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Description

BACKGROUND OF THE INVENTION

(1) Field of the Invention

[0001] The present invention generally relates to an optical deflection apparatus, and more particularly to an optical
deflection apparatus in which a deflection angle is continuously controllable.

(2) Description of the Related Art

[0002] In recent years, optical switches have been developed, so that miniaturized optical deflection apparatus
through which light can be accurately deflected is required for the optical switches.
[0003] In general, to deflect the light, a mechanical movable part, such as a galvanomirror, is used. However, because
of vibration generated by the mechanical movable part, it is not preferable that a deflection apparatus having the
mechanical movable part is used in a precision optical system. Thus, an optical deflection apparatus in which a liquid
crystal panel having no mechanical movable part is used is being developed.
[0004] An example of a conventional optical deflection apparatus having the liquid crystal is shown in Fig. 1A.
[0005] Referring to Fig. 1A, an optical deflection apparatus 41 has a deflection unit 42 and a driving unit 43 for
applying a driving voltage to the deflection unit 42. The deflection unit 42 has a pair of glass plates 48 and 49. A
transparent electrode 44 which is covered by an orientation film 46 is stacked on the glass plate 48 (see Fig. 1B).
Band-shaped transparent electrodes 45 which are covered by an orientation film 47 are stacked on the glass plate 49
(see Fig. 1C). The glass plates 48 and 49 are maintained at predetermined distance by spacers 50, and the orientation
films 46 and 47 face each other. A space between the orientation films 45 and 47 is filled with liquid crystal 51. Directions
A and A' of the orientation films 46 and 47 are perpendicular to each other (see Figs. 1B and 1C).
[0006] When no voltage is applied across the transparent electrode 44 and the band-shaped transparent electrodes
45, liquid crystal molecules are twisted by the orientation films 46 and 47. In this state, the light does not travel through
the liquid crystal 51. When the voltage is applied across the transparent electrode 45 and the band-shaped transparent
electrodes 45, the liquid crystal molecules are arranged so that major axes of the molecules are parallel to each other.
In this state, the light can travel through the liquid crystal 51.
[0007] The driving unit 43 controls voltages applied to electrodes (the band-shaped transparent electrodes 45). When
alternate electrodes are provided with voltages as shown in Fig. 2A, stripes arranged at intervals each corresponding
to two electrodes are formed. Light incident on the deflection unit 42 is diffracted and deflected by the stripes. The
deflection angle is controlled by the intervals of the stripes. When alternate pairs of adjacent electrodes are provided
with voltages as shown in Fig. 2B, stripes arranged at intervals each corresponding to two pairs of adjacent electrodes
are formed. That is, in this case, the intervals of the stripes are changed, so that the deflection angle is changed.
[0008] In addition, it has been proposed that signals having a predetermined frequency and different phases are
supplied to the respective electrodes so that a diffraction grating in which the transmittance corresponding to each
electrode is gradually varied.
[0009] In the above conventional optical deflection apparatus, the voltages applied to the electrodes are controlled
so that transmittances of parts, corresponding to the electrodes, of the liquid crystal are controlled. As a result, the
pattern of stripes are controlled. Thus, the pattern of stripes arranged at intervals less than the width of each electrode
can not be formed, so that it is difficult to obtain a resolution (intervals) corresponding to grade of wavelength of light
which resolution is needed to obtain a sufficient deflection angle.
[0010] In addition, as shown in Fig. 2B, a space frequency which can be represented by the stripes always corre-
sponds to values given by integral multiple of the interval of the stripes. Thus, the space frequency can not be contin-
uously changed, so that the deflection angle can be continuously changed.
[0011] Even if the frequencies of the signals supplied to the respective electrodes are changed, the space frequency
of stripes corresponding to the electrodes can not be continuously changed.
[0012] US 3,813,145 discloses the use of a cell containing a liquid crystal material as a "diffraction grating". Light
produced by using such a diffraction grating is used in a two-dimensional (X-Y) beam deflector, with independently
variable AC and DC fields simultaneously being applied across the cell so that the beam is presented at selectable
positions of a viewing station. US 38 13145 discloses all the features of the preamble of claim 1 in connection.
[0013] US 4639091 discloses an optical deflection apparatus comprising a liquid crystal layer and electrodes for
applying driving voltages to the liquid crystal layer so as to form a diffraction grating. In one embodiment the electrodes
are formed from a matrix of individually addressable points.
[0014] Accordingly, a general object of the present invention is to provide a novel and useful optical deflection ap-
paratus in which the disadvantages of the aforementioned prior art are eliminated.
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[0015] A more specific object of the present invention is to provide an optical deflection apparatus in which the
deflection angle can be continuously controlled.
[0016] According to the present invention there is provided an optical deflection apparatus comprising: a pair of
transparent electrodes, at least one of said transparent electrodes being segmented so as to form electrode-segments
that are arranged in two directions substantially perpendicular to each other; driving means for supplying driving volt-
ages to said pair of transparent electrodes; a liquid crystal layer, put between said transparent electrodes, in which
stripes are formed having space-frequencies dependent on the waveforms of driving voltages supplied by the driving
means to said pair of transparent electrodes, the stripes functioning as gratings by which incident light is deflected in
deflecting directions; and orientation setting means for setting an initial orientation of said liquid crystal layer; wherein
said driving means comprise signal generating means for generating a first signal having a low frequency less than a
predetermined frequency and a second signal having a high frequency greater than said predetermined frequency and
control means for controlling said signal generating means so that said signal generating means outputs selectively
the first signal or the second signal as the driving signal; and wherein, if the driving signal comprises the first signal,
the stripes extend in a direction parallel to the initial orientation direction of the liquid crystal layer, and if the driving
signal comprises the second signal, the stripes extend in a direction perpendicular to the initial orientation direction of
the liquid crystal layer.
[0017] According to the present invention, the deflecting direction of light deflected by the grating formed in the liquid
crystal can be continuously changed by changing (at a low frequency or a high frequency) the waveform of the driving
signal supplied to the pair of transparent electrodes.
[0018] According to the present invention, the light which passes through the gratings formed in the liquid crystal
can be focused. In addition, the focus can be moved by changing the driving voltages supplied to the electrode-seg-
ments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

Figs. 1A, 1B and 1C are diagrams illustrating a structure of a conventional optical deflection apparatus;
Figs. 2A and 2B are diagrams illustrating patterns of stripes formed on the conventional optical deflection appa-
ratus;
Figs. 3A, 3B and 3C are diagrams illustrating a structure of an optical deflection apparatus forming the basis of a
first embodiment of the present invention;
Fig. 4 is a block diagram illustrating a driving unit of the optical deflection apparatus shown in Fig. 3A;
Fig. 5 is a characteristic diagram illustrating a relationship between a voltage applied to a liquid crystal and the
space frequency of stripes;
Figs. 6A and 6B are diagrams illustrating operations of the optical deflection apparatus of Fig. 3;
Fig. 7 is a diagram illustrating light deflected by the optical deflection apparatus of Fig. 3;
Fig. 8 is a waveform diagram illustrating waveforms of driving signals and a deflection pattern in which a focal
point moves at a constant angular velocity;
Fig. 9 is a waveform diagram illustrating waveforms of driving signals and a deflection pattern in which the focal
point moves at a constant velocity;
Figs. 10A, 10B and 10C are waveform diagrams illustrating waveforms of driving signals (voltages) which can be
used in a low-frequency driving manner;
Figs. 11A, 11B and 11C are waveform diagrams illustrating waveforms of driving signals (voltages) which can be
used in a high-frequency driving manner;
Figs. 12A and 12B are diagrams illustrating a first variation of the transparent electrodes used in the deflection unit;
Fig. 12C is a diagram illustrating a state where the deflection unit having the transparent electrodes shown in Figs.
12A and 12B is driven in the low-frequency driving manner;
Fig. 12D is a diagram illustrating a state where the deflection unit having the transparent electrodes shown in Figs.
12A and 12B is driven in the high-frequency driving manner;
Figs. 13A and 13B are diagrams illustrating a second variation of the transparent electrodes used in the deflection
unit;
Fig. 13C is a diagram illustrating a state where the deflection unit having the transparent electrodes shown in Figs.
13A and 13B is driven in the low-frequency driving mode;
Fig. 13D is a diagram illustrating a state where the deflection unit having the transparent electrodes shown in Figs.
13A and 13B is driven in the high-frequency driving mode;
Figs. 14A and 14B are diagrams illustrating a third variation of the transparent electrodes used in the deflection
unit of an embodiment of the present invention;
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Fig. 14C is a diagram illustrating a state where the deflection unit having the transparent electrodes shown in Figs.
14A and 14B is driven in the low-frequency driving manner;
Fig. 14D is a diagram illustrating a state where the deflection unit having the transparent electrodes shown in Figs.
14A and 14B is driven in the high-frequency driving manner;
Figs. 15A and 15B are diagrams illustrating a fourth variation of the transparent electrodes used in the deflection
unit;
Figs. 16A and 16B are diagrams illustrating a fifth variation of the transparent electrodes used in the deflection
unit of an enbodiment of the present invention;
Figs. 17A and 17B are diagrams illustrating a sixth variation of the transparent electrodes used in the deflection
unit of an embodiment of the present invention;
Figs. 18A and 18B are diagrams illustrating a seventh variation of the transparent electrodes used in the deflection
unit of an embodiment of the present invention;
Fig. 19 is a diagram illustrating the optical deflection apparatus forming the basis of a second embodiment of the
present invention;
Fig. 20 is a diagram illustrating light deflected by a grating formed in a deflection unit of the optical deflection
apparatus shown in Fig. 19;
Fig. 21 is a waveform diagram illustrating waveforms of driving signals (voltages) used to drive the deflection unit
in the low-frequency driving manner;
Fig. 22 is a waveform diagram illustrating waveforms of driving signals (voltages) used to drive the deflection unit
in the high-frequency driving manner;
Fig. 23 is a diagram illustrating transparent electrodes used in the deflection unit shown in Fig. 19;
Fig. 24 is a diagram illustrating a first variation of the transparent electrodes used in the deflection unit of an
embodiment of the present invention;
Fig. 25 is a diagram illustrating a second variation of the transparent electrodes used in the deflection unit;
Fig. 26 is a diagram illustrating a third variation of the transparent electrodes used in the deflection unit of an
embodiment of the present invention;
Fig. 27 is a diagram illustrating a fourth variation of the transparent electrodes used in the deflection unit of an
embodiment of the present invention;
Fig. 28 is a diagram illustrating a fifth variation of the transparent electrodes used in the deflection unit of an
embodiment of the present invention;
Figs. 29A, 29B, 29C, 29D, 29E and 29F are diagrams illustrating examples of focus movement in a case where
the deflection unit is driven so that a convex cylindrical lens is formed;
Figs. 30A, 30B, 30C, 30D, 30E and 30F are diagrams illustrating examples of focus movement in which the de-
flection unit is driven so that a concave cylindrical lens is formed;
Figs. 31A, 31B, 31C, 31D, 31E and 31F are diagrams illustrating examples of focus movement in a case where
the deflection unit is driven so that the convex cylindrical lens is formed;
Figs. 32A, 32B, 32C, 32D, 32E and 32F are diagrams illustrating examples of focus movement in a case where
the deflection unit is driven so that the concave cylindrical lens is formed;
Figs. 33A and 33B are diagrams illustrating examples of focus movement in a case where deflection unit is driven
so that a convex cylindrical lens array is formed;
Figs. 34A, 34B and 34C are diagrams illustrating examples of focus movement in a case where deflection unit is
driven so that a convex cylindrical lens array is formed;
Fig. 35 is a diagram illustrating the optical deflection apparatus forming the basis of a third embodiment of the
present invention;
Fig. 36 is a diagram illustrating light deflected by a grating formed in a deflection unit of the deflection apparatus
shown in Fig. 35;
Fig. 37 is a diagram illustrating transparent electrodes used in the deflection unit;
Fig. 38 is a diagram illustrating a first variation of the transparent electrodes used in the deflection unit;
Fig. 39 is a diagram illustrating a second variation of the transparent electrodes used in the deflection unit;
Fig. 40 is a diagram illustrating a third variation of the transparent electrodes used in the deflection unit;
Fig. 41 is a diagram illustrating a fourth variation of the transparent electrodes used in the deflection unit of an
embodiment of the present invention;
Fig. 42 is a diagram illustrating a fifth variation of the transparent electrodes used in the deflection unit of an
embodiment of the present invention;
Fig. 43 is a diagram illustrating a sixth variation of the transparent electrodes used in the deflection unit of an
embodiment of the present invention;
Fig. 44 is a diagram illustrating a seventh variation of the transparent electrodes used in the deflection unitof an
embodiment of the present invention;
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Fig. 45 is a diagram illustrating a eighth variation of the transparent electrodes used in the deflection unit;
Fig. 46 is a diagram illustrating a ninth variation of the transparent electrodes used in the deflection unit;
Fig. 47 is a diagram illustrating a tenth variation of the transparent electrodes used in the deflection unit of an
embodiment of the present invention;
Fig. 48 is a diagram illustrating a eleventh variation of the transparent electrodes used in the deflection unit of an
embodiment of the present invention;
Fig. 49 is a diagram illustrating a twelfth variation of the transparent electrodes used in the deflection unit of an
embodiment of the present invention;
Fig. 50 is a diagram illustrating a thirteenth variation of the transparent electrodes used in the deflection unit of an
embodiment of the present invention;
Figs. 51A and 51B are diagrams illustrating examples of focus movement in a case where the deflection unit is
driven so that the convex Fresnel lens is formed; and
Figs. 51C and 51D are diagrams illustrating examples of focus movement in a case where the deflection unit is
driven so that the concave Fresnel lens is formed.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0020] A description will now be given of an optical deflection apparatus which, although itself not directly embodying
the present invention, when modified in certain respects as explained below represents a first embodiment of the
present invention. In this optical deflection apparatus, a deflection angle at which incident light is deflected is varied
so that deflected light scans in a predetermined direction.
[0021] The optical deflection apparatus is formed as shown in Figs. 3A, 3B and 3C. Referring to Fig. 3A, the optical
deflection apparatus 1 has a deflection unit 2 and a driving unit 3. The driving unit 3 controls a voltage applied to the
deflection unit 2 so that incident light is deflected by the deflection unit 2 at a deflection angle based on the voltage.
[0022] The deflection unit 2 has a pair of glasses 8 and 9. Transparent electrodes 4 and 5 which are respectively
covered by orientation films 6 and 7 are respectively formed on the glasses 8 and 9. The glasses 8 and 9 are arranged
so that the orientation films 6 and 7 face each other. The glasses 8 and 9 are maintained a predetermined distance by
spacers 10, and a space between the orientation films 6 and 7 is filled with crystal liquid 11. The transparent electrodes
4 and 5 continuously extend on the glasses 8 and 9 respectively, as shown in Figs. 3B and 3C. An initial orientation
direction of the crystal liquid 11 provided between the orientation films 6 and 7 depends on the orientation film 6.
[0023] The liquid crystal 11 is a type of nematic liquid crystal having a dielectric constant ε1 in the major axis direction
of liquid crystal molecules and a dielectric constant ε2 in the minor axis direction thereof. The difference between the
dielectric constants ε1 and ε2 (∆ε = ε1 - ε2) is negative. When a DC (direct current) voltage greater than a threshold
level is applied to this type of the liquid crystal, stripes are formed in the liquid crystal in a direction parallel to the initial
orientation direction of the liquid crystal. When an AC (alternate current) voltage greater than a threshold level is applied
to the liquid crystal, stripes are formed in the liquid crystal in a direction perpendicular to the initial orientation direction
of the liquid crystal. This phenomenon was reported by W.Greubel et al. (App. Phys. Lett. 19 and 17, 1971). The stripes
formed in the liquid crystal are caused by the distribution of secondary orientation in the liquid crystal. Intervals at which
the stripes are arranged are varied by variation of the voltage applied to the liquid crystal. This operation of the liquid
crystal is referred to as an operation in a VGM (Variable Grating Mode).
[0024] The driving unit 3 which applies a voltage across the transparent electrodes 4 and 5 is formed as shown in
Fig. 4.
[0025] Referring to Fig. 4, the driving unit 3 has a voltage waveform generating circuit 12, an amplifier 13, a voltage
control circuit 14, a space-frequency-to-voltage converter circuit 15, a controller 16 and an amplitude modulating circuit
17. The voltage waveform generating circuit 12 outputs a signal (used as a carrier) having a waveform based on an
instruction from the controller 16. The amplifier 13 amplifies the signal output from the voltage waveform generating
circuit 12. The voltage control circuit 14 controls a waveform of a signal supplied from the amplifier 13. The space-
frequency-to-voltage converter circuit 15 outputs a control signal used to control the level of the signal output from the
voltage control circuit 14. The controller 16 instructs the voltage waveform generating circuit 12 to generate a DC
waveform signal or an AC waveform signal, and informs the space-frequency-to-voltage circuit 15 of a space-frequency
of stripes to be formed in the crystal liquid 11.
[0026] In a DC (Direct Current) driving manner (in a low-frequency driving manner), a DC carrier wave is used. In
an AC (Alternating Current) driving manner (in a high-frequency driving manner), an amplitude-modulated carrier is
used. In this case, the cycle of the carrier must be less than the cycle of a modulating wave.
[0027] The carrier output from the voltage waveform generating circuit 12 is amplified by the amplifier 13. The gain
of the amplifier 13 depends on the maximum value of the deflection angle. The gain is set in the amplifier 13 in ac-
cordance with an instruction from the controller 16. The voltage control circuit 14 applies a DC bias to the carrier output
from the amplifier 13. The biased carrier output from the voltage control circuit 12 is amplitude-modulated by the am-
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plitude modulating circuit 17. The amplitude of the carrier depends on a deflection angle (a deflection position). The
controller 16 has a deflection-angle-voltage conversion table, and the deflection angle is converted into a control signal
using the conversion table. The control signal is used to control a degree of the amplitude modulation of the carrier.
The amplitude-modulated carrier output from the amplitude modulating circuit 17 is supplied to the transparent electrode
4 of the deflection unit 2, so that a grating having a space-frequency corresponding to the voltage of the carrier is
formed in the liquid crystal 11.
[0028] The liquid crystal has a characteristic indicated by a relationship, as shown in Fig. 5, between the voltage
supplied to the liquid crystal 11 and the space-frequency of stripes formed in the liquid crystal 11.
[0029] Referring to Fig. 5, when a threshold voltage Vth is supplied to the liquid crystal 11, a stripe pattern having a
space-frequency Fsth is formed. When the voltage supplied to the liquid crystal 11 reaches a maximum value Vmax, the
space-frequency reaches a maximum value Fsmax. The space frequency is linearly increased from the value Fsth to
the maximum value Fsmax in accordance with the increasing of the voltage supplied to the liquid crystal 11 from the
threshold voltage Vth to the maximum value Vmax. In a range of the voltage greater than the maximum value Vmax, the
space-frequency is maintained at the maximum value Fsmax. The larger the space-frequency, the smaller the intervals
at which the stripes are arranged, and the larger the deflection angle.
[0030] A description will now be given, with reference to Figs. 6A and 6B, of operations of the optical deflection
apparatus of Fig. 3.
[0031] The driving unit 3 applies across the transparent electrodes 4 and 5 of the deflection unit 2 a DC voltage
which is varied at a low frequency less than a predetermined value within a range of 200Hz and 300Hz, as shown in
Fig. 6A. In this case, a stripe pattern having stripes which extend in a direction parallel to the initial orientation direction
A of the liquid crystal 11 is formed.
[0032] Light Lo incident on the deflection unit 2 (the liquid crystal 11) is diffracted by the stripe pattern and is deflected
at an angle corresponding to the space-frequency of the stripe pattern in a direction C perpendicular to the direction
A in which the stripes extend.
[0033] Due to the variation of the voltage supplied from the driving unit 3 to the deflection unit 2, the space-frequency
formed in the liquid crystal 21 is varied, so that the deflecting angle of the light Lo is varied. As a result, as shown in
Fig. 6A, a space between lines L1 and L2 in a direction B perpendicular to the initial orientation direction is scanned
by the deflected light.
[0034] The driving unit 3 applies across the transparent electrodes 4 and 5 of the deflection unit 2 an AC voltage
which is varied at a high frequency greater than the predetermined value within the range of 200Hz and 300Hz, as
shown in Fig. 6B. In this case, a stripe pattern having stripes which extend in the direction C perpendicular to the initial
orientation direction A of the liquid crystal 11 is formed.
[0035] The light Lo incident on the deflection unit 2 (the liquid crystal 11) is diffracted by the stripe pattern and is
deflected at an angle corresponding to the space-frequency of the stripe pattern in the direction A perpendicular to the
direction C in which the stripes extend.
[0036] Due to the variation of the envelope of the AC voltage amplitude-modulated, the space-frequency of the stripe
pattern formed in the liquid crystal 11 is varied, so that the deflection angle of the light Lo is varied. As a result, as
shown in Fig. 6B, a space between lines L3 and L4 in the direction D parallel to the initial orientation direction A is
scanned by the deflected light.
[0037] The space between the lines L1 and L2 and the space between the lines L3 and L4 both of which are to be
scanned by the light depend on the envelopes of the DC voltage and the AC voltage supplied from the driving unit 3
to the deflection unit 2.
[0038] As shown in Fig. 7, when the light Lo is incident on the deflection unit 2 at an angle θ1, the light Lo is deflected
at an deflection angle θ2 by stripes having a space-frequency fs. In this case, a relationship between the angles θ1 and
θ2 is represented by the following equation.

(λ is a wavelength of the incident light Lo)
[0039] The space-frequency is in proportion to the voltage V applied to the liquid crystal 11. That is, the following
equation stands.

[0040] According to the above equations (1-1) and (1-2), the following equation is obtained.

sin θ1 + sin θ2 = fsλ (1-1)

fs = k V (k is a constant) (1-2)
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[0041] In a case where the light is deflected at a constant angular velocity under a condition represented by the
following equation:

where w is an angular velocity and t is time, the above equation (1-3) may be changed to

[0042] Thus, the voltage V(t) to be supplied to the deflection unit 2 is represented by the following formula:

where A is equal to sin θ1 (A = sin θ1).
[0043] That is, if the voltage supplied to the deflection unit 2 is varied in a sinusoidal manner, the light can be deflected
at a constant angular velocity.
[0044] In a case where the light is deflected at a constant angular velocity, the signals supplied to the deflection unit
2 are shown in Fig. 8 (A) and (B). Fig. 8(A) shows a sinusoidal driving signal based on a DC carrier, and Fig.8(B) shows
a sinusoidal driving signal based on an AC carrier. When the sinusoidal driving signal having a wave form shown in
Fig. (A) or (B) is supplied to the deflection unit 2, the light incident on the deflection unit 2 is deflected at a constant
angular velocity. As a result, the scanning angle θ of the deflected light is varied in accordance with time t) as shown
in Fig. 8(C).
[0045] In case where the deflection unit 2 is driven by the sinusoidal driving signal shown in Fig. 8(A), the deflected
light can scan in the direction B (corresponding to the direction C) shown in Fig. 6A at the constant angular velocity as
shown in Fig. 8(C). In a case where the deflection unit 2 is driven by the sinusoidal driving signal shown in Fig. 8(B),
the deflected light can scan in the direction D (corresponding to the direction A) shown in Fig. 6B at the constant angular
velocity as shown in Fig. 8(C).
[0046] A description will now be given of a case in which light is deflected, at a time t, from a point (0,0) (a pixel) to
a point (X(t), Y(t)). In this case, the deflection angle θ2 is represented by the following equation.

When the above equation (2-1) is substituted for the equation (1-3), the voltage V(t) (the driving signal) supplied to the
deflection unit 3 is represented as follows:

where k' is equal to 1/kλ (k' = 1/kλ). Thus, if the driving signal V(t) is supplied to the deflection unit 2, the light is deflected
from the pixel (0,0) to the point (X(t), Y(t)).
[0047] Further, in Fig. 7, in a case where the deflected light scans a line x=X at a constant velocity u, Y(t) is equal
to ut (Y(t) = ut). Thus, in this case, the driving signal V(t) supplied to the deflection unit 2 is represented as follows.

The above equation can be transformed to the following equation.

sin θ1 + sin θ2 = k' V (k' = kλ) (1-3)

θ2 = wt

sin θ1 + sin wt = k' V . (1-4)

V(t) = (A + sin wt) / k' (1-5)

sin θ2 = Y(t) / [X(t)2 + Y(t)2]1/2 (2-1)

V(t) = k' [sin θ1 + Y(t) / [X(t)2 + Y(t)2]1/2] (2-2)

V(t) = k' [sin θ1 + ut / [X2 + (ut)2]1/2] (3-1)

V(t) = k' [sin θ1 + t / [t2 + (X/u)2]1/2]
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Substituting f for (X/u)2, the driving signal V(t) depends on t/(t2 + f)1/2.
[0048] Fig. 9 shows a case of a scanning operation at a constant velocity.
[0049] When the deflection unit 2 is driven by a driving signal having a waveform (a low frequency) as shown in Fig.
9(A), the deflected light scans at a constant velocity as shown in Fig. 9(C) in the direction B shown in Fig. 6A. When
the deflection unit 2 is driven by a driving signal having a waveform (a high frequency) as shown in Fig. 9(B), the
deflected light scans at the constant velocity as shown in Fig. 9(C) in the direction D shown in Fig. 6B.
[0050] Figs. 10A, 10B, 10C, 11A, 11B and 11C show driving signals used for scanning operations at velocities varied
at random. The driving signals shown in Figs. 10A, 10B and 10C have low frequencies (carriers are DC signals), and
driving signals shown in Figs. 11A, 11B and 11C have high frequencies (carriers are AC signals).
[0051] In the above embodiment, each of the transparent electrodes 4 and 5 is a single electrode. The initial orien-
tation direction of the liquid crystal 11 is a single direction. Black and white stripes arranged at constant intervals are
formed in a whole part of the liquid crystal 11 sandwiched by the transparent electrodes 4 and 5. When the light passes
through the liquid crystal 11 in this state, the light is deflected due to diffraction phenomenon. Due to use of the driving
signal having a low frequency, the deflection angle of the light in a direction can be varied at a constant velocity, at a
constant angular velocity and at a velocity varied at random. In addition, due to use of the driving signal having a high
frequency, the deflection angle of the light in a direction perpendicular to the direction of the case of the low frequency
can be varied at a constant velocity, at a constant angular velocity and at a velocity at random.
[0052] A description will now be given of a first variation of transparent electrodes used in the deflection unit 2.
[0053] In the first variation, the transparent electrode 4 (one of the two transparent electrodes) is segmented into
electrode-segments as shown in Fig. 12B. The electrode-segments are one-dimensionally arranged so as to extend
in a direction parallel to the orientation direction of the liquid crystal 11. The transparent electrode 5 (the other of the
two transparent electrodes) is a single electrode as shown in Fig. 12A.
[0054] When the driving signals having the low frequency (see Fig. 8(A), Fig. 9(A) and Figs. 10A, 10B and 10C) are
supplied to the electrode-segments of the transparent electrode 4 (the DC driving manner) such that the voltage levels
of the electrode-segments are different from each other, deflected light beams travel at different deflection angles in
the direction B (corresponding to the direction C) as shown in Fig. 12C. When the driving signals having the high
frequency (see Fig. 8(B), Fig. 9(B) and Figs. 11A, 11B and 11C) are supplied to the electrode-segments of the trans-
parent electrode 4 (the AC driving manner) such that the voltage levels of the electrode-segments are different from
each other, deflected light beams travel at different deflection angles in the direction D (corresponding to the direction
A) as shown in Fig. 12D.
[0055] A description will now be given, with reference to Figs. 13A, 13B, 13C and 13D, of a second variation of the
transparent electrodes used in the deflection unit 2.
[0056] In the second variation, the transparent electrode 4 (one of the two transparent electrodes) is segmented into
electrode-segments as shown in Fig. 13B. The electrode-segments are one-dimensionally arranged so as to extend
in a direction perpendicular to the orientation direction (the direction A) of the liquid crystal 11. The transparent electrode
5 (the other of the two transparent electrodes) is a single electrode as shown in Fig. 13A.
[0057] When the driving signals having the low frequency (see Fig. 8(A), Fig. 9(A) and Figs. 10A, 10B and 10C) are
supplied to the electrode-segments of the transparent electrode 4, the light incident on the deflection unit 2 can be
deflected so that deflected light beams scan in the direction B (corresponding to the direction C) as shown in Fig. 13C.
[0058] When the driving signal having the high frequency (see Fig. 8(B), Fig. 9(B) and Figs. 11A, 11B and 11C) are
supplied to the electrode-segments of the transparent electrode 4, the light incident on the deflection unit 2 can be
deflected so that deflected light beams scan in the direction D (corresponding to the direction A) as shown in Fig. 13D.
[0059] A description will now be given, with reference to Figs. 14A, 14B, 14C and 14D, of a third variation of the
transparent electrodes of the deflection unit 2. An optical deflection apparatus incorporating transparent electrodes of
the third variation represents an embodiment of the present invention.
[0060] In the third variation, the transparent electrode 4 (one of the two transparent electrodes) is segmented into
electrode-segments as shown in Fig. 14B. The electrode-segments are two-dimensionally arranged in the directions
A and C which are perpendicular to each other. The transparent electrode 5 (the other of the two transparent electrodes)
is a single electrode as shown in Fig. 14A.
[0061] The driving signals having the low frequency (see Fig. 8(A), Fig. 9(A) and Figs. 10A, 10B and 10C) may be
applied to the electrode-segments of the transparent electrode 4 (the DC driving manner). In this case, the incident
light is deflected by respective parts of the liquid crystal corresponding to the electrode-segments of the transparent
electrode 4 and deflected light beams scan in the direction B (corresponding to the direction C) as shown in Fig. 14C.
[0062] The driving signal having the high frequency (see Fig. 8(B), Fig. 9(B) and Figs. 11A, 11B and 11C) may be
applied to the electrode-segments of the transparent electrode 4 (the AC driving manner). In this case, the incident
light is deflected by parts of liquid crystal 11 corresponding to the electrode-segments of the transparent electrode 4
and deflected light beams scan in the direction D (corresponding to the direction A) as shown in Fig. 14D.
[0063] Figs. 15A and 15B show a fourth variation of the transparent electrodes. In the fourth variation, both the
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transparent electrodes 4 and 5 are respectively segmented into electrode-segments as shown in Figs. 15A and 15B.
The electrode-segments are one-dimensionally arranged in a direction parallel to the orientation direction. Due to use
of the transparent electrodes 4 and 5 as shown in Figs. 15A and 15B, the deflection of the light and the scanning of
deflected light beams can be performed in the same manner as in the cases shown in Figs. 14C and 14D.
[0064] Figs. 16A and 16B show a fifth variation of the transparent electrodes. An optical deflection apparatus incor-
porating transparent electrodes of the fifth variation represents an embodiment of the present invention. In the fifth
variation, the transparent electrode 4 segmented into electrode-segments as shown in Fig. 16B and the transparent
electrode 5 segmented into electrode-segments as shown in Fig. 16A are mounted in the deflection unit 2 so that the
electrode-segments of the transparent electrode 4 and the electrode-segments of the transparent electrode 5 extend
in directions perpendicular to each other. When the deflection unit 2 having the transparent electrodes 4 and 5 as
shown in Figs. 16A and 16B is driven, portions having stripes arranged at different space-frequencies are formed in
the liquid crystal 11 as shown in Figs. 14C and 14D.
[0065] According to the above structure of the transparent electrodes 4 and 5, a number of address lines from the
electrode-segments of the transparent electrodes is less than a number of address lines from the electrode-segments
of the transparent electrodes shown in Figs. 14A and 14B. Thus, the number of pixels in the deflection unit 2 can be
easily increased.
[0066] Figs. 17A and 17B show a sixth variation of the transparent electrodes 4 and 5. An optical deflection apparatus
incorporating transparent electrodes of the sixth variation represents an embodiment of the present invention. The
transparent electrode 4 is segmented into electrode-segments which are two-dimensionally arranged as shown in Fig.
17B. The transparent electrode 5 is segmented into electrode-segments which are one-dimensionally arranged as
shown in Fig. 17A.
[0067] Based on combination of driving signals supplied to the electrode-segments of the transparent electrodes 4
and 5, stripes having different space-frequencies are formed in parts of the liquid crystal corresponding to the respective
electrode-segments. Due to use of the transparent electrodes 4 and 5 having the structures shown in Figs. 17B and
17A, complex deflection control of the light can be performed.
[0068] Figs. 18A and 18B show a seventh variation of the transparent electrodes 4 and 5. An optical deflection
apparatus incorporating transparent electrodes of the seventh variation represents an embodiment of the present in-
vention. Both the transparent electrodes 4 and 5 are segmented into electrode-segments which are two-dimensionally
arranged as shown in Figs. 18B and 18A. Based on combination of driving signals supplied to the electrode-segments
of the transparent electrodes 4 and 5, stripes having different space-frequencies are formed in parts of the liquid crystal
corresponding to the respective electrode-segments. According to the seventh variation of the transparent electrodes
4 and 5 having structures as shown in Figs. 18B and 18A, complex deflection control of the light can be performed.
[0069] The optical deflection apparatuses having the deflection units provided with the transparent electrodes ac-
cording to the third variation to the seventh variation can be applied to a two-dimensional optical switch in which optical
switches are stacked.
[0070] A description will now be given of an optical deflection apparatus which, although itself not directly embodying
the present invention, when modified in certain respects as explained below represents a second embodiment of the
present invention.
[0071] This optical deflection apparatus is shown in Fig. 19. In Fig. 19, those parts which are the same as those
shown in Fig. 3 are given the same reference numbers.
[0072] The optical deflection apparatus 21 shown in Fig. 19 operates as a cylindrical lens. Referring to Fig. 19, the
optical deflection apparatus 21 is formed of the deflection unit 22 and the driving unit 33 in the same manner as the
apparatus of Fig. 3. The deflection unit 22 has the glass plate 8 provided with the transparent electrode 23 and the
orientation film 25, the glass plate 9 provided with the transparent electrode 24 and the orientation film 26, the spacers
10 and the liquid crystal 11 and is formed in the same manner as the apparatus of Fig. 3. The driving unit 33 supplies
driving signals to the transparent electrodes 23 and 24.
[0073] The transparent electrodes are formed as shown in Fig. 23. Referring to Fig. 23, the transparent electrode
23 is segmented into electrode-segments which are one-dimensionally arranged. The electrode-segments extend in
a direction parallel to or perpendicular to the orientation direction (A or A'). The transparent electrode 24 is a single
electrode.
[0074] The deflection unit provided with the transparent electrodes 23 and 24 having the structure as shown in Fig.
23 can be applied to the one-dimensional optical switch.
[0075] The driving unit 33 supplies driving signals to the respective electrode-segments of the transparent electrode
23 as follows.
[0076] Fig. 20 shows a state in which light is incident on a grating at an angle θ1, the grating being generated in a
part of the liquid crystal 11 corresponding to an n-th segment of the transparent electrode. The relationship between
the angle θ1 of incidence and the deflection angle θ2n in the n-th grating in which stripes are formed at a space-frequency
fs is represented by the following equation.
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: wavelength)
Since the space-frequency fs is in proportion to an applied voltage V, the space-frequency fs can be represented by

where k is a constant. Thus, the above equation (4-1) can be transformed to

where k' is equal to kλ (k' = kλ).
[0077] As shown in Fig. 20, light diffracted by the n-th grating Pn (corresponding to the n-th segment of the transparent
electrode) positioned at (Xn , 0) is slit-shaped and focused at a focal point Qn (Xn' , Zn'). In this case, the following
equation can be obtained.

[0078] Thus, the voltage V is represented by the following equation:

where k" is equal to 1/k' (k" = 1/K').
[0079] A description will now be given of the following cases where:

1-1) The focal point of the light output from the grating Pn moves at a constant velocity in a direction perpendicular
to a direction from the grating toward the focal surface (hereinafter, the direction from the grating toward the focal
surface is referred to as a focus direction);
1-2) The focal point of the light output from the grating Pn moves at a constant angular velocity in a direction
perpendicular to the focus direction;
1-3) The focal point of the light output from the grating Pn moves at random on in a direction perpendicular to the
focus direction;
2-1) The focal point of the light moves at a constant velocity in a direction parallel to the focus direction;
2-2) The focal point of the light moves at random in a direction parallel to the focus direction; and
3-1) The focal point of the light moves at random in points of time and space.

[0080] In the case 1-1), the following control signal V is supplied to the n-th grating Pn.
[0081] As shown in Fig. 20, a coordinate system has a Z axis (direction) corresponding to the direction parallel to
the focus direction and an X axis (direction) corresponding to the direction perpendicular to the focus direction. In the
case 1-1) where a slit-shaped focus (a focal point) moves at a constant velocity in the X direction, the position (Xn',Zn')
of the focal point can be represented by

and

Substituting the above equations (4-6) and (4-7) for the equation (4-5), the control voltage V to be supplied to the n-
th grating Pn is obtained as follows.

sin θ1 + sin θ2n = fsλ (4-1)

fs = k V (4-2)

sin θ1 + sin θ2n = k'V (4-3)

sin θ2n = (Xn-Xn') / [Zn'2 + (Xn-Xn')2]1/2 (4-4)

V = k'' [sin θ1+(Xn-Xn') / [Zn'2+(Xn-Xn')2]1/2] (4-5)

Zn' = s (constant) (4-6)

Xn' = ct. (4-7)
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[0082] In the case 1-2), the following control voltage V is supplied to the n-th grating Pn.
[0083] In this case, the focal point moves in the direction X perpendicular to the focus direction.
[0084] It is assumed that an optical axis passes through an m-th point (having an X-coordinate Xm), and the light
deflected by stripes formed at this point moves at a constant angular velocity. In this case, the position (Xn',Zn') of the
focal point can be represented by

Substituting the above equations (4-9) and (4-10) for the equation (4-5), the control voltage V to be supplied to the n-
th grating Pn is obtained as follows.

[0085] In the case 1-3), the following control voltage V is supplied to the n-th grating Pn.
[0086] When the focal point moves at a random speed in the direction X perpendicular to the focus direction, the
position (Xn',Zn) of the focal point can be represented by

Substituting the above equations (4-12) and (4-13) of the equation (4-5), the control voltage V to be supplied to the n-
th grating Pn is obtained as follows.

[0087] In the case 2-1), the following control voltage V is supplied to the n-th grating Pn.
[0088] When the focal point moves at a constant velocitye in the direction Z parallel to the focus direction, the position
(Xn',Zn') of the focal point can be represented by

Substituting the above equations (4-15) and (4-16) for the equation (4-5), the control voltage V to be supplied to the
n-th grating Pn is obtained as follows.

V(Xn,t) = K"[sin θ1 + (Xn,ct) / [s2+(Xn- ct)2]1/2] (4-8)

Zn' = s (constant) (4-9)

Xn' = s tan θ2m = s tan wmt. (4-10)

V(Xn,t)=k"[sin θ1

+ (Xn - stan wmt) / [s2 + (Xn

- stan wmt)2]1/2] (4-11)

Zn' = s (constant) (4-12)

Xn' = R (a random value in point of time). (4-13)

V(Xn,t) = k''[sin θ1 + (Xn-R) / [s2+(Xn-R)2]1/2] (4-14)

Zn' = et (4-15)

Xn' = u (constant). (4-16)

V(Xn,t) = k"[sin θ1 + (Xn-u) / [(et)2+(Xn-u)2]1/2] (4-17)
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[0089] In the case 2-2), the following control voltage V is supplied to the n-th grating Pn.
[0090] When the focal point moves at random in the direction Z parallel to the focus direction, the position (Xn',Zn')
of the focal position can be represented by

Substituting the above equations (4-18) and (4-19) for the equation (4-5), the control voltage V to be supplied to the
n-th grating Pn is obtained as follows.

[0091] In the case 3-1), the following control voltage V is supplied to the n-th grating Pn.
[0092] When the focal point moves at random in points of time and space, the position (Xn',Zn') of the focal point can
be represented by

Substituting the above equations (4-21) and (4-22) for the equation (4-5), the control voltage V to be supplied to the
n-th grating Pn is obtained as follows.

[0093] A cylindrical lens made of glass functions as a convex lens or a concave lens in accordance with surface
shapes. In the optical deflection apparatus in which variable stripe patterns are formed, due to changing of a distribution
of voltages supplied to the gratings, a convex lens and a concave lens can be formed. As shown in Fig. 20, in a case
where a coordinate Zn' of the focal point is positive, the convex cylindrical lens is formed. On the other hand, in a case
where a coordinate Zn' of the focal point is negative, the concave cylindrical lens can be formed.
[0094] A direction of the initial orientation is parallel to the direction in which the electrode-segments of the transparent
electrode are arranged, and the deflection unit is driven in the low-frequency driving manner (at a frequency less than
a value within a range of 200 Hz to 300 Hz). The respective electrode-segments are provided with the control voltages
V represented by the equation (4-8), (4-11) or (4-14). The control voltage V has one of waveforms as shown in Fig. 21
(A), (B), (C) and (D). As a result, the focal point moves at a constant velocity, at a constant angular velocity or at random
in the direction X perpendicular to the focus direction, as shown in Fig. 29A, 29B or 29C.
[0095] In addition, the control voltages represented by the equation (4-17) or (4-20) may be supplied to the respective
electrode-segments. In this case, the focal point moves at a constant velocity or at random in the direction Z parallel
to the focus direction, as shown in Fig. 29D or 29E.
[0096] Further, the respective electrode-segments may be provided with the control voltages represented by the
equation (4-23). In this case, the focal point moves at random in points of time and space, as shown in Fig. 29F.
[0097] The direction of the initial orientation is perpendicular to the direction in which the electrode-segments are
arranged, and the deflection unit is driven in the low-frequency manner so that the concave cylindrical lens is formed.
The respective electrode-segments may be provided with the control voltages represented by the equation (4-8), (4-11)
or (4-14). In this case, the focal point moves at a constant velocity, at a constant angular velocity or at random in the
direction X perpendicular to the focus direction, as shown in Fig. 30A, 30B or 30C.
[0098] In the case where the deflection unit is driven in the low-frequency driving manner so that the concave cylin-
drical lens is formed, the control voltages represented by the equation (4-17) or (4-20) may be supplied to the electrode-
segments. In this case, the focal point moves at a constant velocity or at random in the direction Z parallel to the focus
direction, as shown in Fig. 30D or 30E.

Zn' = R (a random value in point of time) (4-18)

Xn' = v (constant). (4-19)

V(Xn,t) = k"[sin θ1 + (Xn-v) / [R2+(Xn-v)2]1/2] (4-20)

Zn' = Rz (a random value in point of time) (4-21)

Xn' = Rx (a random value in point of time). (4-22)

V(Xn,t) = k"[sin θ1+(Xn-Rx) / [Rz
2+(Xn-Rx)2]1/2] (4-23)
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[0099] In the case where the optical deflection apparatus is driven in the low-frequency driving manner so that the
concave cylindrical lens is formed, the control voltages represented by the equation (4-23) may be supplied to the
electrode-segments. In this case, the focal point moves at random in points of time and space, as shown in Fig. 30F.
[0100] The direction of the initial orientation is parallel to the direction in which the electrode-segments are arranged,
and the deflection unit is driven in the high-frequency driving manner so that the convex cylindrical lens is formed. In
this case, when the control voltages represented by equation (4-8), (4-11) or (4-14) are supplied to the electrode-
segments, the focal point moves at a constant velocity, a constant angular velocity or at random in the direction X
perpendicular to the focus direction, as shown in Fig. 29A, 29B or 29C.
[0101] In the case where the deflection unit is driven in the high-frequency driving manner so that the convex cylin-
drical lens is formed, the control voltages represented by the equation (4-17) or (4-20) may be supplied to the electrode-
segments. In this case, the focal point moves at a constant velocity or at random in the direction Z parallel to the focus
direction, as shown in Fig. 29D or 29E.
[0102] In the case where the deflection unit is driven in the high-frequency driving manner so that the convex cylin-
drical lens is formed, the control voltages represented by the equation (4-23) may be supplied to the electrode-seg-
ments. In this case, the focal point moves at random in points of time and space, as shown in Fig. 29F.
[0103] The direction of the initial orientation is parallel to the direction in which the electrode-segments are arranged,
and the deflection unit is driven in the high-frequency driving manner (at a high frequency greater than a value within
a range of 200 Hz to 300 Hz) so that the concave cylindrical lens is formed. In this case, when the respective electrode-
segments are provided with the control voltages represented by the equation (4-8), (4-11) or (4-14), the focal point
moves at a constant velocity, a constant angular velocity or at random in the direction X perpendicular to the focus
direction, as shown in Fig. 30A, 30B or 30C.
[0104] In the case where the deflection unit is driven in the high-frequency driving manner so that the concave cy-
lindrical lens is formed, the control voltages represented by the equation (4-17) or (4-20) may be supplied to the elec-
trode-segments. In this case, the focal point moves at a constant velocity or at random in the direction Z parallel to the
focus direction, as shown in Fig. 30D or 30E.
[0105] In the case where the deflection unit is driven in the high-frequency driving manner so that the concave cy-
lindrical lens is formed, the control voltages represented by the equation (4-23) may be supplied to the electrode-
segments. In this case, the focal point moves at random in points of time and space, as shown in Fig. 30F.
[0106] The transparent electrode 23 may be segmented into electrode-segments which are two-dimensionally ar-
ranged as shown in Fig. 24. An optical deflection apparatus incorporating such transparent electrodes represents an
embodiment of the present invention. The initial orientation of the liquid crystal 11 has a single direction parallel to a
direction indicated by A or A' in Fig. 24. In a case where the deflection unit is driven in the low-frequency driving manner,
the initial orientation has a direction parallel to the longitudinal direction A. In a case where the deflection unit is driven
in the high-frequency driving manner, the initial orientation has a direction parallel to the lateral direction A'. The same
control voltage is applied to electrode-segments arranged in each column out of the two-dimensionally arranged elec-
trode-segments and different control voltages are supplied to electrode-segments in each row, and a line-shaped focus
(a focal point) is formed as shown in Figs. 29A to 29F.
[0107] The deflection unit having the transparent electrodes described above is driven in the low-frequency driving
manner so that the convex cylindrical lens is formed. The same control voltage is supplied to the electrode-segments
arranged in the direction parallel to the initial orientation (the longitudinal direction) and the electrode-segments ar-
ranged in the direction perpendicular to the initial orientation (the lateral direction) are provided with the control voltages
represented by the equation (4-8), (4-11) or (4-14). In this case, the focal point moves at a constant velocity, a constant
angular velocity or at random in the direction X perpendicular to the focus direction, as shown in Fig. 29A, 29B or 29C.
[0108] The deflection unit is driven in the low-frequency driving manner so that the convex cylindrical lens is formed.
The same control voltage is supplied to the electrode-segments arranged in the direction parallel to the initial orientation
and the control voltages represented by the equation (4-17) or (4-20) are supplied to the electrode-segments arranged
in the direction perpendicular to the initial orientation. In this case, the focal point moves at a constant velocity or at
random in the direction Z parallel to the focus direction, as shown in figs.29D and 29E.
[0109] The deflection unit is driven in the low-frequency driving manner so that the convex cylindrical lens is formed.
The same control voltage is supplied to the electrode-segments arranged in the direction parallel to the initial orientation
(the longitudinal direction) and the electrode-segments arranged in the direction perpendicular to the initial orientation
are provided with the control voltages represented by the equation (4-23). In this case, the focal position moves at
random in points of time and space, as shown in Fig. 29F.
[0110] The deflection unit is driven in the low-frequency driving manner so that the concave cylindrical lens is formed.
The same control voltage is supplied to the electrode-segments arranged in the direction parallel to the initial orientation
and the electrode-segments arranged in the direction perpendicular to the initial orientation are provided with the control
voltages represented by the equation (4-8), (4-11) or (4-14). In this case, the focal position moves at a constant velocity,
at a constant angular velocity or at random in the direction X perpendicular to the focus direction, as shown in Fig.
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30A, 30B or 30C.
[0111] The deflection unit is driven in the low-frequency driving manner so that the concave cylindrical lens is formed.
The same control voltage is supplied to the electrode-segments arranged in the direction parallel to the initial orientation
and the electrode-segments arranged in the direction perpendicular to the initial orientation are provided with the control
voltages represented by the equation (4-17) or (4-20). In this case, the focal position moves at a constant velocity or
at random in the direction Z parallel to the focus direction, as shown in Fig. 30D or 30E.
[0112] The deflection unit is driven in the low-frequency driving manner so that the concave cylindrical lens is formed.
The same control voltage is supplied to the electrode-segments arranged in the direction parallel to the initial orientation
and the electrode-segments arranged in the direction perpendicular to the initial orientation are provided with the control
voltages represented by the equation (4-23). In this case, the focal point moves at random in points of time and space,
as shown in Fig. 30F.
[0113] The deflection unit is driven in the high-frequency driving manner so that the convex cylindrical lens is formed.
The same control voltage is supplied to the electrode-segments arranged in the direction perpendicular to the initial
orientation and the control voltages represented by the equation (4-8), (4-11) or (4-14) are supplied to the segment
arranged in the direction parallel to the initial orientation. In this case, the focal point moves at a constant velocity, at
a constant angular velocity or at random in the direction X perpendicular to the focus direction, as shown in Fig. 29A,
29B or 29C.
[0114] The deflection unit is driven in the high-frequency driving manner so that the convex cylindrical lens is formed.
The same control voltage is supplied to the electrode-segments arranged in the direction perpendicular to the initial
orientation and the control voltages represented by the equation (4-17) or (4-20) are supplied to the electrode-segments
arranged in the direction parallel to the initial orientation. In this case, the focal point moves at a constant or at random
in the direction Z parallel to the focus direction, as shown in Fig. 29D and 29E.
[0115] The deflection unit is driven in the high-frequency driving manner so that the convex cylindrical lens is formed.
The same control voltage is supplied to the electrode-segments arranged in the direction perpendicular to the initial
orientation and the control voltages represented by the equation (4-23) are supplied to the electrode-segments ar-
ranged in the direction parallel to the initial orientation. In this case, the focal point moves at random in points of time
and space, as shown in Fig. 29F.
[0116] The deflection unit is driven in the high-frequency driving manner so that the concave cylindrical lens is formed.
The same control voltage is supplied to the electrode-segments arranged in the direction perpendicular to the initial
orientation and the control voltages represented by the equation (4-8), (4-11) or (4-14) are supplied to the electrode-
segments arranged in the direction parallel to the initial orientation. In this case, the focal point moves at a constant
velocity, at a constant angular velocity or at random in the direction X perpendicular to the focus direction, as shown
in Fig. 30A, 30B or 30C.
[0117] The deflection unit is driven in the high-frequency driving manner so that the concave cylindrical lens is formed.
The same control voltage is supplied to the electrode-segments arranged in the direction perpendicular to the initial
orientation and the control voltages represented by the equation (4-17) or (4-20) are supplied to the electrode-segments
arranged in the direction parallel to the initial orientation. In this case, the focal point moves at a constant velocity or
at random in the direction Z parallel to the focus direction, as shown in Fig. 30D or 30E.
[0118] The deflection unit is driven in the high-frequency driving manner so that the concave cylindrical lens is formed.
The same control voltage is supplied to the electrode-segments arranged in the direction perpendicular to the initial
orientation and the control voltages represented by the equation (4-23) are supplied to the electrode-segments ar-
ranged in the direction parallel to the initial orientation. In this case, the focal point moves at random in points of time
and space, as shown in Fig. 30F.
[0119] Both the transparent electrodes 23 and 24 may be segmented into electrode-segments which are one-dimen-
sionally arranged as shown in Fig. 25. The transparent electrodes 23 and 24 are mounted in the deflected unit 22 so
that the electrode-segments are parallel to each other. The initial orientation of the liquid crystal has a single direction.
[0120] The driving signals having a low frequency as shown in Figs. 8, 9, 10A, 10B and 10C are supplied to the
electrode-segments of the transparent electrodes shown in Fig. 25 so that the convex cylindrical lens is formed. In this
case, when the driving signals supplied to the electrode-segments of the transparent electrodes satisfy the equation
(4-8), (4-11) or (4-14), the focal point moves at a constant velocity, at a constant angular velocity or at random in the
direction X perpendicular to the focus direction, as shown in Fig. 29A, 29B or 29C.
[0121] In the case the deflection unit having the transparent electrodes as shown in Fig. 25 is driven in the low-
frequency driving manner so that the convex cylindrical lens is formed, when the driving voltages represented by the
equation (4-17) or (4-29) are supplied to the electrode-segments of the transparent electrodes, the focal point moves
at a constant velocity or at random in the direction Z parallel to the focus direction, as shown in Fig. 29D or 29E.
[0122] In the case where the deflection unit is driven in the low-frequency driving manner so that the convex cylindrical
lens is formed, when the driving voltages represented by the equation (4-23) are supplied to the electrode-segments
of the transparent electrodes, the focal point moves at random in points of time and space as shown in Fig. 29F.
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[0123] The deflection unit having the transparent electrodes as shown in Fig. 25 may be driven in the low-frequency
driving manner so that the concave cylindrical lens is formed. In this case, when the driving voltages represented by
the equation (4-8), (4-11) or (4-14) are supplied to the electrode-segments, the focal point moves at a constant velocity,
at a constant angular velocity or at random in the direction X perpendicular to the focus direction, as shown in Fig.
30A, 30B or 30C.
[0124] In the above case, when the driving voltages represented by the equation (4-17) or (4-20) are supplied to the
electrode-segments, the focal point moves at a constant velocity or at random in the direction Z parallel to the focus
direction, as shown in Fig. 30D or 30E.
[0125] In the above case, when the driving voltages represented by the equation (4-23) are supplied to the segments
of the transparent electrodes, the focal point moves at random in points of time and space, as shown in Fig. 30F.
[0126] The deflection unit having the transparent electrodes as shown in Fig. 25 may be driven in the high-frequency
driving manner so that the convex cylindrical lens is formed. In this case, when the driving voltages represented by
the equation (4-8), (4-11) or (4-14) are supplied to the segment of the transparent electrodes, the focal point moves at
a constant voltage, at a constant angular voltage or at random in the direction X perpendicular to the focus direction,
as shown in Fig. 29A, 29B or 29C.
[0127] In the above case, when the driving voltages represented by the equation (4-17) or (4-20) are supplied to the
electrode-segments, the focal point moves at a constant velocity or at random in the direction Z parallel to the focus
direction, as shown in Fig. 29D or 29E.
[0128] In the above case, when the driving voltages represented by the equation (4-23) are supplied to the electrode-
segments, the focal point moves at random in points of time and space, as shown in Fig. 29F.
[0129] The deflection unit having the initial orientation perpendicular to the direction in which the electrode-segments
of the transparent electrodes as shown in Fig. 25 are arranged may be driven in the high-frequency driving manner so
that the concave cylindrical lens is formed. In this case, when the driving voltages represented by the equation (4-8),
(4-11) or (4-14) are supplied to the electrode-segments, the focal point moves at a constant velocity, at a constant
angular velocity or at random in the direction X perpendicular to the focus direction, as shown in Fig. 30A, 30B or 30C.
[0130] In the above case, when the driving voltages represented by the equation (4-17) or (4-20) are supplied to the
electrode-segments, the focal point moves at a constant velocity or at random in the direction Z parallel to the focus
direction, as shown in Fig. 30D or 30E.
[0131] In the above case, when the driving voltages represented by the equation (4-23) are supplied to the electrode-
segments, the focal point moves at random in points of time and space as shown in Fig. 30F.
[0132] The transparent electrode 23 may be segmented into electrode-segments which are two-dimensionally ar-
ranged and the transparent electrode 24 may be segmented into electrode-segments which are one-dimensionally
arranged, as shown in Fig. 26. An optical deflection apparatus incorporating such transparent electrodes represents
an embodiment of the present invention. The initial orientation of the liquid crystal has a single direction indicated by
A or A' in Fig. 26. In a case where the deflection unit in which the initial orientation of the liquid crystal has a direction
A' (a lateral direction) is driven in the low-frequency driving manner, the same driving voltage is supplied to the electrode-
segments arranged in a direction parallel a direction in which the electrode-segments of the transparent electrode 24
are one-dimensionally arranged. Hereinafter, the direction in which the electrode-segments are one-dimensionally
arranged is referred to a one-dimensional arrangement direction. Further, the electrode-segments arranged in a direc-
tion perpendicular to the one-dimensional arrangement direction are provided with driving voltages so that a lens func-
tion acts in the direction perpendicular to the one-dimensional arrangement direction. In a case where the deflection
unit in which the initial orientation of the liquid crystal has a direction A (a longitudinal direction) is driven in the low-
frequency driving manner, the same driving voltage is supplied to the electrode-segments arranged in a direction per-
pendicular to the one-dimensional arrangement direction. Further, the segments arranged in a direction parallel to the
one-dimensional arrangement direction are provided with driving voltages so that a lens function acts in the direction
parallel to the one-dimensional arrangement direction.
[0133] In addition, in a case where the deflection unit in which the initial orientation of the liquid crystal has the
direction A' is driven in the high-frequency driving manner, the same driving voltage is supplied to the electrode-seg-
ments arranged in the direction perpendicular to the one-dimensional arrangement direction. Further, the electrode-
segments arranged in the direction parallel to the one-dimensional arrangement direction are provided with driving
voltages so that a lens function acts in the direction parallel to the one-dimensional arrangement direction. In a case
where the deflection unit in which the initial orientation of the liquid crystal has the direction A is driven in the high-
frequency driving manner, the same driving voltage is supplied to the electrode-segments arranged in the parallel to
the one-dimensional arrangement direction. Further, the electrode-segments arranged in the direction perpendicular
to the one-dimensional arrangement direction are provided with driving voltages so that a lens function acts in the
direction perpendicular to the one-dimensional arrangement direction.
[0134] The deflection unit in which the initial orientation of the liquid crystal has the direction A' (the lateral direction)
is driven in the low-frequency driving manner so that the convex cylindrical lens is formed. In this case, the same driving
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voltage is supplied to the electrode-segments arranged in the direction parallel to the direction A' of the initial orientation.
Further, driving voltages represented by the equation (4-8), (4-11) or (4-14) are supplied to the segment arranged in
the direction perpendicular to the direction A' of the initial orientation. As a result, the focal point moves at a constant
velocity, at a constant angular velocity or at random in the direction perpendicular to the focus direction and perpen-
dicular to the one-dimensional arrangement direction, as shown in Fig. 31A, 31B or 31C.
[0135] The deflection unit in which the initial orientation of the liquid crystal has the direction A (the longitudinal
direction) is driven in the low-frequency driving manner so that the convex cylindrical lens is formed. In this case, the
same driving voltage is supplied to the electrode-segments arranged in the direction parallel to the direction A of the
initial orientation and driving voltages represented by the equation (4-8), (4-11) or (4-14) are supplied to the electrode-
segments arranged in the direction perpendicular to the direction A of the initial orientation. As a result, the focal point
moves at a constant velocity, at a constant angular velocity or at random in the direction perpendicular to the focus
direction and parallel to the one-dimensional arrangement direction, as shown in Fig. 31A, 31B or 31C.
[0136] The deflection unit in which the initial orientation of the liquid crystal has the direction A' is driven in the low-
frequency driving manner so that the convex cylindrical lens is formed. In this case, the same driving voltage is supplied
to the electrode-segments arranged in the direction parallel to the direction A' of the initial orientation and driving
voltages represented by the equation (4-17) or (4-20) are supplied to the electrode-segments arranged in the direction
perpendicular to the direction A' of the initial orientation. As a result, the focal point moves at a constant velocity or at
random in the direction Z parallel to the focus direction, as shown in Fig. 31D or 31E.
[0137] The deflection unit in which the initial orientation of the liquid crystal has the direction A is driven in the low-
frequency driving mode so that the convex cylindrical lens is formed. In this case, the same driving voltage is supplied
to the electrode-segments arranged in the direction parallel to the direction A of the initial orientation and driving voltages
represented by the equation (4-17) or (4-20) are supplied to the electrode-segments arranged in the direction perpen-
dicular to the direction A of the initial orientation. As a result, the focal point moves at a constant velocity or at random
in the direction Z parallel to the direction toward to the focal surface, as shown in Fig. 31D or 31E.
[0138] The deflection unit in which the initial orientation of the liquid crystal has the direction A' (the lateral direction)
is driven in the low-frequency driving mode so that the convex cylindrical lens is formed. In addition, the deflection unit
in which the initial orientation of the liquid crystal has the direction A (the longitudinal direction) is driven in the low-
frequency driving manner. In these cases, the same driving voltage is supplied to the electrode-segments arranged in
the direction parallel to the directions A' and A of the initial orientation and the driving voltages represented by the
equation (4-23) are supplied to the electrode-segments arranged in the direction perpendicular to the directions A' and
A of the initial orientation. As a result, the focal point moves at random in points of time and space, as shown in Fig. 31F.
[0139] The deflection unit in which the initial orientation of the liquid crystal has the direction A' is driven in the low-
frequency driving manner so that the concave cylindrical lens is formed. In this case, the same driving voltage is
supplied to the electrode-segments arranged in the direction (the lateral direction) parallel to the direction A' of the
initial orientation and the driving voltages represented by the equation (4-8), (4-11) or (4-14) are supplied to the elec-
trode-segments arranged in the direction (the longitudinal direction) perpendicular to the direction A' of the initial ori-
entation. As a result, the focal point moves at a constant velocity, at a constant angular velocity or at random in the
direction perpendicular to the focus direction and perpendicular to the one-dimensional arrangement direction (parallel
to the direction A' of the initial orientation), as shown in Fig. 32A, 32B or 32C.
[0140] The deflection unit in which the initial orientation of the liquid crystal has the direction A is driven in the low-
frequency driving manner so that the concave cylindrical lens is formed. In this case, the same driving voltage is
supplied to the electrode-segments arranged in the direction (the longitudinal direction) parallel to the direction A of
the initial orientation and the driving voltages represented by the equation (4-8), (4-11) or (4-14) are supplied to the
electrode-segments arranged in the direction (the lateral direction) perpendicular to the direction A of the initial orien-
tation. As a result, the focal point moves at a constant velocity, at a constant angular velocity or at random in the
direction perpendicular to the focus direction and parallel to the one-dimensional direction (perpendicular to the direction
A of the initial orientation), as shown in Fig. 32A, 32B or 32C.
[0141] The deflection unit in which the initial orientation of the liquid crystal has the direction A' is driven in the low-
frequency driving manner so that the concave cylindrical lens is formed. In this case, the same driving voltage is
supplied to the electrode-segments arranged in the direction (the lateral direction) parallel to the direction A' of the
initial orientation and the driving voltages represented by the equation (4-17) or (4-20) are supplied to the electrode-
segments arranged in the direction (the longitudinal direction) perpendicular to the direction A' of the initial orientation.
As a result, the focal point moves at a constant velocity or at random in the direction Z parallel to the focus direction,
as shown in Fig. 32D or 32E.
[0142] The deflection unit in which the initial orientation of the liquid crystal has the direction A is driven in the low-
frequency driving manner so that the concave cylindrical lens is formed. In this case, the same driving voltage is
supplied to the electrode-segments arranged in the direction (the longitudinal direction) parallel to the direction A of
the initial orientation and the driving voltages represented by the equation (4-17) or (4-20) are supplied to the electrode-
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segments arranged in the direction (the lateral direction) perpendicular to the direction A of the initial orientation. As a
result, the focal point moves at a constant velocity or at random in the direction Z parallel to the focus direction, as
shown in Fig. 32D or 32E.
[0143] The deflection unit in which the initial orientation of the liquid crystal has the direction A' is driven in the low-
frequency driving manner so that the concave cylindrical lens is formed. In addition, the deflection unit in which the
initial orientation of the liquid crystal has the direction A is driven in the low-frequency driving manner so that the
concave cylindrical lens is formed. In these cases, the same driving voltage is supplied to the electrode-segments
arranged in the directions parallel to the directions A' and A of the initial orientation and the driving voltages represented
by the equation (4-23) are supplied to the electrode-segments arranged in the directions perpendicular to the directions
A' and A of the initial orientation. As a result, the focal point moves at random in points of time and space, as show in
Fig. 32F.
[0144] The deflection unit in which the initial orientation of the liquid crystal has the direction A' is driven in the high-
frequency driving manner so that the convex cylindrical lens is formed. In this case, the same driving voltage is supplied
to the electrode-segments arranged in the direction (the longitudinal direction) perpendicular to the direction A' of the
initial orientation and the driving voltages represented by the equation (4-8), (4-11) or (4-14) are supplied to the elec-
trode-segments arranged in the direction (the lateral direction) parallel to the direction A' of the initial orientation. As a
result, the focal point moves at a constant velocity, at a constant velocity, at a constant angular velocity or at random
in the direction perpendicular to the focus direction and parallel to the one-dimensional arrangement direction, as
shown in Fig. 31A, 31B or 31C.
[0145] The deflection unit in which the initial orientation of the liquid crystal has the direction A is driven in the high-
frequency driving manner so that the convex cylindrical lens is formed. In this case, the same driving voltage is supplied
to the electrode-segments arranged in the direction (the lateral direction) perpendicular to the direction A of the initial
orientation and the driving voltages represented by the equation (4-8), (4-11) or (4-14) are supplied to the electrode-
segments arranged in the direction (the longitudinal direction) parallel to the direction A of the initial orientation. As a
result, the focal point moves at a constant velocity, a constant angular velocity or at random in the direction perpendicular
to the focus direction and perpendicular to the one-dimensional arrangement direction, as shown in Fig. 31A, 31B or
31C.
[0146] The deflection unit in which the initial orientation of the liquid crystal has the direction A' is driven in the high-
frequency driving manner so that the convex cylindrical lens is formed. In this case, the same driving voltage is supplied
to the electrode-segments arranged in the direction (the longitudinal direction) perpendicular to the direction A' of the
initial orientation and the driving voltages represented by the equation (4-17) or (4-20) are supplied to the electrode-
segments arranged in the direction (the lateral direction) parallel to the direction A' of the initial orientation. As a result,
the focal point moves at a constant velocity or at random in the direction Z parallel to the focus direction, as shown in
Fig. 31D or 31E.
[0147] The deflection unit in which the initial orientation of the liquid crystal has the direction A is driven in the high-
frequency driving manner so that the convex cylindrical lens is formed. In this case, the same driving voltage is supplied
to the electrode-segments arranged in the direction (the lateral direction) perpendicular to the direction A of the initial
orientation and the driving voltages represented by the equation (4-17) or (4-20) are supplied to the electrode-segments
arrange in the direction (the longitudinal direction) parallel to the direction A of the initial orientation. As a result, the
focal point moves at a constant velocity or at random in the direction Z parallel to the focus direction, as shown in Fig.
31D or 31E.
[0148] The deflection unit in which the initial orientation of the liquid crystal has the direction A' is driven in the high-
frequency driving manner so that the convex cylindrical lens is formed. In addition, the deflection unit in which the initial
orientation of the liquid crystal has the direction A is driven in the high-frequency driving manner so that the convex
cylindrical lens is formed. In these cases, the same driving voltages is supplied to the electrode-segments arranged
in the directions perpendicular to the directions A' and A of the initial orientation and the driving voltages represented
by the equation (4-23) are supplied to the electrode-segments arranged in the directions parallel to the directions A'
and A of the initial orientation. As a result, the focal point moves at random in points of time and space, as shown in
Fig. 31F.
[0149] The deflection unit in which the initial orientation of the liquid crystal has the direction A' is driven in the high-
frequency driving manner so that the concave cylindrical lens is formed. In this case, the same driving voltage is
supplied to the electrode-segments arranged in the direction (the longitudinal direction) perpendicular to the direction
A' of the initial orientation and the driving voltages represented by the equation (4-8), (4-11) or (4-14) are supplied to
the electrode-segments arranged in the direction (the lateral direction) parallel to the direction A' of the initial orientation.
As a result, the focal point moves at a constant velocity, at a constant angular velocity or at random in the direction
perpendicular to the focus direction and parallel to the one-dimensional arrangement direction, as shown in Fig. 32A,
32B or 32C.
[0150] The deflection unit in which the initial orientation of the liquid crystal has the direction A is driven in the high-
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frequency driving manner so that the concave cylindrical lens is formed. In this case, the same driving voltage is
supplied to the electrode-segments arranged in the direction (the lateral direction) perpendicular to the direction A of
the initial orientation and the driving voltages represented by the equation (4-8), (4-11) or (4-14) are supplied to the
electrode-segments arranged in the direction (the longitudinal direction) parallel to the direction A of the initial orien-
tation. As a result, th focal point moves at a constant velocity, at a constant angular velocity or at random in the direction
perpendicular to the focus direction and perpendicular to the one-dimensional arrangement direction, as shown in Fig.
32A, 32B or 32C.
[0151] The deflection unit in which the initial orientation of the liquid crystal has the direction A' is driven in the high-
frequency driving manner so that the concave cylindrical lens is formed. In this case, the same driving voltage is
supplied to the electrode-segments arranged in the direction (the longitudinal direction) perpendicular to the direction
A' of the initial orientation and the driving voltages represented by the equation (4-17) or (4-20) are supplied to the
electrode-segments arranged in the direction (the lateral direction) parallel to the direction A of the initial orientation.
As a result, the focal point moves at a constant velocity or at random in the direction parallel to the focus direction, as
shown in Fig. 32D or 32E.
[0152] The deflection unit in which the initial orientation of the liquid crystal has the direction A is driven in the high-
frequency driving manner so that the concave cylindrical lens is formed. In this case, the same driving voltage is
supplied to the electrode-segments arranged in the direction (the lateral direction) perpendicular to the direction A of
the initial orientation and the driving voltages represented by the equation (4-17) or (4-20) are supplied to the electrode-
segments arranged in the direction (the longitudinal direction) parallel to the direction A of the initial orientation. As a
result, the focal point moves at a constant velocity or at random in the direction parallel to the focus direction, as shown
in Fig. 32D or 32E.
[0153] The deflection unit in which the initial orientation of the liquid crystal has the direction A' is driven in the high-
frequency driving manner so that the concave cylindrical lens is formed. In addition, the deflection unit in which the
initial orientation of the liquid crystal has the direction A is driven in the high-frequency driving manner so that the
concave cylindrical lens is formed. In these cases, the same driving voltage is supplied to the electrode-segments in
the directions perpendicular to the directions A' and A of the initial orientation and the driving voltages represented by
the equation (4-23) are supplied to the electrode-segments in the directions parallel to the directions A' and A of the
initial orientation. As a result, the focal point moves at random in points of time and space as shown in Fig. 32F.
[0154] The transparent electrodes 23 and 24 may be formed as shown in Fig. 27. Referring to Fig. 27, both the
transparent electrodes 23 and 24 are segmented into electrode-segments which are two-dimensionally arranged. An
optical deflection apparatus incorporating such transparent electrodes represents an embodiment of the present in-
vention. The initial orientation of the liquid crystal has a single direction A (the longitudinal direction) or A' (the lateral
direction). In a case where the deflection unit is driven in the low-frequency driving manner, the initial orientation of the
liquid crystal has the direction A (the longitudinal direction), and in a case where the deflection unit is driven in the
high-frequency driving manner, the initial orientation of the liquid crystal has the direction A' (the lateral direction). The
same driving voltage is supplied to the electrode-segments arranged in the longitudinal direction. Driving voltages are
supplied to the electrode-segments arranged in the lateral direction so that stripes arranged in the lateral direction are
formed in the liquid crystal. As a result, the line-shaped focus (the focal point) is formed as shown in Figs. 34A to 34C.
Due to the variation of the driving voltages supplied to the electrode-segments, the line-shaped focus moves at a
constant velocity, at a constant angular velocity or at random in a direction perpendicular to the focus direction, and
moves at a constant voltage or at random in a direction parallel to the focus direction.
[0155] A description will now be given of concrete driving operations of the deflection unit having the transparent
electrodes as shown in Fig. 27.
[0156] The deflection unit is driven in the low-frequency driving manner so that the convex cylindrical lens is formed.
In this case, the same voltage is supplied to the electrode-segments arranged in the direction (the longitudinal direction)
parallel to the direction A of the initial orientation and the driving voltages represented by the equation (4-8), (4-11) or
(4-14) are supplied to the electrode-segments in the direction (the lateral direction) perpendicular to the direction A of
the initial orientation. As a result, the focal point moves at a constant velocity, at a constant angular velocity or at random
in the direction perpendicular to the focus direction and perpendicular to the direction A of the initial orientation.
[0157] In the above case, the same voltage is supplied to the electrode-segments arranged in the direction (the
longitudinal direction) parallel to the direction A of the initial orientation and the driving voltages represented by the
equation (4-17) or (4-20) are supplied to the electrode-segments arranged in the direction (the lateral direction) per-
pendicular to the direction A of the initial orientation. As a result, the focal point moves at a constant velocity or at
random in the direction parallel to the focus direction.
[0158] In the above case, the same voltage is supplied to the electrode-segments arranged in the direction (the
longitudinal direction) parallel to the direction A of the initial orientation and the driving voltages represented by the
equation (4-23) is supplied to the electrode-segments arranged in the direction (the lateral direction) perpendicular to
the direction A of the initial orientation. As a result, the focal point moves at random in points of time and space.
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[0159] The deflection unit is driven in the low-frequency driving manner so that the concave cylindrical lens is formed.
In this case, the same voltage is supplied to the electrode-segments arranged in the direction (the longitudinal direction)
parallel to the direction A of the initial orientation and the driving voltages represented by the equation (4-8), (4-11) or
(4-14) are supplied to the electrode-segments arranged in the direction (the lateral direction) perpendicular to the
direction A of the initial orientation. As a result, the focal point moves at a constant velocity, at a constant angular
velocity or at random in the direction perpendicular to the focus direction and perpendicular to the direction A of the
initial orientation.
[0160] In the above case, the same voltage is supplied to the electrode-segments arranged in the direction (the
longitudinal direction) parallel to the direction A of the initial orientation and the driving voltages represented by the
equation (4-17) or (4-20) are supplied to the electrode-segments arranged in the direction (the lateral direction) per-
pendicular to the direction A of the initial orientation. As a result, the focal point moves at a constant velocity or at
random in the direction parallel to the focus direction.
[0161] In the above case, the same voltage is supplied to the electrode-segments arranged in the direction (the
longitudinal direction) parallel to the direction A of the initial orientation and the driving voltages represented by the
equation (4-23) are supplied to the electrode-segments arranged in the direction (the lateral direction) perpendicular
to the direction A of the initial orientation. As a result, the focal point moves at random in points of time and space.
[0162] The deflection unit is driven in the high-frequency driving manner so that the convex cylindrical lens is formed.
In this case, the same driving voltage is supplied to the electrode-segments arranged in the direction (the longitudinal
direction) perpendicular to the direction A' of the initial orientation and the driving voltages represented by the equation
(4-8), (4-11) or (4-14) are supplied to the electrode-segments arranged in the direction (the lateral direction) parallel
to the direction A' of the initial orientation. As a result, the focal point moves at a constant velocity, at a constant angular
velocity or at random in the direction perpendicular to the focus direction and parallel to the direction A' of the initial
orientation.
[0163] In the above case, the same voltage is supplied to the electrode-segments arranged in the direction (the
longitudinal direction) perpendicular to the direction A' of the initial orientation and the driving voltages represented by
the equation (4-17) or (4-20) are supplied to the electrode-segments arranged in the direction (the lateral direction)
parallel to the direction A' of the initial orientation. As a result, the focal point moves at a constant velocity or at random
in the direction parallel to the focus direction.
[0164] In the above case, the same voltage is supplied to the electrode-segments arranged in the direction (the
longitudinal direction) perpendicular to the direction A' of the initial orientation and the driving voltages represented by
the equation (4-23) are supplied to the electrode-segments arranged in the direction (the lateral direction) parallel to
the direction A' of the initial orientation. As a result, the focal point moves at random in points of time and space.
[0165] The deflection unit is driven in the high-frequency driving mode so that the concave cylindrical lens is formed.
In this case, the same driving voltage is supplied to the electrode-segments arranged in the direction (the longitudinal
direction) perpendicular to the direction A' of the initial orientation and the driving voltages represented by the equation
(4-8), (4-11) or (4-14) are supplied to the electrode-segments arranged in the direction (the lateral direction) parallel
to the direction A' of the initial orientation. As a result, the focal point moves at a constant velocity, at a constant angular
velocity or at random in the direction perpendicular to the focus direction and the direction A' of the initial orientation.
[0166] In the above case, the same driving voltage is supplied to the electrode-segments arranged in the direction
(the longitudinal direction) perpendicular to the direction A' of the initial orientation and the driving voltages represented
by the equation (4-17) or (4-20) are supplied to the electrode-segments arranged in the direction (the lateral direction)
parallel to the direction A' of the initial orientation. As a result, the focal point moves at a constant velocity or at random
in the direction parallel to the focus direction.
[0167] In the above case, the same driving voltage is supplied to the electrode-segments arranged in the direction
(the longitudinal direction) perpendicular to the direction A' of the initial orientation and the driving voltages represented
by the equation (4-23) are supplied to the electrode-segments arranged in the direction (the lateral direction) parallel
to the initial orientation. As a result, the focal point moves at random in points of time and space.
[0168] The transparent electrodes 23 and 24 may be formed as shown in Fig. 28. An optical deflection apparatus
incorporating such transparent electrodes represents an embodiment of the present invention. Referring to Fig. 28,
the transparent electrode 23 is segmented into electrode-segments which are one-dimensionally arranged in the lon-
gitudinal direction. The transparent electrode 24 is segmented into electrode-segments which are one-dimensionally
arranged in the lateral direction. The transparent electrodes 23 and 24 are mounted in the deflection unit 22 so that a
direction in which the electrode-segments of the transparent electrode 23 extend and a direction in which the electrode-
segments of the transparent electrode 24 cross each other. The initial orientation of the liquid crystal has a single
direction A (the longitudinal direction) or A' (the lateral direction). In a case where the deflection unit is driven in the
low-frequency driving mode, the initial orientation of the liquid crystal has the direction A (the longitudinal direction).
In a case where the deflection unit is driven in the high-frequency driving mode, the initial orientation of the liquid crystal
has the direction A' (the lateral direction). The electric field is generated in each part of the liquid crystal which sand-
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wiched by electrode-segments extending the crossed directions so that stripes are formed in each part of the liquid
crystal. The light diffracted by the stripes is focused in the lateral direction so that a line-shaped focus is formed. Due
to the variation of the driving voltages applied across the electrode-segments of the transparent electrodes 23 and 24,
the line-shaped focus (the focal point) moves at a constant velocity, at a constant angular velocity or at random in the
direction perpendicular to the focus direction, and moves at a constant velocity or at random in the direction parallel
to the focus direction, as shown in Figs. 34A, 34B and 34C.
[0169] A description will now be given of concrete driving operations of the deflection unit having the transparent
electrode as shown in Fig. 28.
[0170] The deflection unit is driven in the low-frequency driving manner so that the convex cylindrical lens is formed.
In this case, the same driving voltage is supplied to the electrode-segments arranged in the direction (the longitudinal
direction) parallel to the direction A of the initial orientation and the driving voltages represented by the equation (4-8),
(4-11) or (4-14) are supplied to the electrode-segments arranged in the direction (the lateral direction) perpendicular
to the direction A of the initial orientation. As a result, the focal point moves at a constant velocity, at a constant angular
velocity or at random in the direction perpendicular to the focus direction and perpendicular to the direction A of the
initial orientation.
[0171] In the above case, the same driving voltage is supplied to the electrode-segments arranged in the direction
(the longitudinal direction) parallel to the direction A of the initial orientation and the driving voltages represented by
the equation (4-17) or (4-20) are supplied to the electrode-segments arranged in the direction (the lateral direction)
perpendicular to the direction A of the initial orientation. As a result, the focal point moves at a constant velocity or at
random in the direction parallel to the focus direction.
[0172] In the above case, the same driving voltage is supplied to the electrode-segments arranged in the direction
(the longitudinal direction) parallel to the direction A of the initial orientation and the driving voltages represented by
the equation (4-23) are supplied to the electronic-segments arranged in the direction (the lateral direction) perpendicular
to the direction A of the initial orientation. As a result, the focal point moves at random in points of time and space.
[0173] The deflection unit is driven in the low-frequency driving manner so that the concave cylindrical lens is formed.
In this case, the same driving voltage is supplied to the electrode-segments arranged in the direction (the longitudinal
direction) parallel to the direction A of the initial orientation and the driving voltages represented by the equation (4-8),
(4-11) or (4-14) are supplied to the electrode-segments arranged in the direction (the lateral direction) perpendicular
to the direction A of the initial orientation. As a result, the focal point moves at a constant velocity, at a constant angular
velocity or at random in the direction perpendicular to the focus direction and perpendicular to the direction A of the
initial orientation.
[0174] In the above case, the same driving voltage is supplied to the electrode-segments arranged in the direction
(the longitudinal direction) parallel to the direction A of the initial orientation and the driving voltages represented by
the equation (4-17) or (4-20) are supplied to the electrode-segments arranged in the direction (the lateral direction)
perpendicular to the direction A of the initial orientation. As a result, the focal point moves at a constant velocity or at
random in the direction parallel to the focus direction.
[0175] In the above case, the same driving voltage is supplied to the electrode-segments arranged in the direction
(the longitudinal direction) parallel to the direction A of the initial orientation and the driving voltages represented by
the equation (4-23) are supplied to the electrode-segments arranged in the direction (the lateral direction) perpendicular
to the direction A of the initial orientation. As a result, the focal point moves at random in point of time and space.
[0176] The deflection unit is driven in the high-frequency driving manner so that the convex cylindrical lens is formed.
In this case, the same driving voltage is supplied to the electrode-segments arranged in the direction (the longitudinal
direction) perpendicular to the direction A' of the initial orientation and the driving voltages represented by the equation
(4-8), (4-11) or (4-14) are supplied to the electrode-segments arranged in the direction (the longitudinal direction)
parallel to the direction A' of the initial orientation. As a result, the focal point moves at a constant velocity, at a constant
angular velocity or at random in the direction perpendicular to the focus direction and parallel to the direction A' of the
initial orientation.
[0177] In the above case, the same driving voltage is supplied to the electrode-segments arranged in the direction
(the longitudinal direction) perpendicular to the direction A' of the initial orientation and the driving voltages represented
by the equation (4-17) or (4-20) are supplied to the electrode-segments arranged in the direction (the lateral direction)
parallel to the direction A' of the initial orientation. As a result, the focal point moves at a constant velocity or at random
in the direction parallel to the focus direction.
[0178] In the above case, the same driving voltage is supplied to the electrode-segments arranged in the direction
(the longitudinal direction) perpendicular to the direction A' of the initial orientation and the driving voltages represented
by the equation (4-23) are supplied to the electrode-segments arranged in the direction (the lateral direction) parallel
to the direction A' of the initial orientation. As a result, the focal point moves at random in points of time and space.
[0179] The deflection unit is driven in the high-frequency driving manner so that the concave cylindrical lens is formed.
In this case, the same driving voltage is supplied to the electrode-segments arranged in the direction (the longitudinal
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direction) perpendicular to the direction A' of the initial orientation and the driving voltages represented by the equation
(4-8), (4-11) or (4-14) are supplied to the electrode-segments arranged in the direction (the lateral direction) parallel
to the direction A' of the initial orientation. As a result, the focal point moves at a constant velocity, at a constant angular
velocity or at random in the direction perpendicular to the focus direction and parallel to the direction A' of the initial
orientation.
[0180] In the above case, the same driving voltage is supplied to the electrode-segments arranged in the direction
(the longitudinal direction) perpendicular to the direction A' of the initial orientation and the driving voltages represented
by the equation (4-17) or (4-20) are supplied to the electrode-segments arranged in the direction (the lateral direction)
parallel to the direction A' of the initial orientation. As a result, the focal point moves at a constant velocity or at random
in the direction parallel to the focus direction.
[0181] In the above case, the same driving voltage is supplied to the electrode-segments arranged in the direction
(the longitudinal direction) perpendicular to the direction A' of the initial orientation and the driving voltages represented
by the equation (4-23) are supplied to the electrode-segments arranged in the direction (the lateral direction) parallel
to the direction A' of the initial orientation. As a result, the focal point moves at random in point of time and space.
[0182] A description will now be given of other examples of the driving operation of the deflection unit by which a
cylindrical lens array having a plurality of cylindrical lenses is formed.
[0183] In a first example, the deflection unit has the transparent electrode 23 segmented into the electrode-segments
which are one-dimensionally arranged and the transparent electrode 24 which is a single electrode, as shown in Fig. 23.
[0184] Driving voltages are supplied to the electrode-segments so that the line-shaped focus is formed by each part
of liquid crystal corresponding to one or a plurality of electrode-segments adjacent to each other, as shown in Figs.
33A and 33B. That is, due to this driving operation of the deflection unit, a cylindrical lens array having a plurality of
cylindrical lenses one-dimensionally arranged is formed. The driving voltages supplied to the electrode-segments are
changed in accordance with time, so that the line-shaped focus can move at a constant velocity, at a constant angular
velocity and at random in the direction perpendicular to the focus direction. In addition, the line-shaped focus can move
at a constant velocity and at random in the direction parallel to the focus direction.
[0185] In a case where the deflection unit is driven in the low-frequency driving manner, the initial orientation of the
liquid crystal is parallel to a direction in which the light is deflected. On the other hand, in a case where the deflection
unit is driven in the high-frequency driving manner, the initial orientation of the liquid crystal is perpendicular to the
direction in which the light is deflected.
[0186] In a second example, both the transparent electrodes 23 and 24 are segmented into electrode-segments
which are one-dimensionally arranged, as shown in Fig. 28.
[0187] Driving voltages may be supplied to the electrode-segments so that the line-shaped focus is formed by each
part of the liquid crystal corresponding to one or a plurality of electrode-segments adjacent to each other, as shown in
Figs. 33A and 33B. In this case, a cylindrical lens array having a plurality of cylindrical lenses one-dimensionally ar-
ranged is formed.
[0188] In addition, driving voltages may be supplied to the electrode-segments so that the line-shaped focus is formed
by each part of the liquid crystal corresponding to one or a plurality of adjacent areas where the electrode-segments
of the transparent electrodes 23 and 24 overlap each other. In this case, a cylindrical lens array having a plurality of
cylindrical lenses two-dimensionally arranged is formed.
[0189] The deflection unit having the transparent electrodes 23 and 24 as shown in Fig. 28 can be driven in the low-
frequency driving manner and the high-frequency driving manner so that the line-shaped focus moves, in the same
manner as in the first example.
[0190] In a third example, the deflection unit has the transparent electrode 23 segmented into electrode-segments
which are two-dimensionally arranged and the transparent electrode 24 which is a single electrode, as shown in Fig. 24.
[0191] Driving voltages may be supplied to the electrode-segments so that the line-shaped focus is formed by each
part of the liquid crystal corresponding to one or a plurality of sets of electrode-segments arranged in one direction, as
shown in Figs. 34A and 34B. In this case, a cylindrical lens array having a plurality of cylindrical lenses one-dimen-
sionally arranged is formed.
[0192] In addition, driving voltages may be supplied to the electrode-segments so that the line-shape focus is formed
by each part of the liquid crystal corresponding to one or a plurality of electrode-segments, as shown in Fig. 34C. In
this case, a cylindrical lens array having a plurality of cylindrical lenses two-dimensionally arranged is formed.
[0193] The deflection unit having the transparent electrodes 23 and 24 as shown in Fig. 24 can be driven in the low-
frequency driving manner and the high-frequency driving manner so that the line-shaped focus moves, in the same
manner as in the first example.
[0194] In a fourth example, the deflection unit has the transparent electrode 23 segmented into electrode-segments
which are two-dimensionally arranged and the transparent electrode 24 segmented into electrode-segments which are
one-dimensionally arranged, as shown in Fig. 26.
[0195] Driving voltages may be supplied to the electrode-segments so that the line-shaped focus is formed by each
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part of the liquid crystal corresponding to one of a plurality of sets of electrode-segments, of the transparent electrode
23, arranged in a direction parallel to a direction in which the electrode-segments of the transparent electrode 24
extend, as shown in Figs. 34A and 34B. In this case, a cylindrical lens array having a plurality of cylindrical lenses one-
dimensionally arranged is formed.
[0196] In addition, driving voltage may be supplied to the electrode-segments so that the line-shaped focus is formed
by each part of the liquid crystal corresponding to one or a plurality of areas where the electrode-segments of the
transparent electrodes 23 and 24 overlap each other, as shown in Fig. 34C. In this case, a cylindrical lens array having
a plurality of cylindrical lenses two-dimensionally arranged is formed.
[0197] The deflection unit having the transparent electrodes 23 and 24 can be driven in the low-frequency driving
manner and the high-frequency driving manner so that the line-shaped focus moves, in the same manner as in the
first case.
[0198] In a fifth example, the deflection unit has the transparent electrodes 23 and 24 both of which are two-dimen-
sionally segmented into the electrode-segments as shown in Fig. 27.
[0199] Driving voltage can be supplied to the electrode-segments so that the line-shaped focus is formed by each
part of the liquid crystal corresponding to one or a plurality of sets of electrode-segments arranged in one direction, as
shown in Figs. 34A and 34B. In this case, a cylindrical lens array having a plurality of cylindrical lenses one-dimen-
sionally arranged is formed.
[0200] In addition, driving voltage can be supplied to the electrode-segments so that the line-shaped focus is formed
by each part of the liquid crystal corresponding to one or a plurality of areas where the electrode-segments of the
transparent electrodes 23 and 24 overlap each other, as shown in Fig. 34C. In this case, a cylindrical lens array having
a plurality of cylindrical lenses two-dimensionally arranged is formed.
[0201] The deflection unit having the transparent electrodes 23 and 24 as shown in Fig. 27 can be driven in the low-
frequency driving manner and the high-frequency driving manner so that the line-shaped focus moves, in the same
manner as in the first example.
[0202] A description will now be given of an optical deflection apparatus which, although itself not directly embodying
the present invention, when modified in
[0203] certain respects as explained below represents a third embodiment of the present invention.
[0204] This optical deflection apparatus is shown in Fig. 35. In Fig. 35, those parts which are the same as those
shown in Fig. 3 are given the same reference numbers.
[0205] The optical deflection apparatus 51 shown in Fig. 35 has a deflection unit 52 and a driving unit 57. The
deflection unit 52 has the glass plates 8 and 9, the spacers 10 and the liquid crystal 11 in the same manner as the
apparatus of Figs. 3 and 19 described above. The glass plate 8 is provided with a transparent electrode 53 covered
by an orientation film 55, and the glass plate 9 is provided with a transparent electrode 54 covered by an orientation
film 56. The driving unit 57 can drive the deflection unit 52 so that a Fresnel lens is formed.
[0206] The transparent electrode 53 is segmented into circular electrode-segments which are concentrically ar-
ranged, and the transparent electrodes 54 is a single electrode, as shown in Fig. 37. The initial orientation of the liquid
crystal 11 has a direction which changes along concentric circles as shown in Fig. 37. The deflection unit can be driven
in the low-frequency driving manner and the high-frequency driving manner. The initial orientation of the liquid crystal
in a case of the low-frequency driving manner differs from that in a case of the high-frequency driving manner.
[0207] A description will now be given, with reference to Fig. 36, of the driving operation of the deflection unit having
the structure described above.
[0208] Driving voltages are supplied to the circular electrode-segments so that gratings are concentrically formed in
the liquid crystal 11. Light is perpendicularly incident on the gratings.
[0209] In a case where the n-th grating formed in a portion of the liquid crystal 11 between the transparent electrode
54 and the n-th circular electrode-segment of the transparent electrode 53 has stripes having a space-frequency fs,
the deflection angle θ2n is represented by the following equation.

The space-frequency of the stripes is in proportion to the driving voltage supplied to the n-th circular electrode-seg-
ments, as indicated in Fig. 5. Thus, the space-frequency fs can be represented by

where V is the driving voltage and k is a constant. Thus, the following equation is obtained.

sin θ2n = fsλ (λ : wavelength) (5-1)

fs = k V (5-2)



EP 0 744 647 B1

5

10

15

20

25

30

35

40

45

50

55

23

[0210] In a case where the light diffracted by the n-th grating Pn(Xn, Yn' 0) is focused on a focal point Qn(X0', Y0',
Zn'), the deflection angle θ2n can be represented by the following equation.

[0211] Since the following equation:

holds, the driving voltage V is presented by

where k" is equal to 1/k' (k" = 1/k').
[0212] A description will now be given of the following cases where:

1-1) The focal point of the light emitted from the n-th grating Pn moves at a constant velocity in a direction (the Z-
axis) parallel to the focus direction; and
1-2) The focal point of the light output from the n-th grating Pn moves at random in a direction (the Z-axis) parallel
to the focus direction.

[0213] In the case 1-1) where the focal point moves at constant velocity on the optical axis extending in the Z-axis
direction, a position (Zn') of the focal point can be represented by

Substituting the equation (5-7) for the above equation (5-6), the driving voltage V(rn, t) to be supplied to the n-th circular
electrode-segment can be represented by the following equation.

[0214] In the case 1-2) where the focal point moves at random on the optical axis, a position (Zn') of the focal point
can be represented by

Substituting the equation (5-9) for the above equation (5-6), the driving voltage V(rn,t) to be supplied to the n-th circular
electrode-segment can be represented by the following equation.

[0215] A Fresnel lens made of glass functions as a convex lens or a concave lens in accordance with surface shapes.
In the optical deflection apparatus in which variable stripe patterns are formed, due to changing of a distribution of
voltages supplied to the gratings, a convex lens and a concave lens can be formed. As shown in Fig. 34, in a case
where a coordinate Zn' of the focal point is positive, the convex Fresnel lens is formed. On the other hand, in a case

sin θ2n = k' V (k' = kλ) (5-3)

sin θ2n = [(Xn-X0')2 + (Yn-Y0')2]1/2

÷ [Zn'2 + (Xn-X0')2 + (Yn-Y0')2]1/2 (5-4)

(Xn-X0')2 + (Yn-Y0')2= r n'
2 (5-5)

V = k" rn / (Zn' 2 + rn
2)1/2 (5-6)

Zn' = ct. (5-7)

V(rn, t) = k'' rn / (ct2+rn
2)1/2 (5-8)

Zn' = Rz (a random value in point of time). (5-9)

V(rn,t) = k" rn / (Rz
2+rn

2)1/2 (5-10)
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where a coordinate Zn' of the focal point is negative, the concave Fresnel lens is formed.
[0216] The deflection unit is driven in the low-frequency driving manner so that the convex Fresnel lens is formed.
In this case, when the driving voltages represented by the equation (5-8) or (5-10) are supplied to the circular electrode-
segments, the focal point moves at a constant velocity or at random in the direction parallel to the focus direction, as
shown in Fig. 51A or 51B.
[0217] The deflection unit is driven in the low-frequency driving manner so that the concave Fresnel lens is formed.
In this case, when the driving voltages represented by the equation (5-8) or (5-10) are supplied to the circular electrode-
segments, the focal point moves at a constant velocity or at random in the direction parallel to the focus direction, as
shown in Fig. 51C or 51D. To form the concave Fresnel lens having the focal length of a minus value, positions Zn' of
focal point for the respective gratings must have minus values (in the cases shown in Figs. 51C and 51D).
[0218] The deflection unit having the transparent electrode 53 segmented into circular electrode-segments which
are concentrically arranged and the transparent electrode 54 which is a single electrode, as shown in Fig. 38, may be
driven in the high-frequency driving manner. The initial orientation of the liquid crystal has directions perpendicular to
concentric circles, that is, radial directions of the concentric circles, as shown in Fig. 38.
[0219] In a case where the deflection unit is driven so that the convex Fresnel lens is formed and in a case where
the deflection unit is driven so that the concave Fresnel lens is formed, when the driving voltages represented by the
equation (5-8) or (5-10) are supplied to the circular electrode-segments, the focal point moves in the direction parallel
to the focus direction, as shown in Fig. 51A or 51B and in Fig. 51C or 51D.
[0220] The transparent electrodes 53 and 54 may be formed as shown in Fig. 39. Referring to Fig. 39, both the
transparent electrodes 53 and 54 are segmented into circular electrode-segments which are concentrically arranged.
The initial orientation of the liquid crystal has a directions which changes along concentric circles as shown in Fig. 39.
[0221] The deflection unit having the transparent electrodes 53 and 54 as shown in Fig. 39 can be driven in the low-
frequency driving manner so that the convex Fresnel lens is formed and so that the concave Fresnel lens is formed.
In the case where the convex Fresnel lens is formed and in the case where the concave Fresnel lens is formed, when
the driving voltages represented by the equation (5-8) or (5-10) are supplied to the circular electrode-segments, the
focal point moves in the direction parallel to the focus direction, as shown in Fig. 51A or 51B and in Fig. 51C or 51D.
[0222] The deflection unit having the transparent electrodes 53 and 54 as shown in Fig. 40 can be driven in the high-
frequency driving manner so that the convex Fresnel lens is formed and so that the concave Fresnel lens is formed.
Referring to Fig. 40, the transparent electrodes 53 and 54 are segmented into circular electrode-segments which are
concentrically arranged, and the initial orientation of the liquid crystal has directions perpendicular to concentric circles,
that is, radial directions of the concentric circles.
[0223] In the case where the convex Fresnel lens is formed and in the case where the concave Fresnel lens is
formed, when the driving operations using the driving voltages (5-8) or (5-10) is performed in the same manner as in
the cases of the deflection unit having the transparent electrodes show in Fig. 39, the focal point moves at a constant
velocity or at random in the direction parallel to the focus direction, as shown in Fig. 51A or 51B and Fig. 51C or 51D.
[0224] The transparent electrodes 53 and 54 may be formed as shown in Fig. 41. An optical deflection apparatus
incorporating such transparent electrodes represents an embodiment of the present invention. Referring to Fig. 41,
the transparent electrode 53 is segmented into electrode-segments which are one-dimensionally arranged. The trans-
parent electrode 54 is segmented into electrode-segments which are two-dimensionally arranged. The initial orientation
has a direction which changes along the concentric circles.
[0225] The deflection unit having the transparent electrodes 53 and 54 as shown in Fig. 41 can be driven in the low-
frequency driving manner so that the convex Fresnel lens is formed and so that the concave Fresnel lens is formed.
In these cases, when the deflection unit is driven such that the driving voltage represented by the equation (5-8) or
(5-10) is supplied to electrode-segments positioned on a circle having a radius rn from the optical axis, the focal point
moves at a constant velocity or at random in the direction parallel to the focus direction, as shown in Fig. 51A or 51B
and Fig. 51C or 51D.
[0226] The deflection unit having the transparent electrodes 53 and 54 as shown in Fig. 42 can be driven so that he
convex Fresnel lens is formed and so that the concave Fresnel lens is formed. An optical deflection apparatus incor-
porating such transparent electrodes represents an embodiment of the present invention. Referring to Fig. 42, the
transparent electrode 53 is segmented into electrode-segments which are one-dimensionally arranged, the transparent
electrode 54 is segmented into electrode-segments which are two-dimensionally arranged, and the initial orientation
of the liquid crystal has directions perpendicular to concentric circles, that is, the radial directions of the concentric
circles, as shown in Fig. 42.
[0227] In the case where the convex Fresnel lens is formed and in the case where the concave Fresnel lens is
formed, when the driving operations using the driving voltages (5-8) or (5-10) is performed in the same manner as in
the cases of the deflection unit having the transparent electrodes shown in Fig. 41, the focal point moves at a constant
velocity or at random in the direction parallel to the focus direction, as shown in Fig. 51A or 51B and Fig. 51C or 51D.
[0228] The transparent electrodes 53 and 54 may be formed as shown in Fig. 43. An optical deflection apparatus
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incorporating such transparent electrodes represents an embodiment of the present invention. Referring to Fig. 43,
the transparent electrodes 53 and 54 are segmented into electrode-segments which are two-dimensionally arranged.
The initial orientation of the liquid crystal has a direction which changes along concentric circles as shown in Fig. 43.
[0229] The deflection unit having the transparent electrodes 53 and 54 as shown in Fig. 43 can be driven in the low-
frequency driving manner so that the convex Fresnel lens is formed and so that the concave Fresnel lens is formed.
In these cases, when the deflection unit is driven such that the driving voltage represented by the equation (5-8) or
(5-10) is supplied to electrode-segments positioned on a circle having a radius rn from the optical axis, the focal point
moves at a constant velocity or at random in the direction parallel to the focus direction, as shown in Fig. 51A or 51B
and Fig. 51C or 51D.
[0230] The deflection unit having the transparent electrodes 53 and 54 as shown in Fig. 44 can be driven in the high-
frequency driving manner so that the convex Fresnel lens is formed and so that the concave Fresnel lens is formed.
An optical deflection apparatus incorporating such transparent electrodes represents an embodiment of the present
invention. Referring to Fig. 44, both the transparent electrodes 53 and 54 are segmented into electrode-segments
which are two-dimensionally arranged, and the initial orientation of the liquid crystal has directions perpendicular to
concentric circles, that is, radial directions of the concentric circles.
[0231] In the case where the convex Fresnel lens is formed and in the case where the concave Fresnel lens is
formed, when the driving operations using the driving voltages (5-8) or (5-10) is performed in the same manner as in
the cases of the deflection unit having the transparent electrodes shown in Fig. 43, the focal point moves at a constant
velocity or at random in the direction parallel to the focus direction, as shown in Fig. 51A or 51B and Fig. 51C or 51D.
[0232] The transparent electrodes 53 and 54 may be formed as shown in Fig. 45. Referring to Fig. 45, the transparent
electrode 53 is segmented into circular electrode-segments which are concentrically arranged. The transparent elec-
trode 54 is segmented into electrode-segments which are one-dimensionally arranged. The initial orientation of the
liquid crystal has a direction which changes along concentric circles as shown in Fig. 45.
[0233] The deflection unit having the transparent electrodes 53 and 54 as shown in Fig. 45 can be driven in the low-
frequency driving manner so that the convex Fresnel lens is formed and so that the concave Fresnel lens is formed.
In these cases, when the driving voltages represented by the equation (5-8) and (5-10) are supplied to the circular
electrode-segments, the focal point moves at a constant velocity or at random in the direction parallel to the focus
direction, as shown in Fig. 51A or 51B and Fig. 51C or 51D.
[0234] The deflection unit having the transparent electrodes 53 and 54 as shown in Fig. 46 can be driven in the high-
frequency driving manner so that the convex Fresnel lens is formed and so that the concave Fresnel lens is formed.
Referring to Fig. 46, the transparent electrode 53 is segmented into circular electrode-segments which are concentri-
cally arranged, the transparent electrode 54 is segmented into electrode-segments which are one-dimensionally ar-
ranged, and the initial orientation of the liquid crystal has directions perpendicular to concentric circles, that is, radial
directions of the concentric circles.
[0235] In the case where the convex Fresnel lens is formed and in the case where the concave Fresnel lens is
formed, when the driving operations using the driving voltages (5-8) or (5-10) is performed in the same manner as in
the cases of the deflection unit having the transparent electrodes shown in Fig. 45, the focal point moves at a constant
velocity or at random in the direction parallel to the focus direction, as shown in Fig. 51A or 51B and Fig. 51C or 51D.
[0236] The transparent electrodes 53 and 54 may be formed as shown in Fig. 47. An optical deflection apparatus
incorporating such transparent electrodes represents an embodiment of the present invention. Referring to Fig. 47,
the transparent electrode 53 is segmented into circular electrode-segments which are concentrically arranged. The
transparent electrode 54 is segmented into electrode-segments which are two-dimensionally arranged. The initial ori-
entation of the liquid crystal has a direction which changes along concentric circles as shown in Fig. 47.
[0237] The deflection unit having the transparent electrodes 53 and 54 as shown in Fig. 47 can be driven in the low-
frequency driving manner so that the convex Fresnel lens is formed and so that the concave Fresnel lens is formed.
In these cases, when the driving voltages represented by the equation (5-8) and (5-10) are supplied to the circular
electrode-segments, the focal point moves at a constant velocity or at random in the direction parallel to the focus
direction, as shown in Fig. 51A or 51B and Fig. 51C or 51D.
[0238] The deflection unit having the transparent electrodes 53 and 54 as shown in Fig. 48 can be driven in the high-
frequency driving manner so that the convex Fresnel lens is formed and so that the concave Fresnel lens is formed.
An optical deflection apparatus incorporating such transparent electrodes represents an embodiment of the present
invention. Referring to Fig. 48, the transparent electrode 53 is segmented into circular electrode-segments which are
concentrically arranged, the transparent electrode 54 is segmented into electrode-segments which are two-dimension-
ally arranged, and the initial orientation of the liquid crystal has directions perpendicular to concentric circles, that is,
radial directions of the concentric circles.
[0239] In the case where the convex Fresnel lens is formed and in the case where the concave Fresnel lens is
formed, when the driving operations using the driving voltages (5-8) or (5-10) is performed in the same manner as in
the cases of the deflection unit having the transparent electrodes show in Fig. 47, the focal point moves at a constant
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velocity or at random in the direction parallel to the focus direction, as shown in Fig. 51A or 51B and Fig. 51C or 51D.
[0240] The transparent electrodes 53 and 54 may be formed as shown in Fig. 49. An optical deflection apparatus
incorporating such transparent electrodes represents an embodiment of the present invention. Referring to Fig. 49,
the transparent electrode 53 is segmented into electrode-segments which are two-dimensionally arranged. The trans-
parent electrode 54 is a single electrode. The initial orientation of the liquid crystal has a direction which changes along
concentric circles as shown in Fig. 49.
[0241] The deflection unit having the transparent electrodes 53 and 54 as shown in Fig. 49 can be driven in the low-
frequency driving manner so that the convex Fresnel lens is formed and so that the concave Fresnel lens is formed.
In these cases, when the deflection unit is driven such that the driving voltage represented by the equation (5-8) and
(5-10) are supplied to a circular electrode-segments on a circle having a radius rn from the optical axis, the focal point
moves at a constant velocity or at random in the direction parallel to the focus direction, as shown in Fig. 51A or 51B
and Fig. 51C or 51D.
[0242] The deflection unit having the transparent electrodes 53 and 54 as shown in Fig. 50 can be driven in the high-
frequency driving manner so that the convex Fresnel lens is formed and so that the concave Fresnel lens is formed.
An optical deflection apparatus incorporating such transparent electrodes represents an embodiment of the present
invention. Referring to Fig. 50, the transparent electrode 53 is segmented into electrode-segments which are two-
dimensionally arranged, the transparent electrode 54 is a single electrode, and the initial orientation of the liquid crystal
has directions perpendicular to concentric circles, that is, radial directions of the concentric circles.
[0243] In the case where the convex Fresnel lens is formed and in the case where the concave Fresnel lens is
formed, when the driving operations using the driving voltages (5-8) or (5-10) is performed in the same manner as in
the cases of the deflection unit having the transparent electrodes show in Fig. 49, the focal point moves at a constant
velocity or at random in the direction parallel to the focus direction, as shown in Fig. 51A or 51B and Fig. 51C or 51D.
[0244] The present invention is not limited to the aforementioned embodiments, and variations and modifications
may be made without departing from the scope of the claimed invention.

Claims

1. An optical deflection apparatus comprising:

a pair of transparent electrodes (4, 5; 23, 24);
driving means (3; 33) for supplying driving voltages to said pair of transparent electrodes (4, 5; 23, 24);
a liquid crystal layer (11), put between said transparent electrodes (4, 5; 23, 24), in which stripes are formed
having space-frequencies dependent on the waveforms of driving voltages supplied by the driving means (3;
33) to said pair of transparent electrodes (4, 5; 23, 24), the stripes functioning as gratings by which incident
light (Lo) is deflected in deflecting directions; and
orientation setting means (6, 7; 25, 26) for setting an initial orientation of said liquid crystal layer (11);

wherein said driving means comprise signal generating means for generating a first signal having a low
frequency less than a predetermined frequency and a second signal having a high frequency greater than said
predetermined frequency and control means for controlling said signal generating means; and

wherein, if the driving signal comprises the first signal, the stripes extend in a direction parallel to the initial
orientation direction of the liquid crystal layer, and if the driving signal comprises the second signal, the stripes
extend in a direction perpendicular to the initial orientation direction of the liquid crystal layer,
characterised in that said control means are arranged such that said signal generating means outputs selectively
the first signal or the second signal as the driving signal and in that at least one of said transparent electrodes is
segmented so as to form electrode-segments that are arranged in two directions substantially perpendicular to
each other.

2. The optical deflection apparatus as claimed in claim 1, wherein said driving means are operable to supply the
driving voltages to the electrode-segments of said pair of transparent electrodes so that deflected light is focused.

3. The optical deflection apparatus as claimed in claim 1, wherein said driving means are operable to supply the
driving voltages to the electrode-segments of said pair of transparent electrodes such that the optical deflection
apparatus is operable as a stacked optical switch.

4. The optical deflection apparatus as claimed in claim 1, wherein said initial orientation has a single direction.
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5. The optical deflection apparatus as claimed in claim 4, wherein said driving means are operable to supply the
driving voltages to the electrode-segments so that electrode-segments included in the same one of a plurality of
rectangular areas, arranged in parallel to each other along an X direction in a group, are provided with the same
voltage.

6. The optical deflection apparatus as claimed in claim 5, wherein said driving means are arranged such that voltages
supplied to the electrode-segments included in different rectangular areas of a group differ from each other so that
line-shaped focus of the deflected light is formed for that group.

7. The optical deflection apparatus as claimed in claim 6, comprising a plurality of such groups of rectangular areas,
such that a separate line-shaped focus is formable for each group.

8. The optical deflection apparatus as claimed in claim 6, wherein said driving means are arranged such that a voltage
supplied to electrode-segments included in an n-th rectangular area depends on the following formula:

where Xn is a position in said X direction of the n-th rectangular area, S is a focal length and R is a position of the
focus in said X direction.

9. The optical deflection apparatus as claimed in claim 6, wherein the voltages supplied to the electrode-segments
are variable with time so that the line-shaped focus moves.

10. The optical deflection apparatus as claimed in claim 9, wherein the voltages are variable so that the line-shaped
focus moves in a direction perpendicular to a direction from the grating toward the focal surface.

11. The optical deflection apparatus as claimed in claim 10, wherein the voltages are variable so that the line-shaped
focus moves at a constant velocity.

12. The optical deflection apparatus as claimed in claim 11, wherein said driving means are arranged such that the
voltage supplied to electrode-segments included in an n-th rectangular area depends on the following formula:

where Xn is a position in said X direction of the n-th rectangular area, S is a focal length, c is said constant velocity
and t is time.

13. The optical deflection apparatus as claimed in claim 6, wherein the voltages supplied to the electrode-segments
are variable so that the line-shaped focus moves at a constant angular velocity.

14. The optical deflection apparatus as claimed in claim 13, wherein said driving means are arranged such that the
voltage supplied to electrode-segments included in an n-th rectangular area depends on the following formula:

where Xn is a position in said X direction of the n-th rectangular area, S is a focal length, wm is said constant
angular velocity and t is time.

15. The optical deflection apparatus as claimed in claim 6, wherein the voltages supplied to the electrode-segments
are variable so that the line-shaped focus moves in a direction parallel to a direction from the grating toward the
focal surface.

16. The optical deflection apparatus as claimed in claim 15, wherein said driving means are arranged such that a
voltage supplied to electrode-segments included in an n-th rectangular area depends on the following formula:

(Xn - R) / [S2 + (Xn - R)2]1/2

(Xn - ct) / [S2 + (Xn - ct)2]1/2

(Xn - S tan wmt) / [S2 + (Xn - S tan wmt)2]1/2
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where Xn is a position in said X direction of the n-th rectangular area, R is a position of the focus in a direction
from the grating toward the focal surface and V is a position of the focus in said X direction.

17. The optical deflection apparatus as claimed in claim 15, wherein said driving means are arranged such that the
voltage supplied to electrode-segments included in an n-th rectangular area depends on the following formula:

where Xn is a position in said X direction of the n-th rectangular area, u is a position of the focus in said X direction,
e is a velocity at which the focus moves and t is time.

18. The optical deflection apparatus as claimed in claim 1, wherein said driving means are operable to supply to an
electrode-segment of said pair of transparent electrodes a driving signal having a waveform which causes the
deflecting direction to change with time.

19. The optical deflection apparatus as claimed in claim 18, wherein the driving signal supplied from said driving means
to said electrode-segment of said pair of transparent electrodes has a waveform which causes the deflected light
to scan in a plane parallel to said liquid crystal layer at a constant velocity.

20. The optical deflection apparatus as claimed in claim 19, wherein the waveform of the driving signal depends on
the following formula:

where t is time and f is a constant based on said constant velocity.

21. The optical deflection apparatus as claimed in claim 18, wherein the driving signal supplied from said driving means
to said electrode-segment of said pair of transparent electrodes has a waveform which causes the deflecting
direction to change at a constant angular velocity.

22. The optical deflection apparatus as claimed in claim 21, wherein the waveform of the driving signal depends on
(sin wt) where t is time and w is said constant angular velocity.

23. The optical deflection apparatus as claimed in claim 18, wherein the driving signal supplied from said driving means
to said electrode-segment of said pair of transparent electrodes has a waveform by which the deflecting direction
changes at random.

24. The optical deflection apparatus as claimed in claim 18, wherein the waveform of the driving signal depends on
(sin θ) where θ is a deflection angle.

25. The optical deflection apparatus as claimed in claim 1, wherein said initial orientation has a direction which changes
along concentrically arranged circles.

26. The optical deflection apparatus as claimed in claim 1, wherein said driving means are operable to supply the
driving voltages to the electrode-segments so that electrode-segments included in the same one of a plurality of
circular area concentrically arranged are provided with the same voltage.

27. The optical deflection apparatus as claimed in claim 26, wherein said driving means are arranged such that voltages
supplied to the electrode-segments included in different circular areas differs from each other so that a focal point
of the deflection light is formed.

28. The optical deflection apparatus as claimed in claim 27, wherein said driving means are arranged such that the
voltage supplied to electrode-segments included in an n-th circular area depends on the following formula:

(Xn - V) / [R2 + (Xn - V)2]1/2

(Xn - u) / [(et)2 + (Xn - u)2]1/2

t / (t2 + f)1/2
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where rn is a radius of the n-th circular area and R is a focal length.

29. The optical deflection apparatus as claimed in claim 27, wherein the voltages supplied to the electrode-segments
are variable with time so that the focal point moves.

30. The optical deflection apparatus as claimed in claim 29, wherein the voltages supplied to the electrode-segments
are variable with time so that the focal point moves in a direction parallel to a direction from the grating toward the
focal surface.

31. The optical deflection apparatus as claimed in claim 30, wherein said driving means are arranged such that the
voltage supplied to electrode-segments included in an n-th circular area depends on the following formula:

where rn is a radius of the n-th circular area, t is time and c is a velocity.

Patentansprüche

1. Optisches Ablenkgerät, mit:

einem Paar transparente Elektroden (4, 5; 23,34),
Ansteuermitteln (3; 33), um Ansteuerspannungen an das Paar transparente Elektroden (4, 5; 23, 34) zu liefern;
einer Fiüssigkristallschlcht (11), die zwischen die transparenten Elektroden (4, 5; 23, 24) gelegt ist, worin
Streifen mit Ortsfrequenzen ausgebildet sind, die von den Wellenformen der durch die Ansteuermittel (3; 33)
an das Paar transparente Elektroden (4, 5; 23, 34) gelieferten Ansteuerspannungen abhängig sind, welche
Streifen als Gitter dienen, durch die einfallendes Licht (Lo) in Ablenkrlchtungen abgelenkt wird; und
Orientierungseinstellmitteln (6, 7; 25, 26), um eine anfängliche Orientierung der Flüssigkristallschicht (11) ein-
zustellen;

worin die Ansteuermittel Signalerzeugungsmittel aufweisen, um ein erstes Signal mit einer niedrigen Fre-
quenz zu erzeugen, die niedriger als eine vorbestimmte Frequenz ist, und ein zweites Signal mit einer hohen
Frequenz, die höher als die vorbestimmte Frequenz ist, und Steuermittel, um die Signalerzeugungsmlttel zu steu-
ern; und

worin, falls das Ansteuerslgnal das erste Slgnal umfasst, die Strelfen in einer Richtung parallel zur Richtung
der anfänglichen Orientierung der Flüsslgkristallschicht verlaufen, und, falls das Ansteuersignal das zweite Signal
umfasst, die Strelfen in einer Richtung senkrecht zur Richtung der anfänglichen Orientierung der Flüssigkristall-
schicht verlaufen,

dadurch gekennzeichnet, dass die Steuermittel so eingerichtet sind, dass das Signalerzeugungsmittel se-
lektiv das erste Signal oder das zweite Signal als das Ansteuersignal abglbt, und dadurch, dass zumindest eine
der transparenten Elektroden segmentiert ist, um Eiektrodensegmente zu bilden, die In zwei, zueinander im we-
sentlichen senkrechten Richtungen angeordnet sind.

2. Optisches Ablenkgerät nach Anspruch 1, worin die Ansteuermittel betreibbar sind, um die Ansteuerspannungen
an die Elektrodensegmente des Paares transparente Elektroden zu liefem, so dass abgelenktes Licht fokussiert
wird,

3. Optisches Ablenkgerät nach Anspruch 1, worin die Ansteuermittel betreibbar sind, um die Ansteuerspannungen
an die Elektrodensegmente des Paars transparente Elektroden zu liefern, so dass das optische Ablenkgerät als
gestapelter optischer Schalter betrelbbar ist.

4. Optisches Ablenkgerät nach Anspruch 1, worin die anfängliche Orientierung eine einzige Richtung hat.

5. Optisches Ablenkgerät nach Anspruch 4, worin die Ansteuermittel betreibbar sind, um die Ansteuerspannungen

rn /(R2 + rn
2)1/2

rn / (ct2 + rn
2)1/2
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an die Elektrodensegmente zu liefem, so dass Elektrodensegmente, die in der gleichen von mehreren rechtwin-
keligen Flächen enthalten sind, die entlang einer X-Richtung parallel zueinander in einer Gruppe angeordnet sind,
mit der gleichen Spannung versorgt werden.

6. Optisches Ablenkgerät nach Anspruch 5, worin die Ansteuermittel so eingerichtet sind, dass Spannungen, die an
die Elektrodensegmente geliefert werden, die in verschiedenen rechtwinkeligen Flächen einer Gruppe enthalten
sind, sich so voneinander unterscheiden, dass für diese Gruppe ein linienförmiger Fokus des abgelenkten Lichts
gebildet wird.

7. Optisches Ablenkgerät nach Anspruch 6, mit mehreren solchen Gruppen rechtwinkeliger Flächen, so dass für jede
Gruppe ein separater linienförmiger Fokus bildbar Ist.

8. Optlsches Ablenkgerät nach Anspruch 6, worin die Ansteuermittel so eingerichtet sind, dass eine Spannung, die
an Elektrodensegmente geliefert wird, die In einer n-ten rechtwinkellgen Fläche enthalten sind, auf der folgenden
Formel beruht:

worin Xn eine Position in der X-Richtung der n-ten rechtwinkeligen Fläche ist, S eine Fokallänge ist und R eine
Position des Fokus in der X-Richtung Ist.

9. Optisches Ablenkgerät nach Anspruch 6, worin die an die Elektrodensegmente gelieferten Spannungen mit der
Zeit variabel sind, so dass sich der linlenförmige Fokus bewegt.

10. Optisches Ablenkgerät nach Anspruch 9, worin die Spannungen variabel sind, so dass sich der linienförmlge Fokus
in einer Richtung senkrecht zu einer Richtung vom Gitter zur Fokalfläche bewegt.

11. Optisches Ablenkgerät nach Anspruch 10, worin die Spannungen so variabel sind, dass sich der llnlenförmige
Fokus mit einer konstanten Geschwindlgkeit bewegt.

12. Optisches Ablenkgerät nach Anspruch 11, worin die Ansteuermlttel so eingerichtet sind, dass die Spannung, die
an Elektrodensegmente geliefert wird, die in einer n-ten rechtwinkeligen Fläche enthalten sind, auf der folgenden
Formel beruht:

worin Xn eine Position in der X-Rlchtung der n-ten rechtwinkellgen Fläche ist, S eine Fokallänge ist, c die konstante
Geschwindigkeit ist und t die Zeit ist.

13. Optisches Ablenkgerät nach Anspruch 6, worin die an die Elektrodensegmente gelieferten Spannungen variabel
sind, so dass sich der linlenförmige Fokus mit einer konstanten Winkelgeschwindigkeit bewegt

14. Optlsches Ablenkgerät nach Anspruch 13, worin die Ansteuermlttel so eingerichtet sind, dass die Spannung, die
an Elektrodensegmente geliefert wird, die in einer n-ten Fläche enthalten sind, auf der folgenden Formel beruht:

worin Xn eine Position in der X-Richtung der n-ten rechtwinkeligen Fläche ist, S eine Fokallänge ist, wm die kon-
stante Winkelgeschwindlgkeit ist und t die Zeit ist.

15. Optisches Ablenkgerät nach Anspruch 6, worin die an die Elektrodensegmente gelieferten Spannungen variabel
sind, so dass sich der linlenförmige Fokus in einer Richtung parallel zu einer Richtung vom Gitter zur Fokalfläche
bewegt.

16. Optlsches Ablenkgerät nach Anspruch 15, worin die Ansteuermittel so eingerichtet sind, dass eine Spannung, die

(Xn - R) / [S2 + (Xn - R)2]1/2

(Xn - ct)/[S2 + (Xn- ct)2]1/2

(Xn - S tan wmt)/[S2 + (Xn - S tan wmt)2]1/2
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an Elektrodensegmente geliefert wird, die einer n-ten rechtwinkeligen Fläche enthalten sind, auf der folgenden
Formel beruht:

worin Xn eine Position in der X-Richtung der n-ten rechtwinkeligen Fläche ist, R eine Position des Fokus In einer
Richtung vom Gitter zur Fokalfläche ist und V eine Position des Fokus in der X-Richtung ist.

17. Optisches Ablenkgerät nach Anspruch 15, worin die Ansteuermittel so eingerichtet sind, dass die Spannung, die
an Elektrodensegmente geliefert wird, die in einer n-ten rechtwinkeligen Fläche enthalten sind, auf der folgenden
Formel beruht:

worin Xn eine Position in der X-Richtung der n-ten rechtwinkeligen Räche ist, u eine Position des Fokus in der
X-Richtung ist, e eine Geschwindigkeit ist, mit der sich der Fokus bewegt, und t die Zeit ist.

18. Optisches Ablenkgerät nach Anspruch 1, worin die Ansteuermittel betrelbbar sind, um an ein Elektrodensegment
des Paars transparente Elektroden ein Ansteuerslgnal mit einer Wellenform zu liefern, die bewirkt, dass sich die
Ablenkrichtung ändert.

19. Optisches Ablenkgerät nach Anspruch 18, worin das Ansteuersignal, das von den Ansteuermitteln an das Elek-
trodensegment des Paars transparente Elektroden geliefert wird, eine Wellenform hat, die bewirkt, dass das ab-
gelenkte Licht in einer Ebene parallel zur Flüsslgkristallschicht mit einer konstanten Geschwindigkeit scannt.

20. Optisches Ablenkgerät nach Anspruch 19, worin die Wellenform des Ansteuerslgnals auf der Formel:

beruht, worin t die Zelt Ist und f eines Konstante ist, die auf der konstanten Geschwindigkeit basiert.

21. Optisches Ablenkgerät nach Anspruch 18, worin das Ansteuersignal, das von den Ansteuermitteln an das Elek-
trodensegment des Paars transparente Elektroden geliefert wird, eine Wellenform hat, die bewirkt, dass sich die
Ablenkrichtung mit einer konstanten Winkelgeschwindigkeit ändert.

22. Optisches Ablenkgerät nach Anspruch 21, worin die Wellenform des Ansteuersignal abhängig ist von (sin wt),
worin t die Zelt ist und w die konstante Winkelgeschwindigkeit ist.

23. Optisches Ablenkgerät nach Anspruch 18, worin das Ansteuersignal, das von den Ansteuermltteln an das Elek-
trodensegment des Paars transparente Elektroden geliefert wird, eine Wellenform hat, durch die sich die Ablenk-
richtung zufällig ändert.

24. Optisches Ablenkgerät nach Anspruch 18, worin die Wellenform des Ansteuerslgnals abhängig ist von (sin θ),
worin θ ein Ablenkwinkel ist.

25. Optisches Ablenkgerät nach Anspruch 1, worin die anfängliche Orientierung eine Richtung hat, die sich entlang
konzentrisch angeordneten Kreisen ändert.

26. Optisches Ablenkgerät nach Anspruch 1, worin die Ansteuermittel betreibbar sind, um die Ansteuerspannungen
an die Elektrodensegmente so zu liefern, dass Elektrodensegmente, die in der gleichen von mehreren kreisförmi-
gen, konzentrisch angeordneten Flächen enthalten sind, mit der gleichen Spannung versorgt werden.

27. Optisches Ablenkgerät nach Anspruch 26, worin die Ansteuermittel so eingerichtet sind, das Spannungen, die an
die Elektrodensegmente geliefert werden, die In verschiedenen krelsförmigen Flächen enthalten sind, sich von-
einander so unterscheiden, dass ein Fokalpunkt des Ablenklichts gebildet wird.

(Xn - V)/[R2 + (Xn - V)2]1/2

(Xn- u)/[(et)2 + (Xn - u)2]1/2

t/(t2 + f)1/2
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28. Optisches Ablenkgerät nach Anspruch 27, worin die Ansteuermittel so eingerichtet sind, dass die Spannung, die
an Elektrodensegmente gellefert wird, die in einer n-ten kreisförmigen Fläche enthalten sind, auf der folgenden
Formel beruht:

worin rn ein Radius der n-ten kreisförmigen Fläche ist und R eine Fokallänge ist.

29. Optisches Ablenkgerät nach Anspruch 27, worin die Spannungen, die an die Elektrodensegmente geliefert werden,
mit der Zeit variabel sind, so dass sich der Fokalpunkt bewegt.

30. Optisches Ablenkgerät nach Anspruch 29, worin die an die Elektrodensegmente gelleferten Spannungen mit der
Zeit variabel sind, so dass sich der Fokalpunkt parallel zu einer Richtung vom Gitter zur Fokalfläche bewegt.

31. Optisches Ablenkgerät nach Anspruch 30, worin die Ansteuermittel eingerichtet sind, so dass die Spannung, die
an Etektrodensegmente gellefert wird, die einer n-ten kreisförmigen Fläche enthalten sind, auf der folgenden For-
mel beruht:

worin rn ein Radius der n-ten kreisförmigen Fläche ist, t die Zeit ist und c eine Geschwindlgkelt ist.

Revendications

1. Dispositif de déviation optique, comprenant :

une paire d'électrodes transparentes (4, 5 ; 23, 24) ;
des moyens d'excitation (3, 33) pour fournir des tensions d'excitation à ladite paire d'électrodes transparentes
(4, 5 ; 23, 24) ;
une couche de cristaux liquides (11), placée entre lesdites électrodes transparentes (4, 5 ; 23, 24), dans la-
quelle des bandes sont formées avec des fréquences spatiales dépendantes des formes d'onde des tensions
d'excitation fournies par les moyens d'excitation (3 ; 33) à ladite paire d'électrodes transparentes (4, 5 ; 23,
24), les bandes servants de grilles par lesquelles la lumière incidente (Lo) est déviée dans des directions de
déviation ; et
des moyens de réglage d'orientation (6, 7 ; 25, 26) pour régler une orientation initiale de ladite couche de
cristaux liquides (11) ;

dans lequel lesdits moyens d'excitation comprennent des moyens de génération de signal pour générer un
premier signal ayant une basse fréquence inférieure à une fréquence prédéterminée et un deuxième signal ayant
une haute fréquence supérieure à ladite fréquence prédéterminée et des moyens de commande pour commander
lesdits moyens de génération de signal ; et

dans lequel, si le signal d'excitation comprend le premier signal, les bandes s'étendent dans une direction
parallèle à la direction d'orientation initiale de la couche de cristaux liquides, et si le signal d'excitation comprend
le deuxième signal, les bandes s'étendent dans une direction perpendiculaire à la direction d'orientation initiale
de la couche de cristaux liquides ;

caractérisé en ce que lesdits moyens de commande sont agencés de telle sorte que lesdits moyens de
génération de signal délivrent sélectivement le premier signal ou le deuxième signal comme signal d'excitation,
et en ce qu'au moins l'une desdites électrodes transparentes est segmentée de façon à former des segments
d'électrode qui sont agencés dans deux directions substantiellement perpendiculaires l'une à l'autre.

2. Dispositif de déviation optique selon la revendication 1, dans lequel lesdits moyens d'excitation sont utilisables
pour fournir les tensions d'excitation aux segments d'électrode de ladite paire d'électrodes transparentes de sorte
que la lumière déviée est concentrée.

3. Dispositif de déviation optique selon la revendication 1, dans lequel lesdits moyens d'excitation sont utilisables

rn /(R2 + rn
2)1/2

rn/(ct2 + rn
2)1/2
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pour fournir les tensions d'excitation aux segments d'électrode de ladite paire d'électrodes transparentes de sorte
que le dispositif de déviation optique est utilisable comme un commutateur optique superposé.

4. Dispositif de déviation optique selon la revendication 1, dans lequel ladite orientation initiale présente une seule
direction.

5. Dispositif de déviation optique selon la revendication 4, dans lequel lesdits moyens d'excitation sont utilisables
pour fournir les tensions d'excitation aux segments d'électrode de sorte que les segments d'électrode compris
dans la même zone d'une pluralité de zones rectangulaires, agencées en parallèle les unes aux autres suivant
une direction X dans un groupe, reçoivent la même tension.

6. Dispositif de déviation optique selon la revendication 5, dans lequel lesdits moyens d'excitation sont agencés de
telle sorte que les tensions fournies aux segments d'électrode compris dans différentes zones rectangulaires d'un
groupe diffèrent les unes des autres de sorte qu'un foyer de forme linéaire de la lumière déviée est formé pour ce
groupe.

7. Dispositif de déviation optique selon la revendication 6, comprenant une pluralité de ces groupes de zones rec-
tangulaires, de sorte qu'un foyer de forme linéaire séparé peut être formé pour chaque groupe.

8. Dispositif de déviation optique selon la revendication 6, dans lequel lesdits moyens d'excitation sont agencés de
telle sorte qu'une tension fournie à des segments d'électrode compris dans une n-ième zone rectangulaire dépend
de la formule suivante :

où Xn est une position dans ladite direction X de la n-ième zone rectangulaire, S est une longueur focale et
R est une position du foyer dans ladite direction X.

9. Dispositif de déviation optique selon la revendication 6, dans lequel les tensions fournies aux segments d'électrode
sont variables dans le temps de sorte que le foyer de forme linéaire se déplace.

10. Dispositif de déviation optique selon la revendication 9, dans lequel les tensions sont variables de sorte que le
foyer de forme linéaire se déplace dans une direction perpendiculaire à une direction de la grille vers la surface
focale.

11. Dispositif de déviation optique selon la revendication 10, dans lequel les tensions sont variables de sorte que le
foyer de forme linéaire se déplace à une vitesse constante.

12. Dispositif de déviation optique selon la revendication 11, dans lequel lesdits moyens d'excitation sont agencés de
telle sorte que la tension fournie à des segments d'électrodes compris dans une n-ième zone rectangulaire dépend
de la formule suivante :

où Xn est une position dans ladite direction X de la n-ième zone rectangulaire, S est une longueur focale, c
est ladite vitesse constante et t est le temps.

13. Dispositif de déviation optique selon la revendication 6, dans lequel les tensions fournies aux segments d'électrode
sont variables de sorte que le foyer de forme linéaire se déplace à une vitesse angulaire constante.

14. Dispositif de déviation optique selon la revendication 13, dans lequel lesdits moyens d'excitation sont agencés de
telle sorte que la tension fournie à des segments d'électrodes compris dans une n-ième zone rectangulaire dépend
de la formule suivante :

(Xn - R) / [S2 + (Xn - R)2]1/2

(Xn - ct) / [S2 + (Xn - ct)2]1/2

(Xn - S tan wmt) / [S2 + (Xn - S tan wmt)2]1/2
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où Xn est une position dans ladite direction X de la n-ième zone rectangulaire, S est une longueur focale,
wm est ladite vitesse angulaire constante et t est le temps.

15. Dispositif de déviation optique selon la revendication 6, dans lequel les tensions fournies aux segments d'électro-
des sont variables de sorte que le foyer de forme linéaire se déplace dans une direction parallèle à une direction
de la grille vers la surface focale.

16. Dispositif de déviation optique selon la revendication 15, dans lequel lesdits moyens d'excitation sont agencés de
telle sorte que la tension fournie à des segments d'électrodes compris dans une n-ième zone rectangulaire dépend
de la formule suivante :

où Xn est une position dans ladite direction X de la n-ième zone rectangulaire, R est une position du foyer
dans une direction de la grille vers la surface focale et V est une position du foyer dans ladite direction X.

17. Dispositif de déviation optique selon la revendication 15, dans lequel lesdits moyens d'excitation sont agencés de
telle sorte que la tension fournie à des segments d'électrodes compris dans une n-ième zone rectangulaire dépend
de la formule suivante :

où Xn est une position dans ladite direction X de la n-ième zone rectangulaire, u est une position du foyer
dans ladite direction X, e est une vitesse à laquelle le foyer se déplace et t est le temps.

18. Dispositif de déviation optique selon la revendication 1, dans lequel lesdits moyens d'excitation sont utilisables
pour fournir à un segment d'électrode de ladite paire d'électrodes transparentes un signal d'excitation ayant une
forme d'onde qui amène la direction de déviation à changer dans le temps.

19. Dispositif de déviation optique selon la revendication 18, dans lequel le signal d'excitation fourni par lesdits moyens
d'excitation audit segment d'électrode de ladite paire d'électrodes transparentes présente une forme d'onde qui
amène la lumière déviée à balayer un plan parallèle à ladite couche de cristaux liquides à une vitesse constante.

20. Dispositif de déviation optique selon la revendication 19, dans lequel la forme d'onde du signal d'excitation dépend
de la formule suivante :

où t est le temps et f est une constante basée sur ladite vitesse constante.

21. Dispositif de déviation optique selon la revendication 18, dans lequel ledit signal d'excitation fourni par lesdits
moyens d'excitation audit segment d'électrode de ladite paire d'électrodes transparentes présente une forme d'on-
de qui amène la direction de déviation à changer à une vitesse angulaire constante.

22. Dispositif de déviation optique selon la revendication 21, dans lequel la forme d'onde du signal d'excitation dépend
de (sin wt) où t est le temps et w est ladite vitesse angulaire constante.

23. Dispositif de déviation optique selon la revendication 18, dans lequel ledit signal d'excitation fourni par lesdits
moyens d'excitation audit segment d'électrode de ladite paire d'électrodes transparentes présente une forme d'on-
de selon laquelle la direction de déviation change de façon aléatoire.

24. Dispositif de déviation optique selon la revendication 18, dans lequel la forme d'onde du signal d'excitation dépend
de (sin θ) où θ est un angle de déviation.

25. Dispositif de déviation optique selon la revendication 1, dans lequel ladite orientation initiale présente une direction

(Xn - V) / [R2 + (Xn - V)2]1/2

(Xn - u)/[(et)2 + (Xn - u)2]1/2

t / (t2 + f)1/2
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qui change suivant des cercles agencés de façon concentrique.

26. Dispositif de déviation optique selon la revendication 1, dans lequel lesdits moyens d'excitation sont utilisables
pour fournir les tensions d'excitation aux segments d'électrode de sorte que les segments d'électrode compris
dans la même zone d'une pluralité de zones circulaires agencées de façon concentrique reçoivent la même tension.

27. Dispositif de déviation optique selon la revendication 26, dans lequel lesdits moyens d'excitation sont agencés de
telle sorte que les tensions fournies aux segments d'électrode compris dans différentes zones circulaires diffèrent
les unes des autres de sorte qu'un foyer de la lumière de déviation est formé.

28. Dispositif de déviation optique selon la revendication 27, dans lequel lesdits moyens d'excitation sont agencés de
telle sorte que la tension fournie à des segments d'électrodes compris dans une n-ième zone circulaire dépend
de la formule suivante :

où rn est un rayon de la n-ième zone circulaire et R est une longueur focale.

29. Dispositif de déviation optique selon la revendication 27, dans lequel les tensions fournies aux segments d'élec-
trode sont variables dans le temps de sorte que le foyer se déplace.

30. Dispositif de déviation optique selon la revendication 29, dans lequel les tensions fournies aux segments d'élec-
trode sont variables dans le temps de sorte que le foyer se déplace dans une direction parallèle à une direction
de la grille vers la surface focale.

31. Dispositif de déviation optique selon la revendication 30, dans lequel lesdits moyens d'excitation sont agencés de
telle sorte que la tension fournie à des segments d'électrode compris dans une n-ième zone circulaire dépend de
la formule suivante :

où rn est un rayon de la n-ième zone circulaire, t est le temps et c est une vitesse.

rn / (R2 + rn
2)1/2

rn / (ct2 + rn
2)1/2
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