positioned at 120° and the extra sensor
element 114 is positioned at 210°. As a result, the third harmonic S1 of the sensor element 113 is in phase with the third
harmonic S1 of the first sensor element 111 and the base tones S0 of both sensor elements 111, 113 are not.
[0055] Therefore, the adjusting element 115 is configured to subtract the two signals of the first and third sensor
elements 111, 113. This cancels the third harmonic S1 completely and provides a pure base tone S0’. This pure base

tone S0’ will have a modified amplitude, which can mathematically be proven to have an amplitude by a factor of 
larger, and a phase shift of 30° with respect to the signal S0 of the first sensor element 111 as it is shown in Fig. 3.
Similarly, the adjusting element 115 is configured to subtract the two signals of the second and fourth sensor elements
112, 114.
[0056] It is possible that the adjusting element 115 subtracts the two analogous signals of the first and third sensor
elements 111, 113 and the two analogous signals of the two signals of the second and fourth sensor elements 112, 114.
That is, the combination of the signals of the first and third sensor elements 111, 113 and the second and fourth sensor
elements 112, 114 can be done in the analogue domain. A benefit of combining the signals in the analogue domain is
that the output of the sensor device 11 which consists of multiple measurement devices is still one analogous Sine
signal. So it has the same signal interface as a conventional measurement device.
[0057] Alternatively the adjusting element 115 combines the signals of the first and third sensor elements 111, 113 in
the digital domain. Similarly, the adjusting element 115 combines the signals of the second and fourth sensor elements
112, 114 in the digital domain. Such a course of action has the benefit of correcting for gain variations in the different
sensor elements 111 to 114.
[0058] Due to the periodicity of the harmonic signals, there are multiple combinations that will yield a pure base tone
S0’. To eliminate a higher harmonic from a signal of the sensor 11, it is either required that

A1) in case the both signals S10 of the elements 111, 113 are subtracted, the sensor element 113 produces a signal
S10 where the harmonic S1 is in phase with the harmonic S1 of the signal S10 produced by the first sensor element
111, which applies to the signals S10 produced by the sensor elements 112, 114, as well, and
B1) the base tone S0 of the signals S10 produced by the sensor elements 111, 113 is not in phase which applies
to the signals S10 produced by the sensor elements 112, 114, as well.

A2) in case the both signals S10 of the elements 111, 113 are added, the sensor element 113 produces a signal
S10 where the harmonic S1 is in counter phase with the harmonic S1 of the signal S10 produced by the first sensor
element 111, which applies to the signals S10 produced by the sensor elements 112, 114, as well, and
B2) the base tone S0 of the signals S10 produced by the sensor elements 111, 113 is not in counter phase which
applies to the signals S10 produced by the sensor elements 112, 114, as well.

[0059] Both ways mentioned above have the result that higher harmonics S1 and so on are cancelled while the base-
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tone S0 is not cancelled.
[0060] Fig. 3 shows that the extra sensor element 113 can be placed spaced to the sensor element 111 at an offset
G130 which is equivalent to an angle φ of 120° (corresponding to 1/3 P10) to fit the requirement that the signal S1 is in
phase (the value of the third harmonic S1 of a second sensor element 112 placed at 1/3 P10 away from the first sensor
element 111 is equal to the value of the third harmonic S1 of the first sensor element) and the signal S0 is not in phase
(the value of the first harmonic of the sensor element 113 placed at 1/3 P10 away from the first sensor element 111 is
not equal to the value of the first harmonic of the first sensor element 111). The same applies to the signals S10 produced
by the sensor elements 112, 114.
[0061] From Fig. 3, it can be similarly observed that it is also possible to place such an extra sensor element 113 at
an offset G130 which is equivalent to an angle φ = 240° = 2 * 120°, as this location will also fit the above-mentioned
requirement. The same applies to the extra sensor element 114 as regards the sensor element 112 and thus the offset 140.
[0062] At an offset G130 which is equivalent to an angle φ = 360° (3 * 120°), it is not advantageous to place an extra
sensor element 113, as this does not fit the requirement B1) or B2). The same applies to the extra sensor element 114
as regards the sensor element 112.
[0063] In general, it is possible to place an extra sensor element 113 spaced apart from the first sensor element 111
by an offset G130- which is equivalent to any angular distance of k * 120°, if k is 1, 2, 4, 5, 7, 8, 10 ...and for all k which
cannot be divided by 3. Each of these offsets G130 corresponds to k/3 * P10. The same applies to the sensor element
114 as regards the sensor element 112. The thus obtained signals are of the form: 

which all have an amplitude √3 larger than the original and the phase shift depends on the actual value of k, as can
easily be derived from mathematical analysis.
[0064] The value for k should be chosen as small as possible, whilst the sensor 11 can still be manufactured. Herein,
a too small value for k in combination with a small value for P10 could lead thereto that it is impossible to produce the
sensor device 11, because the sensors 111 and 112 are too close to each other. The same applies to the sensor element
114 as regards the sensor element 112.
[0065] It is also possible to cancel higher harmonics by adding signals instead of subtracting. The signals are then of
the form: 

[0066] The relations (3) and (4) give all options for creating additive sensors 11 Obviously, the combinations for k=0
or k=3 in the above equations will not yield a clean tone, since the base tone S0 will be cancelled as well. Thus, the
equations (3) and (4) will yield no tone.
[0067] In general, all combinations for which the higher harmonic is cancelled, and the base tone S0 is not cancelled
can be used to clean up the distorted signal.
[0068] It is also possible to cancel harmonics higher than the third harmonic S1. The adjusting element 115 would
have to be adapted accordingly.
[0069] In the example of Fig. 4, the first sensor element 111 outputs a detection signal S20 having a period P20 and
thus a frequency f20 = 1/P20 as illustrated in Fig. 3. The detection signal S10 is built up by a base tone S0 and a fifth
harmonic S2. The detection signal S20 as the resulting signal is a harmonic signal with the frequency f20. In this example,
the detection signal S20 is a somewhat pointy version of the sine-wave of the base tone S0.
[0070] As derivable from the above, the detection signal S20 can be cleaned up, if the extra sensor element 113 is
positioned at a gap 130 corresponding to P20/5 (corresponding to 72°) apart from the first sensor element 111 so that
the signal of the sensor element 113 is subtracted from the signal S20 by the adjusting element 115. The same applies
to the sensor element 114 as regards the sensor element 112.
[0071] Thus, in the example of Fig. 4, the sensor element 111 would be positioned at 0°, the sensor element 112
would be positioned at 90°, the sensor element 113 would be positioned at 72° and the sensor element 114 would be
positioned at 162°. One notes that the sensor elements 112 and 113 have thus switched position compared to the
example of Fig. 3 mentioned above. That is, the extra sensor element 113 is to be positioned between the first and
second sensor elements 111, 112.
[0072] In general, a periodic sensor element signal distorted with an n-th harmonic S1, S2, ... can be cleaned by
placing an additional sensor element at an offset 130 corresponding to k/n*360° for all k for which k/n does not yield an
integer value, and subtracting the two signals.
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[0073] Alternatively, an n-th harmonic S1, S2, ... Sn can be cancelled by placing an extra sensor element at an angular
distance of -180°+k/n*360° for all k for which k/n does not yield an integer value. Subtracted signals are then of the form: 

[0074] And additive signals are of the form: 

where k is any integer value, n is the harmonic to be suppressed and N is a natural number or integer value. The
amplitude of the respective detection signal S10, S20, ... will be modified by a factor 2sin(k/2n 3 360°).
[0075] The phase shift of the base tone S0 due to the additional sensor will be k/2n 3 360° - 90°.
[0076] Also here it is possible that the adjusting element 115 subtracts the analogous signals of the sensor elements
111, 113 and the analogous signals of the second and fourth sensor elements 112, 114. That is, the combining of the
signals of the sensor elements 111, 113 can be done in the analogue domain with the same benefit as mentioned in
respect of Fig. 3.
[0077] Alternatively the adjusting element 115 combines the signals of the sensor elements 111, 113 and the signals
of the sensor elements 112, 114 in the digital domain with the same benefit as mentioned before in respect of the third
harmonic shown in Fig. 3.
[0078] Consequently, the sensor device 11 of the embodiment generates a sine-wave voltage Usin and a cosine-wave
voltage Ucos, both as a function of the carrier position p, due to the specific placement of the sensor elements 111 to
114 in the sensor device 11. In case the measured voltages Usin, Ucos are not perfectly sinusoidal, since the measured
voltages Usin, Ucos are distorted by harmonic components, a graph shown in Fig. 5 is the result. In Fig. 5, the measured
voltage Ucos is shown on the horizontal axis and the measured voltage Usin is shown on the vertical axis. The form of
the graph of Fig. 5 is a result of an imperfect air gap G shown in Fig. 1.
[0079] Fig. 6 shows the graph which results due to the specific placement of the sensor elements 111 to 114, which
is made as described above to avoid that the measured voltages Usin, Ucos are not perfectly sinusoidal, since the
measured voltages Usin, Ucos are distorted by harmonic components.
[0080] According to a modification of the above-described principle of achieving a clean measurement signal, a pres-
sure sensor may use at least four sensor elements 111 to 114 which measure pressure and which are placed according
to the above-described principle.
[0081] According to a further modification of the above-described principle of achieving a clean measurement signal,
a temperature sensor may use at least four sensor elements 111 to 114 measuring temperature and which are placed
according to the above-described principle.
[0082] In general, the sensor device 11 may be further adjusted by further sensor elements 111, 112, 113, 114 to 11N
to suppress multiple higher harmonics by making ’combined combinations’ of sensors. Even more complex variants are
imaginable, but at steeply increasing cost and complexity - the total number N of sensor elements 111, 112, 113, 114
to 11N needed is N = 2n+1, in which n equals the number of higher harmonics S1, S2, ...Sn to suppress.
[0083] In a general case, the field of the magnetic elements 61 and 71 would be sampled spatially and the signal
processing would have the nature of a Discrete Fourier Transform to produce the base tone S0 as the signal of interest.
[0084] The sensor elements 111 to 11N are positioned adjacent to each other in the direction of the movement of the
carriers 60, 70 and which is approximately perpendicular to the direction of the air gap G.
[0085] Fig. 7 shows an example of an output of the sensor device 11 in a configuration of a machine 1 shown in Fig.
1 and Fig. 2,
The sensor elements 111 to 114 are positioned adjacent to each other in the direction of the movement of the carriers
60, 70, as described before in respect of Fig. 1 and Fig. 2. In compliance with these conditions, the sensor elements
113, 114 are positioned relative to the sensor elements 111, 112 as described in the following with reference to Fig. 7.
[0086] As an example, the first sensor element 111 outputs the sinusoidal detection signal S10 as illustrated in Fig.
7. The detection signal S10 is built up by a base tone S01 and a third harmonic S1. The detection signal S10 as the
resulting signal is a harmonic signal with a frequency as described in the previous examples of Fig. 3 and Fig. 4. Also
here, the detection signal S10 is a somewhat stomped version of the sine-wave of the base tone S01.
[0087] Further in this example, the sensor element 112 outputs a cosine-type detection signal S11 as illustrated in
Fig. 7. The detection signal S11 is built up by a cosine-type base tone S02 and a third harmonic S12. The detection
signal S11 as the resulting signal is a harmonic signal with a frequency identical to the frequency of the signal S10. Also
here, the detection signal S11 is a somewhat stomped version of the cosine-wave of the cosine-type base tone S02.
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[0088] As derivable from Fig. 7, the detection signals S10, S11 each have a period corresponding to 24mm. The
detection signals S10, S11 are augmented with the third harmonic components S1, S12 which each have a period
corresponding to 8mm.
[0089] The zoomed figure on the left and the bottom of Fig. 7 shows that the third harmonic S1 of the sine wave peaks
at an angle φ = 30° which corresponds to 2 mm offset. The third harmonic S12 of the cosine wave peaks at 0 mm.
[0090] The resulting Lissajous figure of the distorted signals of Fig. 7 is the same as shown in Fig. 5. Thus, also here,
the Lissajous figure clearly has a square shaped appearance.
[0091] So by combining the original sensor signals S10, S11 with signals of the extra sensor elements 113, 114 that
are spaced at a certain predefined distance from these original sensor elements 111, 112, the third harmonics S1, S12
can be suppressed.
[0092] Also here it is possible that the adjusting element 115 subtracts the analogous signals of the sensor elements
111 to 114. That is, the combining of the signals of the sensor elements 111 to 114 can be done in the analogue domain
with the same benefit as mentioned above.
[0093] Alternatively the adjusting element 115 combines the signals of the sensor elements 111 to 114 in the digital
domain with the same benefit as mentioned in respect of the first embodiment.
[0094] Thus, a Lissajous figure of the compensated sensor signals S10, S11 according to Fig. 6 can be achieved. The
Lissajous figure has now the desired circular shaped appearance.
[0095] During operation of the machine 1 of Fig. 1, the sensor device 11 can observe a multitude of revolutions each
indicating one magnetic period, which corresponds to one pole pitch 62 of the magnet plate of the carriers 60, 70, as
illustrated in Fig. 7 by the detection signals S10, S11.
[0096] The revolutions can be counted to obtain coarse position information with a resolution of the pole pitch 62.
Within one pole pitch 62, a fine resolution can be obtained by means of interpolation. The total position of the carrier 60,
70 as determined by the sensor 11 is equal to the coarse position p plus the interpolated fine position fp.
[0097] For the fine interpolation, the detection signals S10, S11 are processed as follows.
[0098] In an offline pre-processing, a unit circle is fitted to obtain calibration parameters for voltage offsets, voltage
gains, and sine-cosine phase error. Thereafter, a calibration is applied to the measured detection signals S10, S11.
Further, the angle ϕ is determined by means of the tan-1 function of the calibrated sine and cosine values of the detection
signals S10, S11. Further, the position p is determined by mapping the angle ϕ to the pole pitch 62: p = ϕ /360°*pole-pitch.
[0099] According to a second embodiment, at least one of the sensor devices 11 12, 21, 22, 31, 32, 41, 42, 51, 52,
12, 21, 22, 31, 32, 41, 42, 51, 52, is an optical sensor. Herein, the sensor elements thereof are placed as described
above with reference to the magnetic sensing systems.
[0100] All of the above-described implementations of the machine 1, the sensor devices 11, 12 and the above-described
method can be used separately or in all possible combinations thereof. The features of the described embodiments
and/or their modifications can be combined arbitrarily. Moreover, in particular, the following modifications are conceivable.
[0101] The dimensions shown in the drawings are used for illustrating the principle of the invention and are not limiting.
The actual dimensions of the detection device 5 and the components thereof can be selected as appropriate to fulfil the
above described functionality.
[0102] The elements shown in the figures are depicted schematically and can differ in the specific implementations
from the forms shown in the figures provided that the above-described functions are ensured.
[0103] The number of the driving devices 10, 20, 30, 40, 50 can be selected as desired. The number can be at least two.
[0104] The sensor devices 11 12, 21, 22, 31, 32, 41, 42, 51, 52, 12, 21, 22, 31, 32, 41, 42, 51, 52 are optionally
configured for detecting dimensions in the range of micrometers, for example. That is, the dimensions can be in the
range of meters to nanometers or less, however, preferably, in the range of millimeters to micrometers or less. In the
case of the carriers 60, 70 being a carrier for carrying a wafer, it is preferable that the sensor devices 11 12, 21, 22, 31,
32, 41, 42, 51, 52, 12, 21, 22, 31, 32, 41, 42, 51, 52, are configured to detect dimensions in the range of at least
micrometers, i.e. micrometers or less, for example 10 to 100 mm.

Claims

1. A sensor device (11) for detecting the position of a carrier (60; 70) in a transport system (3), said sensor device (11)
comprising at least two sensor elements (111, 112) for measuring the position of said carrier (60; 70), at least two
extra sensor elements (113, 114) for measuring the position of said carrier (60; 70), and an adjusting element (115)
for adjusting the detection signals (S10; S20; S30; S10, S11) of said at least two sensor elements (111, 112) by
detection signals of the at least two extra sensor elements (113, 114) to cancel at least one harmonic of a base tone
(S0; S01, S02) of one detection signal (S10; S20; S30; S10, S11), wherein said at least two extra sensor elements
(113, 114) are positioned relative to the at least two sensor elements (111, 112) to cancel said at least one harmonic
of a base tone (S0; S01, S02) of the detection signals (S10; S20; S30; S10, S11) of the at least two sensor elements
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(111, 112) by the adjustment for which said adjusting element (115) is configured.

2. The sensor device (11) according to claim 1, wherein said at least two sensor elements (111, 112) and the at least
two extra sensor elements (113, 114) are positioned in a plane which is spaced by an air gap (G) from said at least
one carrier (60; 70).

3. The sensor device (11) according to claim 2, wherein said sensor elements (111, 112) are positioned on a line which
is in parallel with the direction of motion and which is spaced by an air gap (G) from said at least one carrier (60; 70).

4. The sensor device (11) according to any one of the preceding claims, wherein two sensor elements (111, 112) are
used for measuring the position of said carrier (60; 70), and wherein at least one of said at least two extra sensor
elements (113, 114) is positioned between the two sensor elements (111, 112).

5. The sensor device (11) according to any one of the preceding claims, wherein said at least two sensor elements
(111, 112) are magnetic sensor elements or optical sensor elements or capacitive sensor elements.

6. The sensor device (11) according to claim 4, wherein said magnetic sensor elements are Hall elements or magneto-
resistive sensor elements.

7. The sensor device (11) according to any one of the preceding claims, wherein said adjusting element (115) adjusts
the detection signals (S10; S20; S30; S10, S11) in the analogue domain or in the digital domain.

8. The sensor device (11) according to any one of the preceding claims, wherein said adjusting element (115) adjusts
the detection signals (S10; S20; S30; S10, S11) by subtracting or otherwise processing the detection signals (S10;
S20; S30; S10, S11) of said at least two sensor elements (111, 112) and the at least two extra sensor elements
(113, 114).

9. A transport system (3), comprising
at least one carrier (60; 70),
at least two controllable driving devices (10, 20, 30, 40, 50), and
at least one sensor device (11) according to one of the preceding claims, wherein at least one magnetic element
(61; 71) of said at least one carrier (60; 70) cooperates with said at least two controllable driving devices (10, 20,
30, 40, 50) so that said at least one carrier (60; 70) is moveable relative to said at least two controllable driving
devices (10, 20, 30, 40, 50) by magnetic force, and wherein said at least one sensor device (11) is positioned to
detect the position of said at least one carrier (60; 70) at one of said at least two controllable driving devices (10,
20, 30, 40, 50).

10. The transport system (3) according to claim 9, wherein said two controllable driving devices (10, 20, 30, 40, 50)
build a track which comprises at least one linear section and/or at least one curved section.

11. A machine (1; 3) for treating and/or producing an article (2), comprising a transport system (3) according to claim
9 or 10, wherein said article (2) is a semiconductor wafer (2) or a display panel.

12. A method for detecting a position of a carrier (60; 70) in a transport system (3), comprising the steps of detecting,
by a sensor device (11), the position of a carrier (60; 70) in a transport system (3), wherein said sensor device (11)
comprises at least two sensor elements (111, 112) for measuring the position of said carrier (60; 70) and comprises
at least two extra sensor elements (113, 114) for measuring the position of said carrier (60; 70) and comprises an
adjusting element (115), and adjusting, by said adjusting element (115), the detection signals (S10; S20; S30; S10,
S11) of said at least two sensor elements (111, 112) by detection signals of the at least two extra sensor elements
(113, 114) to cancel at least one harmonic of a base tone (S0; S01, S02) of one detection signal (S10; S20; S30;
S10, S11), wherein said at least two extra sensor elements (113, 114) are positioned relative to the at least two
sensor elements (111, 112) to cancel the at least one harmonic of a base tone (S0; S01, S02) of the detection
signals (S10; S20; S30; S10, S11) of the at least two sensor elements (111, 112) by the adjustment performed by
said adjusting element (115).
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