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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a control appa-
ratus of a linear motion stage, and more particularly to a
control apparatus for eliminating the inherent oscillation
frequency of a linear motion stage varying with its driven
position by mapping cut-off frequencies of a filter and
damping rates to the driven positions of the linear motion
stage.

BACKGROUND OF THE INVENTION

[0002] When controlling the linear motion stage, it in-
herently makes oscillatory motions resulting in unstable
operations and undesirable oscillation responses.
[0003] Hence, in this case, the analysis of the frequen-
cy response generally is made to determine the type,
frequency and amplitude of the oscillation, according to
which a suitable filter is designed in order to eliminate
the inherent oscillatory motions of the linear motion
stage, thus stabilizing it and improving the capability of
the controlling response. The filter generally is designed
to have a single cut-off frequency regardless of the po-
sitions of the linear motion stage.
[0004] However, the inherent oscillation of the linear
motion stage varies with the driven positions of the linear
motion stage according to the type and structure of the
linear motion stage. Specifically, the inherent oscillation
frequency of the linear motion stage varies with the po-
sition of the slide according to working/assembling/fric-
tional characteristics for a single axial stage, and addi-
tionally with the position of the slide along both axes for
an X-Y stage.
[0005] Fig. 1 illustrates an example of the resonance
frequency varying with the position of a linear motion
stage, wherein "(a)" represents the frequency response
of the Y-axis at X and Y coordinates (0mm, 0mm) in a
stacked X-Y stage, and "(b)" the frequency response of
the Y-axis at X and Y coordinates (225mm, 300mm) in
a stacked X-Y stage.
[0006] In case the degree of the linear motion stage’s
assembling or working deviates greatly according to its
driven positions, or in case of a linear motion stage with
two or more axes connected to each other, the inherent
oscillation frequency and amplitude vary with the driven
position of the stage, as shown in Fig. 1.
[0007] Thus, in the conventional system employing a
single representative cut-off frequency of a filter, the filter
cannot properly perform its function over the whole op-
erational range of the linear motion stage, and accord-
ingly in some cases there occurs an unstable frequency
amplified to make the linear motion system unstable, for
which the filter cannot be applied.
[0008] Fig. 2 illustrates an example of controlling re-
sponse by a resonance frequency varying with the posi-
tion of the linear motion stage, wherein "(a)" represents

the control response of the Y-axis at X and Y coordinates
(0mm, 0mm) in a stacked X-Y stage, and "(b)" the control
response of the Y-axis at X and Y coordinates (225mm,
300mm) in a stacked X-Y stage.
[0009] In case the inherent oscillation frequency and
amplitude vary with the driven position of the stage, as
shown in Fig. 1, a filter with a fixed cut-off frequency and
fixed amplitude cannot properly perform its filtering func-
tion over the whole operational range of the stage, re-
sulting in the control response mixed with oscillation com-
ponents, as shown in Fig. 2.

SUMMARY OF THE INVENTION

[Objects of the Invention]

[0010] It is an object of the present invention to provide
a means for changing the cut-off frequency and damping
rate so as to attenuate the inherent oscillation frequency
varying with the driven position of a linear motion stage.

[Means for Achieving the Objects of the Invention]

[0011] According to an embodiment of the present in-
vention, there is provided a control apparatus of a linear
motion stage. The linear motion stage comprises: a first
filter for filtering the frequency of a signal received from
a linear encoder of the linear motion stage; an adder for
adding an input signal representing a command position
and a negative of an output signal of the first filter; a
control for generating a control signal for controlling the
linear motion stage based on an output signal of the
adder; and a second filter for filtering the frequency of
the control signal, wherein each of the input terminals of
the first and second filters has a correction table for stor-
ing cut-off frequencies and damping rates measured ac-
cording to the driven positions of the linear motion stage,
thereby applying the correction table so as to determine
the cut-off frequencies of the first and second filters and
the damping rates according to the driven positions of
the linear motion stage.
[0012] If the linear motion stage is placed between two
adjacent ones of the driven positions, the cut-off frequen-
cy of each of the first and second filters and the damping
rate are obtained by interpolating between the cut-off fre-
quency and damping rate of one of the adjacent driven
positions and those of the other of the adjacent driven
positions, the interpolating method being one of the linear
interpolation, Lagrange’s polynomial interpolation, Nev-
ille’s recursive method, Newton’s polynomial interpola-
tion, spline interpolation, etc.
[0013] Further aspects and features of the invention,
as well as its advantages, are explained in more detail
in the following description with reference to accompa-
nying drawings.
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[Effects of the Invention]

[0014] According to the present invention, the inherent
oscillation frequency of a linear motion stage varying with
its driven position is eliminated by mapping cut-off fre-
quencies of a filter and damping rates to the driven po-
sitions of the linear motion stage, resulting in the following
advantages:

First, uniform stable frequency response character-
istics are secured regardless of the driven positions
of the linear motion stage.

Second, uniform control response is secured regard-
less of the driven positions of the linear motion stage.

Third, improved control response is secured through
elimination of unstable frequency components of the
linear motion stage.

Fourth, the design of the structure of the linear motion
stage is more simplified and more convenient.

BRIEF DESCRIPTION OF THE ATTACHED DRAW-
INGS

[0015]

Fig. 1 illustrates an example of the resonance fre-
quency varying with the position of a linear mo-
tion stage;

Fig. 2 illustrates an example of controlling response
by a resonance frequency varying with the po-
sition of the linear motion stage;

Fig. 3 is a block diagram for showing the structure of
a conventional linear motion system;

Fig. 4 is a block diagram for showing the structure of
a control apparatus of a linear motion stage ac-
cording an embodiment of the present inven-
tion;

Fig. 5 is a table for illustrating the concept of mapping
the cut-off frequencies of a filter to different po-
sitions of a linear motion stage according to an
embodiment of the present invention; and

Fig. 6 is a graph for illustrating the determination of
the cut-off frequency of a filter in an interval in
addition to measured positions according to an
embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS OF THE INVENTION

[0016] Hereinafter, preferred embodiments of the

present invention will be described in detail with refer-
ence to the attached drawings, so that one having ordi-
nary knowledge in this technical field may readily imple-
ment the present invention. However, in case the de-
scriptions of the conventional elements and functions in-
cluded in an embodiment of the present invention may
confuse the gist of the invention, such descriptions are
omitted. In addition, the parts having similar functions are
represented by same reference numerals throughout the
attached drawings.
[0017] Besides, that one element is connected with an-
other means not only both ’directly connected’ with each
other, but also both ’indirectly connected’ with each other
through an intermediate other element between them.
And the phrase of a part ’including’ a certain element
means that the part may include other elements unless
the description specifies the exclusion of the other ele-
ments.
[0018] Before describing a control apparatus of a linear
motion stage according to the present invention, it will be
helpful for understanding of the present invention to re-
view a conventional linear motion stage.
[0019] The linear motion stage is generally employed
to transfer an article along a straight line in various in-
dustries such as semiconductor (wafer), flat display (e.g.
LCD, OLED, etc.), and machine tool.
[0020] The types of the linear motion stage include a
single axial stage, X-Y stage such as stacked XY stage,
split XY stage and Gantry stage, and a type of a single
axial or X-Y stage associated with an additional stage for
rotational or vertical (Z) driving.
[0021] Fig. 3 is a block diagram for illustrating the struc-
ture of a conventional linear motion system.
[0022] Referring to Fig. 3, the linear motion stage gen-
erally comprises a linear motion stage 10, amplifier 20,
and motion control apparatus 30.
[0023] The linear motion stage 10 further comprises a
linear motor 11, linear encoder 12, linear motion guide
13, slide 14, and base 15.
[0024] The linear motor or actuator 11 serves to pro-
duce a linear thrust for transferring an article along a
straight line.
[0025] The linear encoder 12 provided in one side of
the linear motor 11 is a sensor to detect the position of
the slide 14 driven by the linear motor 11, i.e., the linearly
moving distance of the slide.
[0026] The linear motion guides 13 provided in both
sides of the linear motor 11 are to guide the slide 14
driven by the linear motor 11 along a straight line.
[0027] The slide 14 mounted on the top of the linear
motor 11 is driven by a thrust generated from the linear
motor 11, thus moving along the guide surfaces of the
linear motion guides 13.
[0028] The base 15 is to support the structure of the
linear motion stage 10, namely, under the linear motor
11, linear encoder 12, linear motion guide 13, and slide
14.
[0029] The amplifier 20 amplifies the output signal of
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the motion control apparatus 30, namely, the drive signal
for driving the linear motor 11 of the linear motion stage
10, the drive signal being applied to the linear motor 11.
[0030] The motion control apparatus 30 receives a
feedback signal representing the position of the slide 14
from the linear encoder 12 of the linear motion stage 10,
and generates a control signal for driving the linear motor
11 to move the slide 14 to a desired position.
[0031] In the linear motion system structured as de-
scribed above, the motion control apparatus 30 may em-
ploy the concept of mapping in order to control the linear
motion stage 10.
[0032] Here, the process of mapping comprises the
steps of detecting positioning precision errors relating to
the driven positions of the linear motion stage, storing
the data of the errors in the form of a correction table,
and driving the linear motion stage to a correct position
by using the correction table when actually operating the
linear motion stage. This is called the positioning preci-
sion correction.
[0033] More specifically, the positioning precision er-
rors are detected based on a given interval, prepared as
an error table, which serves as a reference for controlling
the linear motion stage to be moved to a correct position
by adding or reducing the corresponding error value to
or from the position of the linear motion stage primarily
detected. If the stage is placed in the interval between
two adjacent positions at which the positioning precision
errors are detected, the two adjacent error values are
subjected to linear interpolation to find out the position
of the stage, thereby adjusting the stage drive command
by the error thus obtained.
[0034] The present invention employs the concept of
the positioning precision correction to preliminarily detect
the cut-off frequencies of the filter and damping rates
according to the driven positions of the linear motion
stage when designing the filter, the cut-off frequencies
and damping rates being stored in the form of a correction
table. Thus, when actually operating the linear motion
stage, the correction table is used to change the cut-off
frequency of the filter and the damping rate according to
the position of the stage. In other words, the position of
the linear motion stage is corrected in view of its control
stability and control response capability.
[0035] Fig. 4 is a block diagram for showing the struc-
ture of a control apparatus of a linear motion stage ac-
cording an embodiment of the present invention.
[0036] Referring to Fig. 4, a control apparatus 30 of a
linear motion stage according an embodiment of the
present invention comprises an adder 31, PID (Propor-
tional-Integral-Derivative) circuit 32, first filter 34, and
second filter 33.
[0037] Firstly, the first filter 34 and the second filter 33
are respectively to filter unwanted frequencies from the
signal received from the linear encoder 12 of the linear
motion stage 10 and from the output signal of the PID
circuit 32, which may be embodied by means of software.
[0038] In addition, the first filter 34 and the second filter

33 have respectively the input terminals provided with
the correction tables storing the cut-off frequencies and
the damping rates preliminarily detected according to the
driven positions of the linear motion stage, as described
above. Thus, the cut-off frequency of the filters and the
damping rate may be changed by using the correction
tables according to the driven positions of the linear mo-
tion stage.
[0039] The adder 31 adds the input command position
and the negative of the output signal of the first filter 34,
applying the output signal to the PID circuit 32.
[0040] The PID circuit 32 proportions, integrates, and
derives the signal received from the adder 31, namely,
the difference between the input command position and
the position of the stage, so as to generate a control sig-
nal. This is a well-known technique used in the art, of
which the detailed description is omitted. Also the PID
circuit 32 may be replaced by another control circuit such
as PIV control, feed-forward control, and etc., as well-
known to those skilled in the art.
[0041] Fig. 5 is a table for illustrating the concept of
mapping the cut-off frequencies of a filter to different po-
sitions of a linear motion stage according to an embodi-
ment of the present invention.
[0042] The first and second filters provided in the con-
trol apparatus of the linear motion stage commonly con-
sist of the cut-off frequency and the damping rate. For
example, in a linear motion stage consisting of X-Y axes,
the cut-off frequency of the filter and the damping rate
may be defined as a function depending on the position
of each of the axes of the linear motion stage, as shown
by Equation 1. 

[0043] Wherein F_frequency represents the cut-off fre-
quency of the filter, and F_damping the damping rate.
Also Position_x and Position_y respectively represent
the driven position of the XY axes of the linear motion
stage.
[0044] Based on the above Equation, the cut-off fre-
quency of the filter and the amplitude are detected ac-
cording to the driven positions of the linear motion stage,
and the detected data is used to construct a correction
table consisting of the cut-off frequencies and the damp-
ing rates according to the driven positions of the stage,
as shown in Fig. 5.
[0045] The correction table as shown in Fig. 5 is stored
in a memory provided in the control apparatus of the in-
ventive linear motion stage, referencing the input termi-
nals of the first and second filters.
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[0046] Accordingly, the first and second filters may
have the cut-off frequency and the damping rate deter-
mined according to the X and Y coordinates of the linear
motion stage.
[0047] Fig. 6 is a graph for illustrating the determination
of the cut-off frequency of a filter in an interval in addition
to measured positions according to an embodiment of
the present invention.
[0048] As shown in Fig. 6, in case the cut-off frequency
of the filter is defined at every interval of 100mm, the
position of the linear motion stage placed between two
adjacent positions defined may have the cut-off frequen-
cy of the filter obtained by linearly interpolating the two
adjacent cut-off frequencies.
[0049] For example, if the linear motion stage is placed
at a position of 50mm, the cut-off frequency of the filter
may be defined as 160Hz
[0050] If the linear motion stage is placed between two
adjacent ones of the detected positions, the interpolating
method for obtaining the cut-off frequency of the filter and
the damping rate at that position may be selected among
the linear interpolation, Lagrange’s polynomial interpo-
lation, Neville’s recursive method, Newton’s polynomial
interpolation, spline interpolation, etc., which are well-
known in the art, and so their detailed description is omit-
ted.

[Description of the Reference Numerals]

[0051]

10: linear motion stage
11. linear motor
12: linear encoder
13: linear motion guide
14: slide
15: base
20: amplifier
30: motion control apparatus
31: adder
32: PID circuit
33: second filter
34: first filter

Claims

1. A control apparatus of a linear motion stage (10),
comprising:

a first filter (34) for filtering the frequency of a
signal received from a linear encoder (12) of said
linear motion stage (10);
an adder (31) for adding an input signal repre-
senting a command position and a negative val-
ue of an output signal of said first filter (34);
a control for generating a control signal for con-
trolling said linear motion stage (10) based on

an output signal of said adder (31); and
a second filter (33) for filtering the frequency of
said control signal,

wherein said first and second filters (34, 33) have
inputs, each provided with a respective correction
table for storing preliminary detected cut-off frequen-
cies and damping rates according to the driven po-
sitions of said linear motion stage (10), thereby ap-
plying said correction tables of said first and second
filters (34, 33) so as to change the cut-off frequencies
of said first and second filters (34, 33) and said damp-
ing rates according to the driven positions of said
linear motion stage (10).

2. A control apparatus of a linear motion stage (10) as
defined in Claim 1, wherein if said linear motion stage
(10) is placed between two adjacent ones of said
driven positions, the cut-off frequency of each of said
first and second filters (34, 33) and the damping rate
are obtained by interpolating between the cut-off fre-
quency and damping rate of one of said adjacent
driven positions and those of the other of said adja-
cent driven positions, the interpolating method being
one of the linear interpolation, Lagrange’s polynomi-
al interpolation, Neville’s recursive method, New-
ton’s polynomial interpolation, spline interpolation.

Patentansprüche

1. Steuervorrichtung für einen Linearversteller (10), die
Folgendes umfasst:

ein erstes Filter (34) zum Filtern der Frequenz
eines Signals, das von einem Linearencoder
(12) des Linearverstellers (10) empfangen wird;
einen Addierer (31) zum Addieren eines eine
Befehlsposition repräsentierenden Eingangssi-
gnals und eines negativen Wertes eines Aus-
gangssignals des ersten Filters (34);
eine Steuerung zum Erzeugen eines Steuersi-
gnals zum Steuern des Linearverstellers (10)
basierend auf einem Ausgangssignal des Ad-
dierers (31); und
ein zweites Filter (33) zum Filtern der Frequenz
des Steuersignals,

wobei das erste und das zweite Filter (34, 33) Ein-
gänge aufweisen, die jeweils mit einer jeweiligen
Korrekturtabelle zum Speichern von vorläufig detek-
tierten Grenzfrequenzen und Dämpfungsraten ge-
mäß den angesteuerten Positionen des Linearver-
stellers (10) versehen sind, wobei dabei die Korrek-
turtabellen des ersten und des zweiten Filters (34,
33) angewendet werden, um die Grenzfrequenzen
des ersten und des zweiten Filters (34, 33) und die
Dämpfungsraten gemäß den angesteuerten Positi-
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onen des Linearverstellers (10) zu ändern.

2. Steuervorrichtung für einen Linearversteller (10)
nach Anspruch 1,
wobei, falls der Linearversteller (10) zwischen zwei
nebeneinanderliegenden der angesteuerten Positi-
on platziert ist, die Grenzfrequenz sowohl des ersten
als auch des zweiten Filters (34, 33) und die Dämp-
fungsrate durch Interpolieren zwischen der Grenz-
frequenz und Dämpfungsrate von einer der neben-
einanderliegenden angesteuerten Positionen und
der der anderen der nebeneinanderliegenden ange-
steuerten Positionen erhalten werden, wobei die In-
terpolationsmethode entweder die lineare Interpola-
tion, die Langrangesche Polynominterpolation, die
rekursive Neville-Methode, die Newtonsche Polyno-
minterpolation oder die Spline-Interpolation ist.

Revendications

1. Appareil de commande d’une platine à mouvement
linéaire (10), comprenant :

un premier filtre (34) pour filtrer la fréquence d’un
signal reçu depuis un codeur linéaire (12) de
ladite platine à mouvement linéaire (10) ;
un additionneur (31) pour ajouter un signal d’en-
trée représentant une position de commande et
une valeur négative d’un signal de sortie dudit
premier filtre (34) ;
une commande pour générer un signal de com-
mande afin de commander ladite platine à mou-
vement linéaire (10) en fonction d’un signal de
sortie dudit additionneur (31) ; et
un second filtre (33) pour filtrer la fréquence du-
dit signal de commande, dans lequel lesdits pre-
mier et second filtres (34, 33) ont des entrées,
dotées chacune d’une table de correction res-
pective pour stocker des fréquences de coupure
et taux d’amortissement détectés préliminaires
conformément aux positions menées de ladite
platine à mouvement linéaire (10), appliquant
ainsi lesdites tables de correction des premier
et second filtres (34, 33) de manière à changer
les fréquences de coupure desdits premier et
second filtres (34, 33) et lesdits taux d’amortis-
sement conformément aux positions menées de
ladite platine à mouvement linéaire (10).

2. Appareil de commande d’une platine à mouvement
linéaire (10) selon la revendication 1, dans lequel si
ladite platine à mouvement linéaire (10) est placée
entre deux positions adjacentes desdites positions
menées, la fréquence de coupure de chacun desdits
premier et second filtres (34, 33) et le taux d’amor-
tissement sont obtenues en interpolant entre la fré-
quence de coupure et le taux d’amortissement de

l’une desdites positions menées adjacentes et la fré-
quence de coupure et le taux d’amortissement de
l’autre desdites positions menées adjacentes, le pro-
cédé d’interpolation étant l’un de l’interpolation li-
néaire, de l’interpolation polynomiale de Lagrange,
du procédé récursif de Neville, de l’interpolation po-
lynomiale de Newton, de l’interpolation de splines.
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