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An optical resonance scanner has a spring-elastic bending
(21) Appl. No.: 14/910,392 element (10) excitable to effect rotational oscillations about a
longitudinal axis (A-A) using a stationary magnet (9) and a
(22) PCT Filed: Aug. 8, 2014 stationary drive coil (5) that is wound around a pole shoe (20).
The pole shoe (20) is magnetically coupled to the magnet (9)
(86) PCTNo.: PCT/EP2014/067059 and has two mutually opposite free ends (21, 22) between
§ 371 (c)(1), which the bending element (10) is arranged symmetrically so
(2) Date: Feb. 5,2016 that a magnetic flux can be transferred substantially perpen-
dicularly to the longitudinal axis (A-A). In superimposition of
(30) Foreign Application Priority Data the magnet- and coil-induced magnetic fluxes the magnet (9)
and a first half (23) of the pole shoe (20) form a first magnetic
Aug. 8,2013 (DE) ceceveveiivne 202013 103 566.1 circuit (30), and the magnet (9) and a second half (24) of the
Publication Classification pole shoe (20) form a second magnetic circuit (31), which run
in opposite senses with respect to one another in a plane
(51) Int.ClL perpendicularly to the longitudinal axis (A-A) through a mag-
G02B 26/10 (2006.01) netizable section (6) of the bending element (10).

43 A 42

60

4a



Patent Application Publication

Jun. 23,2016 Sheet1 of 8

US 2016/0178894 Al

3a

Fig. 1



Patent Application Publication

Jun. 23,2016 Sheet2 of 8

]
<

US 2016/0178894 Al

Fig. 2



Patent Application Publication

Jun. 23,2016 Sheet 3 of 8

US 2016/0178894 Al

Fig. 3



Patent Application Publication  Jun. 23,2016 Sheet 4 of 8 US 2016/0178894 A1

24
50

~
—

12

29
31
8
e
22
/‘\ 9
\
-
20

e —

19

=)
|

40

25 —
36 — |
|
Fig. 4



Patent Application Publication  Jun. 23,2016 Sheet 5 of 8 US 2016/0178894 A1

/

Fig. 5

| ///_

59}
N —



Patent Application Publication

Jun. 23,2016 Sheet 6 of 8

US 2016/0178894 Al

Fig. 6




Patent Application Publication

Jun. 23,2016 Sheet7 of 8

US 2016/0178894 Al

21

Fig. 7



Patent Application Publication  Jun. 23,2016 Sheet 8 of 8 US 2016/0178894 A1

~O ~O <
— o
N o~
o~ ()
[Q\
)
—L T \/
~
- i /
% \< ™~ ;/‘ /
e ]
! SNSSSSSSSOANSSSSN SN :
| o - a
f - et 1
! | e
= [N SANNNNNNNNN :
/{‘ fbmrmxxmxxxxxxd—] ’/‘”\
1 N~
Lo ! o
—~
- —E \
— 4
O
/ 3
s8]
N
«
~ ke
.

8.1
5
16
36



US 2016/0178894 Al

OPTICAL RESONANCE SCANNER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a national stage application (un-
der 35 USC §371) of PCT/EP20141067059, filed Aug. 8,
2014, which claims benefit of German application No. 20
2013 103 566.1, filed Aug. 8, 2013, the contents of each of
which are incorporated by reference herein.

BACKGROUND OF THE INVENTION

Technical Field and State of the Art

[0002] The invention relates to an optical scanning device,
more particularly to an optical resonance scanner, more par-
ticularly a torsional resonance oscillator, comprising a
spring-elastic bending element, which can be excited to effect
oscillations, more particularly to effect rotational oscilla-
tions, more particularly sinusoid rotational oscillations, about
a longitudinal axis by means of at least one stationary magnet
and by means of at least one stationary drive coil, more
particularly up to a defined tilt angle, wherein the drive coil is
wound around a pole shoe, which is magnetically coupled to
a magnet and has two mutually opposite free ends, between
which the bending element is arranged symmetrically in such
a way that between the bending element and the free ends of
the pole shoe a magnetic flux can be transferred substantially
perpendicularly to the longitudinal axis.

[0003] There are numerous application possibilities for
such optical scanning devices, for example in material pro-
cessing systems, projection systems, printing machines, opti-
cal target acquisitions and range finders, for illumination,
raster image acquisition, data acquisition or in barcode read-
ers, as well as in other industrial, medical, military or con-
sumer applications.

[0004] For the most part, conventional optical resonance
scanners with a magnetic driver either comprise moving mag-
nets or moving plungers as components of an electromagnetic
driver for the purpose of generating and maintaining an oscil-
lating bending element. Here, the disadvantage arises that the
bending element has a high inertia torque, as at least some of
the electromagnetic driver parts are mechanically connected
to the bending element. As a result, such scanners usually
cannot be driven at frequencies of over 16 KHz, in particular
if high mirror diameters, large scan angles and/or mirrors
with a large material thickness are used.

[0005] In contrast to that, the present invention relates to
such optical scanners, in which neither moving magnets nor
plungers, but only stationary coils and magnets are used for
generating and maintaining the oscillation movement.
[0006] An optical scanning device of the aforementioned
kind, comprising stationary coils and stationary magnets, is
known from U.S. Pat. No. 5,557,444 A or DE 695 29 530712,
for example. What is described therein is an optical resonance
scanner which, for the purpose of driving a mirror in an
oscillatory manner, comprises two permanent magnets that
are in direct contact with a spring-elastic bending element
which is made of a ferromagnetic material and onto which the
mirror that is to be set into rotary oscillation is mounted. Here,
the permanent-magnetically generated flux of the two mag-
nets is supplied to the anchor and the working air gaps along
the longitudinal direction of the bending element (through the
torsion rod). Dueto the large disparity in surface size between
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the torsion cross-section and the working air gap surface only
low magnetic preloads can be achieved.

[0007] The systems with the functionality described above
as they are described and embodied in the technical and patent
literature, such as for example U.S. Pat. No. 5,557,444 A or
DE 695 29 530 T2, or US 2006/0017333 Al, have various
disadvantages. Through the movement of the anchor that is
described therein, horizontally transverse forces and in addi-
tion variations in the vertical attraction force are created
between anchor and magnet due to the differences in reluc-
tance of the two working air gaps. The transverse forces vary
periodically with the oscillation frequency and reach the
maximum at full deflection. The vertical forces vary periodi-
cally with double oscillation frequency between the attraction
force value F,, (currentless and non-deflected) and the high-
est value in the end positions. In this manner, horizontal and
vertical oscillations are excited, which lead to a wobbling
motion of the anchor and thus of the mirror, which in turn
results in imaging errors. In addition, the operating point of
the magnet is periodically shifted with double oscillation
frequency. Due to the relatively high specific Ohmic resis-
tance of the material the permanent magnet is made of there is
almost no damping effect through eddy currents.

[0008] Further, in scanners known from the state of the art,
independently of whether they have or do not have any mov-
ing electromagnetic driver parts, problems occur with respect
to the oscillation amplitude. Thus, the deflection of the bend-
ing material is subject to a thermal gradient at non-constant
temperature conditions in the environment, so that a constant
deflection or a constant oscillation amplitude cannot be
ensured across a wide temperature range. The same applies to
changing currents of driver electronics, which also lead to a
non-constant deflection or oscillation amplitude.

[0009] Thus, it is the objective of the present invention to
further develop an optical scanning device of thekind as ithas
been mentioned in the beginning in such a manner that the
efficiency of the driver is enhanced without excess heat gen-
eration, and that at the same time an operation with mirrors
having a large cross-section and large thickness is possible
across large scan angles also at frequencies above 16 kHz. In
addition, preferably an operation with constant oscillation
amplitudes is to be facilitated.

SUMMARY OF THE INVENTION

[0010] According to a first embodiment of the invention,
the scanning device is characterized in that the magnet is
arranged symmetrically with respect to the free ends of the
pole shoe in such a way that the magnetic flux generated by
the magnet is coupled to the bending element substantially
perpendicularly to the longitudinal axis, and that, as the mag-
net-induced and coil-induced magnetic fluxes are superim-
posed, a first magnetic circuit is formed through the magnet
and a first half of the pole shoe, and a second magnetic circuit
is formed through the magnet and a second half of the pole
shoe, which extend in opposite senses with respect to one
another through a magnetizable section of the bending ele-
ment in a plane perpendicular to the longitudinal axis.

[0011] A corresponding arrangement of the scanning
device is also referred to as a torsional resonance oscillator.
[0012] It has been recognized according to this embodi-
ment of the invention that the scanning devices known from
U.S. Pat. No. 5,557,444 A or DE 695 29 530 T2 result in very
long magnetic flux paths dueto the special arrangement of the
electromagnetic driver parts, more particularly due to the
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arrangement of the two permanent magnets at the ends of the
bending element, which sometimes causes considerable eddy
currents and in addition results in losses with respect to the
efficiency of the driver due to the accompanying temperature
increase in the ferromagnetic material.

[0013] Through the arrangement of the pole shoe and of the
magnet according to this embodiment of the invention,
namely relative to the bending element, more particularly
through the coplanar arrangement of the first and second
magnetic circuit, the magnetic flux paths and thus the occur-
rence of eddy currents is considerably minimized.

[0014] According to this embodiment of the invention, the
first and the second magnetic circuit have a common mag-
netic path through the magnet and partially through the bend-
ing element, i.e., through the magnetizable section of the
bending element. Inside the latter, the two circuits are
divided, extending in opposite senses with respect to one
another via separate paths through the first or the second half
of the pole shoe, and are then reunited inside the magnet. At
that, the course of the magnetic fluxes depends on the polarity
of'the fields that are generated by the at least one drive coil and
the magnet.

[0015] However, according to another advantageous
embodiment of the invention, a second drive coil is provided
in addition to the first drive coil, wherein the first drive coil is
wound around the first half of the pole shoe and the second
drive coil is wound around the second half of the pole shoe. In
some embodiments, the two drive coils can be regarded as
coil sections of a common coil.

[0016] The magnetic circuits that result solely from the
magnetic flux of the magnet are formed symmetrically due to
the symmetrical arrangement of the magnet relative to the two
halves of the pole shoe and the bending element, but they
become asymmetrical if an electrical alternating current
driver signal, e.g. a sinusoidal signal or a square wave signal,
is applied to the first and/or the second drive coil. In this way,
additional coil-induced magnetic fluxes are generated in one
or both magnetic circuits, which amplify the total magnetic
flux in the one circuit and reduce it in the other circuit in a
periodically alternating manner. The asymmetry of the mag-
netic forces between the traversed magnetizable section of the
bending element and the free ends of the pole shoe which is
resulting therefrom causes a periodically changing torsional
moment on the bending element, as a result of which the
bending element is excited to effect oscillations, more par-
ticularly rotary oscillations around its longitudinal axis. At
that, the oscillation frequency of the bending element is
directly proportional to the frequency of the driver signal.
[0017] In order to create an asymmetry with two coils, the
first and the second drive coil are either wound in opposite
directions or are driven by phase-shifted driver signals, more
particularly driver signals that are opposite in phase. Accord-
ing to a preferred embodiment of the invention, the first and
the second drive coil are wound in opposite directions and
with the same number of windings. This is the simplest man-
ner to effect asymmetry. Further it is advantageous to reduce
the number of windings for operation at higher driver signal
frequencies, since the electrical impedance of the coils gen-
erally increases disadvantageously as the frequency becomes
higher.

[0018] Further, it is achieved through the scanning device
according to the invention that in contrast to the scanning
devices known from U.S. Pat. No. 5,557,444 A or DE 695 29
530 T2 the bending element is penetrated by magnetic flux
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lines obliquely to its longitudinal axis and thus only in a
locally limited common section. In this manner, eddy currents
are considerably minimized and the occurrence of short cir-
cuits in the magnetic flux is avoided. In addition, the driver
efficiency and torque output is increased to a considerable
degree in this manner. More particularly it is sufficient that
only the traversed section is magnetizable or magnetically
conductive, while the other sections of the bending element
can be manufactured from non-magnetizable material. In
order to maintain the symmetry between the first and the
second magnetic circuit that results solely from the magnet-
induced flux, it is provided according to another advanta-
geous embodiment of the invention that, as for its first and
second half, the pole shoe is embodied symmetrically with
respect to an axis that extends perpendicularly to the longi-
tudinal axis of the bending element and symmetrically
through the magnet and the magnetizable section of the bend-
ing element.

[0019] Further it can be provided that the pole shoe is
formed as one piece or comprises a first stator core and a
second stator core that is separate from the same, which form
the first and the second half of the pole shoe and are preferably
formed so as to be substantially C-shaped. Preferably, the
magnet is arranged in a symmetrical manner between the two
stator cores in such a manner that it connects the two stator
cores with each other. Alternatively, the two stator cores can
directly adjoin each other, wherein the magnet is magneti-
cally coupled in the adjacence area to the two stator cores. In
addition it can be advantageously provided that the pole shoe
is formed so as to be substantially rectangular, O-shaped or
D-shaped and comprises an interruption for creating the two
free ends, with the magnetizable section of the bending ele-
ment being arranged inside the interruption. In this manner it
is achieved that the free ends of the pole shoe or the first and
second pole shoe halves or the stator cores reach as close as
possible to the bending element, so that the magnetic flux
between the bending element and the stator cores couples
with maximal efficiency and without stray losses. Further it is
preferred that the free ends of the pole shoe or the first and
second pole shoe halves or the stator cores on the one hand
and the edges of the bending element in the magnetizable
section on the other hand are embodied so as to be chamfered
or 50 as to be formed in a manner that results in an extensive
geometric superimposition between the free ends and the
adjoining edges or rims of the bending element.

[0020] For supporting the magnetic flux in the first and the
second magnetic circuit it is provided according to a further
advantageous embodiment of the invention that the magnet
and the pole shoe or the magnet and the two halves of the pole
shoe are magnetically coupled to each other via a reflux
element.

[0021] In order to achieve that the conduction of the mag-
netic flux which is generated by the magnet and the drive coils
is as good as possible in both magnetically soft parts of the
magnetic circuits, according to another advantageous
embodiment the reflux element, the pole shoe, the first stator
core and/or the second stator core consist of a ferromagnetic
material, sintered ferritic or ferromagnetic powder. Prefer-
ably, stainless steel, nickel-cobalt, iron, in particular of soft
iron, or a combination of these materials may be chosen as
ferromagnetic materials of high permeability.

[0022] Another possible embodiment relates to the
embodiment of the reflux element, of the pole shoe, of the first
stator core and/or of the second stator core as an assembly of
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lamellae that are made of ferromagnetic and/or magnetically
soft material and that are isolated from each other. Suitable
materials are sheets of FeSi, NiFe or CoFe, a pressed soft
magnetic composite (SMC) or sintered soft ferrite. Suitable
sheet thicknesses lie within the range of 0.1 to 0.5 mm.
[0023] According to another further aspect, both stator
cores and the [reflux element] can consist of a single piece.
[0024] Sintered powders or laminated ferromagnetic mate-
rials are characterized by a particularly low volume resistivity
and a high saturation flux density. Since the eddy flow is
inversely proportional to the volume resistivity, the genera-
tion of eddy currents can be considerably reduced and the
driver efficiency can be effectively increased in this manner.
[0025] When lamellae stacks of ferromagnetic material are
used, the thickness of the individual lamella is preferably
approximately 0.02 mm to approximately 0.15 mm, and the
thickness of the entire stack is approximately 2 mm to
approximately 25 mm. Further it is preferred that the indi-
vidual lamellae are separated from each other by thin layers of
an insulating material, for example of an insulation varnish or
the like.

[0026] Furthermore, in order to increase the coupling effi-
ciency and to minimize stray losses, it is provided according
to another advantageous invention that only a small air gap in
the range of 0.5 mm to 1.5 mm is provided between the
magnetizable section and the magnet as well the free ends of
the pole shoe, with the air gap being chosen in such a manner
that the bending element can oscillate in a collision-free man-
ner between the magnet and the free ends of the pole shoe, and
that it is maximally penetrated by the magnetic fluxes.
[0027] According to a further advantageous embodiment of
the invention, the bending element is fixated at both ends with
respect to its longitudinal axis inside respectively one end
bracket, which can preferably be made of a non-magnetic
material, since it does not have to contribute to the support of
the magnetic flux.

[0028] Further, a base plate that is preferably made of a
non-magnetic material can be provided, on which the end
brackets, the reflux element, the pole shoe, the first stator
core, the second stator core and/or the magnet are fixedly
attached. This is particularly practical in the case of a single-
piece stator comprising a reflux element.

[0029] According to another advantageous embodiment of
the invention, as the magnet either an electromagnet or a
permanent magnet can be used, preferably a dipole magnet
that has a polar axis that is aligned perpendicularly to the
longitudinal axis (A-A). An electromagnet has the advantage
that the static magnetic flux that is generated by it and that
runs through the first and second magnetic circuit, and thus
also the amplitude of the scan angle can be varied in any
desired way, without the need to vary the driver current
through the drive coils.

[0030] A particularly suitable magnet is an element, in
particular a cuboid, made of sintered NdFeB, which is aniso-
tropically aligned in the preferred direction and which has a
polar axis that is aligned in the direction of a symmetry axis of
the pole shoe. The magnet is enclosed by a hollow profile with
avery good electrical conductivity that preferably consists of
copper. This hollow profile ensures a massive short circuit of
the higher-frequency alternating fields and will be referred to
as a short-circuited winding in the following.

[0031] For generating substantially symmetrical oscilla-
tions of the bending element, the bending element is formed
s0 as to be substantially symmetrical with respect to its mag-
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netizable section. Alternatively or additionally, the bending
element’s center of gravity is advantageously positioned
symmetrically in the area of the magnetizable section of the
bending element.

[0032] According to a further advantageous embodiment of
the invention, the magnetizable section is configured as a
central element of the bending element, with two connecting
arms extending from it in a diametrical manner, which are
respectively connected to one end lug, in particular a trap-
ezoid one, for fixing the bending element inside the end
brackets. Such an embodiment of the bending element is
characterized by a high degree of symmetry and particularly
good oscillation properties.

[0033] Further it is advantageously provided that the cen-
tral element is configured in a planar, in particular disk-
shaped manner and/or extends beyond the connecting arms in
the direction of the stators obliquely to the longitudinal direc-
tion of the bending element. Further, the connecting arms are
preferably formed so as to be thin and have a rectangular
cross-section, in order to particularly support rotary oscilla-
tions.

[0034] The shape of the oscillations can generally be com-
plex, as the bending element can oscillate in more than one
mode depending on its shape and the material used. In this
way, harmonic oscillations of the basic mode and modes of a
higher order can develop. In particular, the spring constant of
the bending element for example depends on its length, width
and thickness as well as the used material, among other
things. By using suitable numerical methods in designing of
the bending element, a certain harmonic mode or a certain
combination of modes can be favored. Thus, it is provided
according to another advantageous embodiment of the inven-
tion that the oscillation shapes or oscillation modes of the
bending element are influenced or predefined with respect to
their frequency and amplitude by means of a suitable shape
determination or design and/or by using a suitable material,
for example so as to increase the amplitude of the torsional
oscillation of the first order over all other modes by at least
one order of magnitude.

[0035] According to a further advantageous embodiment of
the invention, the bending element at least partially consists
of'a ferromagnetic material or of a fiber composite material or
a combination of these materials. Preferably, the central ele-
ment, which can also be referred to as an anchor, the oscilla-
tion arms and the end lugs are manufactured as single-piece
components and/or at least partially from a ferromagnetic
material. However, it is not necessary for all elements of the
bending element or for the entire bending element to consist
of'a ferromagnetic material or to be magnetic. Only the partial
area through which the first and second magnetic circuits
flow, or the central element, has to be magnetizable at least in
certain parts or has to be made of ferromagnetic material. This
in particular refers to the central element which defines the
working air gaps. Alternatively it is possible that the bending
element is made of a fiber composite material that either
contains ferromagnetic material or onto which ferromagnetic
material is applied, for example in the form of a coating or an
insert component.

[0036] Sincethe scanning device according to the invention
is in particular configured as an optical resonance scanner,
according to another advantageous embodiment of the inven-
tion the bending element comprises at least one light-reflect-
ing and/or light-emitting and/or light-detecting element, for
example a polished surface, a mirror or a diffraction grating,
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in its magnetizable section and/or on the central element,
more particularly on its side that is facing away from the
magnet.

[0037] According to another advantageous embodiment of
the invention, an optical sensor system with a light source and
an intensity-sensitive and/or position-sensitive detector is
provided, preferably above the bending element, for the pur-
pose of detecting the entire oscillation amplitude and/or oscil-
lation frequency of the oscillating bending element. This
represents an advantage, since a useful beam of the system is
deflected at the same position. What is significant here is that
the entire oscillation amplitude and not only a partial area can
be detected by means of the optical sensor system, so that the
entire amplitude can be controlled by means of a respective
control device. In this manner, in addition to the frequency
also the deflection of the oscillating bending element can be
controlled, so that a more precise regulation is possible and
any influence of environmental conditions can be compen-
sated for. In addition, the possible application range of the
scanning device according to the invention is increased
thanks to the regulation of the amplitude.

[0038] Preferably, the light source emits a beam of light in
the direction of the central element of the bending element,
which from there is reflected in the direction of the optical
detector, wherein the detector detects the modulation of the
reflected beam of light depending on the central element’s
angle of rotation. In particular, the sensor system is suitable
for detecting the entire oscillation amplitude and the oscilla-
tion frequency as well as possible distortions of the oscilla-
tion, which may for example be caused by a defective bending
element. For the purpose of detecting the entire oscillation
amplitude, the reflection point preferably lies in the centroid
of'the central element’s area. Further, with this sensor system
the oscillation frequency can be detected at the same time so
as to control and regulate it, for example in order to keep the
bending element in resonance.

[0039] The light source can be a coherent or non-coherent
light source, for example an LED (light emitting diode) or a
laser diode. As the detector, a so-called position sensitive
device (PSD), a so-called charge coupled device (CCD), an
arrangement of discrete photo diodes or the like is conceiv-
able, for example.

[0040] According to another aspect of the present inven-
tion, a measuring system for determining the angle of rotation
and a corresponding control circuit, in particular in a power
amplifier, are provided for stabilizing the pivoting range of
the central element. In this way, the amplitude of the central
element can be kept constant. Moreover, wobble oscillations
of'the anchor and thus of the mirror can be avoided in this way,
which is effected by means of so-called horizontal transverse
forces through a planar position of both pole surfaces of the
anchor in one plane.

[0041] A variation of the vertical forces can be prevented
according to a further embodiment by means of sheathing the
magnet with a short-circuited winding made of material with
good electrical conductivity.

[0042] Itis provided in another aspect of the present inven-
tion that the pole surfaces of the anchor form a smooth and
even anchor bottom side throughout, i.e. the side facing the
pole surfaces of the stator, in order to ensure a planar position
of the pole surfaces of the anchor.

[0043] The oscillating element can consist of a magneti-
cally soft anchor, which is suspended and fixated between the
torsion springs in such a way that functionally desired tor-
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sional oscillations may be performed around this torsion axis.
An optical mirror, which deflects the light or laser beam, is
attached to the anchor. The resonance frequency f, results
from the torsion spring constant C, and the mass moment of
inertia J , of the moved masses with respect to the pivot point
A:

1 fcr
fo= ﬁ A
[0044] Inacase according to one embodiment of the inven-

tion, the supports, the torsion springs and the mirrors can be
manufactured from a single piece. If this material is magneti-
cally soft, the mirror can also be used as an anchor for an
electromagnetic drive. In this way, manufacturing time and
above all weight can be reduced.

[0045] The drive serves for exciting the system to oscillate
at its resonance frequency f, and to compensate for the damp-
ing of the oscillating system. These losses are mainly caused
by the air resistance of the oscillating part and only to a small
degree by the lattice movements in the torsion bar, as well as
in the drive during the generation of the alternating flux in the
form of current heat losses in the winding and through hys-
teresis losses in the magnetic circuit parts.

[0046] The drive does not necessarily have to generate a
sinusoidal course of the torsional moment. A balanced state is
created between the losses P, that depend on the deflection a
and the frequency f and the mechanical performance P, that
is periodically supplied by the torsional moment:

P =fla; H=P,=2af"M

[0047] According to a further embodiment, the stator,
which usually is a magnetically soft circuit, is a U-yoke or
C-yoke, where appropriate comprising a winding that is sym-
metrically distributed between both legs.

[0048] In some embodiments, a permanent magnet is
arranged in a manner symmetrical to the legs from the base of
the yoke up to just below the anchor, effecting a constant field
pre-magnetization of the magnetic circuit. An air gap that is
present between the magnet and the anchor serves for ensur-
ing the anchor’s freedom of movement.

[0049] The anchor that is mounted in a rotatable manner
centrically above the magnet forms working air gaps together
with pole surfaces of the two legs. The magnetic flux that is in
particular excited in a permanent-magnetic manner traverses
the air gap between the magnet and the anchor. In the anchor,
the flux is divided to both sides towards the working air gaps,
passes these, flows into the outer legs, the back of the yoke
and is closed again inside the magnet.

[0050] Insomeembodiments, coils that are preferably con-
nected in series on the outer legs generate an electrically
excited magnetic flux in a manner proportional to the current,
with the magnetic flux having the same direction as the pref-
erably permanent-magnetically generated flux in one work-
ing air gap, and having the opposite direction in the other
working air gap. Based on the differing fluxes, a difference in
forces is now created between the forces that are applied in the
working air gaps at the anchor. Thus, a torsional moment on
the mirror is created via the lever arm.

[0051] The force acting on the boundary surfaces Ay in the
air gap 0 as a result of a magnetic flux ¢ is calculated as:

F=¢°/(2u0*4s)

[0052] Currentless and with the anchor being in a non-
deflected state, both permanent-magnetic partial fluxes ¢, are
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identical and thus the resulting force for torsional moment
generation is zero. The electrically excited flux ¢, is gener-
ated proportionally to the current. As follows from the force
equation F,, =Fg, -F; ,:

(@p+he)- (¢P_¢el)2:4¢p*¢el M~¢pi

[0053] Consequently, the resulting force and thus the tor-
sional moment are proportional to the permanent-magneti-
cally excited flux and to the current. The lever arm length
according to the angle of attack at the pivot point also has a
direct influence. Hence, the resulting forces and the torsional
moment are also proportional to the remanence induction of
the permanent magnet, but the attraction forces at the bound-
ary surfaces of the air gap show a quadratic dependence.

[0054] According to one embodiment of the invention,
wobbling motions can be counteracted in some embodiments
through a solid short-circuit sleeve or short-circuited wind-
ing. Such a short-circuited winding can consist of copper,
enclosing the permanent magnet. The variations of the mag-
netic flux in the magnet are prevented (damped) and thus also
the periodical ones with 2f variations of the vertical forces.

[0055] Insome variants of the scanning device according to
the invention, transverse forces are avoided through horizon-
tally level pole surfaces at the anchor. In this manner, sub-
stantially only vertical forces can act at these boundary sur-
faces. This has the additional advantage that the largest
possible lever arm for torsional moment generation is
achieved in this manner.

[0056] It can be provided in another aspect of the invention
that the smooth bottom side is interrupted by magnetically
soft superstructures at least in the surface measurements of
the permanent magnets for the purpose of taking over the
permanent-magnetic flux.

[0057] Moreover, it can be provided in some embodiments
that the short-circuited winding consists of a hollow profile
made of copper, into which the magnet, in particular the
permanent magnet, fits. The short-circuited winding is pref-
erably no longer than the magnet and has a wall thickness of
at least 0.2 mm, but preferably 1 to 2 mm.

[0058] Inanother embodiment, the short-circuited winding
can also consist of a copper sheet that is bent around the
magnet, with the point of contact at the edges being closed, in
particular welded or soldered to each other. The copper sheet
can have the previously mentioned thicknesses. Alternatively,
the short-circuited winding can also be made of aluminum or
another material with good electrical conductivity.

[0059] In another further aspect of the scanning device
according to the invention it is provided that free ends of the
pole shoes are oriented towards the magnetizable section in
such a manner that a minimal parallel air gap results in the
event of a maximal deflection of the magnetizable section.
This is an additional help when it comes to suppressing wob-
bling motions.

[0060] According to another further aspect, the front side of
the magnet that is facing towards the magnetizable section
can be aligned in parallel to the magnetizable section in the
inactive state of the magnetizable section.

[0061] According to another aspect that is leading beyond
that, it can further be provided that the free ends of the pole
shoes and a front side of the magnet that is facing towards the
magnetizable section and the magnetizable section are
arranged so as to be positioned on top of each other in a
projection along the symmetry axis of the pole shoe.
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[0062] Inthis manner, itis possible to ensure that forces are
always applied vertically into the magnetizable section or the
anchor, and that wobbling motions of the same are avoided in
an effective manner.

[0063] The efficiency of the prevention of wobbling
motions of the magnetizable section is further increased by
the additional provision of the short-circuited winding.
[0064] Inanother possible aspect of the present invention it
is provided that the stator is made of a lamellated stack of
sheets of preferably magnetically soft material of a thickness
01'0.05 to 0.5 mm on the basis of unalloyed or low-alloy steel,
FeSi, FeCo, FeNi or an iron powder composite material,
so-called soft magnetic composite (SMC), but also of sintered
soft ferrite.

[0065] According to another advantageous embodiment of
the invention, a control device is provided for the purpose of
a variable regulation of the preferably entire oscillation
amplitude and/or for the stabilization ofthe oscillation ampli-
tude across a broad temperature range and/or for the purpose
of maximizing the resolution of the oscillation amplitude,
with the control device being operatively connected to the
optical sensor system and/or the first and the second drive
coil, and being controllable and/or adjustable across the entire
oscillation amplitude and/or the oscillation frequency of the
bending element. Thus, the scanner can also be advanta-
geously operated under non-constant environmental influ-
ences. When the scanner is used as a display system or in a
laser material processing system, the regulation of the ampli-
tude further makes the use of an expensive zoom optics sys-
tem for the scanned beam unnecessary when it comes to
varying the size of the scan field. The size of the scan field can
be regulated in a simple manner by means of varying the
amplitude.

[0066] Further objectives, advantages, features and appli-
cation possibilities of the present invention follow from the
following description of an exemplary embodiment by refer-
ring to the drawings. Here, all described and/or illustrated
features form the subject matter of the present invention
either individually or in any useful combination, also irre-
spective of their compilation in the claims or the claims to
which they refer back.

DESCRIPTION OF THE DRAWINGS

[0067] Herein:

[0068] FIG. 1 shows a perspective view of a possible
embodiment of an optical resonance scanner, comprising an
optical sensor system according to the present invention,
[0069] FIG. 2 shows an exploded view of the optical reso-
nance scanner according to FIG. 1,

[0070] FIG. 3 shows an exploded view of the electromag-
netic drive components of the optical resonance scanner
according to FIG. 1, and

[0071] FIG. 4 shows a side view of the electromagnetic
drive components according to FIG. 3.

[0072] FIG. 5 shows a perspective view of another possible
embodiment of an optical torsional resonance oscillator,
comprising an optical sensor system according to the present
invention,

[0073] FIG. 6 shows an exploded view of the optical tor-
sional resonance oscillator according to FIG. 5,

[0074] FIG. 7 shows an exploded view of the electromag-
netic drive components of the optical torsional resonance
oscillator according to FIG. 5, and
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[0075] FIG. 8 shows a side view of the electromagnetic
drive components according to FIG. 7.

DETAILED DESCRIPTION

[0076] With a view to better readability, structural compo-
nents of different embodiments that are identical or have the
same effect are identified by the same reference signs in the
following figures.

[0077] FIGS. 1-4 show a possible exemplary embodiment
of an optical resonance scanner 100, comprising an optical
sensor system 40 according to the present invention. The
optical sensor system 40 is of the type of a torsional resonance
oscillator.

[0078] As far as FIGS. 1 and 2 are concerned, the scanner
100 comprises a substantially C-shaped base plate 1, which
forms the mechanical support for the scanner 100. Together
with two fixation plates 3a, 4a, the two short flanks of the
C-shaped base plate 1 form end brackets 2 for receiving and
fixating an elongated, spring-elastic bending element 10. For
fixating the bending element 10 or for mounting the fixation
plates 3a, 4a on the short flanks of the C-shaped base plate 1,
the fixation plates 3a, 4a have recessed screw holes, through
which the screws 16 can be screwed through the retaining
plates 3a, 4a into corresponding threaded holes 17 in the short
flanks of the base plate 1. Alternatively, the base plate 1 and
the fixation plates 3a, 4a can also be configured as a single
part.

[0079] Asfaras FIGS.1to 4 are concerned, the scanner 100
comprises the bending element 10 as an essential structural
component that is fixated at both its ends with respect to its
longitudinal axis A-A inside the end brackets 2. Further, at its
center of gravity S or center, the bending element has a
magnetizable section 60 that serves as the actual rotating or
oscillating element of the scanner 100. The magnetizable
section 60 is configured as the central element 11 of the
bending element 10, with two oscillation arms 18, 19 extend-
ing from it in a diametral manner, thus forming the longitu-
dinal axis A-A, with the oscillation arms 18, 19 being con-
nected to respectively one end lug 12, 13 for fixating the
bending element inside the end brackets 2, which in the
present exemplary embodiment are trapezoidal in shape. The
oscillation arms 18, 19 form torsion springs. The bending
element 10 with the central element 11, oscillation arms 18,
19 and end lugs 12, 13 is preferably configured as a single
piece, as in the present exemplary embodiment. In order to
facilitate a rotary oscillation of the bending element around its
longitudinal axis A-A, the oscillation arms 18, 19 are prefer-
ably configured so as to have a thin and rectangular cross-
section, as is the case in the present exemplary embodiment.
[0080] As has been described earlier, the end lugs 12, 13 of
the bending element 10 are fixated inside the end brackets 2.
For this purpose, in the present exemplary embodiment the
front surfaces of the two short flanks of the C-shaped base
plate 1 have recesses 14, 15, inside of which the end lugs 12,
13 are received and clamped in place with the fixation plates
3a, 4a and the screws 16.

[0081] Alternatively, the end lugs 12,13 can also be welded
on or directly screwed to the base plate 1. It is preferred that
the attachment means are configured in such a manner, that
none of the areas of the bending element 10 that participate in
the rotary oscillation are obstructed.

[0082] Further, the central element 11 is configured in a
planar, more particularly disk-shaped manner, and extends
beyond the oscillation arms 18, 19 obliquely to the longitu-
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dinal direction A-A of the bending element 10, so that a
generally elliptical or circular shape results as seen in top
view.

[0083] Further, the central element 11 comprises one or
multiple light-reflecting, light-emitting or light-detecting ele-
ments, such as for example a polished surface of the central
element 11, a vapor-deposited metal film, a multi-layer thin-
film reflector, a diffraction grating or a mirror with a reflecting
surface. In the present exemplary embodiment, the surface of
the circular central element 11 is polished and thus serves as
a light-reflecting element.

[0084] As far as FIGS. 1 to 4 are concerned, a magnet 9 is
arranged below the central element 11 and at a distance to the
bending element 10. The magnet 9 can for example be a
permanent magnet, an electromagnet or the like. According to
the invention, the magnet 9 is arranged in such a manner that
the magnetic flux ¢,, that is generated by it is directed sym-
metrically into or out of the magnetizable section 60 of the
bending element 10 perpendicularly to its longitudinal axis
A-A. Tt is preferred that the magnet 9 is a dipole magnet,
wherein the polar axis is oriented in the vertical direction
perpendicularly to the longitudinal axis A-A of the bending
element 10, just as is the case in the present exemplary
embodiment. Further it is preferred that the air gap between
the bending element 10 and the magnet 9, in particular
between the pole tip 25, is so small that the magnetic flux ¢,
of the magnet 9 couples as efficiently as possible into the
central element 11 or the magnetizable section 60 of the
bending element 10. The magnet 9 may have any desired
shape. In the present case, the magnet 9 is substantially cube-
shaped with a chamfered pole tip 25. But it is also conceivable
that the magnet 9 is formed so as to be generally cylindrical.
[0085] According to the invention, a first and a second
stator core 7, 8 are arranged at the opposing long sides of the
magnet 9, with a first or a second electromagnetic drive coil 5,
6 being wound around them. The first and the second stator
core 7, 8 form the first and second half 23, 24 of a pole shoe
20. The pole shoe 20 is configured symmetrically with respect
to an axis B-B, which extends perpendicularly to the longi-
tudinal axis A-A of the bending element 10 and symmetri-
cally through the magnet 9 and the magnetizable section 60 of
the bending element 10.

[0086] Preferably, the first and the second drive coil 5, 6 are
wound in opposite directions and have the same number of
windings. The two stator cores 7, 8 and the magnet 9 are
magnetically coupled via a reflux element 50. According to
the invention, the bending element 10 is arranged symmetri-
cally between the open ends 21, 22 of the pole shoe 20 or of
the two stator cores 7, 8 in such a manner that between the
magnetizable section 60 of the bending element 10 and the
first stator core 7 or between the magnetizable section 60 of
the bending element 10 and the second stator core 8 a mag-
netic flux, more particularly a magnetic flux ¢,, ¢, that is
generated by the first or the second drive coil 5, 6 can be
transferred substantially perpendicularly to the longitudinal
axis A-A.

[0087] Consequently, the stator cores 7, 8 are arranged at a
right angle to the longitudinal axis A-A of the bending ele-
ment 10 and at the same distance to the magnet 9 and the
bending element 10. The stator cores 7, 8 end just short of the
outer edges 26, 27 of the bending element 10, so that only a
narrow air gap is created between the tips 21, 22 of the stator
cores 7, 8 and the central element 11 of the bending element
10. In the present exemplary embodiment, the first stator core
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7 and the second stator core 8 are configured so as to be
substantially C-shaped. Further it is preferred that the ends
21, 22 are angled and chamfered or formed in such a manner
that an extensive geometrical superimposition results
between the ends 21, 22 and the edges 26, 27 of the bending
element 10, as is the case in the present exemplary embodi-
ment.

[0088] According to the invention, the magnet 9 is also
magnetically coupled to the reflux element 50 and arranged
symmetrically with respect to the free ends 21, 22 of the first
and second stator core 7, 8 in such a manner that a first and a
second magnetic circuit 30, 31 are formed through the magnet
9, the reflux element 50 and the first stator 7, or through the
magnet 9, the reflux element 50 and the second stator 8,
extending in opposite senses with respect to one another in a
plane perpendicularly to the longitudinal axis A-A through
the magnetizable section 60 of the bending element 10.

[0089] At that, identical and opposing superimpositions of
the magnetic fluxes ¢, ¢,, §,,cause a torsional force to act on
the bending element 10, which as a result performs a rotary
oscillation around its longitudinal axis A-A. The air gaps
between the central element 11 and the magnet 9 as well as the
free ends 21, 22 of the stator cores 7, 8 are chosen so as to be
just large enough for the central element 11 to oscillate in a
collision-free manner between the magnet 9 and the free ends
21, 22 of the stator cores 7, 8, and for being maximally
penetrated by the magnetic fluxes ¢, §,, ¢,

[0090] The reflux element 50 is connected in a force-fitting
manner to the base plate 1, preferably clamped or glued on.
The stator cores 7, 8 are in turn attached to the reflux element
50, so that they form a substantially D-shaped pole shoe
together with the reflux element 50, with the D-shaped pole
shoe comprising an interruption between the free ends 21, 22
of the first and second stator cores 7, 8 inside of which the
central element 11 of the bending element 10 is arranged.
FIGS. 1 to 4 show the reflux element 50 and the two stator
cores 7, 8 as individual components. In an alternative embodi-
ment, the reflux element 50 and the stator cores 7, 8 can also
be configured as a single piece.

[0091] The magnet 9 is also attached to the reflux element
50 by means of clamped, adhesive or screw connections.
Alternatively, the magnet 9 and the reflux element 50 and/or
the stator cores 7, 8 can also be configured as a single piece.

[0092] The central element 11, the stator cores 7, 8, the
magnet 9 and/or the reflux element 50 are preferably made of
ferromagnetic materials. Preferably, also the bending element
10, the oscillation arms 18, 19 and/or the end lugs 12, 13 are
made at least partially from a ferromagnetic material. How-
ever, it is not necessary that all elements of the bending
element 10 are made of ferromagnetic material or are mag-
netic. Only the section 60 or the central element 11 has to be
magnetically conductive or magnetizable. As ferromagnetic
materials particularly stainless steel, nickel-cobalt and iron or
a combination of these materials may be used.

[0093] Preferably, the bending element 10 is made of spring
steel and together with the oscillation arms 18, 19 forms a
torsion spring, with its spring constant being determined by
the length, width and thickness as well as the material of the
oscillation arms 18, 19. Alternatively, it is possible that the
bending element 10 consists of a fiber composite material that
either contains ferromagnetic material or onto which ferro-
magnetic material is applied in a force-fitting manner, for
example by means of coating.
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[0094] Incontrastto that, the pole shoe 20 or the stator cores
7,8 and/or the reflux element 50 preferably consist of soft iron
or sintered ferrite powder or a laminated ferromagnetic mate-
rial, for example of multiple thin layers of a ferromagnetic
material which are isolated from each other.

[0095] If lamellae stacks made of ferromagnetic material
are used, the thickness per lamella is preferably approxi-
mately 0.02 mm to approximately 0.15 mm, while the entire
thickness of the stack is in the range of approximately 2 mm
to approximately 25 mm. It is also preferred that the indi-
vidual lamellae are separated from each other via extremely
thin layers made from an insulating material, for example
varnish or the like. Such lamellae stacks made of ferromag-
netic material have a high saturation flux density and mini-
mize the formation of eddy currents.

[0096] The other components of the scanner 100 can con-
sist of non-ferromagnetic material, as long as they do not
contribute to the conduction and support of the magnetic
fluxes ¢,, ¢», ¢, The base plate 1 and the end brackets 2 orthe
fixation plates 3a, 4a can be made of any material which
ensures a stable fixation of the bending element 10.

[0097] In the present exemplary embodiment according to
FIGS. 1 and 2, the scanner 100 is equipped with an optical
sensor system 40, which is configured for the purpose of
detecting the entire oscillation movement of the central ele-
ment 11. For this purpose, in the present exemplary embodi-
ment the sensor system has a light-emitting element or a light
source 43 that emits a beam of light in the direction of the
central element 11 of the bending element 10, which is
reflected at that location and then impinges at an clamping
angle 41 on the optical detector 42 that is suitable for detect-
ing the modulation of the beam of light proportionally to the
angle of rotation of the central element 11. In particular, the
present optical sensor system has the ability to detect the
entire oscillation amplitude, the oscillation frequency as well
as possible distortions of the oscillation, which may be caused
by a defective bending element 10, for example.

[0098] The light source 43 can be a coherent or a non-
coherent light source, such as for example an LED (light
emitting diode) or laser diode. As a detector, for example a
so-called “position sensitive device” (PSD), a so-called
“charge coupled device” (CCD), an arrangement of discrete
photo diodes or the like can be used.

[0099] Preferably, the reflection point lies in the centroid of
the area of the central element 11, so that the entire oscillation
amplitude can be detected in an effective manner. In the
exemplary embodiment that is shown herein, due to lack of
space it is not possible to arrange the sensor system 40 below
the central element 11, wherein an arrangement of the sensor
system 40 below the oscillation arms 18, 19 would not be
efficient anyway to detect the entire oscillation amplitude of
the central element 11. For this reason, in the present exem-
plary embodiment the optical sensor system 40 is arranged
above the central element 11.

[0100] Further, a control device that is not shown here can
be provided, which is operatively connected to the optical
sensor system 40 and/or the first and the second drive coil 5,
6 and which controls and/or regulates the oscillation ampli-
tude and/or the oscillation frequency. Thanks to this regula-
tion it is also possible to selectively alter the dynamic range,
for example in order to achieve a zoom effect, without an
elaborate optical system having to be provided.

[0101] Inthe following, the operating principle of the scan-
ning device 100 is explained: If the drive coils 5, 6 are cur-
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rentless, the scanning device 100 is only penetrated by the
static magnetic flux ¢,,of the magnet 9. If, as shown in 4, the
magnet 9 is for example a dipole permanent magnet, with its
north pole being positioned directly opposite the central ele-
ment 11 and its south pole being coupled to the reflux element
50, the constant magnetic flux ¢,, that is generated by the
magnet 9 extends from the north pole vertically upwards and
into the central element 11 of the bending element 10 via the
air gap. As can further be seen from FIG. 4, the flux is divided
into the two generally symmetrical, coplanar magnetic cir-
cuits, namely the first magnetic circuit 30 and the second
magnetic circuit 31, which run in opposite directions perpen-
dicularly to the longitudinal axis A-A of the bending element
10. The first magnetic circuit 30 extends from the pole tip 25
of the magnet 9 to the approximate center of gravity of the
central element 11, or the magnetizable section 60 of the
bending element 10, laterally further on via the edge 28 of the
central element 11 and the air gap to the free end 21 of the
stator core 7, then further through the stator core 7 and the left
half of the reflux element 50 back into the magnet 9. The
second magnetic circuit 31 extends from the pole tip 25 of the
magnet 9 to the approximate center of gravity of the central
element 11 or the magnetizable section 60 of the bending
element 10, laterally further on via the edge 29 of the central
element 11 and the air gap to the free end 22 of the stator core
8, then further on through the stator core 8 and the right half
of the reflux element 50 back into the magnet 9. Conse-
quently, both magnetic circuits 30, 31 are united in the reflux
element 50 below the magnet 9 or in the south pole of the
magnet 9.

[0102] Instead of a permanent magnet, the magnet 9 can
also be configured as an electromagnet. In this manner it is
achieved in an advantageous manner that the static (DC)
magnetic flux ¢,,that is generated by the magnet 9 and runs
through the first and second magnetic circuit 30, 31, and thus
also the amplitude of the scan angle, can be altered in any
desired manner, without having to modify the driver current
through the drive coils 5, 6.

[0103] The magnetic circuits 30, 31 that are generated by
the magnet 9 alone extend in opposite senses with respect to
one another and are configured in a symmetrical manner due
to the symmetrical arrangement of the magnet 9 relative to the
stator cores 7, 8 and the central element 11 of the bending
element 10. These become asymmetrical when an electrical
alternating current driver signal, e.g., a sinusoidal signal or a
square wave signal, is applied to the drive coils 5, 6.

[0104] Because in the present exemplary embodiment the
drive coils 5, 6 are wound onto the stator cores 7, 8 with the
same number of windings, but in opposite directions, a mag-
netic flux ¢, is induced in the first stator core 7, and a magnetic
flux ¢, of the same amount, but an orientation opposite to the
magnetic flux ¢, of the first stator core 7 is induced in the
second stator core 8, if an electrical alternating current driver
signal is applied in a symmetrical manner. In the present
exemplary embodiment, the alternating current driver signal
is chosen in such a way that the magnetic flux ¢, that is
generated at a certain point in time in the drive coil 6—as
indicated by the arrow 34 in FIG. 4—reduces or even elimi-
nates a part of the flux ¢,, induced by the magnet 9 in the
magnetic circuit 31. Reversely, the drive coil 5 generates an
identical, but inverted electromagnetic flux ¢,, which—as
indicated by the arrow 36 in FIG. 4—amplifies the flux ¢,,
induced by the magnet 9 in the magnetic circuit 30 as soon as
the amplitude of the driver signal reaches its maximum.
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[0105] When the driver signal has reached its maximal
positive amplitude, the magnetic field that is generated in the
stator core 7 is concentrated in the free end 21 and flows via
the air gap to the edge 28 of the bending element 10. This field
amplifies the existing static magnetic flux ¢,, at the edge 28
that is generated by the magnet 9. The flux density is thus
amplified and increases the attractive force between the edge
28 and the free ends 21 of the stator core 7. At the same time,
the drive coil 6 creates a magnetic flux ¢, of opposite polarity
in the stator core 8, decreasing the attractive force between the
free end 22 of'the stator core 8 and the edge 29 of the bending
element 10. The asymmetry of the magnetic forces between
the central element 11 and the free ends 21, 22 of the stator
cores 7, 8 that is thus achieved causes a torque around the
longitudinal axis A-A, as a result of which the central element
11 oscillates in the direction of the torque vector around the
longitudinal axis A-A.

[0106] As the driver signal transitions from its positive
maximal amplitude to the negative maximal amplitude, the
directions of the coil-induced magnetic fluxes ¢,, ¢, are
reversed. As a result, an opposite torque is applied to the
central element 11, as a result of which the rotational direc-
tion of the central element 11 is reversed. As a result, through
a periodic pole reversal of the coil-induced magnetic fluxes
¢;, ¢, by means of a periodic driver signal, the bending
element 10, more particularly the central element 11, is set
into a forced rotary oscillation, with its frequency being
directly dependent on the frequency of the driver signal,
which is in particular of the same size.

[0107] Instead of being applied to both drive coils 5, 6 the
driver signal can also be applied to only one of the two drive
coils 5, 6, so that the magnetic flux through the one circuit is
amplified, while the magnetic flux through the other circuit is
reduced.

[0108] According to the present invention, the torsional
moment onto the central element 11 is effected by a force that
is proportional to the electric capacity that is applied to the
drive coils 5, 6. If the frequency of the electric oscillation
corresponds to the natural frequency of the bending element
10, oscillations with a large angular amplitude can be gener-
ated by means of a resonance rise even when the driving
power is relatively low.

[0109] FIGS. 5 to 8 show another possible exemplary
embodiment of an optical torsional resonance oscillator 100",
comprising an optical sensor system 40 according to the
present invention.

[0110] As far as FIGS. 5 and 6 are concerned, the torsional
resonance oscillator 100' comprises a substantially U-shaped
base plate 1, which forms the mechanical support for the
torsional resonance oscillator 100'. The two short flanks of the
U-shaped base plate 1 together with two fixing screws 3,4 and
two end brackets 2 for receiving and fixating an elongated,
spring-elastic bending element 10. The fixing screws 3, 4 are
screwed into corresponding threaded holes 17 in the short
flanks of the base plate 1 for the purpose of fixating the
bending element 10 or for mounting the fixing screws 3, 4 on
the short flanks of the U-shaped base plate 1.

[0111] As far as FIGS. 5 to 8 are concerned, the torsional
resonance oscillator 100' comprises the bending element 10
as an essential structural component that is fixated inside the
end brackets 2 at both of its ends with respect to its longitu-
dinal axis A-A. Further, at its center of gravity S or center, the
bending element has a magnetizable section 60 which serves
as the actual oscillating element of the torsional resonance
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oscillator 100". The magnetizable section 60 is configured as
the anchor 60 of the bending element 10, with two oscillation
arms 18, 19 extending therefrom in a diametral manner as
torsion springs, thus forming the longitudinal axis A-A, and
being connected to respectively one end lug 12, 13 for fixating
the bending element inside the end brackets 2, which in the
present exemplary embodiment are trapezoidal in shape. The
bending element 10 with the anchor 60, oscillation arms 18,
19 and end lugs 12, 13 is preferably configured as a single
piece, as in the present exemplary embodiment. In order to
facilitate a rotary oscillation of the bending element around its
longitudinal axis A-A, the oscillation arms 18, 19 are prefer-
ably configured so as to have a thin and rectangular cross-
section, as is the case in the present exemplary embodiment.
[0112] As has been described earlier, the end lugs 12, 13 of
the bending element 10 are fixated inside the end brackets 2.
For this purpose, in the present exemplary embodiment, the
front surfaces of the two short flanks of the U-shaped base
plate 1 have supports 14, 15, inside of which the end lugs 12,
13 are received and clamped in place with the fixing screws 3,
4. Alternatively, the end lugs 12, 13 can also be welded. It is
preferred that the attachment means are configured in such a
manner that none of the areas of the bending element 10 that
participate in the rotary oscillation are obstructed.

[0113] Further, the anchor 60 is configured in a planar,
more particularly disk-shaped manner, and extends beyond
the oscillation arms 18, 19 obliquely to the longitudinal direc-
tion A-A of the bending element 10, resulting in a generally
elliptical or circular shape as seen in the top view.

[0114] On the side that is facing away from the working air
gaps, the anchor 60 comprises one or multiple light-reflect-
ing, light-emitting or light-detecting elements 11, for
example a polished surface, a vapor-deposited metal film, a
multi-layer thin-film reflector, a diffraction grating or a mirror
with a reflecting surface. In the present exemplary embodi-
ment, the surface is integrated into the anchor 60 in a circular
manner, polished, and serves as the light-reflecting element
11.

[0115] As far as FIGS. 5 to 8 are concerned, a magnet 9 is
arranged below the anchor 60 at a distance to the bending
element 10. The magnet 9 is a permanent magnet. According
to the invention, the magnet 9 is arranged in such a manner
that the magnetic flux ¢, ,that is generated by it is directed into
or out of the magnetizable section 60 of the bending element
10 in a symmetrical manner and vertically to its longitudinal
axis A-A. The magnetization direction of the magnet 9
extends in the vertical direction corresponding to the axis
B-B. The air gap between the bending element 10 and the one
pole of the magnet 9 is so small that the bending element 10
can move in a collision-free manner.

[0116] The other pole of the magnet 9 is located in the
middle of the yoke of the magnetically soft circuit 7', which is
also referred to as a stator. Wound around the stator 7' is the
electrical drive coil 5 and 6, which is divided into two sym-
metrical halves. The stator comprises two pole surfaces 21
and 22 that are arranged so as to be facing the pole surfaces of
the anchor 28 and 29. According to the invention, the pole
surfaces of the anchor are arranged in a plane. In addition,
they are arranged on top of each other in a projection along an
axis B-B. Hence, the pole surfaces of the stator 7' have to be
tilted outward by the value of the maximal swivel angle of the
anchor 60, so that a uniform, parallel minimal air gap between
the pole surfaces 21 and 28, or 22 and 29 is created at maximal
deflection.
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[0117] The magnetic flux ¢, 37 that is generated in the
drive coil 5 and 6 by the alternating current flows through the
stator 7', the air gaps forming its pole surfaces 21 and 22
together with the anchor pole surfaces 28 and 29, and through
the anchor 60. In this closed circuit the electrically excited
flux 37 is added to or subtracted from the two circuits of the
permanent-magnetically excited fluxes 30 and 31, so that
forces of different strength are created at the air gap boundary
surfaces. Then, the resulting force creates a torsional moment
in the anchors 60 center of rotation, with its magnitude
depending in a directly proportional manner on the magni-
tude of the resulting force, and its direction depending in a
directly proportional manner on the polarity of the current
flow 34 and 36.

[0118] The magnet 9 is surrounded by a short-circuited
winding 8.1. This sleeve, which primarily consists of copper
and has a wall thickness of at least 0.2 mm, but preferably of
1 to 2 mm, has an inner contour that is well adjusted to the
cross-sectional dimensions of the magnet 9. The maximal
length of the sleeve is the length of the magnet 9, but it can
also be shorter, in which case it should always be located in
the top part of the magnet close to the air gap.

[0119] The bending element 10 is preferably made of
spring steel and forms a torsion spring together with the
oscillating arms 18, 19, with its spring constant being deter-
mined by the length, width and thickness as well as the
material of the oscillating arms 18, 19. Alternatively, itis also
possible that the bending element 10 is made of a fiber com-
posite material which either contains ferromagnetic material
or onto which ferromagnetic material is applied in a force-
fitting manner, for example by means of coating. Fiber com-
posite material has less mass than spring steel, so that it is
possible to manufacture bending elements that have very high
natural torsional frequencies (e.g. >1 6 kHz) at a suitable
spring constant.

[0120] The stator 7' preferably consists of a lamellated fer-
romagnetic material, for example made of multiple thin metal
sheets with a thickness of approximately 0.05 mm to approxi-
mately 0.50 mm from FeSi, FeNi, FeCo or unalloyed or
low-alloyed iron, with the sheets being isolated from one
another.

[0121] The other components of the torsional resonance
oscillator 100' can be made of non-ferromagnetic material, as
long as they do not contribute to the conduction and support
of'the magnetic fluxes ¢,, ¢,, ¢,,. The base plate 1 and the end
brackets 2 or the fixation plates 3, 4 can be made of any
material which ensures a stable fixation of the bending ele-
ment 10.

[0122] In the present exemplary embodiment according to
FIGS. 5 and 6, the torsional resonance oscillator 100" is
equipped with an optical sensor system 40, which is config-
ured for the purpose of detecting the entire oscillation move-
ment of the anchor 60. For this purpose, the sensor system in
the present exemplary embodiment comprises a light-emit-
ting element or a light-source 43 that emits a beam of light in
the direction of a reflection surface 11 of the bending element
10, which is reflected at that location and then impinges at a
clamping angle 41 on an optical detector 42, which is suitable
for detecting the modulation of the beam of light proportion-
ally to the rotational angle of the anchor 60. In particular, the
present optical sensor system has the ability to detect the
entire oscillation amplitude, the frequency as well as possible
distortions of the oscillation, which may be caused by a
defective bending element 10, for example.
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[0123] The light-source 43 can be a coherent or a non-
coherent light-source, such as an LED (light emitting diode)
or a laser diode, for example. As the detector, a so-called
“position sensitive device” (PSD), a so-called “charge
coupled device” (CCD), an assembly of discrete photo diodes
or the like can be used, for example.

[0124] Preferably, the reflection point is arranged in the
centroid of the area of the anchor 60, so that the entire oscil-
lation amplitude can be detected in an effective manner. In the
exemplary embodiment that is shown here, it is not possible to
arrange the sensor system 40 below the anchor 60 due to the
lack of space, wherein an attachment of the sensor system 40
below the oscillating arms 18, 19 would not be sufficient
anyway to detect the entire oscillation amplitude of the
anchor 60. Therefore, the optical sensor system 40 is arranged
above the anchor 60 in the present exemplary embodiment.
[0125] Further, a control device can be provided, which is
not shown here and which is operatively connected to the
optical sensor system 40 and/or to the drive coil 5, 6 and
controls or regulates the oscillation amplitude and/or the
oscillation frequency. Thanks to this regulation, it is also
possible to selectively vary the dynamic range (zoom effect)
without having to provide an elaborate optical system.

PARTS LIST
[0126] 1 base plate
[0127] 2 end bracket
[0128] 3, 4 fixing screws
[0129] 3a, 4a fixation plate
[0130] 5 first drive coil
[0131] 6 second drive coil
[0132] 7 first stator core
[0133] 7' stator
[0134] 8 second stator core
[0135] 8.1 short-circuited winding
[0136] 9 magnet
[0137] bending element
[0138] 11 central element
[0139] 12,13 end lug
[0140] 14, 15 recesses
[0141] 14', 15' support
[0142] 16 screw
[0143] 17 thread hole
[0144] 18, 19 oscillation arms
[0145] 20 pole shoe
[0146] 21, 22 free ends of the pole shoe
[0147] 23 first half of the pole shoe
[0148] 24 second half of the pole shoe
[0149] 25 pole tip
[0150] 26, 27 outer rim of the bending element
[0151] 28, 29 outer rim of the central element
[0152] 30 first magnetic circuit
[0153] 31 second magnetic circuit
[0154] 34, 36 arrow
[0155] 40 optical sensor system
[0156] 41 clamping angle of the sensor system
[0157] 42 detector
[0158] 43 light source
[0159] 50 reflux element
[0160] 60 magnetizable partial area of the bending element
[0161] 100 scanning device
[0162] 100 torsional resonance oscillator
[0163] A-A longitudinal direction of the bending element
[0164] B-B symmetry axis of the pole shoe
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1. An optical resonance scanner, comprising:

resilient bending element (10) excitable to rotationally
vibrate about a longitudinal axis (A-A), by at least one
stationary magnet (9) and at least one stationary drive
coil (5), wherein the drive coil (5) is wound around a
pole shoe (20) which is magnetically coupled to the
magnet (9) and has two opposing free ends (21, 22)
between which the bending element (10) is arranged
symmetrically so that, between the bending element
(10) and the free ends (21, 22) of the pole shoe (20), a
magnetic flux is transmittable between the bending ele-
ment (10) and the free ends (21, 22) of the pole shoe (20)
in a manner substantially perpendicularly to the longi-
tudinal axis (A-A), wherein the magnet (9) is arranged
symmetrically relative to the free ends (21, 22) of the
pole shoe (20) so that the magnetic flux generated by the
magnet (9) couples to the bending element (10) substan-
tially perpendicularly to the longitudinal axis (A-A), and
a first magnetic circuit (30) is formed by the magnet (9)
and a first half (23) of the pole shoe (20), and a second
magnetic circuit (31) is formed by the magnet (9) and a
second half(24) of the pole shoe (20), both by way of the
superposition of the magnet-induced and coil-induced
magnetic fluxes, said magnetic circuits extending
counter to one another through a magnetizable portion
(60) of the bending element (10) in a plane perpendicu-
lar to the longitudinal axis (A-A); and a short circuit
winding (8.1) surrounds the magnet (9).

2. The optical resonance scanner according to claim 1,
further comprising a second drive coil (6), wherein the first
drive coil (5) is wound around the first half (23) of the pole
shoe (20) and the second drive coil (6) is wound around the
second half (24) of the pole shoe (20).

3. (canceled)

4. (canceled)

5. The optical resonance scanner according to claim 1,
wherein the pole shoe (20) comprises a first stator core (7) and
a second stator core (8) that is separate from the first stator
core (7), which form the first and the second half (23, 24) of
the pole shoe (20), with each of the first and second stator
cores configured so as to be substantially C-shaped.

6. (canceled)

7. The optical resonance scanner according to claim 1,
wherein the magnet (9) and the pole shoe (20) or the magnet
(9) and the two halves (23, 24) of the pole shoe (20) are
magnetically coupled to each other via a reflux element (50).

8. (canceled)

9. The optical resonance scanner according to claim 1,
wherein the bending element (10) is fixated in end brackets
(2) at both its ends with respect to its longitudinal axis (A-A),
and said end brackets (2) each comprise a non-magnetic
material.

10. The optical resonance scanner according to claim 1,
further comprising one base plate (1) of anon-magnetic mate-
rial, and the end brackets (2), the reflux element (50), the pole
shoe (20), the first stator core (7), the second stator core (8)
and/or the magnet (9) are fixedly attached to the base plate (1).

11. (canceled)

12. The optical resonance scanner according to claim 1,
wherein the bending element (10) has a substantially sym-
metrical embodiment with respect to its magnetizable section
(60) thereof for the purposes of generating substantially sym-
metric vibrations, and/or the center of gravity of the bending
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element (10) lies symmetrically in the region of the magne-
tizable section (60) of the bending element (10).

13. The optical resonance scanner according to claim 1,
wherein the magnetizable section (60) forms a central section
of'the bending element from which two connecting arms (18,
19), extend diametrically and are connected with trapezoidal
shaped end lugs (12, 13) inside the end brackets (2).

14. The optical resonance scanner according to claim 13,
wherein the central element (11) is substantially planar and
disk-shaped, and/or projects beyond the connecting arms (18,
19) in the direction of the stator cores (7, 8) obliquely to the
longitudinal direction (A-A) of the bending element (10).

15. The optical resonance scanner according to claim 13,
wherein the bending element (10) at least partially comprises
a ferromagnetic material or a fiber composite material or a
combination of these materials.

16. The optical resonance scanner according to claim 13,
wherein the bending element (10) comprises at least one
light-reflecting and/or light-emitting and/or light-detecting
element in the section (60) or on the central element (11), in
particular on a side that is facing away from the magnet (9).

17. The optical resonance scanner according to claim 13,
wherein an air gap in the range of 0.2 mm to 1.5 mm is
established between the magnetizable section (22) or central
element (11) and the magnet (9) as well as the free ends (21,
22) of the pole shoe (20), so that the central element (11) can
oscillate without collision between the magnet (9) and the
free ends of'the stators (21, 22) and so that the central element
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(11) is penetrated to a maximum extent by the magnet-in-
duced and coil-induced magnetic fluxes.

18. The optical resonance scanner according to claim 1,
further comprising an optical sensor system (40) with a light
source (43), and an intensity-sensitive and/or position-sensi-
tive detector (42) on the side of the bending element (10)
facing away from the magnet (9) to register the whole vibra-
tion amplitude and/or the vibration frequency of the bending
element (9) as it oscillates.

19. The optical resonance scanner according to claim 18,
further comprising a control device operatively connected to
the optical sensor system (40) and/or the first and/or the
second drive coil (5; 6), to control or regulate the entire
oscillation amplitude and/or the oscillation frequency of the
oscillating bending element (10).

20. (canceled)

21. The optical resonance scanner according to claim 1,
wherein free ends of the pole shoes (21, 22) are aligned with
respect to the magnetizable section (60) in such a manner that
a parallel minimal air gap is created during maximal deflec-
tion of the magnetizable section (60), and wherein an end face
of the magnet (9) that is facing towards the magnetizable
section (60) is aligned in parallel to the magnetizable section
(60) in the inactive state, and further wherein the free ends of
the pole shoes (21, 22) and the end face of the magnet (9) that
is facing towards the magnetizable section (60) and the mag-
netizable section (60) are arranged on top of each other in a
projection along the symmetry axis of the pole shoe (B-B).
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