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LIQUID CRYSTAL DRIVING SIGNAL 
GENERATING APPARATUS AND OPTICAL DISK 
REPRODUCING APPARATUS WITH LIQUID 
CRYSTAL DRIVING SIGNAL GENERATING 

APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a liquid crystal 
driving signal generating apparatus for driving liquid crystal 
and an optical disk reproducing apparatus having the liquid 
crystal driving signal generating apparatus. 
[0003] 2. Description of the Related Art 

[0004] In recent years, a digital video disk (DVD) has 
been proposed as an information recording (reproducing) 
medium With a large capacity eXceeding a compact disk 
(hereinafter referred to as “CD”). 

[0005] The DVD, Which is an optical disk With the same 
diameter as that of the CD, that is, 12 cm, employs the 
Wavelength of a laser light source of 650 nm Which is shorter 
than that of 780 nm employed in the CD and further employs 
an objective lens With the numerical aperture of 0.6 Which 
is larger than that of 0.45 employed in the CD. 

[0006] Further, the DVD employs MPEG2 as the data 
compression algorithm. 
[0007] Since the DVD has been improved in this manner 
as compared With the CD, it is possible to store digital data 
of about 5 giga byte on one side of a disk. 

[0008] HoWever, it has been said that a reproducing appa 
ratus for reproducing a DVD, Which is a high density 
medium much more than the CD, requires a control means 
for controlling the inclination, that is, the tilt angle of the 
disk surface relative to the optical aXis of an optical pickup. 

[0009] The applicant of the present application has already 
proposed in Japanese Patent Unexamined Application No. 
Hei 9-128785 that the aberration of the Wave surface caused 
by the inclination of the disk surface and the variation of the 
disk thickness is corrected by using a liquid crystal panel. 

[0010] To be more concrete, this proposal is characteriZed 
in that a liquid crystal panel for the aberration correction 
split into a predetermined con?guration is disposed on the 
optical aXis of a laser beam, Whereby the aberration of the 
Wave surface caused by the inclination of the disk surface 
and the variation of the disk thickness is corrected by 
controlling a refractive indeX of each of the split portions. 

[0011] FIG. 8 shoWs an eXample of an optical disk repro 
ducing apparatus using such a theory. 

[0012] In FIG. 8, a laser beam radiated from a laser light 
source 1 is re?ected by a half mirror 2. 

[0013] The laser beam re?ected by the half mirror 2 passes 
through a liquid crystal panel 3 and applied to an objective 
lens 4, Which in turn forms a laser beam spot on an optical 
disk 5. 

[0014] The re?ection light re?ected by the optical disk 5 
passes again the objective lens 4, liquid crystal panel 3 and 
half mirror 2, and then converged on a photo receptor 7 by 
a condenser lens 6. 
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[0015] A tilt sensor 8 for detecting the inclination of the 
optical disk 5 is provided in adjacent to a pickup. The tilt 
sensor 8 is provided With one light emitting portion and tWo 
light receiving portions so that light irradiated from the light 
emitting portion on the optical disk 5 is re?ected thereby and 
received as re?ection light by the respective light receiving 
portions. 
[0016] An adder 10 detects a difference betWeen the 
outputs from the respective light receiving portions and 
supplies the difference as a tilt error signal to an analog-to 
digital (A/D) converter 11. 

[0017] The tilt error signal is converted into a digital value 
by the A/D converter 11 and supplied to a central processing 
unit (CPU) 17. 

[0018] Upon occurrence of the tilt error, the CPU 17 
outputs to a gain adjuster 13 a control signal for correcting 
the Wave surface aberration caused by the tilt error. 

[0019] An oscillation circuit 12 outputs a reference signal 
Whose duty ratio is set to be 50 (%) like a rectangular Wave, 
for eXample. 

[0020] The gain adjuster 13 adjusts an ampli?cation 
degree of the reference signal supplied from the oscillation 
circuit 12 under the control of the CPU 17. 

[0021] Thus, a driving signal inputted into the liquid 
crystal panel 3 is a signal With a duty ratio of 50% Whose 
voltage amplitude is adjusted in accordance With the incli 
nation of the disk. 

[0022] The liquid crystal panel 3 is formed by sealing 
liquid crystal betWeen tWo transparent glass substrates. 

[0023] FIGS. 9A and 9B are diagrams shoWing an 
eXample of the con?guration of the liquid crystal panel 3. 
FIG. 9B is a cross sectional vieW of the liquid crystal panel 
3, and FIG. 9B is a plan vieW of the liquid crystal panel 3. 

[0024] Transparent electrodes 302a, 302b such as indium 
tin oXide (ITO) electrodes are deposited on the inner surface 
of transparent glass substrates 301a, 301b. 

[0025] At least one of the transparent electrodes 302a, 
302b has the electrode con?guration split longitudinally and 
latitudinally into electrode portions as shoWn in FIG. 9B. 
Each of the electrode portions thus split is connected to 
corresponding one of the gain adjuster 13 so that voltages 
applied to the electrode portions are controlled under the 
control of the CPU 17. 

[0026] Orientation ?lms 303a, 303b for providing the 
liquid crystal With predetermined molecule orientation are 
formed on the inner surfaces of the transparent electrodes 
302a, 302b. 

[0027] Liquid crystal 304 is sealed betWeen the orientation 
?lms 303a, 303b. The liquid crystal 304 is liquid crystal 
having birefringence effect such that a refractive indeX (n1) 
of the liquid crystal molecule M to the optical aXis direction 
differs from a refractive indeX (n2) thereof to the direction 
opposite to the optical aXis direction. Thus, the liquid crystal 
may be nematic liquid crystal, for eXample. 

[0028] FIGS. 11A to 11C are diagrams shoWing changes 
in the orientation of liquid crystal When voltage applied to 
the liquid crystal 304 is changed. FIG. 11A shoWs the 
orientation of the liquid crystal molecule M When the 
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voltage applied to the liquid crystal is Zero, While FIGS. 11B 
and 11C show the orientations of the liquid crystal molecule 
When alternative voltage is applied to the liquid crystal. In 
this case, the applied voltages are in a relation of e1<e2. 

[0029] In this manner, the orientation of the liquid crystal 
molecule M can be controlled from the horiZontal direction 
to the vertical direction by changing the alternative voltage 
applied thereto. 

[0030] In FIGS. 11A to 11C, the respective portions of the 
liquid crystal 304 corresponding to all the split electrode 
portions are oriented to the same direction since the same 
control voltage is applied to the respective split electrode 
portions. HoWever, it is possible to set suitable refractive 
indexes (n1-n2) for the respective portions of the liquid 
crystal 304 corresponding to the respective electrode por 
tions by separately controlling the voltage applied to the 
respective electrode portions split longitudinally and latitu 
dinally. 
[0031] When the refractive index of the liquid crystal is 
changed, it is possible to provide a light beam passing 
through the liquid crystal With an optical path difference 
given by the folloWing expression. 

optical path difference=An><d 

[0032] Where An represents a changed value of the refrac 
tive index and d represents the thickness of the liquid crystal 
304. 

[0033] This means that the light beam passing through the 
liquid crystal is provided With a phase difference given by 
the folloWing expression. 

phase difference=An><d><(2n/7~) 

0034 Where 9» re resents a Wavelen th of the li ht beam. P g g 

[0035] Accordingly, it is possible to correct the Wave 
surface aberration caused by the inclination of the disk by 
controlling the refractive indexes n of the respective portions 
of the liquid crystal corresponding to the split electrode 
portions so as to cancel the aberration caused in the objective 
lens 4. 

[0036] In the liquid crystal driving signal generating appa 
ratus for controlling the voltage amplitude of the driving 
signal, there arises a problem that hoW the control of the 
voltage amplitude of the driving signal for driving liquid 
crystal is realiZed. 

SUMMARY OF THE INVENTION 

[0037] The present invention has been made in vieW of the 
above circumstances, and therefore an object of the present 
invention is to provide a novel liquid crystal driving signal 
generating apparatus. 

[0038] Another object of the present invention is to pro 
vide an optical disk reproducing apparatus With such a liquid 
crystal driving signal generating apparatus. 

[0039] In order to attain the above object, a liquid crystal 
driving signal generating apparatus according to the present 
invention comprises a PWM signal generator, a loW pass 
?lter for limiting a frequency band of a PWM signal 
outputted from the PWM signal generator, a liquid crystal 
panel connected to an output of the loW pass ?lter, and a 
control means for controlling the PWM signal generator, and 
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is characteriZed in that the control means controls the PWM 
signal generator such that the PWM signal generator gen 
erates a PWM signal With a duty ratio corresponding to a 
refractive index to be set in the liquid crystal panel. 

[0040] Further, in order to attain the above object, an 
optical disk reproducing apparatus including a liquid crystal 
driving signal generating apparatus according to the present 
invention is characteriZed by comprising a PWM signal 
generator, a loW pass ?lter, connected to the liquid crystal 
panel, for limiting a frequency band of a PWM signal 
outputted from the PWM signal generator, means for detect 
ing a tilt angle of a disk, and a control means for determining 
a refractive index to be set in the liquid crystal panel for 
correcting Wave surface aberration caused by the tilt angle, 
and for controlling the PWM signal generator such that the 
PWM signal generator generates a PWM signal With a duty 
ratio corresponding to the refractive index determined. 

[0041] The above and other objects and features of the 
present invention Will be more apparent from the folloWing 
description taken in conjunction With the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] 
[0043] FIG. 1 is a diagram shoWing the arrangement of an 
optical disk reproducing apparatus With a liquid crystal 
driving signal generating apparatus according to the present 
invention; 
[0044] FIG. 2 is a Waveform diagram shoWing an example 
of fthe output Waveform of the PWM signal generator 102; 

In the draWings: 

[0045] FIG. 3 is a diagram shoWing the relation betWeen 
the duty ratio and the phase difference When the period of the 
PWM signal is changed; 

[0046] FIG. 4 is a diagram shoWing the relation betWeen 
the duty ratio and the phase difference When the cut-off 
frequency of the ?lter is changed; 

[0047] FIG. 5 is a diagram shoWing an example of the 
output Waveform of the ?lter; 

[0048] FIG. 6 is a diagram shoWing an example of the 
output Waveform of the ?lter; 

[0049] FIG. 7 is a diagram shoWing an example of the 
output Waveform of the ?lter; 

[0050] FIG. 8 is a diagram shoWing an arrangement of an 
optical disk reproducing apparatus With a conventional 
liquid crystal driving signal generating apparatus; 
[0051] FIGS. 9A and 9B are diagrams shoWing an 
example of con?guration of a liquid crystal; 

[0052] FIG. 10 is a diagram shoWing a relation betWeen a 
refractive index of liquid crystal molecule and the optical 
axis; and 

[0053] FIGS. 11A to 11C are diagrams shoWing change in 
orientation of liquid crystal depending on voltage applied 
thereto. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0054] NoW, a description Will be given in more detail of 
preferred embodiments With reference to the accompanying 
draWings. 
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[0055] FIG. 1 is a diagram showing schematic arrange 
ment of an optical disk reproducing apparatus With a liquid 
crystal driving signal generating apparatus according to the 
present invention. In the ?gure, parts similar to those of 
FIG. 8 are marked With the same reference numerals and the 
detailed explanation thereof is omitted. Thus, the folloWing 
explanation Will be made mainly as to a liquid crystal 
driving signal generating apparatus 14. 

[0056] The liquid crystal driving signal generating appa 
ratus 14 includes a pulse Width modulation (PWM) signal 
generator 102 and a ?lter 103. 

[0057] In FIG. 1, the CPU 17 is connected to the PWM 
signal generator 102 so as to be able to control the duty ratio 
of the output signal of the PWM signal generator 102. 

[0058] The output signal of the PWM signal generator 102 
is supplied to the liquid crystal panel 3 through the ?lter 103 
serving as a loW pass ?lter. 

[0059] FIG. 2 is a diagram shoWing the output Waveform 
of the PWM signal generator 102. In the present invention, 
a combination of tWo kinds of PWM signals is de?ned as 
one cycle. 

[0060] The one cycle is formed by a former half portion 
(PWM FD) and a latter half portion (PWM BK). 

[0061] In this case, the duty ratio FD (%) of the PWM 
signal FD forming the former half portion can be de?ned by 
the folloWing expression. 

[0062] The duty ratio BK (%) of the PWM signal BK 
forming the latter half portion can be de?ned by the folloW 
ing expression. 

[0063] Accordingly, the driving signal having no DC 
component can be generated by generating a given number 
(m) of the PWM signal FDs and the same number of the 
PWM signal BKs. The liquid crystal has such a property that 
it is destroyed When applied With a DC component. Thus, the 
present invention suppresses the generation of the DC 
component by setting the PWM signal in the aforesaid 
manner. In the aforesaid explanation, m represents a positive 
integer. 

[0064] {0018} 
[0065] Explanation Will be made as to the ?lter 103. FIG. 
3 is a graph shoWing the relation betWeen a duty ratio and 
a phase difference of the liquid crystal in a case Where the 
cut-off frequency fc of the loW pass ?lter and the period Ts 
(=1/fs) of the aforesaid one cycle are ?xed and When the 
frequencies fp de?ned by the period a (=1/fp) of the PWM 
signal FD (BK) are set to be fp1, fp2, fp3. 

[0066] In the ?gure, the duty ratio on the abscissa is 
de?ned as b><100/a (%) on the basis of the Waveform 
diagram shoWn in FIG. 2. 

[0067] For example, When the duty ratio of the PWM 
signal FD is 75 (%) and the duty ratio of the PWM signal BK 
is 25 (%), the duty ratio in the ?gure is de?ned as 75 (%). 
In contrast, When the duty ratio of the PWM signal FD is 25 
(%) and the duty ratio of the PWM signal BK is 75 (%), the 
duty ratio in the ?gure is also de?ned as 75 (%) because this 
case is same in a vieW point of one cycle as the case Where 
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the duty ratio of the PWM signal FD is 75 (%) and the duty 
ratio of the PWM signal BK is 25 (%). 

[0068] Thus, the duty ratio in the ?gure is represented only 
Within a range of 50 to 100 (%). 

[0069] The phase difference on the ordinate is obtained by 
the aforesaid expression Al'lXd><(2Tl§/)\.). The relation among 
the respective frequencies is fs<fp3<fc=fp2<fp1. 

[0070] As clear from the ?gure, When the frequency fp of 
the PWM signal FD (BK) is equal to or loWer than the 
cut-off frequency fc of the loW pass ?lter (that is, the cases 
of fp2, fp3), the liquid crystal is driven by the frequency 
component of the fp even if the duty ratio is 50 (%). This is 
because the frequency component of the fp attenuates little. 

[0071] As a consequence, it is difficult to obtain the 
change characteristics of the Wide range and also impossible 
to set the phase difference to Zero. 

[0072] Accordingly, it is desired to set the fp suf?ciently 
higher than the fc. 

[0073] FIG. 4 is a graph shoWing the relation betWeen a 
duty ratio and a phase difference of the liquid crystal in a 
case Where the frequency fp of the PWM signal FD (BK) 
and frequency fs of the one cycle are ?xed and When the 
cut-off frequencies fc of the loW pass ?lter are se to be fc1 
to fc6. 

[0074] The relation among the respective frequencies is 
set as folloWs. 

[0075] As clear from the ?gure, When the cut-off fre 
quency fc is equal to or loWer than the frequency fs of the 
one cycle (that is, the cases of fc1, fc2), an amount of the 
phase difference to be changeable is small. This means that 
since the fs component as Well as the fp component are 
limited by the ?lter, the maximum amplitude of the driving 
signal affecting the phase difference is in?uenced. 

[0076] Accordingly, it is desired to set the fc higher than 
the fs. 

[0077] As a consequence, the cut-off frequency fc of the 
?lter is required to be set to satisfy the relation fs<fc<<fp. 

[0078] It is not desirable to make the frequency Ts of the 
one cycle too long. This is because such a matter results in 
almost the same situation as the case Where the DC voltage 
is applied to the liquid crystal and may destroy the liquid 
crystal. 

[0079] In contrast, When the frequency Ts of the one cycle 
is made too short, it is required to make one period (time 
period of a) of the PWM signal shorter in accordance With 
the frequency Ts. Accordingly, the one period of the PWM 
signal may not be made shorter in accordance With the 
oscillation frequency fp depending on the kind of the PWM 
signal generator to be used. 

[0080] Therefore, it is desirable to set the fs and fp in vieW 
of the aforesaid both conditions and to set the cut-off 
frequency fc of the ?lter so as to satisfy the relation 
fs<fc<<fp. 

[0081] FIG. 5 is a diagram shoWing an example of the 
output Waveform of the ?lter When the respective frequen 
cies are set so as to satisfy the aforesaid relation. 
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[0082] In this case, the duty ratio is 75 (%). When the duty 
ratio is 75 (%), since the signals of the frequencies fp and fs 
are inputted into the ?lter, it Will be understood that the fp 
component attenuated by the ?lter and the fs component 
having not attenuated by the ?lter are outputted. 

[0083] FIG. 6 is a diagram shoWing the output Waveform 
of the ?lter When the duty ratio is set to be 50 (%) under the 
same condition as the above case. When the duty ratio is 50 
(%), since the signal of the frequency fp is inputted into the 
?lter, it Will be understood that the fp component attenuated 
by the ?lter is outputted. 

[0084] Further, FIG. 7 is a diagram shoWing the output 
Waveform of the ?lter When the duty ratio is set to be 100 
(%) under the same condition as the above case. When the 
duty ratio is 100 (%), the driving signal of the maximum 
amplitude is applied to the ?lter. Thus, since the signal of the 
frequency fs is inputted into the ?lter, it Will be understood 
that the fs component having not attenuated by the ?lter is 
outputted. 
[0085] As described above, since the PWM signal gen 
erator 102 and the loW pass ?lter 103 are used in this manner, 
the voltage amplitude of the driving signal for driving the 
liquid crystal can be suitably changed. 

[0086] Further, since the driving signal having symmetri 
cal amplitude With respect to the reference voltage can be 
obtained, the deterioration (destroy) of the liquid crystal due 
to the DC component can be suppressed. 

[0087] In the aforesaid embodiment, the output of the ?lter 
103 is directly inputted into the liquid crystal 103. HoWever, 
When the amplitude range of the output signal of the PWM 
signal generator 102 is small, it is possible to adjust the total 
gain of the driving signal by disposing an ampli?er With a 
?Xed ampli?cation degree at the front or rear stage of the 
?lter 103. 

[0088] In recent years, there is proposed a CPU incorpo 
rating the PWM signal generator 102 therein. When employ 
ing such a CPU, the amplitude range of the PWM signal is 
varied depending on the operation voltage of the CPU. In 
such a case, it is required to secure the dynamic range 
necessary for driving the liquid crystal by adding an ampli 
?er With a ?Xed ampli?cation degree as described above. 

[0089] As described above, according to the present 
invention, since the duty ratio of the PWM signal generated 
by the PWM signal generator is controlled, the voltage 
amplitude of the driving signal applied to the liquid crystal 
can be suitably set. 

[0090] Further, at the time of outputting the PWM signal, 
the PWM signal is controlled so as to suppress the genera 
tion of the DC component, such a problem can be sup 
pressed that the characteristics of the liquid crystal is 
degraded and the liquid crystal is destroyed. 

[0091] The foregoing description of a preferred embodi 
ment of the invention has been presented for purposes of 
illustration and description. It is not intended to be eXhaus 
tive or to limit the invention to the precise form disclosed, 
and modi?cations and variations are possible in light of the 
above teachings or may be acquired from practice of the 
invention. The embodiment Was chosen and described in 
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order to eXplain the principles of the invention and its 
practical application to enable one skilled in the art to utiliZe 
the invention in various embodiments and With various 
modi?cations as are suited to the particular use contem 
plated. It is intended that the scope of the invention be 
de?ned by the claims appended hereto, and their equiva 
lents. 

What is claimed is: 
1. A liquid crystal driving signal generating apparatus 

comprising: 
a PWM signal generator; 

a loW pass ?lter for limiting a frequency band of a PWM 
signal outputted from said PWM signal generator to a 
liquid crystal drive signal; and 

a control means for controlling said PWM signal genera 
tor to generate from said PWM signal generator a 
PWM signal according to a duty ratio corresponding to 
a refractive indeX to be set in the liquid crystal. 

2. A liquid crystal driving signal generating apparatus 
according to claim 1, Wherein said PWM signal is formed by 
a ?rst PWM signal With a duty ratio of N (%) and a second 
PWM signal With a duty ratio of 100-N (%). 

3. A liquid crystal driving signal generating apparatus 
according to claim 2, Wherein said PWM signal generating 
apparatus generates a signal formed by the repetition of a 
unit cycle Which includes With m (m is an integer one or 
more) successive said ?rst PWM signal and m (m is an 
integer one or more) successive said second PWM signal. 

4. A liquid crystal driving signal generating apparatus 
according to claim 2 or 3, Wherein a cut-off frequency of said 
loW pass ?lter is set to be loWer than a frequency de?ned by 
generation period of said ?rst PWM signal. 

5. A liquid crystal driving signal generating apparatus 
according to claim 2 or 3, Wherein a cut-off frequency of said 
loW pass ?lter is set to be loWer than a frequency de?ned by 
generation period of said second PWM signal. 

6. A liquid crystal driving signal generating apparatus 
according to claim 5, Wherein a cut-off frequency of said loW 
pass ?lter is set to be higher than a frequency de?ned by said 
unit cycle. 

7. An optical disk reproducing apparatus With a liquid 
crystal driving signal generating apparatus, comprising: 

a liquid crystal panel disposed betWeen a light source and 
an objective lens; 

a PWM signal generator; 

a loW pass ?lter for limiting a frequency band of a PWM 
signal outputted from said PWM signal generator to 
generate a liquid crystal drive signal; 

means for detecting a tilt angle of a disk; and 

a control means for determining a refractive indeX to be 
set in said liquid crystal panel for correcting Wave 
surface aberration caused by the tilt angle, and for 
controlling said PWM signal generator such that said 
PWM signal generator generates a PWM signal accord 
ing to a duty ratio corresponding to the refractive indeX 
determined. 


