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DESCRIPTION

OSCILLATOR DEVICE, OPTICAL DEFLECTING DEVICE

.AND METHOD OF CONTROLLING THE SAME

[TECHNICAL FIELD]

This invention relates to an oscillator
device having a plurality of oscillators and, more
pafticularly, to an oscillator device suitably
usable in an optical deflecting device. In
another aspect, the preseht invgntion concerns a

scan type display or an image forming apparatus

such as a laser beam printer or a digital copying

machine, having such optical deflecting device.
[BACKGROUND'ART]

As compared with traditional scanning
optical systems having a rotary polygonal mirror
(polygon mirror), recently proposed fesonance type
optical deflecting devices have advantageous
features that the optical deflecting device can be
made quite small in size; slow power consumption;
and theoretically no surface tilt of the mirror
surface.

On the other hand, in the resonance
type optical deflecting devices since, in

principle, the deflecting angle (displacement
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angle) of thé mirror changes sinusoidally, the
angular speed 1is not.constant. U.S. Patent No.
4,859,846 and U.S. Patent Application, Publication
No. 2006/152785 have proposed a method for
correcting this.

In U.S. Patent No. 4,859,846, a
resonance type deflector having’oscillation modes
of a fundamental frequency and a frequency
threefold the fundamental frequency is used to
accomplish triangular-wave drive. Figu;e 35 shows
a micromirror that accomplishes approximately |

triangular-wave drive. Here, the optical

deflecting device 12 comprises oscillators 14 and

16, torsion springs 18 and 20, driving systems 23
and 50, detecting systems 15 and 32, and a control
circuit 3O.A This micromirror has a fundamental
resonance frequency and a resonance frequency
approximately threefold the fundamental resonance
frequency, and it is driven at a coﬁBined
frequency of the fundamental frequency and the
threefold frequency. As a result of this, the
oscillator 14 having a mirror surface is driven in
accordance with triangular-wave drive, whereby
optical deflection having an angular speed of
deflection angle less changing as compared with
sinusoidal drive is accomplished. Here, the.

detecting systems 15 and 32 detect oscillation of

PCT/JP2007/052909
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the oscillator 14, and the control circuit 30
produces a driving signal necessary for
accomplishing the triangular-wave drive. The
micromirror is then driven through the driving

systems 23 and 50.

[DISCLOSURE OF THE INVENTION]
Although triangular-wave drive of an
oscillator of the deflector may be provided by the

structures disclosed in the aforementioned patent

‘documents, further improvements are still

necessary with regard to the deflection anglé

controllability of the oscillator. The present

invention enables high precision control of the
deflection angle (displacement angle) of an
oscillator éf an oscillator device.

In accordance with an aspect of the
present invention, there is proyided an oscillator
device, comprising: an oscillating system having a
first oscillator, a second oscillator, a first
torsion spring for connecting said first and
second oscillators each other, and a second
torsion spring being connected to said second
oscillator and having a common torsional axis with
said first torsion spring; a supporting system for
supporting said oscillating system; a.driving

system for driving said oscillating system so that

PCT/JP2007/052909
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at least one of said first and second oscillators
produces oscillation as can be expressed by an
equation that contains a sum of a plurality of
time functions; a signal producing system for
producing an output signal corresponding to
displacement of at least one of said first and
second oscillators; and a dri%e control system for
controlling said driving system on the basis of
the output signal of said signal producing system
so that at least one of amplitude and phase of the
time function takes a predetermined valﬁe.

In accordance with another aspect of

the present invention, there is provided an

oscillator device, comprising: an oscillating
system having a first oscil}ator, a second
oscillator, a first torsion spring for connecting
said first and second oscillators each other, and
a second torsion spring being connegted to said
second oscillator and having a common torsional
axis with said first torsion spring; a supporting
system for supporting said oscillating system; a
driving system for driving said oscillating system
so that at least one of said first and second
oscillators produces oscillation as can be
expressed by an equation that contains at leasf a

term

Ajsinet+Aszsin (neot+e)
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where n is an integer not less than 2; a signal
producing system for producing an output signal
corresponding to displacement of at least one of
sald first and second oséillators; and a drive
control system for controlling said driving system
on the basis of the output signal of said signal
producing system so that at least one of A1, A2 ang
@ in the aforementioned equation takes a
predetermined value.

In accordance with a further.aspect of
the present invention, there is provided an

oscillator device, comprising: an oscillating

system having a first oscillator, a second

oscillator, a first torsion spring for connecting
said first and second oscillators each other, and
a second tofsion spring being connected to said
second oscillator and having a common torsional
axis with said first torsion spring; a supporting
system for supporting said oscillatihg system; a
driving system for driving said oscillating system
so that at least one of said first and second
oscillators produces oscillation as can be
expressed, in regard to displacement ©(t) thereof,
by an equation

B(t) = Arsinet+3Apsin (net+en-1)
where n is an integer not less than 2; a signal

producing system for producing an output signal
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corresponding to displacement of at least one of
said first and second oscillators; and a drive
control system for controlling said driving system
on the basis'of the output signal of said signal
producing system so that at leaét one of Aq,
Az, ... and Ap and @1, @2, ... and @n-1 in the
aforementioneé equation takes a predetermined
value.

In accordance with a yet further aspect
of the present invention, there is provided an
oscillator device, compriéing: a supporting

system; an oscillating system having a first

oscillator, a second oscillator, a first torsion

spring for connecting said first and second
oscillators each other, and,a second torsion
spring for éonnecting said supporting system and
said second oscillator each other and having a
common torsional axis with said'first torsion
spring; a driving system for drivingAsaid
oscillating system so that one of said first and
second oscillators produces oscillation as can be
expressed, in regard to displacement 6 (t) thereof,
by an equation

(t) = Aisinet+Aszsin(20t+e);
a'signal producing system for producing first and
second time moment information as one of said

first and second odscillators provides a first

PCT/JP2007/052909
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displacement angle, and forléroducing third and
fourth time moment information as the one
oscillator provides a second displacement angle
different from the first displacement angle; and a
drive control system for controliing said driving
system on the basis of the first to fourth time
ﬁomeht information so that at least one of Ai, Ao
and @ in the aforementioned equation takes a
predetermined value.

Briefly, in accordance with an
oscillator device of the present invention, the

deflection angle of an oscillator can be

controlled very precisely.

These and other objects, features and
advantages of the present invention will become
more apparent upon a consideration of the
following description of the preferred embodiments
of the present invention taken -in conjunction with

the accompanying drawings.

[BRIEF DESCRIPTION OF THE DRAWINGS]

Figures 1A and 1B are block diagrams of
an optical deflecting device having an oscillator
device according to a first embodiﬁent of the of
the present invention and examples based on it,
wherein Figuré 1A shows a case wherein a light

receiving element is used in a displacement angle
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gauge, and Figure 1B shows .a case wherein a
piezoelectric device is used in the displacement
angle gauge.

Figures 2A and 2B are block diagrams of
an optical deflecting device having an oscillator
device according to a second embodiment of the of
the present invention and examples based on it,
wherein Figure 2A shows a case wherein a light
receiving element is used in a displacement angle
gauge, and Figure 2B shows a case wherein a
piezoelectric device is used in the displacement
angle gauge.

Figures 3A through 3C are . .schematic
plane views for explaining the deflection angle,

etc. of the optical deflecting device in Figure 1

or 2

Figures 4A through 4C show an optical
deflecting device to which an oscillator device
according to an embodiment of the of the present
invention is applied, wherein Figure 4A is a plan
view of an oscillating system, Figure 4B is a
sectional view of a driving system, and Figure'4C
is a block diagram of a drive contrel system.

Figures 5A and 5B illustrate deflection
angle transmission characteristics of the optical
deflecting device of Figure 1, wherein Figure 5A

is a graph showing the relationship between the
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gain and the driving frequency, and Figure 5B is a
graph showing the relationship between the phase
difference and the driving ffequency.

Figures 6A and 6B are grapﬁs showing
examples of the driving signal for driving the
optical deflecting device of Figure 1.

Figure 7A is a graph showing a change
in the deflection angle of the optical deflecting
device of Figure 1 with respect to time, and )
Figure 7B is a graph showing a change ip the

angular speed with respect to time.

Figure 8 is a flow chart for explaining

the control sequence in an optical deflecting

device according to Example 2, etc. of the present
invention. ,
Figure 9 is a block diagram for
explaining a control method for an optical
deflecting device according to Example 3, etc. of
the present invention.

Figure 10 is a graph showing a change
in the deflection angle of an optical deflecting
devicé according to Example 5 or 6 of the present
invention, with respect to time.

Figure 11 is a block diagram of an
error detecting circuit according to Example 5 of

the present invention.

Figure 12 is a block diagram of a
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control circuit according to Example 5 or 6 of the
present invention.

Figure 13 is a block diagram of an
error detecting circuit according to Example 6 of
the present invention.

Figure 14 is a block diagram of an
optical deflecting device having an oscillator
device according to a fourth embodiment of the
present invention and examples based on it.

Figure 15 is a schematic plap view for
explaining the deflection angle, etc. of the
optical deflecting device of Figure 14.-

Figure 16 is a block diagram showing an
example of the drive control system in the optical
deflecting device of Figure 14.

Figures 17A is a graph showing an
example of a change in the deflection angle of the
optical deflecting device of’Figﬁre_14 with
respect to time, and Figure 17B is a graph showing
an example of a change in the angular speed with
respect to time.

Figures 18A is a graph showing another
example of a change in the deflection angle of the
optical deflecting device of Figure 14 with
respect to time, and Figure 18B is a graph showing
another example of a change in the angular speed

with respect to time.



WO 2007/094489 PCT/JP2007/052909

10

15

20

25

- 11 -

Figure 19 is a block diagram for
explaining a control method for an optical
deflecting device according to Example 3, etc. of
the present invention.

Figure 20 is a perspéctive view,
showing a general structure of an image forming
apparatus according to Example 12 wherein an
optical deflecting device based on the example of
Figure 1 is used.

Figure 21 is a perspective view;
showing a general structure‘of an image forming

apparatus according to Example 13 wherein an

optical deflecting device based on the example of

Figure 14 is used.

Figures 22A through 22C illustrate an
optical defiecting device having an oscillating
device according to a fifth embodiment of the
present invention' and eXamples-pased on 1it,
wherein Figure 22A is a block diagram of the
optical deflecting device, Figure 22B is a graph
for explaining an example of a change in
deflection angle of the optical deflecting device
driven in a first oscillation mode with respect to
time, and Figure 22C is a graph for explaining an
example of a change in deflection angle of the
optical deflecting device driven in a second

oscillation mode with respect to time.
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Figure 23 is a schematic plan view for
explaining the deflection angle, etc. of the
optical deflecting device of Figure 22.

| Figures 24A ig a graph showing an
example of the change in deflection angle of the
optical deflecting device of Figure 22 driven in
the first oscillation mode, with respect to time,
and Figure 24B is a graph showing an example of a
change in the angular speed with respect to time.

Figures 25A is a graph showing an

example of a change in deflection angle of the

optical deflecting device of Figure 22 driven in

the second oscillation mode, with respect to time,

and Figure 25B is a graph showing another example
of a change with respect to time.

Figure 26 is a block diagram for
explaining a control method for an optical
deflecting device according to ‘Example 14, etc. of
the present invention.

Figure 27 is a schematic view of an
image forming apparatus having an optical
deflecting device according to Example 19, etc. of
the present invention.

Figure 28 is a schematic plan view for
explaining an optical deflecting device according
to Example 19, etc. of the present invention.

Figure 29 is a block diagram for
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explaining scanner control in an optical
deflecting device according to Example 19, etc. of
the present invention.

Figure 30 is a timing chart for
explaining laser control according to Example 19
of the present invention.

Figure’31 is a timing chart for
éxplaining laser control according to Example 20
of the present inventioﬁ.

Figure 32 is a sequence chart for
explaining scanner startiﬁg control according to
Example 21 of the present invention.

{ ‘
Figufe 33 is a schematic view for

explaining an oscillation system having three

oscillation modes . y
Figure 34 is a graph for explaining the
relationship between the displacement angle and
the time when an oscillating:system.having three
oscillation modes oscillates. |
Figure 35 is a block diagram for

explaining the structure of a conventional optical

deflecting device.

[BEST MODE FOR PRACTICING THE INVENTION]
[First Embodiment]
An oscillator device according to a

first embodiment of the present invention will now
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be described.

The oscillator device of this
embodiment may comprise, as shown in Figures 1A
and 1B, an oscillating system that includes, at
least, a first oscillator 101, a second oscillator
102, a first torsion spring 111 and a second
torsion spring 112, as well as a supporting system
121 for supporting the oscillating system. The
first torsion spring may connect the first and
second oscillators each other. The second torsion
spring may be connected to the second oscillator
so that it has a common torsional axis with

respect to the first torsion spring. The

oscillating system of this embodiment may have at

least two oscillators and a? least two torsion
springs. Hence, it may include three ér'more
oscillators and three or more torsion springs as
shown in Figures 1A and 1B.

The oscillator devicé may further
comprise a driving system 120 for applying a
driving force to the oscillating system, and a
drive control system 150 for adjusting the driving
system 120. The driving system 120 may drive the
oscil;ating system so that at least one of the
oscillators produces oscillation as can be

expressed by an equation that contains the sum of

a plurality of time functions. The drive control
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system 150 may supply, to the driving system 120,
a driving signal effective to cause such
oscillation.

-Where an oscillator device according to
this embodiment is used in an optical deflecting
device, at least one oséillator may be provided
with a reflection mirror. The reflection mirror
may be a light reflection film formed on the
surfacé of the oscillator. If the oscillator
surface is sufficiently smooth, it may be used as
a reflection mirror without a light reflection
film. The optical deflecting device may further
inclpde a light source 131 for emitting a light
beam. The light beam 132 may be projectéd on the
reflection mirror of the oscillator, whereby the
light beam“is scanned.

The operational principle of the
oscillator device according tO'ﬁhis~embodiment
will be explained. Generally, the free
oscillation of an oscillating system that includes
oscillators of a number n and torsion springs of a

number n is expressed by the following equation.
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MO+K6 =0
91 1) ky k,
P % U B ko| B ks -k
gn ‘[n - kn—l kn—l + kn
(1)

where Ix is the moment of inertia of the
oscillator, kyx is the spring constant of the

5 torsion spring, and Ok is the angle of torsion of
the oscillator (k =1, ..., n).

If the eigen value of M—lK of this
system is denoted by Ax (k = 1 to n), the angular
Ioscillation frequency (angular freqﬁency) ®Wx in

10 the natural oscillation mode is given by oy =
V(Ak) (square root of Ak) . Iﬁ the oscillator
device according to this embodiment, the
oscillating system may have oscillators of a
number n and torsion springs of a nﬁmber n, and it

15 may be arranged so that Wk includes a fundamental
frequency as well as frequencies of a number n-1,
which frequencies are integer-fold the fundamental
frequency. This enables various motions of the
oscillator. Here, the term “integer-fold” means

20 "N-fold” where N is an integral number. However,

the “integral number” here may include a case of

an approximately integral .number. Such
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“approximatély—integral~number—fold” may be chosen
from the numerical range of about 0.98n to 1.02n
times the fundamental frequency (n is an arbitrary'
integer) .

Specifically, the oscillator device of
this embodiment may have two oscillators and two
torsion springs and it may be arranged so that Dk
includes a fundamental frequency and frequencies
approximately-even-number-fold the fundamental
frequency. With fhis arrangement, apprgximately
constant angular speed drive is accomplished while,

in a predetermined range, variation in angular

speed of the oscillator is well suppreséed.

If n = 3, an oscillating system having
three oscillators 101, 102 and 103 and three
torsion springs 111, 112 and 113 such as shown in
Figure 33, for example, may be arranged so that
the frequencies of three oscillation modes have a
ratio of 1:2:3. By energizing this oscillation
system in accordance with these oscillation modes
1, 2 and 3 simultaﬁeously, driving with smaller
angular speed variation, than in the case where n
= 2, is accomplished. Figure 34 shows the
relationship between the displacement angle of the
oscillator and the time in a case where the
oscillating system is driven in'accordance with

oscillation modes having a frequency ratio of
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1:2:3 and an amplitude ratio of 24:-6:1.  Here,
the negative value in the amplitude ratio means
that, as shown at mode 2 in Figure 34, the
displacement from the origin to a half period is
negative.

As described above, by increasing the
number of oécillation mode, fluctuation of angular
speed of the oscillator in a predetermined range
can be reduced.

The oscillator device of this
embodiment may have two oscillators and two

torsion springs, and it may be arranged so that a

fundamental frequency and a frequency or

frequencies approximately three-fold the
fundamental frequency may be included in wyk. This
enables approximately triangular-wave drive of the
oscillators.

Next, oscillation:'of an oscillating
system having oscillators of a ﬁumber:n.and
torsion springs of a number n, such as shown in
Figures 1A and 1B, will be explained.

This oscillating system simultaneously
produces oscillation motion moving in accordance
with a fundamental frequency and‘oscillation
motion moving with frequencies approximately-
integral-number-fold the fundamental frequency and

having a number n-1.
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Hence, in.a first example according to
this embodiment, at least one of plural
oscillators may be arranged to provide oscillation
as can be expressed by an equation that contains
the sum of plural time functions. The equation
containing the sum of plural time functions may.
include an equation having a constant term. An
example of such equation with a constant term may
be a case wherein a constant DC bias is applied to
the driving system to shift the displacement angle
origin (the position where displacement angle is
zero5 of the oscillator.

In a second example according to this

embodiment, the deflection angle © of the optical

deflecting device (here, it is measured with
reference té the position of the scan center as
shown in Figure 3) may be as follows. Now, the
amplitude and angular frequency of the first
oscillation motion are denoted by A1 and o,
respectively, and the amplitude and angular
frequency of the second oscillation motion are
denoted by Az and ne (n is an integer not less
than 2). Also, the relative pPhase difference

between the first and second oscillation motions

1s denoted by @. The motion of the oscillator is

therefore the oscillation that can be expressed by

an equation containing at least a term
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Aqsinet+Azsin (net+e). Particularly, in the case of
n = 2, the equation contains at least a term
Aqisinwt+Azsin(20t+e). Hence, within a

10
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predetermined range, approximately constan£
angular speed drive is accomplished, while
fluctuation in angular speed of the oscillator is
well suppressed. If n = 3, the equation contains
at least a term Ajsinot+Assin(3wt+e), and the
oscillatqr can be driven in accordance with
approximately triangular-wave drive. IQ this case

as well, the equation that contains at least a

term Ajsinet+Azsin(net+e) may include an equation

having a constant term.

In a third example according to this
embodiment, if the amplitude and angular frequency
of the firsf oscillation motion are denoted by Aj
and o, respectively, the amplitude and angular
frequency of the n-th oscillatipn motion are
denoted by Ap and nwe, and the relative phase
difference between the first and n-th oscillation
motions is denoted by @n-1, then the motion of the
oscillator can be expressed by the following

equation.

©(t) = Arsinot+IApsin(net+en-1) ... (2)

wherein n is an integer not less than 2. The

PCT/JP2007/052909



WO 2007/094489 PCT/JP2007/052909

10

15

20

25

- 21 -

value of n can be enlarged as desired as long as
the number of the oscillators that constitute the
oscillator device can be increased. 1In practical
production of oscillator devices, however, the
largest number of n may preferably be 3 to 5. The
driving system 120 may have a structure for
applying a driving force to the driving system in
accordance with any of electromagnefic process,
electrostatic process, piezoelectric process, and
SO0 on. 'If the electromagnetic drive is used, at
least one oscillator may be provided with a
permanent magnet, and a coil for applying a
magnetic field to this permanent magnet may be
.disposed near the oscillator. Disposition of the
permanent magnet and the co%l may be reversed. If
the electroétatic drive is used, at least one
oscillator may be provided with én electrode, and
another electrode for applying an electrostatic
force to between these electrodes may be disposed
close to the oscillator. If the piezoeléctric
drive is used, the oscillating system or the
supporting system may be provided with a
piezoelectric device to apply a driving force.
The drive control system 150 may be
arranged to produce a driving signal with which

the oscillating system can produce oscillation

‘motion in accordance with any one of the first to
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third examples described above. The driving
signal may be applied to the driving system.

| The driving signal may be one based on
combined sinusoidal waves (Figure 6A), or it may
be a pulse-like dr;ving signal (Figure 6B). 1In
the case of a driving signal based on combined
sinusoidal waves, a desired driving signal is

obtainable by adjusting the amplitude and phase of

‘each sinusoidal wave. Where a pulse-like driving

signal is used, a desired driving signal is
obtainable by changing thé pulse number, pulse
interval, pulse width, and so on, with respect to

time. Any other driving signal may be used,

provided that the oscillator can be driven so as

to control the deflection angle of the optical

'deflecting device to a desired angle.

The oscillator device of this
embodiment may include a signal producing device
for producing an output signal corresponding to
displacement of at least one oscillator. 1In
Figure 1A, this signal producing device comprises
a light receiving element 140, and in Figure 1B,
it comprises a piezoelectric resistor 170. Such
signal producing device can be used also as a
displacement angle gauge. Hence, in this

specification, the term “signal producing device”

"and the term “displacement angle gauge” will be
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used equivalently.

Where a piezoelectric resistor 170 is
fo be used to detect the displacement angle of the
oscillator, as an example the piezoelectric
resistor 170 may be provided on a torsion spfing,
and the moment of time whereat the oscillator
defines a certain displacement angle may be
detected on the basis of an output signal from the
piezoelectric resistor 170. The piezoelectric
resistor 170 may be made by diffusing phosphorus
into p-type monocrystal silicon, for example. The

piezoelectric resistor 170 produces an output

signal corresponding to the torsional angle of the

torsion spring. Hence, for measurement of the
displacement angle of the oscillator, a plurality
of piezoeleétric resistors 170 may be provided in
relation to a plurality of torsion springs such
that the displacement angle bf'ﬁhe oscillator can
be measured on the basis of torsional angle
information from these torsion springs. This
ensures higher precision measurement.

Where a light receiving element 140 is
going to be used to detect the displacement angle
of the oscillator, the structure may be made as
follows.

- Namely, a first light receiving element

may be disposed at a position to be irradiated
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with scannihg light as the oscillator takes a
first displacement angle, and a second light
receiving element may be disposed at a position to
be irradiated with scanning light as the
oscillator takes a second displacement angle. The
first and second light receiving elements may be
provided by different elements, or they may be
provided by one and the same element. The
scanning light may be incident directly on the
light receiving element, or it may be ;ncident
thereon via at least one reflection member. In
summary, at leaét one light receiving element
should be provided to receive and detect the
scanning light at first and second scan angles.
The signal producing‘devicé'used in this
embodiment ﬁay be one arranged to produce a signal

intermittently with respect to a time axis, at the

_moment as a predetermined‘drsplabement angle is

defined. Alternatively, it may be one arranged to
produce a signal corresponding to the displacement,
continuously with respect to the time axis.

Since the deflection angle of a mirror
and the scan angle of scanning light scanningly
deflected by that mirror are in constant
relationship with each other, and they can be
treated equivé;ently. Hence, in this

specification, the term “deflection angle”
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(displacement angle) and the term “scan angle” are
used equivalently.

As shown in Figure 3A, for example,

first and second light receiving elements may be

provided at positions corresponding‘to first and
second displacement angles, respectively.
Alternatively, as shown in Figure 3B, reflection
members 160 may be provided at positions
corresponding to the first and second displacement
anglés, such that light beams reflected by these
reflection members are reéceived by first and
second light receiving elements 141 and 142. As a

further alternative, as shown in Figure 15, a

light receiving element 140 and a reflection

member 160 may be provided gt positions
correspondihg to the first and second displacement
angles. 1In such case, the scanning light of the
first displacement angle can be detected by the
light receiving element 140, while'the scan light
of the second displacement angle can be reflected
by the reflection member 160 and then received by
the light receiving element 140 which is provided
at the first displacemeént angle position. As a
further alternative, as éhown in Figure 3C,
reflection members 160 may be provided at the
positions of first and second displacement angles,

and the light beams reflected by these reflection
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members 160 may be received by a single light
receiving element 140.

This embodiment is not limited in
regard to the structure for measuring the time
moment of passage of the scanning light at first
and second displacement angles, and the time
moment of passage of the scanning light may be
measured at more displacement angles.

In the present invention, the term
“displacement angle” includes a displacgment angle
when the oscillator is held stationary, that is, a
displacement angle which is equal to zero.

In the first example of this embodiment,
the drive control system 150 may control the
driving system 120 on the basis of an output
signal of tﬁe signal producing‘device so that at
least one of the amplitude and phase of a
plurality of time functions that‘represent the
oscillation motion of the oscillator takes a
predetermined value.

In the second example, since the
oscillation motion of the oscillator is expressed
by an equation that contains at least a term
Alsinmt+Agsin(nwt+®), the driving system may be

controlled as follows. That is, the driving

- system 120 may be controlled so that at least one

of Az, Ay and @ in the aforementioned equation
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takes a predetermined value.

In the third example, on the otherlhand,
since the oscillation motion of the oscillator is
expressed by Equation (2), the driving system 120

may be controlled on the basis of an output signal

of the signal producing device so that at least

one of A1, Az, ..., Ap and @1, 22, ..., @p-1 takes
a predetermined value.

As described above; in the oscillator
device according to this embodiment of the present
invention, fhe deflection’ angle of the oscillator

can be controlled very precisely with a quite

simple structure.

In this embodiment, the drive may be
adjusted in accordance with information from the
signal prodﬁcing device. With regard to such
information from the signal producing device,
preferably, the drive may be'controlled on the
basis of both of the informatioﬁ from the signal
producing device in a case where the displacement
angle of the oscillator is positive and the
information from the signal producing device in a
Case where the displacement angle is negative;
For example, if, with respect to a displaeement
angle 6 of the oscillator, four pieces of
information from the signal producing device at

four time moments reflecting the displacement
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should be uséd, two of the four time moments may
preferably be those concerning the time moment

information when the displacement angle © of the

-oscillator is positive, and the remaining two may

be those concerning the time moment information

when the displacement angle 6 is negative.

[Second Embodiment]

An oscillator device according to a
second embodiment of’the present invention will
now be described. The oscillator device’of this
embodiment may comprise, as shown in Figures 2A
and 2B, an oscillating system that includes a
first oscillator 101, a second oscillator 102, a
first torsion spring 111 anq a second torsion
spring 112,‘as well as a supporting system 121 for
supporting the oscillating system. The first
torsion spring may connect the first and second
oscillators each other. The seéond torsion spring
may connect the supporting system and the second
oscillator 102 so that it(has a common torsional
axis with respect to the first torsion spring.

The oscillator device may further -
comprise a driving system 120 for applying a
driving force to the oscillating system, a drive

control system 150 for adjusting the driving

‘system, and a signal producing device for
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producing‘time moment information related to time‘
moment as one of the two oscillators takes first
and second, différent diéplacement angles. This
signal producing device may be used as a
displacement angle gauge. In Figure 23, thi;
gauge comprises a light receiving element 140, and
in Figure 2B it comprises a piezoelectric resistor
170. The ‘-manner of detécting the displacement
angle of the oscillator by use of the lighf
receiving element 140 or the piezoelectric

resistor 170 in this embodiment is similar to that

having been described with reference to the first

embodiment.

At least one oscillator.may be provided
with a reflection mirror. Where the oscillator
device of this embodiment is used in an optical
deflecting device, a light source 131 for emitting
a light beam may be provided: The light beam 132
from the light source may be projeéted onto the
reflection mirror of the oscillator, whereby the
light is scanningly deflected.

The oscillating system is arranged to
simultaneously produce first oscillation motion
moving in accordance with a first frequency
(fundamental frequency) and second oscillation
motion moving with second frequency which is a

frequency integral-number-fold the fundamental
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frequency.

Namely, the deflection angle 6 of the
optical deflecting device of this embodiment (here,
it is measured with reference to the position of
the scan center as shown in Figure 3) may be as
follows. Now, the amplitude, angular frequency
and phase of the first oscillation motion are
denoted by Ai, w1 and @1, respectively, and the
amplitude, angular frequency and phase of the
gecond oscillation motion are denoted by Az, w>

and @2, respectively. If the time with respect to
the origin or reference time being taken at an

arbitrary time is denoted by t, then the

deflection angle 6 can be expressed as follows.

o(t) = Arsin(e1t+e1) +Azsin (opt+oy)

Furthermore, if the.amplifude and
angular frequency of the first oscillation motion
are denoted by A; and 1 and the amplitude and
angular frequency of the second oscillation motion
are denoted by As and ®w2, the relative phase
difference between the two frequencies is denoted
by @, and the time with respect to the reference
time being taken at an arbitrary time is denoted

by t, then the deflection angle @ of the optical
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deflecting device can be expressed as follows.

e(t)

Aisin(wit)+Azsin (wot+e)

]
t
]

Alsin(eit+e) +Azsin (wot)

. (3-3)

" Equation (3-3) corresponds to a case
wherein there is a possibility of adjusting the
phase of the fundamental wave w1 during the

control. Equation (3-1), Equation (3-2) and

Equation (3-3) are different only with respect to

the expression concerning determination of the
origin or reference point of time. These are
essentially‘the same in that each is an equation
containing four unknown values: for example, @ in
Equation (3-2) and Equation (3-3) can be rewritten
as @1-22 Oor @y-@1.

The driving system 120 may be arranged
to apply a driving‘force to the osciliating system
in accordance with any of electromagnetic process,
electrostatic process, piezoelectric process, and
S0 on. It may have a similar structure as of the
first embodiment.

The drive control system 150 may be

arranged to produce a driving signal with which
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the oscillating system can provide oscillation
motion, oscillating in accordance with a
fundamental frequency and frequencies N-fold the
fundamental frequency where N is an integer. The
driving signal may be applied to the driving
system.

The driving signal may be one based on
combined sinusoidal waves (Figure 6A), or it may
be a pulse-like driving signal (Figure 6B). In
the case of a driving signal based on combined
sinusoidal waves, a desired driving signal is
obtainable by adjusting the amplitude and phase of

each sinusoidal wave. Where a pulse-like driving

signal is used, a desired driving signal is

obtainable by changing the pulse number, pulse
interval, pﬁlse width, and so on, with respect to
time. Any other driving signal may be used,
provided that the oscillator: can be driven so as
to control the deflection angle‘of the optical-
deflecting device to a desired angle.

The displacement gauge’may be arranged
to measure four time moments, that is, two
different time moments whereat, within one cycle
of the first oscillation motion, thé oscillator
takes the first displacement angle, and two
different time moments whereat the oscillator

takes the second displacement angle.
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The"drivé.control system 150 may be
arranged to produce a driving signal by combining
a first signal having a first frequency and a
second signal having a second frequency, and to
apply the same to the driving system 120.
Furthermore, the drive control system may operate
to adjust the driving signal so that the four
measured time moments mentioned above coincide
with desired moments determined beforehand. Then,
it may apply the thus adjusted driving signal to
the driving system 120, whereby the oscillator
device can be controlled very precisely.

The drive control system 150 may

further be arranged to calculate at least one of

the amplitudes and phases oﬁ the first and second
oscillation'métions in Equation (3-1), that is, A1q,
21, Az and @y in this equation, from the four time
moments described above. Then, - the drive control
system 150 may adjust the driviﬁg signal so that
at least one of these values is made equal to a
preset value.

For adjustment of the driving signal,
the amplitude component and phase component of the
first oscillation motion in the driving signal as
well as the amplitude component and phase
component of the second oscillation motion may be

adjusted. Here, the amplitude component of the

PCT/JP2007/052909
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first oscillation motion in the driving signal,
for example, refers to such component'in the
driving signal with which the amplitude of the
first oscillation motion of the oscillator can be
changed. This is also the case with the other
components.

By supplying so adjusted driving signél
to the driving system 120, the oscillator device
can be controlled very pfecisely.

Although this embodiment haslbeen
described with reference to an example wherein

moment of passage of the scanning light is

measured on the basis of the first and second

displacement angles, the present invention is not
limited to it. More displacement angles may be
used to measure the moment of passage of the

scanning light.

[Third Embodiment]

An oscillator device accofding to a
third embodiment of the present invention will be
described. Figure 2A is a block diagram of an
opfical deflecting device having an oscillator
device according to this embodiment. The basic
structure is the same as the oscillator device
according to the first or seéond embodiment

described hereinbefore. In this embodiment, as
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shown in Figure 3A, for detection of scanning
light 133, there are first and second light
réceiving elements disposed at the positions of
the first and second displacement angles.

In this embédiment as well, if the
amplitude, angu;ar frequency and phase of the
first oscillation motion are denoted by A1, w1 and
@1, the amplitude, angular frequency and phase of
the second oscillation motion are denoted by Ao,
w2 and @2, and the time is denoted by t, then the
deflection angle 6 of the optical deflecting
device can be expressed by Equation (3-1)
men£ioned hereinbefore.

Furthermore, if the amplitude and
angular frequency of the fi;st oscillation motion
are denotedAby A1 and w1, the amplitude and
angular frequency of the second oscillation motion
are denoted by Az and oy, the relative phase
difference between the two freéuencies is denoted
by @, and the time with respect to the reference
time being taken at an arbitrary time is denoted
by t, then the deflection angle 6 can be expressed
by Equation (3-2) or Equation (3-3) mentioned
hereinbefore.

Here, by using the first and second
light receiving elements disposed at positions of

the first and second displacement angles, mutually
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different four desired time moments in one cycle
of the first oscillating motion may be measured.
Then, the drive control system 150 may adjust the
driving signal so that the scanning light passes
over the first and second light receiving elements
at preset time moments.

Namely, the drive contfol system 150
may be arranged to calculate, from the four time
moments mentioned hereinbefore, the amplitude and
phase of the first oscillation motion as well as
the amplitude and phase of the second oscillation

motion in Equation (3-1), that is, the values of

A1, @1, Rz and oo in this equation. Based on this,

an arbitrary and desired deflection angle 6 of the
optical deflecting device is provided. Here, with
regard to the four time moments, if the deflection
angles corresponding to the positions of the first
and second light receiving elements are denoted by

©sp1 and Bgpy (see Figure 34), respectively, these

have the following relation.

At certain moments tj and to,

O(t1) = 6(t2) = @ppy <. (4)

At certain moments t3 and tg,

O(t3) = B(tg) = 6ppy - (5)
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Namely, by letting the four time
moments coincide with the arbitrary desired
moments, réspectively, the drive control system -
150 can definitely determine the amplitudes and
phases of the first and second oscillation motions.
More specifically, in'ordegﬁto'bring the four time
moments into coincidence with the preset time
moments, the drive control system 150 produces a
driving signal and applies the same to the driving
systeﬁ 120, thereby to adjust the amplitudes and
phases or a relative phase difference of the first

and second oscillation motions.

The driving signal may be one based on

combined sinusoidal waves (Figure 6A), or it may

be a pulse-like driving signal (Figure 6B). In
the case of a driving signal based on combined
sinusoidal waves, a desired driving signal is

obtainable by adjusting the amplitude and phase of

‘each sinusoidal wave. Where a pulse-like driving

signal is used, a desired driving signal is
obtainable by changing the pulse number, pulse
interval, pulse‘width, and so on, with respect to
time. Any other driving signal may be used,
provided that the oscillator can be driven so as
to control the deflection angle of the optical

deflecting device to a desired angle.
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[Fourth Embodiment]
An oscillator device according to a

fourth embodiment of the present invention will be

‘described. Figure 14 is a block diagram.of an

optical deflecting device having an oscillator

device according to this embodiment. The basic
structure is the same as the oscillator device of
the.first or second embodiment described
hereinbefore. In this embodiment, during
reciprocal scan of each cycle, scanning light 133
may directly pass across a light receiving element

140 twice, and it may be deflected twice by a

reflection plate 160. Deflection light 134

deflected by the reflection plate 160 may pass
across the same light receiving element 140 twice.
A drive control system 150 may produce a driving
signal to be applied to a driving system 120, at
four time moments as the scanning light passes
across the light receiving element 140.

Figure 15 illustrates the deflection
angle © of the optical deflecting device of this
embodiment. The oscillator 101 has a reflection
mirror formed on the surface thergof, for
scanningly deflecting a light beam 132 from a
light source 131. The optical deflecting device
may include a light receiving element and a

reflection plate. The light receiving element 140
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and the reflection plate 160 may be disposed each
at the position of deflection angle which is
smaller than the largest deflection angle of the
optical deflecting device. 1In Figure 15, the
light receiving element 140 and the reflection
plate 160 are disposed on a direct path of the
scanning light in the optical deflecting device.
However, as described hereinbefore, the light
receiving element 140 and the reflection plate 160
may be disposed on a path of scanning light which
path is deflected by use of a separate reflection
plate or the like.

In this embodiment as well, if the

amplitude, angular frequency and phase of the

first oscillation motion are denoted by A1, w1 and
@1, the ampiitude} angular‘frequency and phase of
the second oscillation motion are denoted by Aj,
w2 and @2, and the time is denoted by t, then the
deflection angle © of the optical deflecting '
device can be expressed by Equation (3-1)
mentioned hereinbefore.

Furthermore, if the amplitude and
angular frequency of the first oscillation motion
are denoted by Aj; and ®1, the amplitude and

angular frequency of the second oscillation motion

are denoted by A and wy, the relative phase

- difference between the two frequencies is denoted
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by @, and the time with respect to the reference
time being taken at an arbitrary time is denoted
by t, then the deflection angle 6 can be expressed
by Equation (3-2) or Equation (3-3) mentioned
hereinbefore.

Here, the light receiving element and
the reflection plate may be disposed at positions
to be irradiated by the scanning light, and
mutually different four desired time moments in
one cycle of the first oscillating motion may be
measured. Then, the drive control systém 150 may
adjust the driving signal so that the scanning

light passes over the light receiving element and

the reflection plate at preset time moments.

Namely, the drivg control system may be
arranged to'calculate, from the four time moments
mentioned hereinbefore, the amplitude and phase of
the first oscillation motion as wel; as the

amplitude and phase of the second oscillation

‘motion in Equation (3-1), that is, the values of

A1, @1, Az and @» in this equation. Based on this,
an arbitrary and desired deflection angle 6 of the
optical deflecting device is provided. Here, with
regard to the four time moments, i1f the deflection
angles corresponding to the positions of the light
receiving element and the reflection plate are

denoted by 6pp and OMIORROR (See Figure 15),
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respectively, these have the following relation.

At certain moments tj3 and to,

©(t1) = 6(t2) = 6pp ... (6)
At certain moments t3 and ta,

©(t3) = 6(t4g) = BmIRROR - (T

Namely, by letting the four passage
time moments (ti, t,, t3 and t4) coincide with the
arbitrary desired time moments, respectively, the

drive control system 150 definitely determines the

amplitudes and phases of the first and second

oscillation motions. More specifically, in order
to bring the four time moments into coincidence
with the preset moments, the drive control system
150 produces a driving signal and applies the same
to the driving system 120, theréby to adjust the
amplitudes and phases or a relative phase
difference of the first and second oscillation
motions.

The driving signal may be one based on
combined sinusoidal waves (Figure 6A), or it may
be a pulse-like driving signal (Figure 6B). In

the case of a driving signal based on combined

sinusoidal waves, a desired driving signal is

PCT/JP2007/052909
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obtainable by adjusting the amplitude and phase of
each sinusoidal wave. Where a pulse-like driving
signal is used, a desired driving signal is
obtainable by changing the pulse number, pulse
interval, pulse width, and so on, with respect to
time. Any other driving signal may be used,
provided that the oscillator can be driven S0 as
to control the deflection angle of the optical

deflecting device to a desired angle.

[Fifth Embodiment]
An oscillator device according to a

fifth embodiment of the present invention will be

described. Figure 22 is a block diagram of an

optical deflecting device h?Ving an oscillator
device accofding to this embodiment. The basic
structure is the same as the oscillator device of
the first or second embodiment .déscribed
hereinbefore. There is a diffeéence in the
following point. As shown in Figure 22A which is
a block diagram of an optical deflecting device
according to this embodiment, the drive control
system 150 may include an oscillation mode
éhanging system 151. The oscillation mode
changing system 151 may be arranged to produce a

driving signal while adding a desired phase to at

 least one of the first and second oscillation
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motions. Aé an example, Figure 22B shows -the
deflection angle 6 of the oscillating system
during the drive according to the first
oscillation mode before a desired phase is added,
ana Figure 22C shows the deflection angle 6 of the
oscillating system during the drive according to
the second oscillation mode after a desired phase
is added:

In the example illustrated, the first
oscillation motion is depicted by Alsinﬁw1t) and
the second oscillation motion is depicted by

Azsin(wst+g). A phase © is added only to the

second oscillation motion during the drive under

the second oscillation mode, such that the motion
is depicted by Agsin(w2t+e+n). As seen at the
solid curves in Figures 22B and 22C, the scanning
light 133 passes across the light receiving
element 140 twice, each time, that is, total four
times. The drive control system 150 may be
arranged tQ calculate, from the four time moments
of passage, a driving signal necessary for making
the first and second oscillation motions into a
desired motion. On the basis bf the thus
calculated driving signal, the driving system 120
may control the oscillating system 100 so as to
provide a desired oscillation motion.

Figure 23 illustrates the deflection
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angle 6 of the optical deflecting device of this
embodiment. The oscillator 101 has a reflection
mirror formed on the surface thereof, for
scanningly deflecting a light beam 132 from a
light source 131. The optical deflecting device
may.include one light receiving element 140 which
may be disposed at the position of deflection
angle smaller than the largest deflection angle of
the optical deflecting device. 1In Figure 23, the

light receiving element 140 is disposed on the

light path in the optical deflecting device.

However, the light receiving element 140 160 may

be disposed on a path of scanning light which path

is deflected by use of a separate reflection plate

or the like. ’
-‘If the amplitude, angular frequency and
phase of the first oscillation motion are denoted
by A1, o1-and @1, the amplitude, angplar frequency
and phase of thelsecond oscillafion motion are
denoted by Az, s and 2, and the time is denoted
by t, then the deflection angle 65 of the optical

deflecting device in the first oscillation mode

can be expressed as follows.

Oa(t) = Aisin(wit+e1)+Azsin(wst+ey)

PCT/JP2007/052909
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Furthermore, the deflection angle 6p of
the optical deflecting device in the second
oscillation mode wherein desired phases 21’ and

@2’ are added to the phases @1 and o5 by the

oscillation mode changing means 151, can be

expressed as follows.

Op(t) = Aisin(eit+ei+eq’ )+Azsin (wat+@r+@0”)

. (9)

The light receiving element 140 may be
disposed at a desired position to be irradiated by
the scanning light, and mutually different four
desired time moments in the first oscillating
motion, taking a certain point in the cycle as an
origin, may be measured. Then, the drive control
system 150 may adjust the driving signal so that
the scanning light passes over - the light receiving
element at preset time momént. |

Namely, by calculating the amplitudes,
angular frequencies and phases of the first and
second oscillation motions from the four time
moments mentioned hereinbefore, and by adjusting
the driving signal based on it, a desired
deflection angle 6 of the optical deflecting
device is provided.

With regard to the four time moments,

PCT/JP2007/052909
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if the deflection angle corresponding to the
position of the light receiving element 140 is
denoted by 6spp, with respect to certain moments t1
and t2 as well as certain moments t3 and ta4 the

following relation is given.

Oa(t1) = Ba(t2) = Bapp ... (10)

Op (t3) b (tg) = Opmp .. (11)

Hence, by letting the four time moments

(t1, t2, t3 and t4) coincides with the arbitrary

desired moments, respectively, the drive control

system 150 definitely determines the amplitudes

and phases of the first and second oscillation
motions. ‘More specificallyﬂ in order to bring the
four time mbments into coincidence with the preset
moments, the drive control system 150 produces a
driving signal and applies the.same_to the driving
system 120, thereby to adjust the amplitudes and
phases of the first and second oscillation motions.
Furthermore, if the amplitude and
angular frequency of the first oscillation motion
are denoted by Aj; and i, the amplitude and
angular frequency of the second oscillation motion
are denoted by A and wp, the relative phase
difference between these two frequencies is

denoted by @, and the time while taking an
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arbitrary time as zero is denoted by t, then the
deflection angle 65 of the optical deflecting
device in the first oscillation mode can be

exXpressed as follows.

Ba(t) = Arsin(eit)+Azsin(wot+oe)

. (12)

Furthermore, the deflection angle 0p of
the optical deflecting device in the second
oscillation mode wherein desired phases @1’ and

@2’ are added to the phases @7 and @2 by the

oscillation mode changing means 151, can be

expressed as follows.

Bp(t) = Alsin(m1t+®1’)+Azsin(®2t+®+®2’)

1

In this case as well, the light
receiving element 140 may be disposed at a desired
position to be irradiated by the scanning light,
and mgtually different four desired time moments
in the first oscillating motion, taking a certain
point in the cycle as an origin, may be measured.
Then, the drive control system 150 may adjust the
driving signal so that the scanning light passes

over the light receiving element at preset time
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moment.

Namely, by calculating the amplitudes,
angular frequencies and phases of the first and
second oscillation motions from the four time
moments mentioned hereinbefore,yand by adjusting
the driving signal based on it, a desired
deflection angle 6 of the optical deflecting
device is provided.

With regard to the four time moments,
if the deflection angie corresponding tp the
position of the light redeiving element 140 is

denoted by 8izrp, with respect’ to certain moments tq

and ty as well as certain moments t3 and tg the

following relation is given.

Ba(ty) = Oa(t2) = OaBD .. (14)

Op (t3) = 6p(tg) = Oamp : <. (15)

Hence, by letting the four time moments
(t1, tz; t3 and t4) coincide with the arbitrary
desired moments, respectively, the drive control
system 150 definitely determines the amplitudes
and phases of the first and secbnd oscillation
motions. More specifically, in order to bring the
four time moments into coincidence with the preset
moments, the drive control system 150 produces a

driving signal and applies the same to the driving

PCT/JP2007/052909
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system 120,‘thereby to adjust the amplitudes Aq

and Az of the first and second oscillation motions,
respectively, as well as the phase differencé @9
between them.

In this embodiment as well, the driving
signal may be one based on combined s;nusoidal
waves (Figure 6A), or it may be a pulse-like
driving signal (Figure 6B). 1In the'case of a
driving signal based on combined sinusoidal waves,
a desired driving signal is obtainable by
adjusting the amplitude and phase of each .
sinusoidal wave. Where a pulée—like driving

signal is used, a desired driving signal is

obtainable by changing the pulse number, pulse

interval, pulse width, and SO on, with respect to
time. Any other driving signal may be ﬁsed,
provided that the oscillator can be driven so as
to control the deflection angle of the optical

deflecting device to a desired angle.

[Examples]
Specific exémples in which the present
invention is embodied in various ways will be

described below, in conjunction with the drawings.

[Example 1]

An optical deflecting device according
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to Example i of the present invention will be
described. The block diagram of the optical
deflecting device bf Example 1 may be the same as
shown in Figure 2A. Figures 4A - 4C illustrate
detailed structure of this example, wherein Figure
4A is a top plan view of the oscillating system of
the optical deflector. There is a plate member
300 made by etching a silicon wafer. An
oscillator 301 has a plate-like shape, and it is
suppgrted by two torsion springs 31la and 31lb.
Formed on the top surface of the oscillator 301 is

a light reflection film (reflection mirror) 331.

Another oscillator 302 has a frame~like shape, and

it supports torsion springs 31la 311lb inside
thereof. The oscillator is gupported at the upper
and lower pbrtions thereby, by two torsion springs
3l12a and 312b. There is a support frame 321
having a frame-like shape, ahd';t supports the
torsion springs 312a and 312b inside thereof.

In this example, each of the
oscillators 301 and 302 is held by two torsion
springs at the upper and lower portions thereof.
However, the oscillator may be supported only by
one torsion spring, at one side thereof, For
example, the oscillator 301 may be held by a

single torsion spring 311b, while the oscillator

302 may be held by two torsion springs 312a and
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312b. Inveréely, the oscillator 301 may be held
by two torsion springs 31la and 311b, while the
oscillator 302 may be held by a single torsion
spring 312b.

The oscillating system including
oscillators '301 and 302 and torsion springs 311

and 312 has two oscillation modes,‘wherein

"adjustment is made so that the frequency of one

mode is approximately two-fold (twice) the
frequency of the other mode. For example, if the
moment of inertia of the oscillators 301 and 302

is denoted by I and I,, respectively, the spring

constant provided by the torsion springs 311a and

311lb is denoted by ki, and the spring constant
p:ovided by the torsion springs 312a and 312b is
denoted by kz, then two natural angular
oscillation frequencies are determined definitely.
In this example, the moment of~iﬁertia I and Iy
and the spring constants k1 and ks are adjusted to
provide w1 = 27x2000[rad/s] and Wy =
2nx4000([rad/s].

"Figure 4E is a Séhematic view for
explaining the driving system in the optical
deflecting device of this example. In the drawing,
the plate member 300. is illustrated in the

sectional view taken along a line 390 in Figure 4A.

A Permanent magnet 341 is adhered to the bottom of
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the oscillator 302, and the plate member 306 is
adhered to a yoke 344 made of a material having
high magnetic permeability. Diéposed at a
position on the yoke 344 opposed to the permanent
magnet 341 is a core 343 made of a material having
high magnetic permeability. There is a coil 342
wound around the core 343. The permanent magnet
341, coil 342, core 343 and yoke 344 consfitute an
electromagnetic actuator (driving system) 340. 1In
response to an electric current supplied to the
coil 342, a torque acts on the permanent magnet
341, whereby the oscillator 302 is drivén.

Figures 5A and 5B illustrate

displacement angle transmission characteristic of

the oscillator 301 responsive to the application
of a voltagé to the coil. Figure 5A shows the
relationship between gain ([displacement
angle]/[applied voltage]) and driving frequency.
Figure 5B shows the relationshib between phase
difference of displacement angle and applied
voltage versus driving freguency. As seen in
Figure 5A, as compared‘with the oscillation mode
of w1, the gain (efficiency) of the oscillation
mode of wy is different and, as seen in Figure 5B,
the oscillation mode of w2 has a phase delay of
180 deg. relative to the oscillation mode of wj.

Figure 4C illustrates a contiol system
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150 of the optical deflector of this example,
Denoted in this drawing at 351 and 352 are
arbitrary-wave producing circuits for producing
sinusoidal waves of 2000 Hz and 4000 Hz,
respectively. The phase and amplitqde of these
sinusoidal waves can be changed as desired in
response to a command from a computing unit 360.
The two sinusoidal waves thus produced are added
by an adder 370 and, subsequently, amplified by an

amplifier 380. Then, a resultant voltage is

applied to the coil 342, and an electric current

flows therethrough. There are first and second

light receiving elements 141 and 142 which are

disposed such as shown in Figure 3A. The outputs
391 and 392 of the first and second light
receiving elements are applied to the computing
unit 366. The computing unit 360 adjusts the
phase and amplitude of the sinusoidal waves of the
arbitrary-wave producing circuits 351 and 352 SO
that the outputs 391 and 392 of the first and
second light receiving elements have a desired
value, in other words, scanning light 133 can pass
across the light receiving elements 141 and 142 at
desired time moments.

In this example, the wave producing

circuits 351 and 352 and adder 370 are used to

combine two frequencies to produce a driving
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signal (see Figure 6A). However, a voltage
waveform of one period of a n;tural angular
oscillation frequency ®; may be divided in
response to a command from the computing unit 360,
so that a driving signal is provided by a series
of large number of pulses (see Figure 6B). Namely,
PWM (Pulse Width Modulation) driving system’
wherein the amplitude component and phase of the
natural angular oscillation frequencies 01 and w2
can be changed by adjusting the pulse number,
pulse interval, pulse width and so on with respect
to time, may be used.

In accordance with the optical

deflecting device of this example, desired optical

scan based on two frequency components (e.g.,
optical scan with its scan angle changing like a

sawtooth-wave) is accomplished.

[Example 2]

An optical deflecting device according
to~Example 2 of this embodiment will be described.
The block diagram of the optical deflecting device
of this example is similar to that shown in Figure
2A, and the structure is similar to thét shown in
Figure 4.

The deflection angle 6 of the optical

deflecting device of this example can be expressed
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as follows. Now, the amplitude and angular
frequency of the first oscillation motion are
denoted by A3 and ©1, the amplitude and angular
frequency of the second oscillation motion are

5 denoted by A and w2, and the phases of the‘two
frequencies are denoted by @1 and @2. If the time
with respect to the origin or reference time being
taken at an arbitrary time within one cycle of the
first oscillation motion is denoted by t, then the

10 deflection angle 6 can be expressed by Equation

(3-1) mentioned hereinbefore, that is:
e(t) = Alsin(w1t+®1)+Agsin(m2t+z2)

15 _ Here, if A1 = 1,82 = 0.2, g1 = 0, @y =
0, w1 = 27x2000 and w2 = 27x4000, the changes in
deflection angle 6 and angular speed 6’, with
respect to time, of the optical def;ecting device
of this example are such as shéwn in Figures 7a

20 and 7B. The deflection angle 8 shown at a solid
line in Figure 7A is more alike a sawtooth wave
than the sinusoidal wave (broken“line) is. The
angular speed 6’ shown at a solid line in Figure
7B less changes in an approximately constant

25 angular speed region, as compared with the

sinusoidal wave (broken line). 1In Figures 7A and

7B, the unit of the axis of ordinate is arbitrary.
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Although this example uses a condition

Ay =1, Ap = 0.2, 21 =0, @3 = 0, w1 = 27x2000 and

W2 2nx4000, desired values may be chosen for A1,
Az, @1, @2, w1 and w2 as long as the amount of
cbange in angular speed 8’ can be made smaller in
the approximately constant angular speed region as
compared with sinusoidal waves. Preferably, in a
continuous time period not less than 20% of one
cycle of the first frequency, the largest value
©'max and smallest value 6'min of the angular

speed O’ of the reflection mirror satisfy the

following relationship.

(e’max—e’min)/(e’max+e’min)<0.1

This is general condition required for
the optical deflecting device,. and it applies to
other examples to be described-below.

If the‘first and seéond light receiving
elements 141 and 142 are disposed at symmetrical
positions with’respect to the center of scan of
the optical deflecting device, corresponding to
80% A1 position, namely, at a position where the
deflection angle 6 becomes equal to 0.8 (taking

the largest deflection angle as 1), the result is

as follows. Namely, desired target time moments

tio, t20, t30 and ty4p (see Figure 7A) whereat the

PCT/JP2007/052909
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scanning light 133 should pass across the first
and second light receiving elements 141 and 142
are 0.052 msec, 0.154 mseé, 0.346 msec and 0.448
msec, respectively. These target time moments may
be determined beforehand and stored. This is also
the case with the other examples to be described
below. Hence, the control system 150 adjusts the
driving signal (Figure 6A or 6B) so that the time
moments ti, tz, ts3 and t4 for passage of the
scanning light across the first and second light
rece1v1ng elements 141 and 142 should take the
desired values mentioned above. By this, the

deflection angle 6 shown in Figure 7 is

accomplished.

Although in this'example the first and
second lighf receiving elements 141 and 142 are
disposed at symmetrical positions with respect to
the scan center of the opfical.deflecting device
where the deflection angle 6 = 6.8, these may be
disposed at any other positions providing
arbitrary deflection angle ©. Preferably, to
avoid optical interference in the approximately
constant speed region, the first and second light
receiving elements may be disposed within a range
of not less than 0.6 to less than 1.0 in terms of

the absolute value of deflection angle 6. Here,

 the range of absolute value of 6 from not less
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than 0.6 to less than 1.0 meaﬂs a range in which
the deflection angle 6 is less than +1.0 and not
less than 0.6, as well as a range in which 0 is
not greater than -0.6 and greater than -1.0.

The center of deflection of the
reflection mirror is at zero, and a desired
largest deflection angle is #1. This is also the
case with the other examplesz

Next, details of fhe method of
controlling the deflection angle in fhis example
will be explained. Figuré 8 illustrates the

control sequence.

<Aj Control>

First, A1 1is controlled. 1In order to
perform the optical scan only in accordance with

the first oscillation motion moving with a

.fundamental frequency, the frequency of the

arbitrary-wave producing circuit 351 is set to an
angular frequency of 2000 Hz, while the frequency
of the arbitrary-wave producing circuit 352 is set
to an arbitrary angular frequency other than 2000
Hz and 4000 Hz and containing zero. This results
in that the second oscillation motion produces no
resonance oscillation. Here, the deflection angle

© of the optical deflecting device can be

' expressed as follows.



WO 2007/094489 PCT/JP2007/052909

10

15

20

25

- 59 -

0(t) = Ajrsin(wit) ... (16)

Then, the time moments tj, tz, t3 and ty4

are set as follows.

©(t1) = ©(t2) = 6mp: - (17)

@

ct
w
I

@

ot
[N
I

= ©OBp2 ... (18)

Then the amplitude of the arbitrary-
wave producing circuit 351 is adjusted so that the
value of at least one of to-t1 and tg-t3 becomes
equal to 0.102 msec (this value can be determined
.beforehand on the basis of changes in desired
deflection angle 6 shown in’Figure 7). By this,
A1 can be médé equal to a desired value Aj. Sincev
the number of unknown value to be determined ié 1,
A} can be determined with this procedure.

The procedure described above is the
procedure for determining the amplitude of the
first oscillation motion of the reflection mirror
on the oscillator. This procedure is carried out
when the second oscillation motion is stopped and
the optical scan is being carried out only by the
first oscillation motion, so as to perform the

following adjustment while taking a certain time

within one cycle of the first frequency as zero or
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a reference. Namely, the amplitude of the first
oscillation motion is adjusted so that the time
moments of at least one of (i) a set of two
different time moments whereat the scanning light
passes across the first light receiving element
and (ii) a set of .two different time moments
whereat the scanning light passes across the
second light receiving element, can be made
éoincident with desired target time moﬁents.
After this, the frequency of the
arbitrary—waﬁe producing circuit 352 is turned

back to 4000 Hz. Here, in this example, for

optical scan only with the first oscillation

motion moving at the fundamental frequency, the
frequency of the arbitrary—yave producing circuit
352 is set fo an arbitrary frequency other than
2000 Hz or 4000 Hz and containing zero. That is,
in order to stop the secondfoscillation motion,
the periodic driving force of £he second frequéncy,
among the driving force to be transmitted to the
oscillating system from the driving system, is
interrupted and, furthermore, a periodic driving
force of & third frequency other than the first
and second frequencies is added. However, in this
procedure, the amplitude A of the arbitrary-wave

producing circuit 352 may be made equal to zero.
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<@g Control>

Subsequently, the phase difference g of
the first and second oscillation motions is
adjusted to zero. Here, both of the fellowing

relations should be satisfied.

to-t1 = ts-t3 ... (19)

t3z-t2 > t3p-tog ... (20)

Equation (19) is required because the
first and second light receiving elements 141 and
142 are disposed at positions which are,

symmetrical with respect to the center of scan of

the optical deflecting device. By adjusting the

phase difference of the arbltrary wave produc1ng
circuits 351 and 352 so as to satisfy this
relation, the phase difference of the first and
second oscillation motions is made equal to zero.
In this case as well, since the‘number of unknown
value to be determined is'1l, @ can be determined
with this procedure. Equation (20) is the
condition for avoiding reverse of the phase of the
oscillation motion.

fhe brocedure described above is the
procedure for determining the relative Phase

difference between the first and second

oscillation motions of the reflection mirror.

PCT/JP2007/052909
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Here, the phése of at least one of the first and
second oscillation motions is adjusted so that (i)
the difference between two different time moments
whereat the scan light passes across the first
light receiving element and (ii)‘the difference
between two different time moments whereat the
scan light passes across the second light

receiving element, become equal to each other.

<Az Control>

Subsequently, A2 is controlled. Now,
the time moment whereat the scanning light 133
basses across the first and second light receiving
elements 141 and 142 is denoted by ti1, t2, t3 and
tg, Then, the amplitude of the arbitrary-wave

producing circuit 352 is adjusted so that at least

one of them satisfies the relation tq1 0.052 msec,
t2 = 0.154 msec, t3z = 0.346 MSeq or tg = 0.448 msec.
By this, Az can be made equal to a desired value
Az. In this case as well, siﬁce the number of
unknown value to be determined is 1, Az can be
determined with this procedure.

The procedure described above is the
procedure for determining the amplitude of the
second oscillation motion of the reflection mirror,

and it is the procedure for adjusting the

amplitude of the second oscillation motion so that

PCT/JP2007/052909
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at least one of the time moments whereat the
scanning light passes across the first and second
light receiving elements is made equal to a

desired wvalue.

<Checking Completion of Control>

If ti1, t2, t3 and t4 are in a
predetermined tolerable range, the control is
terminated. If not so, the sequence goes back to
the Aj; control, and the above—describedlcontgol

procedure is carried out again.

With the operations described above, a

desired deflection angle 6 of the optical

deflecting device is accomplished. Although in
this examplé t1, t2, ts3, tg, tio, 20, t30 and ty4q
are considered as the time moment, these may be
counts (numbers) measured with-refe;ence to a
certain clock. Furthermore, although in this
example tji, to, ts, ta, tio0, to2o, t3Q and tg4g9 are
considered as determined values, these may be
values having certain error range. This is also

the case with the other examples.

[Example 3]
An optical deflecting device according

to Example 3 of this embodiment will be described.
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The block diagram of the optical deflecting dejice
of this example is similar to that shown in Figure
2A, and the structure is similar to that‘shown in
Figure 4.

In this example as well, the amplitude
and angulér frequency of the first oscillation
motion are denoted by A1 and w1, and the amplitude
and angular frequency of the second oscillation
motion are denoted by Az and w2, and the phases of
the two frequencies are denoted by @1 apd @p. If
the time with respect to the origin (0) determined
by taking an arbitrary reference time within one

cycle of the first oscillation motion is denoted

by t, the deflection angle © of the optical

déflecting device of this example can be expressed

by Equation‘(S—l) mentioned hereinbefore, that is:
B(t) = Alsin<w1t+®1)+Agsin(®2tf®2)

Here, if Ay = 1, Ap = 0.2, 1 = 0, @y =
0, w1 = 2ﬁx2000 and oy = 2nx4000, the deflection
angle 8 of the optical deflecting device of this‘
example is such as shown in Figures 7A and 7B.

Although this example uses a condition

A1 =1, A = 0.2, @1 = 0, 2 = 0, 01 = 27x2000 and

Il

W2 27x4000, desired values may be chosen for Aq,

VA2, @1, @2, 01 and o2 as long as the amount of
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change in angular speed 0’ can be made smaller in
the épproximately constant angular speed region as
compared with sinusoidal waves.

If the first and second light receiving
elements 141 and 142 are disposed at symmetrical
positions with respect to the center of scan of
the optical deflecting device, corresponding to
80% A1 position, namely, at a position where the
deflection angle © becomes equal to 0.8, and also
if the time whereat the deflection anglg B is
equal to zero (scan center) is denoted by 0, the

result is as follows. Namely, desired target time

moments tig, t29, tsg and t40 whereat the scanning

light 133 should pPass across the first and second
light receiving elements 141 and 142 are 0.052
msec, 0.154'msec, 0.346 msec and 0.448 msec,
respectively. Hence, the control system adjusts
the driving signal so that the ‘measured four time
moments tj, ts, t3 and t4 for passage of the
scanning light 133 across the first and second
light receiving elements 141 and 142 should take
the desired values mentioned above. By this, the
deflection angle 8 of the optical deflecting
device shown in Figure 7 is accomplished.
Although in this example the first and
second light receiving elements 141 and 142 are

disposed at symmetrical positions with respect to
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the scan center of the optical déflecting device
where the deflection angle 6 = 0.8, any other
arbitrary deflection angle 6 may be used.
Furthermore, although in this example the time
whereat the deflection angle © is zero is taken as
zero, an arbitrary time within one period of the
angular frequency of the first oscillation motion
may be used as the origin (0).

The control method in this example will
now be explained in detail.

Coefficients and matrix M thereof

representing changes in detection time moments t1q,

t2, t3 and t4 whereat the scanning light 133

bPasses across the first and second light receiving
elements 141 and 142, caused when the control
parameters X including any of A1, A2 21 and @3 of
the optical.deflecting device shift minutely from
respective target values, are detected beforehand.

These can be expressed as follows.

PCT/JP2007/052909
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D (X = ALpLA2,42), G =123,4)
aX t )
(21)
5
KX ol ot
oAll, a42|, ogl, ag2|,
| ot ot o ot
10 |l 042, a1l a2,
ot ot ) ot
odll, ad2l, agll, 992,
ot ot ot ot
adll,, ad2],, ag1],, g2,
15 | . (22)

Thus, the control amounts AAy, ARy, A@q
and Agy for the amplitude and phase of the
reflection mirror can be determined on the basis

20 of time différences Aty, Atz, Atz and Atg4 between
the four detection time moments ti, t2, t3 and ty4
and the four target time moments t10, t20, ts3p and

t40, and in accordance with the following equation.
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aa| |
Agl At3
A¢2j At4J

. (23)
Based on this equation, the control
amounts AAj, AAp, Awi{ and Ay can be calculated
from the time difference Aty, Ats, Ats and Atg4 with
respect to the target time moments tio, t20, ts30

and t4p. Then, the outputs of the arbitrary-wave

producing circuits 351 and 352 are changed. By

repeating the above-described control procedure,
thé detection time moment is converged to the
target time moments tio, t20, t3p and tyq, whereby
a desired deflection angle 8 of the optical
deflecting device is accomplishgd.

Figure 9 is a block diagram for the
above-described procedure. Light from a light
source 410 is deflected by an optical.deflecting
device (reflection mirror) 420, and the deflected
light 430 passes across first and second light
receiving eléments 441 and 442. Control unit 450
subtracts detection time moments 451 detected at

the first and second light receiving elements 441

‘and 442 from target time moment 452, to calculate
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time difference 453. Then, by computing the
matrix in accordance with Equation (23) based on
the time difference 453, in a computing circuit
454, the control amount 455 is calculated. Then,
by using arbitrary-wave producing circuits 351 and
352, en adder 370 and an amplifier 380, a signal
to be inputted to the driving system of the
optical deflecting device 420 is produced. 1In
this example as well, a driving signal based on
combining 51nu501dal waves, such as shown in
Figure 6A, may be produced or, alternatlvely, a
pulse-like driving signal such as shown in Figure

6B may be produced. Any driving signal may be

used as long as it ensures that the detection time

moment to be detected by the light rece1v1ng
element 001nc1des with the target time moment.

The displacemént angle transmission
characteristic of the oscillator'shewn in Figure 5
is changeable with a change in envirdnment such as
environmental temperature, or a change in
oscillation characteristic of the oscillator with
respect to time. Hence, the control system 150
performs control to renew the driving waveform
every oscillation period of ®wj in the optical
deflector, so that a desired deflection angle 6 of

the optical deflecting device is assured.

~Although in this example the driving waveform is
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renewed every oscillation frequency period of W1,
the waveform may be controlled at shorter period,
for example, at the moment as a signal is inputted
to the light receiving element. Alternatively, it
may be controlled at a peri§d longer than the
oscillation period of &1 of the optical deflecting

device.

[Example 4]

An optical deflecting device according
to Example‘4 of the present invention will be
described. The block diagram of the optical

deflecting device of this example is similar to

that shown in Figure 2A, and the structure is

;imilar to that shown in Figure 4,

With regard to the deflection angle ©
of the optical deflecting device of this example,
now, the amplitude and angular. frequency of the
first oscillation motion are dehoted’by A1 and w1,
the amplitude and angular\frequency of the second
oscillation motion are denoted by A and w2, the
phase differencg between the two frequencies is
denoted by g, énd time is denoted by t. Then, the
deflection angle 6 can be expressed by Equation
(3-2) or Equation (3-3) mentioned hereinbefore.

Here, o should read @1-@2 Or @2-@1 in these

equations.
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Now, it is assumed that A; = 1, Ap =
0.2, @ =0, w1 = 2nx2000 and wy = 27x4000.

Although this example uses a condition A; = 1, A,

= 0.2, 2 =0 (w1 =0, w2 = 0), o1 = 27x2000 and oy

2nx4000, desired values may be chosen for A1, Ao,

]

@1, @2, &1 and w2 as long as the amount of change
in angular speed 6’ can be made smaller in the
approximately constant angular speed région as
compared with sinusoidal waves. Here, the Ffirst
and second light receiving elements 141,and 142
are disposed at positionsfcorresponding to 80% A1,

namely, at positions where the deflection angle ©

becomes equal to 0.8. Also, among the target time

moments tig, tzo, t3p and tgg whereat the scanning
light 133 passes across the first and second light
receiving eiements 141 and 142, tjp is chosen as
the reference time. Then, relative target time
too-t10, t3o;t10, tgo-ti1o from the reference time
become equal to 0.102 msec, 0.294 msec and 0.396
msec, respectively. Hence, the deflection angle ©
of the optical deflecting device of this example \
is such as shown in Figure 7. Therefore, by
adjusting the driving signal through the control
system so that three relative detection times to-
t1, tz-t1 and tg-t3 for the passage of Scanning
light 133 across the first and second light

receiving elements 141 and 142 take the
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aforementioned values, the deflection angle 6 of
the optical deflecting device as shown in Figure 7
is accomplished. Here, @1 and @2 can be expressed
by equations @ = @1-@2 and @ = @2-@1 and, therefore,
Equation (3-1) in Figure 7 can be rewritten as
Equation (3-2) or Equation (3-3) mentioned above.
Although in this example the first and
second light receiving elements'14l and 142 are
disposed at symmetrical positions with respect to
the scan center of the optical deflecting device
where the deflection angle 6 = 0.8, these may be

disposed at any other positions corresponding to

arbitrary deflection angle 8.

The control method in this example will
now be explained in detail.’ Coefficients and
matrix M théreof representing changes in relative
detection time ty-t3, t3-t; and tg-t] whereat the
scanning light 133 passes across the first and
second light receiving elements'14l and 142,
caused when the control paraméters X including any
of A;, Az and o of the optical deflecting device
shift minutely from respective target values, may
be detected beforehand. These can be expressed as

follows.
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5
[ ot ot ot ot al o
odll,, 81|, od2|, ad2|, 94|, o9,
ot ot ot ot ot ot
~|odtl, "adll, ad2l, "aaz|, gl ag|,
ot ot ot B ot ot _ ot
10 41l odl], od2|, od2|, d¢|, o4, |
. (25)
Thus, the control amounts AA1, AA2 and
15 Ag for the amplitude and phase of the reflection
mirror can be determined on the basis of time
differences Ats, Atz and Aty between three
relative detection times tg—ﬁl,:tj—tl and tg-t1 as
well as three target times t20-ti10, tjo—tlo and
20 tap-tig0, and in accordance with the following
equation.
AAl At2
AA2 | =M™ Ar3
25 Ag At4
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Based on this equation, the control
amounts AAj, AA» and Ag can be calculated from the
time differences Aty, At3 and Ats with respect to
the target times tpg-tig, t3p-tig and tg0-ti10. Then,
the outputs of the arbitrary-wave producing
circuits 351 and 352 are adjusted on the basis of
these amounts. By repeating the above-described
control procedure, the detection tiﬁe moment is
converged to the target time moments ti1o0, t20, t30
and t40, whereby a desired deflection aggle 0 of
the optical deflecting device is accomplished.

The procedure described above will be

explained with reference to the block diagram of

Figure 9. Light from a light source 410 is

deflected by an optical deflecting device
(reflection mirror) 420, and the deflected light
436 passes across first and second light receilving
elements 441 and 442. Control unit 450 subtracts
detection time moments 451 detected at the first
and second light receiving elements 441 and 442
from target time moments 452, to calculate the
time difference 453. Then, by computing the
matrix in accordance with Equation (26) based on
the time difference 453, in a computing circuit
454, the control amount 455 is calculated. Then,

by using arbitrary-wave producing circuits 351 and

352, an adder 370 and an amplifier 380, a signal

PCT/JP2007/052909
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to be inputﬁed to the driving sysfem of the
optical deflecting device 420 is produced. 1In
tﬁis example, since tijg is used as the reference
time, the control amount 455 for the arbitrary-
wave producing circuit 351 is single (not dual) or,
alternatively, the control amount 455 for the
arbitrary-wave producing circuit 352 is single
(not dual). This means that the difference g of
phase between the two frequencies can be adjusted
either by the arbitrary-wave producing eircuit 351
or the arbitrary-wave producing circuit 352.

In this example as well, a driving

signal based on combining sinusoidal waves, such

as shown in Figure 6A, may be produced or,

a;ternatively, a pulse~like driving signal such as
shown in Figure 6B may be produced. Any driving
signal may be used as long as it ensures that the
detection time moment to be detedted by the light
receiving element coincides with the target time
moment.

Through the control procedure described
above, a desired deflection angle 6 of the optical
deflecting device is eccomplished. Although in
this example as well, t20-t10, t30-t10 and tgo-tio
are considered as determined values, these may be

values having certain error range.
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[Example 5]

An optical deflecting device according
to Example 5 of the present invention will be |
described. The block diagram of the optical

5 deflecting device of this example is similar to
that shown in Figure 2A, and the structure is
similar to that shown in Figure 4.

With regard to the deflection angle ©

of the optical deflecting device of this example,
10 now, the amplitude and angular frequency of the
first oscillation motion ‘are denoted by‘Al and wi,
the amplitude and angular frequency of the second
oscillation motion are denoted by Az and w2, the
.phase difference between the two frequencies is
15 denoted by @, and time is dgnoted by t. Then, the
deflection angle © can be expressed by Equation
(3-2) or Equation (3-3) mentioned hereinbefore.
Here, @ should read gi-g7 or: @go—@j in these
equations. |
20 Now, it is assumed that A7 = 1, Ay =
0.2, @ = 0, w1 = 27x2000 and wp = 2wx4000.
Although this example uses a condition A1 =1, A

=0.2, 2 =0 (g1 =0, @2 = 0), w1 = 27x2000 and hy)

2nx4000, desired values may be chosen for Aj, A,,
25 @1, #2, o1 and @2 as long as the amount of change
in angular speed 6’ can be made smaller in the

approximately constant angular speed region as
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compared with sinusoidal waves. Furthermore,
although in this example as well the first and
second light receiving.elements 141 and 142 are
disposed at symmetrical positions 61 and 65 with
respect to the scan center of the optical
deflecting device, these may be disposed at any
other positions providing arbitrary deflection
angle 6.

The control method‘in this example will
be described in detail. Figure 10 illustrates the
relationship between the time and defleétion angle
in the optical,deflecting device (a case based on

Equation (3-2)). As seen in Figure 10, the time

lffom the moment whereat the deflection angle of

the optical deflecting devi?e reaches 67 to the
moment whereat, after turning back at the end of
oscillation, it reaches ©1 -again, is denoted by tq.
Also, the time from the moment .whereat the
deflection angle reaches 01 to fhe moment whereat,
after passing the center of oscillation, it
reaches 03, is denoted by tqs. Furthermore, the
time from the moment whereat the deflection angle
reaches 63 to the moment whereat, after turning
back at the end of oscillation, it reaches <y
again, is denoted by t2. Also, the time from the

moment whereat the deflection angle'reaches @2 to

" the moment whereat, after passing the center of
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Oscillation, it reaches 83, is denoted by t21.

The drive control system 150 calculates
error quantities related to the amplitude A7 of

the frequency ®1, amplitude A, of the frequency w2,

and phase difference g between the frequencies W1

and w2, and based on these error quantities, it,
produces a driving signal for the optical
deflecting device.

The manner of calculating these error
signals will be explained below.

First( calculation of @ error signal
will be described. | |

It is now assumed that, in the equation

shown in Figure 10, that is, Equation (3-2),

Alsin(wit) is taken as a first component, and
Azsin(m2t+zf is taken as a second component. If
the phase of the first and second components
changes and it causes a decrease of ti, then tj
increases as a result of it. To the contrary, if
the phase change Causes an increase of tj, then to
decreases as a result of it. 1In other words, tj
and t2 are changeable inversely in response to a
change in phase of the first and second components.
On the other hand, if the amplitude A

of the first component changes and such change

causes an increase of tj, then ty increases as a

result of it. On the other hand, if the amplitude
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change causes a decrease of tj, then tz decreases
as a result of it. Namely, tj; and ty are
changeable in the same way in response to a change
in amplitude A7 of the first component.

5 Hence, by subtracting tq and ta, a
change in amplitude A7 of the first component can
be cancelled and, thus, only the phase shift
amount of the first and second components can be
extracted.

10 Here, if the €7 and 0, are disposed at
| symmetrical positions with respect to'tﬁe scan
center of the optical deflecting device, the phase
change amount of the first and second components
‘can be extracted only by performing calculation of
15 tl—tg. Furthermore, if 03 gnd 62 are not disposed
symmetricaliy, a good signal is obtainable by
adjusting the subtraction ratio of t1 and t».
It is seen from the.abovg that, if g
is taken as a control target value, the error
20 signal for @ that represents the error amount of g
component can be determined in accordance with the

following equation.

@ error signal = t1-dxts-gg (520)

25 « . (27-1)

Next, calculation of an error signal
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for the ampiitude Ai of the first ‘component will
be described.

If the amplitude A1 of the first
component changes and it causes an increase of tiqp,
then t21 increases as a result of it. If on the
other hand tj, decreases, it causes a decrease of
t21. Namely, in response to a change‘in amplitude
A1 of the first component, ti, and tgj changes in
the same way.

On the other hand, if the amplitude As
of the second component changes and it causes an

increase of ti,, then t21 decreases as a result of

'it. If t1s decreases to the contrary, tp1 increase

as a result of it. Namely, in response to a

change in the amplitude Az of the second component,
t12 and tp1 are changeable inversely.

Hence, by adding tjs and t21 at an
appropriate ratio, a change in .the amplitude Ay of
the second component can be canéelled.

Similarly, since t7 and t12, and ts and
t21 are in inversely changing relation with each
other in response to a change in amplitude A of
the first component, by subtracting ti and tjsp,
and ty and ty7, the change of the amplitude A1 of
the first component can be cancelled and the error

signal can be enlarged.

It is seen from the above that, if Ajg
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is taken as a control target value, the error
signal for A; that represents the error amount of

Al component can be determined in accordance with

the following equation.

A1 error signal = C1+0xto-ax (ti12+Bxto1) ~A1g
(a, B,020)

.. (27-2)

Next, calculation of an error signal

for the amplitude A, of the second component will

be described.

The error signal for amplitude Ay of

'the second component can be calculated in

accordance with a similar p;inciple as the
calculation of the error signal for the amplitude
A1 of the first component.

As described hereinbefore, in response
to a change in amplitude A of‘the first component,
ti12 and ty1 are changeable in the same way. On the
other hand, with a change in amplitude Az of the
second component, tis and t21 are changeable
inversely. Therefore, by Subtracting ti2 and toq
at an appropriate ratio, the'change of the
amplitude Aj of the first component can be

cancelled.

It is seen from the above that, if Ajyg
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is taken as a control target value, the error
signal for A, that Tepresents the error amount of
Az component can be determined in accordance with

the following equation.

Az error signal = tjy-yxtoi-Asg (y20)
e (27-3)

Figure 11 shows an error detecting
circuit for calculating these error signals in
accordance with the equations mentioned above.

This error detecting circuit is arranged to

perform various computation to input signals tq,

t2, ti2, t21 as well as control objectives @, Aqg
and Apg by using an adder and subtractor, thereby
to calculate the @ error signal, A; érror signal
and Az error signal. For adjustment of the adding
ratio and the subtraction ratio in terms of time,
the time may be multiplied by a; B, vy or &, if
necessary.

The values of aq, B, v and & can be
adjusted as follows.

As regards &, disturbance is inputted
into the amplitude A; of the first component, and
% is adjusted so that the change of “Outl” (e.qg.

t1-0xt2) becomes smallest. As regards B,

.disturbance is inputted into the amplitude Ay of
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the second component, and B is adjusted so that

the change of “Out3” (e.g. t12+Bxtyy) becomes

smallest. As regards «, disturbance is inputted

into the amplitude A7 of the first component, and

o 1s adjusted so that the change of “Out2” (e.qg.

ti+totoax (t12+PBxt21)) becomes smallest. As regards
Y, disturbance is inputted into the amplitude Aj
of the first component, and vy is adjusted so that
the changeyof “Out4” (e.g. tis-yxta1) becomes
smallest.

The values ofq, B, vy and o méy be
detected by actually inputting disturbance into A1,

Ao and @ or, alternatively, on the basis of

calculation.

Figure 12 is a b%ock diagram of the
control circuit. Tt should be noted that the
error detecting circuit shown in Figure 11 and the
control circuit shown in Figure 12 may be provided
in the drive control system 150.shown in Figufe 2A.

The control circuit of Figure 12 is
arranged to produce a driving signal effective to
make the error signals of Equations (27-1), (27-2)
and (27-3) equal to zero and, based on it, the
control circuit drives the optical deflecting
device. Each of the error signals for A;, A; and g

calculated by the error detecting circuit of

" Figure 11 passes through a corresponding low-pass
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filter LPF by which it is shaped. The amplitude
component Az of a sinusoidal wave having a
frequency w2, generated by a generating circuit,
is adjusted on the basis of the Ay error signal
produced by the error detecting circuit.
Thereafter, on the basis of the phase @ error
signal, the value of phase @ is adjusted. On the

other hand, the amplitude'component A1 of a

sinusoidal wave having a frequency o1, generated

by a generating circuit, is adjusted on the basis
of the Aj error signal produced by the error
detecting circuit. Thereafter, the sinusoidal
wave of frequency o1 having been adjusted and the

4sinusoidal wave of frequency wz having been
adjusted are added each othgr by the adder,
whereby a dfiving signal is produced. This
driving signal is applied to the driving system
120. Hence, the optical deflecting device is
driven by the driving system on the basis of the
thus added driving signal.

Although this example uses low~-pass
filters to remove noise, signal shaping may be
done by using any other filter. Or, use of the

filter may be omitted.

As regards the angle 6 of the optical

‘deflecting device, although this example uses a

‘relation B(t) = Alsin(wlt)+Azsin(@2t+z), the
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relation may be changed to Ajsin(eit+e)+Assin(wst),
for example, with essentially the same results.
The control method and control circuit of this

example are applicable in such case.

[Example 6]

An optical deflecting device according
to Example 6 of this embodiment will be described.
This example is similar to Example 5 except that
the error detecting circuit has a structure shown
in Figure 13. 1In this example, first aﬁd second
light receiving elements 141 and 142 are disposed

at positions 01 and 6, which are symmetrical with

respect to the center of scan of the optical

deflecting device. Asymmet;iéal disposition is
therefore excluded here. Hence, there is no
necessity of considering parameters (o, B, vy and
) for adjustment of the subtfaction ratio or
adding ratio. Therefore, the error signal can be
calculated more easily. The calculation methods
for obtaining error signals are essentially the
same as those of Example 5.

In Example 6, error signals for Aj, Ar
and @ are calculated as follows.

Figure 13 is a block diagram of the
error detecting circuit in this example. The

error signal for Aj can be detected by subtracting
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A1 control farget value Ajg from the signal that

represents the A1 error signal. This can be

expressed as follows.
5 Aj error signal = ti+ta-Aq . ... (28-1)

The error signal for A can be detected
by subtracting Ay control target value A2p from

the signal that represents the amplitude change of

10 Az. This can be expressed as follows.

Az error signal = tj1o-Ajg (or to1-A20)

... (28-2)

15 The error signal for @ can be detected
by subtracting @ control target value @y from the
signal that represents the phase change of g.

This can be expressed as follows.
20 @ error signal = tj-ty-gg : ... (28-3)

By use of the error deteéting circuit
of this example, error signals for parameters can
be calculated through simpler computations. These

25 error signals are applied to the control circuit
shown in Figure 12, and the control circuits

produces a driving signal for the optical
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deflecting device. The driving signal is then
supplied to the driving system 120 shown in Figure
27, whereby the optical deflecting device is
driven. The signals are processed in the control
circuit essentially in the same manner as Example

5.

[Example 7]

An optical deflecting device according
to Example 8 of the present invention will be
described. The block diagram of the optical
deflecting device according to\Example 7 is

similar to that shown in Figure 14. Figures 4A

and 4B and Figure 16 illustrate the structure of

this example, wherein Figurgs 4A and 4B have been
explained with reference to Example 1.

In this example as well, oscillators
301 and 301 and torsion springs 311‘and 312 have
two oscillation modes, wherein gdjustment is made
to assure that the frequency of one mode is
approximately two-fold (twice) of the other’s.
Furthermore, in this example as well, two natural
angular oscillation frequencies (natural angular
frequencies) are adjusted to w3 = 27x2000 [Hz] and
w2 = 2nx4000 [Hz].

Figure 16 illustrates a control system

of this optical deflection device. The structure

PCT/JP2007/052909
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of Figure 16 is basically the same as that of
Figure 4C, except for the following points. The
light receiving element 140 and the reflection
plate 160 are disposed such as shown in Figure 15,
and the output 390 from the light receiving
element 140 is supplied into a computation unit
360. The computation unit 360 then adjusts the
phases and amplitudes of arbitrary-wave producing
circuits 351 and 352 so that the output 390 of the
light recei%ing element shows a desired‘value,
more specifically, the scanning light 133 can pass

across the light receiving element 140 and the

reflection plate 160 at desired arbitrary set time.

With the optical deflecting device of
this example, arbitrary optical scanning based on
two fregquency components (for example, optical
scaﬁning»wherein the deflection angle changes like

a sawtooth wave) is accomplished.

[Example 8]

An optical deflecting device according
to Example 8 of the present invention will be
described. The block diagram of the optical
deflecting device according to this example is
similar to that shown in Figure 14. The structure

is similar to that shown in Figures 4A and 4B and

4 Figure 16.
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In this example, the deflection angle 6
of the optical deflecting device can be expressed

by Equation (3-1) mentioned hereinbefore, that is:
5 B(t) = Alsin(w1t+z1)+Azsin(w2t+®2)

Here, if A; = 1, Ay = 0.2, @1 = 0, @y =
0, w1 = 27x2000 and wy = 2nx4000, the changes in
deflection angle 6 and angular speed 8’, with
10 respect to time, of the opfical deflect;ng device
of this example are such as shown in Eigures 7A
and 7B. The deflection angle 6 is more alike a
sawtooth wave than the sinusoidal wave is. The
.éngular‘speed 6’ less changes in an approximately
15  constant angular speed region, as compared with
the sinusoidal wave.
Although this example uses a condition
A1 = 1, A2 = 0.2, @1 = O, @2'='0, o1 = 27x2000 and

2nx4000, desired values may be chosen for Aq,

w2
20 Az, @1, @2, o1 and w2 as long as the amount of

change in angular speed 6’ can be made smaller in

the approximately constant angular speed region as

compared with sinusoidal waves.

In this example, as shown in Figure 15,

25 when the center of scan of the optical deflecting

device is taken as the origin, the light receiving

4element 140 is disposed at a position 8gp where
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the deflection angle 6 of the optical deflecting
device is equal to +0.85, and the deflection plate
160 is disposed at a position 6mIirror where the
deflection angle 6 is equal to -0.8. Namely, the
light receiving element 140 and the deflection
plate 160 are disposed asymmetrically with respect
to the scén center of optical'deflecting device.
In the idealistic state, the target time moments
ti0as t20a, t30a and tggs whereat the scanning
light 133 and deflection light 134 pass across the
light receiving element 140 are 0.057 méec, 0.154
msec, 0.346 msec and 0.448 msec, respectively.

Hence, these time moments are set as four preset

time moments. The control system (drive control

system) adjusts the drivingxsignal so that the
detection time moments (light passage moments) tg,
t2, t3 and t4 whereat the scanning light 133 and
the deflection light 134 pass across the light
receiving element 140 are brought into coincidence
with the above-described preset values. By this,
the deflection angle 6 of the optical deflecting
device as shown in Figure 7A is accomplished.
Next, the method of adjusting the
amplitude Ay will be described. If the production
of sinusoidal wave of frequency 4000 Hz from the |
arbitrary-wave producing circuit 352 is

interrupted and the circuit produces only a
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sinusoidal wave of frequency 2000 Hz, the optical

deflecting device performs oscillation only in the

first oscillation motion. The deflection angle 6
can be expressed by 6(t) = Aisin(eit) as in
Equation (16). |

Here, if the detection time moment
(passage time moment) whereat the scanning light
133 and the deflection light 134 pass across the
light receiving element 140 is deﬁoted by ta, tp,
te and tg, the relationship between the deflection
angle and the passage time can be expréssed as

follows.

0(ta) = ©(tp) = 6pp ... (29)

@
ot
Q
]
©
u
o,
I

= eMIRROB ... (30)

In Figure 17A, a broken line depicts
the relationship between the time and the scanning
angle where A1 the target valué. Here, idealistic
time moment whergat the scanning light 133 and the
deflection light 134 pass across the light
receiving element 140 is denoted by tao, tpo, teo

and tgg. Since the value of tho-tap is 0.095 msec

(this is detectable beforehand), 0.095 msec is set
as the preset time. 1In this manner, by adjusting

the amplitude of the arbitrary-wave producing

circuit 351 so that the value tp~ta becomes equal
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te 0.095 msec, desired A1 is obtainable.

After this, a sinusoidal wave of
frequency 4000 Hz is superposedly produced from
the arbitrary-wave producing circuit 352, and the
optical deflecting device is driven in accordance
with these two frequencies. In this case as well,
in place of interrupting the production of
sinusoidal wave of frequency 4000 Hz from the
arbitrary-wave producing circuit 352, in addition
to the sinusoidal wave of 2000 Hz a sinusoidal
wave having an arbitrary frequency (thied
frequency) other than 4000 Hz and containing zero

may be produced therefrom. Since in such occasion

the frequency is out of the resonance frequency of

the optical deflecting deviee, there is no
possibility'that the motion of the optical
deflecting device with the third frequency caused
thereby. Advantageous feature here is that, since
signals of two frequencies are'eontinuously
supplied to the driving system of the optical
deflecting device, any change in supplied energy
is well suppressed. This effectively reduces a
change in temperature of the optical deflecting
device which might be caused if the actual drive
in the device is changed. This applies to other
examples.

In this example, the light receiving
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element 140 is disposed at a position Opp whefe
the deflection angle © of the optical deflécting
device is equal to +0.85, and the deflection plate
160 is disposed at a'position OMIRROR Where the
deflection angle © is equal to -0.8. However,
these members may be disposed with any deflection
angle ©. Preferably, to évoid optical

interference in the approximately constant speed

‘region, the light receiving element and the

deflection plate may be disposed within a range in
which the deflection angle 6 is less thén +1.0 and
not less than +0.6, as well as a range in thch 0
is not greater than -0.6 and greater than -1.0.

| In this example, the amplitude of the
arbitrary-wave producing ctiuit 351 is adjusted
so that the'value of tp-tay become equal to 0.095
msec. However, the amplitude of the arbitrary-
wave producing circuit 351 may be adjusted so that
the value of one or moré of td—fc and any other
time intervals may be made equal to a desired
value. Since however there is a relation
[@Bp|>|OMIRROR] 1n this example, the value éf th-ts
is most sensitive to the amplitude. Therefore,
adjusting the amplitude of the arbitrary-wave
producing circuit 351 so as to make tp-ta equal to

an arbitrary value is preferable. If

| ®MIRROR | > |68pp| on the other hand, since the value

PCT/JP2007/052909
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of tg-te is most sensitive to the amplitude,
adjusting the amplitude of the arbitrary-wave
producing circuit 351 so as to make ta-te equai to
a an arbitrary value is preferable.

The procedufe described above is the
procedure for determining the amplitude of the
first oscillation motion of the reflection mirror.
In this procedure, while the second oscillation
motion is interrupted and the optical scan is
being carried out only by the first oscillation
motion, the following operation is done.' Namely,
while taking a certain time within one cycle of
the first ffequency as: zero, the amplitude of the
‘first oscillation motion is adjusted so that at
least two different time moments whereat the
scanning light passes across one light receiving
element are brought into coincidence with the
target time moments. 1In this: procedure, in this
example, the amplitude of the first oscillation
motion is adjusted so that, among plural time
intervals of passage of the scanning light across
the light receiving element, the shortest time
interval is brought into coincidence with the

desired target time.

[Example 9]

An optical deflecting device according
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to Example 9 of the present invention will be
described. The block diagram of the optical

deflecting device according to this example is

'similar to that shown in Figure 14. The structure

is similar to that shown in Figures 4A and 4B and
Figure 16. Disposition of the optical deflecting
device (reflection mirror 101) shown in Figure 15
as well as the light receiving element 140 and the
reflection plate 160 is essentially the same aé
that of Example 8. Further, the deflection angle
© of the optical deflecting device of tﬁis example
is the same as that of Example 8, shown in Figure
17. |
Here, taking the time “zero” in one
cycle of the first frequency shown in Figure 17 as
the reference time, the target time moment whereat
the scanning light 133 and the deflected light 134
pass across the light receiving element 140 is
denoted by ti0a, t20a, t30a and £40a- ‘Then, ti0ar
t20as t30a and tgps become equal to 0.057 msec,

0.154 msec, 0.346 msec and 0.448 msec,
respectively. These target time moments are
detectable beforeﬁand. Therefore, these moments
are set as four preset time moments. By adjusting
the driving signal through the control system so
that the four detection time moments (i.e. passage

time moments) ti1, tz, t3 and t4 whereat the



PCT/JP2007/052909

WO 2007/094489

10

15

20

25

- 96 -

scanning light 133 and the deflected light 134
pass across the light receiving element 140 become
equal to the aforementioned target values,
respectively, the deflection angle 6 of the
optical deflecting device shown in Figure 17 is
accomplished.

The control method in this example will
now be explained in detail. Coefficients that
represent changes in detection time moments ti1, to,
t3 and t4 whereat the scanning light 133 and
deflection light 134 pass across the liéht
receiving element, which changes are caused when

the control parameters X including any of A7, A,

and @1 and @2 of the optical deflecting device

shift minutély from respect%ve target values, may
be expressed by Equation (21) mentioned
hereinbefore. Matrix M may be expressed by
Equation (22) also mentioned.hereinbefore. These
quantities may be detected befofehand and stored.
The control amounts AA3, AAp, A®1 and
Az for the amplitude and phase of the reflection
mirror 101 are determined from the time
differences Atg, Atz, Atz and Aty between the four
detection time moments ti, t2, t3 and tg4 and the
four target time moments ti10ar t20a, t3pa and t40a,
and in accordance with Equation (23) mentioned

hereinbefore.
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By using these equations, the control
amouhts ARy, AA2, Agjy and Agy can be calculated
from the time differences Atj, Atp, At3 and Aty
with respect to the target time moments tlog, t20ar
t3pa and tgga. Baéed on these quaﬁtities, the
outputs of the arbitrary-wave producing circuits
351 and 352 are adjusted. By repeating the above-
described control procedure, the detection time
moment is converged to the target time moments
ti10ar t20a, t30a and t4ga, whereby a desired
deflection angle © of the optical defleéting_

device is accomplished. This is basically the

same as that described with reference to Example 3.

The procedure descfibed'above will be
explained with reference to'the block diagram of
Figure 19. ALight from a light source 410 is
deflected by an optical deflecting device
(reflection mirror) 420, and:scanning light 430
passes across a light receiviné element 441. Also,
the scanning light 430 is deflected by a
deflection plate 460, and deflected light 431 is
incident on the light receiving element 441.
Control system 450 subtracts detection time moment
451 detected by the light receiving element 441
from target time moment 452, to calculate the time

difference 453. Then, by computing the matrix in

accordance with Equation (15) based on the time



WO 2007/094489 PCT/JP2007/052909

10

15

20

25

- 98 -

difference 453, in a computing circuit 454, the

control amount 455 is calculated. Then, by using
arbitrary-wave producing circuits 351 and 352, an
adder 370 and an amplifier 380, a signal to be
inputted to the driving system of the optical

deflecting device 420 is produced.

[Example 10]

An optical deflecting device according
to Example 10 of the present invention will be
described. The block diagram of the opfical
deflecting device according to this example is

similar to that shown in Figure 14. The structure

is similar to that shown in Figures 4A and 4B and

Figure 16. Disposition of tpe optical deflecting
device (ieflection mirror 101) shown in Figure 15
as well as the light receiving’element 140 and the
reflection plate 160 is essentially the same as
that of Example 8. Further, thé deflection angle
© of the optical deflecting device of this example
is the same as that shown in Figure 17. Symbols
21 and @2 in Figure 17 are expressed by equations
@ = @1-92 and @ = @p-@1, and Equation (3-1) in
Figure 7 is converted into Equation (3-2) or
Equation (3—3)-mentioned hereinbefore.

In this example, among the target time

moments tigp, t20n, t3op and taop whereat the



WO 2007/094489 PCT/JP2007/052909

10

15

20

25

_99_.

scanning light 133 and the deflection light 134
bPass across the light receiving element 140, tiop
is chosen as the reference time. Relative target
times t2ob-tiob, t3ob-tiop and tapp-tiop, with
respect to the reference time are equal to 0.097
mseé, 0.289 msec and 0.391 mséc (these are
detectable beforehand), respectively, and the
deflection angle 6 is such as shown in Figure 17.
Hence, these times are set as three preéet times.
Therefore, by adjusting the driving signal through
the control system so that three relati%e
detection times tpz-ti, tz-ti and t4-t1 for the
passage of scanning light 133 and deflected light
i34 across the light receiving element 141 take
the aforementioned set valugs, the deflection
angle 6 of the optical defiecting device as shown
in Figure 17 is accomplished.

The control method in this example will
now be explained in detail. Bofh the scanning
light 133 and tﬁ; deflected light 140 are incident
on the light receiving element 140, and thus four
timings are detectable in one cycle of the first
frequency. Therefore, it is necessary to identify
which one of the four timings corresponds to the
moment tjpop that should be chosen in this example
as the reference.

In order to identify the timing, in



WO 2007/094489 PCT/JP2007/052909

10

15

20

25

- 100 -

this example, generation of sinusoidal waves of a
frequency‘4000 Hz from the arbitrary-wave
producing circuit 352 is interrupted, and only
sinusoidal waves of a frequency 2000 Hz are
produced. Then, the optical deflecting device
opérates only with the first oscillation motion.
The deflection angle 6 of the optical deflecting
device can be expressed by 6(t) = Aisin(wit) as in
Equation (16) mentioned hereinbefore.

If fhe detection time moment (passage
time moment) whereat fhe scanning light'133 and

the deflected light 134 pass across the light

receiving element 140 is denoted'by ta, tph, te and

tq wherein ta<tp<tce<tyq, the relationship between
the deflection angle and the passage time moment
can be expréssed by the following equations, like

Equation (29) and Equation (30) mentioned

hereinbefore. :
O(ta) = 6(tp) = 6pp
O(te) = 6(tq) = OuIRROR

Here, since the light receiving element
140 and the reflection plate 160 are disposed
asymmetrically, the relationship among the time

differences tp-tg, te-th, td-te is expressed as

follows.
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tb_ta < td—tc < tc_tb ... (31)

In Figure 17A, the broken line depicts
the relationship between the time and the scanning
angie where A; the target value. Here, idealistic
time moment whereat the scanning light 133 and the
deflection light 134 pass across the light
receiving element 140 is denoted by tao, tpo, teo
and tgp. Since a relation tho-tao<tdo-teco<tco-tpo
is there, it can be discriminated that éa should
be chosen as the reference time ti10a-

After this, a sinusoidal wave of

‘frequency 4000 Hz is superposedly produced from

the arbitrary-wave producing circuit 352, and the
optical deflecting device is driven in accordance
with these two frequencies.

Although in this example tjg; is used
as the reference time, any othef reference time
can be discriminated on the basis of the magnitude
of the time difference mentioned above. The
procedure described above is the procedure for
determining the reference time. 1In this procedure,
while the second oscillation motion is being
interrupted and optical scan is being carried out
only by the first oscillation motion, the

reference time is determined on the basis of the

PCT/JP2007/052909
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magnitude of the time intervals concerning the
passage of the scanning light across the light
receiving element.

The control method of this example will
be explained in more detail. Coefficients that
represent changes in relative detection time to-tq,
t3-ti, tg-t1 for passage of scanning light 133 and
deflection light 134 across the light receiving
element, which changes are caused when the control
parameters X including any of A1, A» and @ of the
optical deflecting device' shift minutelf from
respective target values, may be expressed by
Equation (24) mentioned hereinbeforei Matrix M
may be expressed by Equation (25) also mentioned
hereinbefore. The control amounts AA1, AA2 and Ag
for the amplitude and phase of the reflection
mirror 101 are determined from the time
differences Aty, Atz and Atg between the three
relative detection times t2—t1,'t3—t1, tg-t1 and
the three target times top-tigp, t30p~ti10p and
t40b-tiop, and in accordance with Equation (26)
mentioned hereinbefore.

By using these equations/ the control
amounts AAj1, AAp and Ag can be calculated from the
time differences Atz, Atz and Aty with respect to

the target times taob-t10b, t30b-ti0p and t40p-t10pb-

Based on these quantities, the outputs of the
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arbitrary-wave producing circuits 351 and 352 are
adjusted. By repeating the above-described
control procedure, the detection time moment is
converged to the target time moments tiopr t20b,
t30p and t4op, whereby a desired deflectibn angle 6
of the optical deflecting device is accomplished.
This is basically the same as that described with
reference to Example 4.

The procedure described above will be
explained with reference to the block diagram of
Figure 19. Basically, the procedure is‘the same
as has been explained with reference to Example 9.

Here, the control amount 455 is calculated by

computing the matrix in accordance with Egquation

(26) based on the time diffgrence 453, in a
computing circuit 454. Then, by using arbitrary-
wave producing circuits 351 and 352, an adder 370
and an amplifier 380, a signal to be inputted to
the driving system of the opticél déflecting
device 420 is produced. 1In this example, the
control amount 455 for the arbitrary—wéve
producing circuit 351 is single (not dual) or,
alternatiyely, the control amount 455 for the
arbitrary-wave producing circuit 352 is single
(not dual). This means that the difference @ of

pPhase between the two frequencies can be adjusted

either by the arbitrary-wave producing circuit 351
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or the arbitrary-wave producing circuit 352.

[Example 11]

An optical deflecting device according
to Example 11 of the present invention will be
described. The block diagram of the optical
deflecting device accordiﬁg to this example is
similar to that shown in Figure 14. The structure
is similar to that shown in Figﬁres 4A and 4B and
Figure 16. Disposition of the optical deflecting
device (reflection mirror "101) shown in’Figure 15

and the light receiving element 140 and the

reflection plate 160 is generally similar to that

bf Example 8. ‘However, the position is as follows.
N;mely, when the center of scan of the optical
deflecting device is taken as the origin, the
light receiving element is disposed at a position
OBp where the deflection angle 8 of the optical
deflecting device (mirror) is eéual‘tb +0.8. The
deflection plate 160 is disposed at a position
OMIRROR Whereat the deflection angle 6 is equal to
-0.8. Namely, these members are disposed
symmetrically with respect to the scan center.
Among the target time moments t10bs t20b,
t30p and t4op whereat the scanning light 133 and

the deflected light 134 pass across the light

receiving element 140, tigp is chosen as the

PCT/JP2007/052909
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reference timé. Relative target times tyop-tipp,
t3op-tiop and taop-tiop with respect to the
reference time are equal to 0.102 msec, 0.294 msec
and 0.396 msec (there are detectable beforehand),
respectively, and the deflection angle 6 is such
as shown in Figure 18. Therefore, by adjusting
the driving signal through the control system so
that three relative detection times to-tj, ts3-t3
and t4-t; for the passage of scanning light 133
and deflected light 134 across the light receiving
element 141 can take the aforementioned'target
values, the deflecfion angle © of the optical

deflecting device as shown in Figure 18 is

accomplished.

The control methqd in this example will
now be explained in detail. 1In this example as
well, both thé scanning light 133 and the
deflected light 140 are incident on the light
receiving element 140, and fourxtimings are
detectable in one cycle of the first frequency.
Therefore, it is necessary to identify which one
of the four timings correspdnds to the moment'tiOb
that should be chosen in this example as the
reference.

In order to identify the timing, in
this example as well, generation of sinusoidal

waves of a frequency 4000 Hz from the arbitrary-
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wave producing circuit 352 1is interrupted,'and
only sinusoidal waves of a frequency 2000 Hz are
produced. Then, the optical deflecting device
operates only with the first oscillation motion.
The deflection angle 8 of the optical deflecting

device can be expressed by ©6(t) = Aisin(w1t) in .

Equation (16) mentioned hereinbefore.

If the detection time moment (passage
time moment) whereat the scanning light 133 and
the deflected light 134 pass across the.light
receiving element 140 is denoted by ta, tp, te and

tq wherein tg<tp<tc<ty, the relationship between

the deflection angle and the passage time moment

can be expressed by the following equations, like
Equation (29) and Equation (30) mentioned

hereinbefore.

O(ta) = ©6(tp) = 6pp

D
t
Q
|
@D
ct
Q.
!

= OMIRROR

Here, since the light receiving element
140 and the reflection plate 160 are disposed
symmetrically, the relationship among the time

differences tb-ta, te-tp, tg-te is exXpressed as

follows.
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tp-ta = ta-te

tp-ta < te-tp ... (32)

In addition to this, in this example,
the light receiving element 140 and the reflection
plate 160 are disposed so that the optical path
length of scanning light extending from the
reflection mirror 101 to the light receiving
element 140 differs from the optical path length
of scanning light that extends‘from the reflection
mirror 101 via the reflection plate 160‘£o the
light receiving element 140. Hence, the speed of

light passing across the light receiving element

140 is different between the scanning light from

the reflection mirror to the light receiving
element and the scanning light from the reflection
mirror to the light receiving element by way of
the reflection plate. As a result, the duration
in which light is being incidenf on‘the light
receiving element is different. Time moments twar
twbsr twe and tyq where the scanning light 133 and
the deflection light 134 pass across the light
receiving element, having a finite area, in regard
to the passage time moments tar tp, te and tgq, are

in the following relation.
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twa = twb
Twe = tud
twa > tye ... {(33)

From these‘relations, it is seen that

" ta should be chosen as the reference time ti0p.

After this, a sinusoidal wave of
frequency 4000 Hz is superposedly produced from
the arbitfary—wave producing circuit 352, and the
optical deflécting device is driven in accordance
with these two frequencies.

The control method based on Equations

(24), (25) and (26) is essentially the same as

that having been described with reference to

Example 10. The procedure to be done in the block
diagram of Figure‘9 is substantially the same as
that ﬁaving been described with reference to
Example 10. ‘

In this example, thellight'receiving'
element 140 is disposed at a position Opp where
the deflection angle 6 of the optical deflecting
device is equal to +0.8, and the deflection plate
160 is disposed at a position OyrrrRor where the
defléction angle © is equal to -0.8. However,
these members ma? be disposed with any deflection
angle 6. Preferably, to avoid optical

interference in the approximately constant speed
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region, the light receiving element 140 and the
deflection plate 160 may be disposed within a
range in which the deflection angle 6 is less than
+1.0 and not less than +0.6, as well as a range in
which 6 is not greater than -0.6 and greater than
-1.0.

In this example, the optical path
iength for the scanning light that extends from
the reflection mirror 101 to thé light receiving
element 140 by way of the reflection plate 160 is
made longer. Howeyer, the optical path‘length of
scanning light extending from the reflection

mirror 101 to the light receiving element 140 by

way of the reflection plate 160 may be made

-shorter. Anyway, discrimination of the reference

time may be done on the basis of the relationship
that the longer the optical path length is, the
shorter the time in which light passes across the
light receiving element is. | |

Although in this example tigp is used
as the referénce time, any other reference time
can be discriminated on the basis of the time
difference and the time in which the light passes
across the light receiving element 140 as

described above.
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[Example 12]

An optical deflecting device
(electrophotographic type image forming apparatus)
according to Example 12 will be described. The
block diagram of the optical deflectingtdevice of
this example is similar to that shown in Figure 2A.
The structure is similar to that shown in Figures
47, 4B and 4cC.

Figure 20 is a perspective view of a
general structure according to this example.

Light emitted from a light source 510 is shaped by

‘a collimator lens 520, and thereafter it is

deflected one-dimensionally by an optical

deflecting device 500. The scanning light goes

through a coupling lens 530ﬂ and it is imaged on a
photosensitive drum 540. There are two light
receiving elements 550 which are disposed at
positions corresponding to the.deflection angle of
the optical deflecting device 500, which angle is
out of the range in which the effective region of
the photosensitive drum 540 is defined. Here, in
accordance with the control method as has been .
explained with reference to any one of Examples 2,
3, 4, 5 and 6, for example, the angular speed of
the deflection angle of the optical deflecting

device is adjusted so that an approximately

constant angular speed is provided in a



WO 2007/094489 PCT/JP2007/052909

10

15

20

25

- 111 -

predetermined region (approximately constant speed
region shown in Figure 7). As a result of it, and
the coupling lens 530 has a what is called f-9
function, the effective region of the .
photosensitive drum 540 can be optically scanned
at approximately constant speed. Thus, in this
example, the angular speed less changes as
compared with a case of sinusoidal wave drive and,

therefore, better printing quality is assured.

[Example 13]

An optical deflecting device
(electrophotographic type image forming apparatus)
.acéording to Example 13 will be described. The
block diagram of the optica% deflecting device of
this example is similar to that shown in Figure 14.
The structure is similar to that shown in Figures
4A, 4B and 4C and in Figure 16.. '

Figure 21 is a perspécti%e“view of a
general structure according to this example.
Basically it is similar to the structure shown in
Figure 20. The difference is as follows. There is
a single light receiving element 550 and a
reflection plate 550 which are disposed at
positions corresponding to the deflection angle of
the optical deflecting device 500, which angle is

out of the range in which the effective region of
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the photosensitive drum 540 is defined. Here, in
accordance with the control method as has been
explained with reference to any one of Examples 8,
9, 10 and 11, for example, the angular speed of
the deflection angle of the oétical deflecting
device is adjusted so that an approximately
constant angular speed is provided in a
predetermined region (approximately constant speed

région shown in Figure 17 or 18). As a result of

" it, and the coupling lens 530 has a what is called

f-© function, the effective region of the
photosensitive drum 540 can be optically scanned

at approximately constant speed. Thus, in this .

'example as well, the angular speed less changes as

compared with a case of sinusoidal wave drive and,

therefore, better printing quality is assured.

[Example 14]

' Example 1 through Exémplé 13 described
above relate to the first through fourth |
embodiments of the present invention described
hereinbefore. Some examples to be described below
concern the fifth embodiment of the present
invention.

Example 14 relates to an optical
deflecting device, and the bock diagram thereof is

similar to that shown in Figure 22.
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The structure of this example is
similar to that shown in Figures 4A and 4B. In
this example as well, two natural angular
oscillation frequencies are adjusted to provide i
= 27x2000 [Hz] and wz = 27x4000 [Hz].

The driving system in the optical
deflecting device of this example is similar to
that shown in Figure 4c, except the following
points. Since one light receiving element 140 is
disposed in the manner shown in Figure 23, the
output of_only the single light receiviﬁg element
140 is supplied to the computing unit 360. The

computing unit 360 carries out adjustment so that

the output of the single light receiving element

shows a desired value. Morg specifically, it
adjusts the‘phase and amplitude of the sinusoidal
waves from the arbitrary-wave producing circuits
351 and 352 so that, during the drive based on
first and second oscillation moaes,‘the scanning
light 133 passes across the light receiving
element 140 at desired arbitrary time moment.

By use of the optical deflecting device
of this example, desired optical scanning having

two frequency components is accomplished.

[Example 15]

This example as well concerns the fifth

PCT/JP2007/052909
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embodiment of opticél deflecting device according
the present invention. The block diagram of the
optiéal deflecting device of this example is
similar to that shown in Figure 22, and the
structure is basically the same as Example 147

This example corresponds to Example 2 described

" hereinbefore, although the structure is a little

different from it.

The deflection angle © of the optical
deflecting device of this example can be expressed
as follows. Now, the amplitudg and anguiar
frequency of the first oscillation motion are
denoted by A7 and 01, the amplitude and angular
.frequency of the second oscillation motion are
denoted by Ar and w2, and thg phases of the two
frequencies'are denoted by @1 and @». If the time
with respect to a desired time reference within
one cycle of the first oscillation motion is
denoted by t, then the deflectién angle 65 of the
optical deflecting device in the first oscillation
mode can be expressed by Equation (8) mentioned
hereinbefore.

Here, if A1 = 1, A = 0.2, @1 = 0, @y =

0, w1 = 27x2000 and w2 = 27x4000, the changes in

1

deflection angle 6, and angular speed 6,’, with

respect to time, of the optical deflecting device

~are such as shown in Figure 24 (in Figure 14, it
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is illustrated in terms of phase difference g).
It is seen that the"deflection angle 065 is moré
alike a sawtooth wave than the sinusoidal wave.
The angular speed 65’ less changes in an
approximately constant angular speed region, as
compared with the sinusoidal wave

Although this example uses a condition

A; =1, Ap = 0.2, 1 =0, @2 = 0, ©1 = 27x2000 and

W2 27x4000, desired values may be chosen for A1,
Az, @1, @2, w1 and oy as long as the amount of
change in angular speed 65’ can be made smaller in

the approximately constant angular speed region as

compared with sinusoidal waves.

Here, if the light receiving element
140 is disposed at a position 6pp where the
deflection éngle © of the optical deflectiné
device becomes equal to +0.8 while taking the scan
center of the optical deflecting devicé as the
origin, as shéwn in Figure 24, the result is as
follows. Namely, target time moments tio and tog
whereat the scanning light 133 should pass across
the light receiving element 140 during the drive
under the first oscillation mode, become equal to

0.052 msec and 0.154 msec, respectively.

Furthermore, the deflection angle Op of

‘the optical deflecting device during the drive

under the second oscillation mode, wherein a phase

PCT/JP2007/052909
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n is applied to each of the first periodic driving
force having a first frequency and the second
periodic driving force having a second frequency,

can be expressed as follows.

Op(t) = Alsin(w1t+®1+n)+Agsin(®2t+z2+n)

. (34)

Figure 25A shows the deflection anglg
Op of the optical deflecting device (in Figure 25A
as well, it is illustrated in terms of ﬁhase
diffefence @) . The target time moments tizp and tgg

whereat the scanning light 133 should pass across

the light receiving element 14 are equal to 0.346

méec and 0.448 msec, respecFively. Here, the
detection time moments ti and ts whereat the
scanning light 133 corresponding to the deflection
angle 64 of the optical deflecting device passes
across the light receiving elemént 140 as well as
the detection time moments t3 and ts whereat the
scanning light 133 corresponding to the deflection
angle 0p of the optical deflecting device passes
across the light receiving element 140, are
controlled to be in coincidence with t10, t20, t30
and tqg, respectively. Namely, the driviné signal
to the driving systemlis so adjusted by the

control unit (drive control unit) to achieve this.
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By doing so, a desired deflection angle of the
optical deflecting device is accomplished.

The mefhod of controlling the
deflection angle in this example will be explained

5 1in greater detail.

First of all, the ampiitude Aj is
adjusted. In order that the optical scanning is
performed only by the first oscillation motion
moving with the fundamental frequency, generation

10 of sinusoidal waves of a frequency 4000 Hz from
the arbitrary-wave producing circuit 352 is
interrupted, and only sinusoidal waves of a
frequency 2000 Hz(are prodﬁced. Then, the.
deflection angle © of the optical deflecting

15 dgvice can be expressed by:

1

6(t) = Arsin(oit) | |

If the detection time moment whéreat the scanning
20 light 133 passes across the light receiving

element 140 is denoted by t and tp, the

relationship between the deflection angle and the

passage time moment can be expressed by:
25 ©(ta) = O(tp) = .6pD

In Figure 24B, a broken line depicts
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the relatiqnéhip between the time and the scanning
angle where A7 is the target value. Here,
idealistic time moment whereat the scanning light
133 should pass across the light receiving element
140 is denoted by tap and tpg. Since the value of
tho~tap is 0.102 msec, 0.102 msec is set as the
preset time. In this manner, by adjusting the
amplitude of the arbitrary-wave prodﬁcing‘circuit
so that the value tpg-tgzg becomes equal to 0.102
msec, desired Aj is obtainable.

After this, a sinusoidal wavé of

frequency 4000 Hz is superposedly produced from

the arbitrary-wave produciﬁg circuit( and the

optical deflecting device is driven in accordance
with these two frequencies.’ In this case as well,
driving under the first and second driving modes
is carried out as described hereinbefore, and
values of Ay, @1 and @y are made eqqal to their
target values, respectively. |

In place of inter;upting the production
of sinusoidal wave of frequency 4000 Hz from the
arbitrary—wave producing circuit, in addition to
the sinusoidal wave of 2000 Hz a sinusoidal wave
having an arbitrary frequency (third frequency)
other than 4000 Hz and containing zero may be

produced therefrom. Since in such occasion the

frequency is out of the resonance frequency of the
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optical deflecting device, there is no possibility
that the motion of the optical deflecting device
with the third frequency is caused thereby.

Advantageous feature here is that the temperature

. change in the optical deflecting device due to

changing the drive is reduced.

In this example, a phase m is added to
each of the first periodic driving force having a
first frequency and the second periodic driving
force having a second frequency. However, a
desired phase may be applied to the firet'periodic
driving force having a first frequency and the
second periodic driving force having a second

frequency.

[Example 16]

Thisaexample as well concerns the fifth
embodiment of optical deflecting device according
the present invention. This exemple corresponds
to Example 3 described hereinbefore, although the
structure is a little different from it.

In this example, if the time zero in
one cycle of the first frequency shown in Figure
24 is taken as the reference tlme, the target time
moments ti1g and tzo whereat the scanning light 133
should pass across the light receiving element are

0.057 msec and 0.154 msec, respectively. The
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deflection éngle Oc of the optical deflecting
device during the drive under the second
oscillation mode, wherein a phase m is applied
only to the second periodic driving force having a

second frequency, can be expressed as follows.

Bc(t) = Arsin(eit+e]) +Agsin (wot+@o+m)
. (35)

Figure 25B shows the deflection angle
Oc of the optical deflecting device. The target
time moments t3Q and t4p whereat the séanning light
133 should pass across the light receiving element,
wherein phase = isiadded only to the second
periodic driving force havyng the second frequency,
are equal to 0.096 msec and 0.198 msec,
respectively.

Hence, these time moments are set as
four preset time moments (target values). Here,
the detection time moments (passage moments) tj
and t, whereat the scanning light 133 passes
across the light receiving element 140 as well as
the detection time moments (passage moments) t3
and t4 whereat the écanning light 133 passes
across the light receiving element 140 with phase
n being added to the second periodic driving force

of the second frequency, are adjusted. More



WO 2007/094489 PCT/JP2007/052909

10

15

20

25

- 121 -

specifically, the driving signal to the driving
system is so adjusted by the control unit they
coincide with ti10, t20, t3p and tao, respectively.
By doing so, a desired deflection angle of the
optical deflecting device is accomplished.

In this example as well, as has been
explained with reference to Example 3,
coefficients and matrix M representing the changes
of detection time moments ti, tz, t3 and t4 whereat
the scanning light passes across the light
receiving element 140 are determined beforehand.
Then, control amounts AA7, ARy, A@i and Agy can be

calculated on the basis of the time differences

Aty, Atz, Atz and At4 with respect to the target

time moments tig, ta2q, t3p and tgp. The output of

the arbitrary-wave producing circuit is
subsequently changed in accordance with the
calculated control amounts. By. repeating the
above-described procedure, the fime moments are
converged to the target time moments ti1o0, t20, t30

and tg4o, whereby a desired deflection angle is

accomplished.

The procedure described ebove will be
explained with reference to the block diagram of
Figure 26. Light from a lighf source 410 is

deflected by an optical deflector 420, such that

- scanning light 430 passes across a light receiving
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element 440. Control unit 450 subtracts detection
time moment 451 detected at the light receiving
element 440 from target time moment 452, to
calculate a time difference 453. Subsequently, a
phase m is added only to the second periodic
driving force of second frequency and, similarly,

the detection time moment 451 detected at the

‘light receiving element 440 is subtracted from

target time moment‘452, whereby a time difference
453 is calculated. Then, by computing the matrix
based on these time differences 453, inla
computing circuit 454, a control émount 455 1is

calculated. Then, by using arbitrary-wave

producing circuits 351 and 352, an adder 370 and

an amplifier 380, a signal Fo be inputted to the
driving system of the optical deflector 420 is
produced.

In this example, phase 7 is adaed only
to the second periodic driving force of second
frequency. However, a desired phase may be added
to the first periodic driving force of first

frequency and the second periodic driving force of

second frequency.

[Example 17]
This example as well concerns the fifth

embodiment of optical deflecting device according

PCT/JP2007/052909
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the present invention. This example corresponds
to Example 4 described hereinbefore, although the
structure is a little different from it.

In this example, the time zero in one
cycle of the first frequency shown in Figure 24 is
taken as'the reference time. In the driving of
first oscillation mode, the target time moment
whereat thg scanning light 133 should pass across
the light receiving element 140 is flo and tog.
Furthermore, in the driving of second oscillation
mode, the target time moment whereat thé scanning

light 133 should pass across the light receiving

element 140 with a phase 7 being added to each of

a first periodic driving force of first frequency
and a second periodic drivi?g force of second
frequency, is t3gp and tgp. Among these four target
time moments, flo is chosen as the reference time.
Then, relative‘target times tgb—tlo, t3p-ti10 and
t40-t1o0 become equal to 0.102 méec, 0.294 msec and
0.396 msec, respectively. The deflection angle ©.
of the optical deflecting device is such as shown
in Figure 24.

Hence, these times are set as three
preset times (target values). Now, the driving
signal is adjusted by a control unit so that three
relative detection times ta-tq, t3-t1 and tg-t3

whereat the scanning light 133 passes across the
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light receiving element 140, become equal to the
aforementioned target values, respectively. By
doing so, the deflection angle 6 of the optical
deflecting devicé as shown\in Figure 24 is
accomplished.

Although in this example tip is chosen
as the reference time, any other reference time
can be discriminated on the basis of the magnitude
of time difference.

The control method in this example will
now be explained in detail. Coefficients and
matrix M that represent changes in relative
detection times to-t1, t3-t1 and t4-t1 whereat the
'scanning light 133 passes across the light
receiving element 140, which changes are caused
when the control parameters X including any of A4,
A2 and @ of the optical deflecting device shifts
minutely from respective target Valqes, are
determined beforehand in accordance with the
procedure having been described with reference to
Example 4. The céntrol amounts AAj, AAs, A@ for
the amplitude and phase of. the mirror are
therefore determined from the time differences Ato,
At3 and At4 between the three relative detection
times ts-tq, t3~t1 and ty4y-t1 and three target times
t20-t10, t30-t1g and tgo-t10, like Example 4

described hereinbefore.
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Thus, the control amounts AAj1, AA and
Az can.-be calculated from the time differences Ato,
At3 and Atgq with respect to the target time
periods tzo-ti10, tzo-tio and tgp-tio. Based on
these quantities, the outputs of the arbitrary-
wéve producing circuits are adjustéd. By
repeating the above-described procedure, the time
moments are converged to the target time moments
ti0ar t20a, t30a and ty4pa, whereby a desired
deflectiop angle 6is accomplished.

The procedure described abové will be

explained with reference to the block diagram of

Figure 26. Light from a light source 410 is

deflected by an optical deflector 420, such that
scanning light 430 passes across a light receiving
element 440. Control unit 450 subtracts detection
time moments 451 detected at the light receiving
element 440 from target time moment 452, to
calculate a time difference 453l Subsequently, a
phase © is added to each of the first periodic
driving.force of first frequency and the second
periodic driving force of second frequency, and
second oscillation mode driving is carried out.
Similarly, the detection time moment 451 detected
by the light receiving element 440 is subtracted
from thg target time mément 452, whereby a time

difference 453 1is calcuiated.
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Then, by computing the matrix based on
the time difference 453, in a computing circuit
454, as has been described with reference to
Example 4, a control amount 455 is calculated.
Then, by using arbitrary-wave producing circuits
351 and 352, an adder 370 and an amplifier 380, a
signal to be inputted to the driving system of the
optical deflector 420 is produced. In this
example, the control amount 455 to be applied to
either the arbitrary-wave producing circuit 351 or
the arbitrary-wave producing circuit 352 is single.

Although in this example a phase 7 is

added to each of the first periodic driving force

of first frequency and the second periodic driving

force of second frequency, a desired phase may be
added to the first periodic driving force of first
frequency and the second periodic driving force of

second frequency.

[Example 18]

Next, an image forming apparatus
according to Example 18 of the present invention
will be explained. 1In this example, an optical
deflecting device of the type based on the fifth
embodimeﬁts of the present invention is used. The
block diagram of the optical deflecting device of

this example is similar to that shown in Figure 22.
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The structure of this example
corresponds to what is shown in Figure 20, but one
light receiving element 550 therein is omitted
here.

Light emitted from a light source 510
is shaped by a collimator lens 520, and thereafter
it is deflected one-dimensionally by an optical
deflecting device 500. The scanning light goes
through a coupling lens 530, and it is imaged on a
photosensitive drum 540. There is a light
receiving element 550 which is disposed'at a
position corresponding to the deflection angle of
the optical deflecting deviée 500, which angle is
out of the range of the effective region of the
photosensitive drum 540, nge, in accordance with
the control method as has been explained with
reference to any one of Examples 14, 15, 16 and 17,

the angular speed of the deflection angle of the

‘optical deflecting device is adjusted so that an

approximately constant angular speed is provided
on the photosensitive drum 540. As a result of
this, in this example, the angular speed less
changes as compared with a case of sinusoidal wave
drive and, therefore, better printing quality is

assured.
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[Example 19}

Next, an example of optical deflecting
device which specifically concerns a téchnique for
adjusting the timing. of light beam emission to be
done until a desired driving signal is produced.

The block diagram of the optical
deflecting device of this example is similar to
that shown in Figure 2A. The basic structure is
similar to that of the optical deflecting device
of Example 1, etc. In‘thié example, a light beam
emission control system is used to adjuét the
light source so that it emits a light beam when an
oscillator having a reflection mirro: takes first
.and second, different displacement angles. There
i; a light receiving elemen? which is provided to
detect the scanning light as one oscillator takes
the first and second, different displacement
angles, to thereby measure the time moment whereat
the one oscillator takes the fifst énd second
displacement angles. Here, the procedure for
producing a desired driving signal is essentiaily
the same as has been described with reference to
Example 1, etc.

General structure and control method of
the image forming apparatus of this example will
be explained. Figure 27 shows the structure of

the image forming apparatus of this example.
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Denoted in the drawing at 601 is a photosensitive
drum on which an electrostatic latent image is to
be formed. Denoted at 604 is a motor fdr driving
as associated photosensitive drum 601, and denoted
at 610 is a laser scanner for performing an
exposure process'in accordance with an imagewise
signal, to produce an electrostatic latent image
on the photosensitive drum 601. Denoted at 611 is
a developing device having toner particles
contained therein, and denoted at 603 is a
developing roller for supplying toner pérticles
from the developing device 611 onto the

photosensitive drum 601. Denoted at 606 is an

'endless conveying belt for conveying a paper sheet

sequentially to image forming units of different
colors. Denoted at 615 is a driving roller which
is connected to a driving unit ha&ing a‘motor and
gears, to drive the conveying belt 606. Denoted
at 616 is a motor for driving tﬁe dfiving roller
615, and denoted at 617 isAa fixing device for
fusing the toner transferred onto the paper sheet
and fixing it thereon. Denoted at 612 is a pickup
roller for conveying paper sheets from a paper
cassette, and denoted at 613 and 614 are conveying
rollers for conveying paper sheets toward the
conveying belt 606. The structure itself

described above is quite conventional.
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Figure 28 is a top plan view of the
laser scanner unit 610 having a light beam source
that comprises a semiconductor laser. Denoted in
the drawing at 712 is a semiconductor laser as the
light soﬁrée. Denoted at 711 is an optical
deflector that includes an oscillating system
described hereinbefore, for deflecting the light
beam 720 emitted from the semiconductor laser 712.
Denoted at 713a and 713b are light receiving
elements for detecting irradiation with the
deflected light beam 720. Denoted at 715 and 716
is an f-6 lens that functions to focus the light

L.

beam 720 deflected by the optical deflector 711

onto the photosensitive drum 601 and also to

correct the scan speed to a,constant speed.
Denoted at 717 is a bending mirror for reflecting
the speed-corrected light beam 720 toward the
photosensitive drum 601 side. Reference numerals
718a and 718b denote the scan difections of the
light beam 720 corresponding to the largest
deflection angle of the optical deflector 711.
Reference numeral 718c denotes the center of scan
of the optical deflector 711.

As described hereinbefore, the first
and second light receiving elements 713a and 713b
are disposed at positions (6gp1 and ©Opp2)

corresponding to a deflection angle which is
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smaller than the largest deflection angle of the
optical deflector.
Figure 29 is a system block diagram of

this example, concerning the image formation.

.Denoted in the drawing at 753 is a laser driver

for performing light emission control of the
semiconductor laser 712, and denoted at 751 is a
scanner driver (driving unit) for pérforming drive
control of the 6ptical deflector 711. Denoted at
760 is a BD (Beam Detector) signal having a
function for signaling thé reception tiﬁing of
light beam 720 as received by the light receiving
element 713. Denoted at 756 is a BD pericd
measuring unit for measuring the signal reception
interval of BD signals 760,,and denoted at 754 is
a light beam emission control unit for producing a
light—emission timing designating signal for the
laser 712 as well as an imagewise data output
timing signal. Denoted at 755 is a drive control
unit which produces a start-up signal for the
optical deflector 711 and is operable to adjust
the driving force of the same. Denoted at 750 is
@ scanner control unit, and denoted at 752 is a
video controller for transmitting imagewise data
to the laser driver 753.

In operation of the structure described

above, in response to a printing operation
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starting signal from a control unit arranged to
control a printer (not shown) as a whole, the
optical deflector 711 starts up and the light
emission control of the laser 712 is initiated.
The scanner control unit 750 adjusts oscillation
of the optical deflector 711 and the light
emission of the semiconductor laser 712 so that
these components become ready for printing in
response to the information of the BD signgl 760
which is going to be supplied from the light
receiving'element 713. The adjustment of the

state 'of oscillation of the optical deflector 711

is carried out in the manner as has been described

with reference to the preceding examples.

Once it is ready for printing, a paper
sheet is supplied from the paper cassette to the
conveyihg belt 606 by which the paper sheet is
conveyed sequentially to the:image forming units
of different colors. 1In synchronism with the
paper sheet conveyance through the conveying belt
606, imagewise signals are supplied to respective
lase; scanners 610, whereby an electrostatic
latent image is produced on the photosensitive
drum 601. The electrostatic latent image thus
formed on the photosensitive drum 601 is developeq

by the developing device 611 and the developing

- roller 603 being in. contact with the
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photosensitiﬁe drum 601, and the toner image is
transferred to the paper sheet at the image
transfer station. Thereafter, the paper sheet is
separated from the conveying belt 606 and, through
the fixing device 617, the toner image is
thermally fixed on the paper sheet. The paper
sheet is then discharged outwardly of the machine.
Through the procedure described above, the
imagewise information supplied from an ex#ernal
machine is printed on the paper sheet.

The optical deflector 711 of this
example is basically the same as has been

described with reference to Example 1. The light

emission of the light ,source 712 is adjusted by

means of the light beam emigsion control unit 754,
and the light beam 720 is scanningly deflected by
the optical deflector 711. The light beam
emission control unit 754 is'arranged to adjust
the light source so that it produces a light beam

720 when one of the oscillators defines a

predetermined displacement angle.

The light beam emission control unit
754 of this example will be explained in detail.
Figure 30 is a timing chart for the laser control
according to this example. Denoted at 860a and
860b in the dfawing are BD signals which are

responsive to reception by the light receiving

PCT/JP2007/052909
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elements 713a and 713b, respectiveiy. Here, the
low level of the signal represents the state in
which light is received, and the high level
represents the state in which light is not
receiveai Denoted at 861 is the oscillation
period of the optical deflector 711 in the tuned
oscillation state, and denoted at 870ﬂis a signal
that represents the light emission timing based on
the automatic light-quantity-corrected light
emission (hereinafter, “APC light emission”) in
the intermittent laser light emission oﬁeration.‘

Denoted at 871 is the reference position with

respect to which the emission control of the light

beam 720 is carried out. Denoted at 872 is an

image region in which the %ight beam 720 scans the
photosensitive drum 601 surface. Denoted at Tj to
T4 are time moments whereat BD signals afe
received, the moments being measured with
reference to a desired time moﬁent (T1) in one
cycle of the first oscillation motion described
hereinbefore. Denoted at Ts and T7 are elapsed
time, from the reference time moment (T1) to the
turning-off of light beam, and denoted at Tgs and
Tg are elapsed time from the reference time moment
(T1) to the turning-on of the light beam.

The light beam emission control unit

754 drives and adjusts the semiconductor laser 712



WO 2007/094489 PCT/JP2007/052909

10

15

20

25

- 135 -

so that it emits a light beam 720 at the timing
shown at 870, when the oscillator of the optical
deflector 711, having a reflection mirror, takes
first and second, different displacement angles.
Here, as an example, the semiconductor laser 712
may be continuously exited at an initial stage and,
after the light beam 720 starts passing across the
light receiving element 713 in a certain state or
under a certain effective condition, the ‘
semiconductor laser may be driven and adjusted in
accordance with the emission timing 870.1 Although

in this example the time moment T; is chosen as

the reference time moment, any other moment hay be

used. Furthermore, although the light emission
timing 870 is based on the %PC light emission in
this examplé, it may be based on forced light
emission. Moreover, athougﬁ in this example the
time moments T3 to T4 are chosen at'the rise and
fall of the BD signal, the opti;al deflector 711
may be controlled in fesponse to any of the signal
rise and signal fall. Still further, although the
foregoing description has been made with reference
to a case where the light beam emission control
unit 754 is incorporated into an example based on
the second embodiment, it may be applied to an
example based on any of the second to fifth

embodiments of the present invention described
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hereinbefore; in accordance with the same
principle. This is also the case with the

examples to be described below.

[Example 20]

Example 20 of the present invention
will be described. The structure of the image
forming apparatus according to this example is
similar to that of Example 19. 1In this example,
as shown in Figure 31, the light emission timing
based on the APC light emission differs.from

Example 19. 1In accordance with the light emission

timing of this example, the light beam 720 is

turned off at the timing as the light beam, haviné
passed across the light recgiving element 713 in
the scan end direction, comes back toward the scan
center. This provides an advantage of shortening.
of ligﬁt emission time of the light source.

In the timing chart éf Figure 31 for

the laser control in this example, denoted at 870

. is a signal that represents the light emission

timing based on the APC light emission during the
intermittent laser emission operation. Denoted at
Ts, Ty, Tg9 and T11 are élapsed time, from the
referencé time moment (T1) to the turning-off of
the light beam, and denoted at Te, Tg, T1p0 and Ti2

are elapsed time from the reference time moment
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(T1) to the turning-on of the light beam. In this
example as well, although T; is chosen as the

reference time, any other time may be used.

[Example 21]

Example 21 of the present invention
will be described. 1In this example as well, the
structure of the image forming apparatus is
similar to that of Example 19. This example is
different in the process of controlling the image
forming apparatus at the. time of start—ﬁp. Figure
32 is a sequence chart showing the control

sequences made in this example. The timing chart

for the laser control in this example is similar

to that of Figure 30, having been explained with
reference to Example 19.

As shown in Figure 32, in response to
an optical deflector start-up command from a
printing control unit, at first; thé drive control
unit 755 signals the driving unit 751 to drive the
optical deflector 711 at a desired driving force
(step S1). Here, oscillation may preferably be
done on the basis of a driving force with the
aforementioned second oscillation motion being
excluded, namely, in accordance with a single
sinusoidal wave.

Subsequently, the laser beam emission
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control unit 754 signals the laeer-driver 753 to
cause the APC light emission of the semiconductor
laser 712 (step S2). After a predetermined time
elapsed (step S3), discrimination is made as to
whether the time to the time momenf T2 from the
time moment T; whereat measurement is carried out
by the BD period measuring unit 756,‘namely, time
T2-T1, is within a predetermined time period range
or not (in other words, it is an effectiveness
condition for discriminating whether the time has
become sufficiently long to meet this thfeshold
range or not) (Step S4). If the BD signal
reception interval is out of the predetermined
time period range mentioned above, the drive
centrol unit 755 signals the driving unit 751 to
increase the driving force of the first
oscillation motion described above (Step S5) and,
following it, discrimination .of the BD signal
reception interval is carried oﬁt aéain after the
lapse of a predetermined time. These procedures
are repeated until the interval meets the
predetermined -time period range. If the BD signal
reception interval meets the predetermined time
interval range, the laser beam emission control
unit 754 then discriminates the laser beam scan

position on the basis of the BD signal reception

timing and the reception interval. In accordance
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with the discrimination result, it operates to set
the reference time moment T; for the light beam
emission control (Step $6).

Furthermore, the laser beam emission
control unit 754 calculates the elapsed time from
the reference position T; designating the laser
712 emission timing, and it signals the laser
driver 753 to turn on and off the laser 712 at
predeteimined timing (Step S7). Here, the elapsed
time Ts to Tg are set at such timing_that they do
not overlap the image region 872 from tﬁe
reference timing T; and yet the BD signals of T3

to T4 can be detected by the light receiving

element 713.

The BD period me?suring unit 756

measures the BD signal reception time moments (T
to T4) (Step S8). The laser beam emission control
unit 754 then disériminates whether the moments Tj
to T4 have become coincident wi&h the BD signal
reception time moments (target moments) for the
image forming operation, having been determined
beforehand (Step S9). If they are not coincident,
the drive control unit 755 produces an appropriate
driving signal so as to let the moments T1 to Ty

coincide with the respective desired time moments,

and applies it to the driving unit 620. Based on

this, the amplitude and the phase (or phase
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difference) of the first and second oscillation
motions are adjusted (Step S10). This procedure
is the same as has been described with reference
to the preceding examples. When the BD signal
reception interval becomes equal to the BD signal
reception interval for the image forming operation,
the print-ready state is signaled to the printing
control unit (Step S11), and the optical deflector
start-up operation is finished. .
The light beam emission control.is
carried out in this example with the précedure
described above. Through this procedure, the

continuous laser emission state can shift to the

intermittent laser emission state quite smoothly.

Furthermore, as a result of'this, the intermittent
laser emission control can be initiated before the
optical deflector reaches the oscillation state
for the image forming operation. Therefore,
unnecessary laser irradiation of thé“
photosensitive drum 601 can be avoided or reduced.
Although in this example the switchiﬁg
of the laser emission mode is discriminated on the
basis of the moment of Ty, it‘may be discriminated
on the basis of any of Ty, T3 and T4. Furthermore,
whether more than one of T1 to T4 are all within a

range with respect to respective predetermined

time moments, may be used as a discrimination

PCT/JP2007/052909
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condition. Moreover, although in this example the
start of T3 is chosen as the reference position,
the reference position may be set at the start of
any other moments Ty - T4. Furthermore, plural
reference positions may be used, aﬁd Ts and Teg may
be calculated from different reference positions.
At Step S4, discrimination is made with regard to
Tz - T3, However, any other time interval or time
moment may be ﬁsed. The timing for turning off
the laser during the intermittent laser emission
éontrol may be at the moment of completiop of the
detection of a desired BD signal or, alternatively,

it may be after elapse of a predetermined time

from the reference position.

In this example,,a latency time is
defined from the laser emission in the starting-up
operation of the scanner to the measurement of the
BD period reception interval. If the transition
time to the tuned oscillation of the oscillation
mirror is very short, the latenéy time may be set
to zero. Furthermore, this example uses a timing
chart for the laser control such as shown in
Figure 30 of Example 19. However, the timing
chart such as shown in Figure 31 of Example 20 may
be used, and the elapsed time Ts to Ti3 may be set
at the timing not overlapping the image region 71

from the reference time moment T1 and yet allowing
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detection of the BD signals of T; to T4 through

the light receiving element 713. Similar
advantageeus results are obtainable by measuring
the BD signal reception time moments (T1 to T4)
(Step S8) through the BD period measuring unit 756.

In Examples 19 to 21 described above,
the effectiveness condition concerns the set time
moment or the time interval with respect:to which
at least two of the detection signals obtained at
the light receiving element are different. The
first drive control for satisfying this'
effectiveness condition is such that: the
oscillating system is oscillated only by the first
oscillation motion, and the first periodic driving
force is adjusted on the baeis of the detection
signal at the light receiving element 713. On the
other hand, the first light beam emission timing
control for satisfying the effectiveness condition
comprises a control procedure fer causing the
light beam to be emitted continuously from the
start of oscillation drive of the oscillator until
the effectiveness condition is satisfied.

However, the first light beam emission
control may be such a control that the laser beam
is caused to be emitted after elapse of a
predetermined time, after the start of oscillation

drive of the oscillator, until the effectiveness
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condition is satisfied. The predetermined time
here may be, for example, the time until the
oscillation motion of the oscillator shifts from
the over-oscillation state to the tuned
oscillation state.

In Exampies 19 to 21, the second drive
control operation to be done after the
effectiveness condition is reached, may comprise a
procedure for oscillating the oscillation system
in accordance with the first and second
oscillation motions and for adjusting tﬁe first
periodic driving force and the second periodic
driving force on the basis of the detection
vsignals of the light receiving element 713.
Furthermore, the second lig@t beam emission timing
control operation to be done after the
effectiveness condition is reached; may comprise a
control procedure for forcibly turning on and off
the light beam twice or more, within the time
period of one cycle of the fundamental frequency
and yet out of the time period in which light is
projected on the image region of the imagé
visualizing means. The second light beam emission
timing control operation may be the control
procedure for forcibly turning on and off the
light beam with reference to one of the detection

signals of the light receiving element, within the
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time period of one cycle of the fundamental
frequency.

In accordance with an image forming
apparatus of any one of Examples 19 to 21, image
formation through the imagé visualizing means as
well as measurement of the time moment whereat one
oscillator takes a predetermined displacement
angle, for adjustment of the oscillation of the
oscillating system, can be performed
simultaneously. This does not require initial
drive of an oscillation mirror based on'a driving
condition étored beforehand. Therefore, even if

there is individual difference of oscillating

characteristic of the oscillation mirror,

environmental change or any change with respect to

time, the oscillation mirror can be driven in

‘accordance with such characteristic change.

Furthermore, since the margin for scan angle of
the oscillation mirror can be sét on the basis of
the oscillation characteristic of the oscillation
mirror, the margin can be made smallest and,
therefore, the scan angle of the light beam that
can be used in the image formation can be made
relatively large.

While the invention has been described
with reference to the structures disclosed herein,

it is not confined to the details set forth and
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this application is intended to cover such
modifications‘or changes as may come within the
purposes of the improvements or the scope of the

following claims.
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CLAIMS

1. An oscillator device, compris;ng:

an oscillating system having a first
oscillator, a second oscillator, a first torsioﬁ
spring for connecting said first and second
oscillators each other, and a second torsion
spring being connected to said second oscillator
and having a common torsional axis with said first
torsion spring;

a supporting system for suppérting said
oscillating system;

a driving system for driving said

oscillating system so that at least one of said

first and second oscillatorg produces oscillation
as can be'eipressed by an equation that contains a
sum of a plurality of time functions;

a signal producing system for producing
an output signal corresponding fo displacement of
at least one of said first and second oscillators;
and

a drive control system for controlling
said driving system on the basis of the output
signal of said signal producing system so that at
least one of amplitude and phase of the time

function takes a predetermined value.
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2. An oscillator device, éomprising:
an oscillating system having a first
oscillator, a second oscillator, a first torsion
spring for connecting said first and second
oscillators each other, and a second torsion

spring being connected to said second oscillator

~and having a common torsional axis with said first

torsion spring;

a supporting system for supporting said
oscillating system; \
a driving system for driving'said

oscillating system so that at least one of said

first and second oscillators produces oscillation

as can be expressed by an equation that contains

at least a term
Alsinmt+Agsin(n@t+z)
where n is an integer not less than 2;

a signal producing system for producing
an output signal corresponding ﬁo displacement of
at least one of said first and second oscillators;
and

a drive control system for controlling
said driving system on the basis of the output
signal of said signal producing system so that at

least one of A1, Ay anq @ in the aforementioned

equation takes a predetermined value.
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3. An oscillator device, comprising:

an oscillating system having a first
oscillator, a second oscillator, a first torsion
spring for connecting said first and second

5 oscillators each other, and a second torsion
spring being connected to said second oscillator
and having a common torsional axis with said first
torsion spring;

a supporting system for supporting said

10 oscillating system; -

a driving systém for driving'said
oscillating system so that at least éne of said
first and second oscillators produces oscillation
-as can be expressed, in regard to displacement

15 ©6(t) thereof, by an equatiog
8(t) = A1sinet+ZApsin (not+epn-1)
where n is an integer not less than 2;

a signal producing system for producing .

an output signal corresponding £o displacement of
20 at least one of said first and second oscillators;
and

a drive control system for controlling
said driving system on the basis of the output
signal of said signal producing system so that at

25 least one of A7, Az, ... and An and @1, @3, ... and
@n-1 in the aforementioned equation takes a

predetermined value.
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4, . An oscillator device according to Claim
1, wherein at least one of said first and second
oscillators is arranged to provide first and
second displacement angles, wherein thé output
signal of said signal producing system contains
mutually different first and second time moment
information as the first displacement angle is
provided, as well as mutually different third and
fourth time moment information as the second
displacement angle is provided, and whegein/said
drive control system controls said driving system
on the basis of the first to fourth time moment
information.

5. An oscillator device according to Claim
1, wherein at least one of said first and second
oscillators is arranged to provide first and
second displaceﬁent angles, and wherein said drive
control system controls said driving system in
accordance with at least one of four time-periods
ti, ti12, t2 and t271, where

t1 denotes a time period from a moment
whereat the first displacement angle is reached by
said at least one oscillator to a moment whereat,
after turning back at an end of oscillating motion,

the first displacement angle is reached again by
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" said at least one oscillator;

ti12 denotes a time period from a moment

whereat the first displacement angle is reached to
a moment whereat, after passing through a center
of oscillation, the second displacement angle is
reached by said at least one oscillator;

to denotes a time period from a moment
whereat the second displacement/angle is passed to
a moment whereat, after turning back at an end of
the oscillation, the second displacement angle is
reached againyby said at ‘least one osciilator; and

t21 denotes a time period from a moment

whereat the second displacement angle is passed to

a moment whereat, after passingvthe center of

oscillation, the first displacement angle is

1

reached.

6. An oscillator device according to Claim
5, wherein said drive control system controls said

driving system so that, for control of @, t1-dxts

(820) takes a predetermined value.

7. An oscillator device according to Claim
5, wherein said drive control system controls said
driving system so that, for control of A1, ti1+8xts-

oax (t12+Bxto1) (o, B,;8320) takes a predetermined value.
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8. An oscillator device according to Claim
5, wherein said drive control system controls said
driving system so that, for control of Az, tin-

vxto1 (y20) takes a predetermined value.

9. An optical deflecting device,
comprising:
a light source for emitting a light
beam; and
an oscillator device as recited in
Claim 1 and having a plurality of osciliators at
least one of which has a reflection mirror formed

thereon.

10. An optical deflegting device according
to Claim 9,:wherein said signal producing system
includes a light receiving element for receiving
reflection light from said reflection mirror

directly or through a reflection member.

11. An optical deflecting device according
to Claim 10, wherein said signal producing system

includes two light receiving elements.

12. An optical deflecting device according
to Claim 10, wherein said signal producing system

includes one light receiving element and one
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reflection member which is disposed at the same
side as said light receiving element with respect

to the first and second oscillators.

13. An optical deflecting device according
to Claim 10, wherein said signal producing system
includes two reflection members disposed at the
same side as said light source with respect to
said oscillators, and one light receiving element
disposed at a side opposite to said light source
with respect to said oscillators, for réceiving

reflection light from said reflection members.

14. An optical deflecting device according

" to Claim 10, wherein, where a deflection angle of

1

the oscillator having the reflection mirror when
the same is held stationary is denoted by 0 and an
absolute value of a largest deflection angle of
that oscillator is denoted by l; salid signal
producing system produces an output signal with
the absolute value of deflection angle of the
oscillator being held in a range, from not less

than 0.6 to less than 1.0.

15. An oscillator device according to Claim
1, wherein said drive control system is arranged

to selectively provide (i) a first driving signal
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based on combination of a first signal-having a
fundamental frequency of said oscillating system

and a second signal having a second frequency n-

fold the fundamental frequency where n is an

integer, and (ii) a second driving signal based on
combination of the first and second signals while
a phase is applied to at least one of them, and
wherein said drive control system controls said
driving system on the basis of an output signal
produced from said signal producing system in
response to a drive based on the first Ariving

signal and an output signal produced from said

signal producing system in response to a drive

based on the second driving signal.

le. An oscillator device according to Claim
15, wherein the output signai produced from said
signal producing system in response(to‘the drive
based on the first driving signél comprises
mutually different two time moment information,
wherein the output signal produced from said
signal producing system in response to the drive
based bn the second driving signal comprises
mutually differeﬁt two time moment information,
and wherein said drive control system controls
said driving system on the basis of the four time

moment information.
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17. An image forming apparatus, comprising:

a light source;

an optical deflecting device as recited
in Claim 9; and

an optical system,

wherein said optical deflecting device
scanningly is arranged to deflect a light beam
from said light source, and wherein said optical
system is arranged to collect the scanning light

beam toward a predetermined target position.

'18. An image forming apparatus according to
Claim 17, further comprising a light beam emission
control‘system for adjusting emission of light
beam from said light source, and imége visualizing
means disposed at a surface to be scanned by the
light beam, wherein said signal producing system
includes a light receiving elemént for receiving
reflection light from said reflection mirror
directly or through a reflection member, and
wherein said light beam emission control system is
arranged to adjust said light source so that the
light beam is emitted at timing as the reflection
light from said reflection mirror is received by

said light receiving element.
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19. An image forming apparatus according to
Claim 18, wherein said light beam emission control
system is arranged to continuously emit the light

beam from start of the drive of said optical

.deflecting device to detection of the light beam

by said light receiving element, and wherein,
after the light beam is detected by said light
receiving element, said light beam emission
control system is arranged to turn on and off the

light beam outside an image forming region.

20. An image forming apparatus according to

Claim 19, wherein said drive control system of

said optical deflecting device is arranged to
supply a first driving Signql which consists of a
single sinuéoidal wave to said driving system,
from start of the drive of said optical deflecting
device to detection of the light beam by said
light receiving element, and whérein,'after the
light beam is detected by said light receiving
element, said drive control system is arranged to
supply a second signal, which consists of
combination of at least two sinusoidal waves, to

said driving system.

21. An oscillator device, comprising:

a supporting system;
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an oscillating system having a first
oscillator, a second oscillator, a first torsion
spring for connecting said first and second
oscillators each other, and a second torsion
spring for connecting saild supporting system and
said second oscillator each other and having a

common torsional axis with said first torsion

spring;

a driving system for driving said
oscillating system so that one of said first and
second oscillators produces oscillation as can be

expressed, in regard to displacement 0 (t) thereof,

by an equation

(t) = Aléinmt+A2$in(2wt+z);

a signal produci?g system for producing
first and .second time moment information as one of
said first and second oscillators provides a first
displacement angle, and for producing third and
fourth time moment information és the one
oscillator provides a second displacement angle
different from the first displacement angle; and

a drive control system for controlling
said driving system on the basis of the first to
fourth time moment information so that at least

one of Aj, Az and # in the aforementioned equation

takes a predetermined value.

PCT/JP2007/052909
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