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DESCRIPTION 

RECORDING APPARATUS 

TECHNICAL FIELD 

The present invention relates to a laser cutting machine 

(hereinafter a recording apparatus), or more particularly, to 

an improvement to an apparatus for manufacturing an optical disk 

stamper (die assembly) useful in mass-producing an optical disk. 

BACKGROUND ART 

In recent years, several methods have been proposed for 

increasing the storage capacity of an optical disk. One of the 

methods is to physically raise the density of tracks, that is, 

to narrow a pitch between tracks. Another proposal has been 

made on the assumption that a finer pit is used for representing 

the same data, and standardization has progressed. 

For narrowing a pitch between tracks, grooves defining 

each track or pits formed between the grooves must be made 

thinner. For this p~rpose, an optical system included in a 

recording apparatus employed during a mastering process or the 

like is controlled in order to make the diameter of a spot beam 

emanating from a laser smaller than that of a conventional -spot 

beam. 

A method utilizing super-resolution has been discussed. 

What is ref erred to as super-resolution is a phenomenon that 
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a lens exhibiting a liinit value of a numerical aperture (NA) 

that counts in cutting is used to make a spot laser beam, which 

has been diffraction-limited (8/NA), further smaller by 

utilizing the diffraction effects of light. 

However, when the method utilizing super-resolution is 

adopted, the intensity of a first side lobe of a spot beam 

emanating from the laser increases. This adversely affects a 

disk during cutting. The adverse effect is intensified when 

cutting is carried out to form pits and grooves simultaneously. 

For example, when cutting is carried out to form grooves 

consecutively, if a disk is exposed to a laser beam used to cut 

the disk for recording a it modulated according to a certain 

signal (simultaneous cutting· of pit and groove), the side lobe 

of the laser beam used for forming a pit overlaps a laser beam 

used for forming a groove. The power of the laser beam used 

for forming a groove increases substantially. As a result, a 

deep and broad groove is formed by the side of the pit. This 

poses a problem that an optical disk from which signals properly 

re.presenting pits and grooves respectively cannot be reproduced 

is manufactured. 

Accordingly, an object of the present invention is to 

provide a recording apparatus capable of manufacturing an 

optical disk from which signals properly representing pits and 

grooves respectively can be reproduced even when the density 

of tracks is physically increased. 
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DISCLOSURE OF THE INVENTION 

A recording apparatus in accordance with the present 

invention for carrying out cutting so as to simultaneously form 

pits and grooves on the basis of a supplied pit signal and groove 

signal comprises: a pit cutting signal generating means for 

generating and outputting a pit cutting signal whose amplitude 

is proportional to each pit length or the length of each pit 

indicated by the pit signa_l; and a groove cutting signal 

generating means for generating a groove cutting signal by 

subtracting a magnitude of collection associated with each pit 

length indicated by the pit signal from the amplitude of the 

groove signal, and outputting the groove cutting signal 

according to the timing of outputting the pit cutting signal. 

According to the constituent features, a magnitude of 

collection associated with each pit length indicated by the pit 

signal is subtracted from the amplitude of the groove signal 

in order to produce a groove recording signal. The groove 

recording signal is output according to the timing of outputting 

the pit cutting signal. Even when the side lobe of a laser beam 

used for forming pits overlaps a laser beam used for forming 

grooves, the power of the laser beam used for forming grooves 

is canceled by the power of the side lobe. Consequently, it 

will not take place that the depth or breadth of a portion of 

a groove adjacent to a pit gets larger than the other portions 

thereof. 

According to a preferred embodiment of the present 
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invention, when a pit length is relatively large, a magnitude 

of correction is set to a large value. When a pit length is 

relatively small, the magnitude of correction is set to a small 

value. 

This is because when a bit length is relatively large, 

the possibility that a groove gets broader or deeper because 

of the aforesaid side lobe increases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic drawing showing a mastering process 

to which the present invention is adapted; 

Fig. 2 is a block diagram showing an optical system 

included in a recording apparatus to which the present invention 

is adapted; 

Fig. 3 is a diagram showing a light beam used for forming 

pits and a light beam used for forming grooves which are converged 

on a resist base; 

Fig. 4 is a block diagram showing a signal generator 

included in a recording apparatus in accordance with an 

embodiment of the present invention; 

Fig. 5 is a timing chart indicating operations of signal 

processing performed by the signal generator shown in Fig. 4; 

Fig. 6 is a diagram showing a pattern of pits and grooves 

formed in a stamper by the recording apparatus of the embodiment; 

Fig. 7 is a diagram showing a pattern of pits and grooves 

formed in a stamper by a known apparatus; and 
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Fig. 8 is a timing chart indicating a variant of 

operations of signal processing performed by the signal 

generator shown in Fig. 4. 

DESCRIPTION OF REFERENCE NUMERALS 

1: light source 

3 , 9, 21 : light modulator 

5, 15: polarizing splitter device 

7, 11, 17: mirror 

19: objective lens 

23: resist base 

31: pit length detection circuit 

33: pit gain selection circuit 

35, 37, 43, 45: timing (phase) adjustment circuit 

39: pit cutting signal generation circuit 

41: groove correction value selection circuit 

47: groove correction signal generation circuit 

4 9 : DI A converter 

51 : subtracter 

53, 55, 57: data bus line 

100: pre-mastering process and cutting process 

101: light beam used for forming pits 

102: light beam used for forming grooves 

BEST MODE FOR CARRYING OUT THE INVENTION 

An embodiment of the present invention will be described 
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with reference to the drawings. 

Fig. 1 shows the outline of a mastering process to which 

the present invention is adapted. 

The present invention is adapted to a process 100, that 

is, a pre-mastering (for preparing recording signals) process 

and cutting (for recording) process among the processes 

described in Fig. 1. A mastering.process is a process· for 

creating a stamper or die assembly used to mass-produce an 

optical disk serving as a high-density information recording 

medium (memory) by utilizing a {resin) molding technique, and 

is already well-known. The description of the mastering process 

will therefore be omitted. 

Fig. 2 is a block diagram showing an optical system 

included in a cutting apparatus {laser recording apparatus) in 

accordance with the first embodiment of the present invention. 

The apparatus is employed in the process 100 in Fig. 1. 

The basic components of the apparatus are a light source 1, 

a plurality of light modulators 3, 9, and 21, a plurality of 

polarizing splitter devices 5 and 15, a plurality of mirrors 

7, 11, and 17, and an objective lens 19. 

A laser for emitting blue light with wavelengths of 400 

nm to 450 nm is normally used as the light source 1. 

The light modulator 3 stabilizes the intensity of laser 

light by, on the basis of a light value control signal and noise 

elimination signal supplied externally, eliminating a noise 

from laser light emanating from the gas laser serving as the 
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light source 1 and controlling the amount of laser light. For 

example, an electro-optic modulator (EOM) utilizing a change 

in refractive index caused by applying an electric field is used 

as the light modulator 3. 

The polarizing splitter device 5 splits the laser light 

emitted from the light source 1 via the light modulator 3 into 

a light beam used for forming pits and a light beam used for 

forming grooves. A polarization beam splitter (PBS) is used 

as the polarizing splitter device 5. 

The light modulator 9 controls the on-off switching of 

a light source used for forming pits and supplied from the 

polarizing splitter device 5 via the mirror 7 according to a 

pit cutting signal (indicating a pattern of pits to be formed) 

sent from the signal generator shown in Fig. 4. For example, 

an acousto-optic modulator (AOM) is used as the light modulator· 

9. 

The light modulator 21 is a device for controlling the 

intensity of a light beam used for forming grooves and supplied 

from the polarizing splitter device 5 according to a groove 

cutting signal sent from the polarizing and splitting device 

5. For example, an acousto-optic modulat?r (AOM) is used. 

The polarizing splitter device 15 bundles a light beam 

used for forming pits and supplied from the mirror 11 and a light 

beam used for forming grooves and controlled by the light 

modulator 21, and returns the bundle to one optical path. A 

polarization beam splitter (PBS) is used as the polarizing 
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splitter device 15. 

The objective lens 19 converges two spot beams 101 and 

102 in Fig. 3, that is, a spot beam used for forming pits and 

supplied from the polarizing splitter device 15 via the mirror 

and a spot beam used for forming grooves on the resist base23. 

The laser beam used for forming pits and the laser beam used 

for forming grooves shail have been adjusted not to be displaced 

while being spaced by a half of a pitch between tracks in a radial 

direction of the resist base23. 

Fig. 4 is a block diagram showing a signal generator 

included in the recording apparatus in accordance with the 

embodiment of the present invention. 

The signal generator generates a pit cutting signal 

according to which the light modulator 9 in Fig. 2 controls the 

on-off switching of a light beam used for forming pits, and 

generates a groove cutting signal according to which the light 

modulator 21 controls the intensity of a light beam used for 

- - forming grooves. The signal generator comprises, as 

illustrated, a pit length detection circuit 31, a pit gain 

selection circuit 33, a plurality of timing (phase) adjustment 

circuits 35, 37, 43, and-45, a pit cutting signal generation 

circuit 39, a groove correction value selection circuit 41, a 

groove correction signal generation circuit 47, a D/A converter 

49, and a subtracter 51. 

The pit length detection circuit 31 calculates the AND 

of an input pit signal generated synchronously with a clock 
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signal by a pit signal generation·source (not shown), and ·a clock 

signal input from a clock signal generation source (not shown). 

Based on the number of input clock pulses, a pit length or the 

length of a pit indicated by the pit signal is detected and 

converted into, for example, 4-bit or 8-bit data (which shall 

be referred to as pit length data). The pit length data is output 

to the pit gain selection circuit 33 and groove correction value 

selection circuit 41 over the data bus 53. The reason why the 

detection circuit 31 is used to detect a pit length is that the 

degree by which the breadth and depth of a groove are affected 

by the side lobe of a laser beam used for forming pits varies 

depending on a pit length. The pit length data is generated 

synchronously with the clock signal. The pit length data and 

clock signal are therefore mutually synchronous. 

The pit gain selection circuit 33 is activated.when 

triggered by a pit signal, and converts an amplitude (that is, 

a gain) proportional to a pit length into 8-bit or 16-bit data 

(that is, gain data) on the basis of input pit length data. The 

gain data is then output to the timing adjustment circuit 35 

over the data bus 55. 

The timing adjustment circuit 35 is activated when 

triggered by a pit signal supplied via the timing adjustment 

circuit 37, and adjusts the timing of the read gain data, which 

is to be output to the pit cutting signal generation circuit 

39, according to the pit signal. 

The timing adjustment circuit 37 is activated when 
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triggered by a pit signal, and outputs a timing signal, which 

is used to adjust the timing· of a pit cutting signal generated 

by the generation circuit 39 according to a groove cutting signal 

output from the subtractor 51, to the generation circuit 39. 

The pit cutting signal generation circuit 39 selects gain 

data proportional to a pulse duration of a pit signal on the 

basis of gain data whose timing is adjusted by the adjustment 

circuit 35, and converts the gain data into an analog signal. 

The analog signal is then output to the light modulator 9 as 

a pit cutting signal synchronously with the timing signal sent 

from the adjustment circuit 37. This causes the light modulator 

9 to convert the light beam used for forming pits into an analog 

form. 

The groove correction value selection circuit 41 selects 

a groove power correction value or groove correction pulse 

frequency on the basis of input pit length data when triggered 

by a pit signal, and converts it into 8-bit or 16-bit data (that 

is, a groove correction value). The groove correction value 

data is output to the adjustment circuit 45 over the data bus 

57. The groove power correction value or groove correction 

pulse frequency selected by the se~ection circuit 41 is 

determined with a pit length by which cutting is carried out 

and is therefore a predetermined value. 

The timing adjustment circuit 43 is activated when 

triggered by a pit signal, and outputs a timing signal used to 

adjust the timing of outputting a groove correction signal 
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generated by the groove correction signal generation circuit 

4 7 to the generation circuit 4.7. During a process during which 

a pit cutting signal is generated using the pit signal, a delay 

is produced because a signal is processed by the detection 

circuit 31, selection circuit 33, adjustment circuits 35 and 

37, and generation circuit 39. For delaying the groove cutting 

signal by a longer tinie interval than the delay of the pit cutting 

signal, the adjustment circuit 43 is requested to adjust the 

delay of the groove cutting signal. When a groove signal is 

a direct current (DC), the adjustment circuit 43 is not requested 

to delay a groove signal. When the groove signal is modulated 

in some way., the groove signal must be delayed. 

The timing adjustment circuit 45 is activated when 

triggered by a pit signal, and adjusts the timing of groove 

correction value data read to be output to the generation circuit 

47 according to the pit signal. 

The groove correction signal generation circuit 47 

.,_, calculates a magnitude of groove signal correction proportional 

to pit length data on the basis of groove correction value data 

whose timing is adjusted by the adjustment circuit 45 and 

converts it into an analog signal. The analog signal is output 

as a signal used for generating a pit cutting signal to the 

subtracter 51 synchronously with the timing signal sent from 

the adjustment circuit 43. The magnitude of correction is 

subtracted from a groove signal by the subtractor 51, thus 

preventing a drawback that a portion of a groove adjacent to 
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a pit gets broader or deeper than the other portions thereof 

because of a side lobe caused by a spot beam of laser light used 

for forming pits. When the magnitude of correction gets too 

large, the portion of a groove may in turn get thinner or 

shallower than the other portions thereof. The magnitude of 

correction should therefore be set to a proper value. 

The D/A converter 49 converts a groove signal input as 

a digital signal from a groove signal generation source (not 

shown) into an analog signal and outputs the analog signal to 

the subtracter 51. 

The subtracter 51 subtracts the analog signal output from 

the generation circuit 47 from a groove signal converted into 

an analog signal by the D/A converter 49. Due to the 

subtraction, power equivalent to power to be superposed on a 

laser beam used for forming pits because of the side lobe of 

a laser beam used for forming pits is canceled only when cutting 

is carried out for forming pits. A signal resulting from the 

subtraction is output as a groove cutting signal from the 

subtracter 51 to the light modulator 21. This causes the light 

modulator 21 to modulate the light beam used for forming grooves 

in an analog form. 

The timing (phase) adjustment circuits 35 to 45 adjust 

timing so as to phase a pit cutting signal output from the pit 

cutting signal generation circuit 39 to the light modulator 9 

and a groove cutting signal output from the subtracter 51 to 

the light modulator 21. This prevents the cutting signals from 
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becoming inconsistent in timing in the order of 10-s. 

Consequently, a drawback that portions of a groove other than 

a portion thereof adjacent to a pit get thinner can be prevented. 

At this time, the positions of the beams in the circumferential 

direction on the glass base shown in Fig. 3 must be adjusted 

in the order of 10-9
, m. 

Fig. 5 is a timing chart indicating operations of signal 

processing performed by the signal generator shown in Fig. 4. 

In Fig. 5, when cutting is started by exposing the resist 

base 23 to light for forming pits and grooves simultaneously 

at a time instant to, a clock signal a is applied to the pit 

length detection circuit 31. A pit signal b is applied to the 

pit length detection circuit 31, pit gain selection circuit 33, 

timing adjustment circuits 35, 37, 43, and 45, and groove 

correction value selection circuit 41. A groove signal c rises 

with the start of cutting at the time instant to, is converted 

into an analog signal by the D/A converter, and then applied 

to the subtracter 51. 

At a step at which a pit cutting signal is generated using 

the pit signal, an analog signal d having a rectangular wave 

is generated as the pit cutting signal and output from the pit 

cutting signal generation circuit 39 to the light modulator 9. 

The pit cutting signal d represents gain data proportional to 

each pulse duration of the pit signal. As apparent from 

comparison of the pit signal b with the pit cutting signal d, 

when a pit length is relatively large, the pit cutting signal 
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is set to a relatively low signal level. When a pit length is 

relatively small, the pit cutting signal is set to a relatively 

high signal level. 

At a step at which a groove cutting signal is generated 

using a pit signal and groove signal, an analog signal e having 

a rectangular wave is generated as the groove cutting signal 

and output from the subtractor 51 to the light modulator 21. 

The groove cutting signal e is produced by subtracting the 

analog signal indicating a groove correction value from the 

groove signal converted into an analog signal. 

In consideration of the power of the side lobe of a laser 

beam used for forming pits, the groove recording signal e is 

set to a relatively low signal level f~r a pulse duration 

corresponding to the on-state ti.me of the pit cutting signal. 

Furthermore, as for ·a pulse of the groove cutting signal e of 

which pulse duration correspond to each pit length, like the 

pit cutting signal, when a pit length is relatively large, the 

·· groove cutting signal is set to a relatively low signal level. 

When a pit length is relatively small, the groove cutting signal 

is set to a relatively high ·signal level. 

As mentioned above, only when the resist base 23 is cut 

to form pits, the signal level of the groove cutting signal e 

is. lowered by a magnitude proportional to the power of the side 

lobe of a laser beam used for forming pits, and a magnitude by 

which the signal level of the groove cutting signal is lowered 

is varied according to a pit length. Grooves having a unl..form 
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depth and breadth can therefore be formed in the resist base23. 

Fig. 6 is a diagram showing a pattern of pits and grooves 

formed in a stamper by means of the recording apparatus in 

accordance with the embodiment of the present invention, and 

Fig. 7 is a diagram showing a pattern of pits and grooves formed 

in a stamper by means of a known recording apparatus. 

As shown in Fig. 6, as far as grooves formed by.the 

recording apparatus in accordance with the embodiment of the 

present invention are concerned, portions of grooves adjacent 

to pits have substantially the same breadth as the other portions 

thereof. There is no difference in depth between the portions 

of the grooves adjacent to pits and the other portions thereof. 

By contrast, as shown in Fig. 7, portions of grooves, -which 

are formed by a known recording apparatus, adjacent to pits are 

apparently broader than the other portions thereof. As. for the 

depth of the grooves, the portions of the grooves adjacent to 

the pits are deeper than the other portio~s thereof. 

The recording apparatus in accordance with the embodiment 

of the present invention can form grooves, of which depth and 

breadth are more uniform than those of grooves formed by the 

·known recording apparatus, in a stamper. 

Fig. 8 is a timing chart indicating a variant of 

operations of signal processing perfprmed by the signal 

generator shown in Fig. 4. 

This variant is characterized in that when the resist base 

23 is cut for forming pits, a plurality of rectangular waves, 
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which exhibits the same voltage levels during an on-state time 

and off-state time and of which pulse duration during which an 

on state is indicated is shorter, are produced according to a 

pit length as pulses <1> to <4> of the groove cutting signal 

e of which pulse durations correspond to bit lengths. In other 

words, when the signal levels of each of the pulses <1> to <4> 

whose pulse durations correspond to the bit lengths are 

integrated relative to ti.me, the signal levels of the pulses 

<1> to <4> are substantially identical to those of the pulses 

of the groove cutting signal e, which is shown in Fig. 5, of 

which pulse durations correspond bit lengths. Thus, this 

variant provides the same advantage as the aforesaid embodiment. 

The description made above relates merely to an 

embodiment of the present invention and its variant. It does 

not, needless to say, mean that the present invention is limited 

to the description. 

As described so far, according to the present invention, 

there is provided a recording apparatus capable of manufacturing 

an optical disk from which signals properly representing pits 

and grooves respectively can be reproduced even when the density 

of tracks is physically increased. 

INDUSTRIAL APPLICABILITY 

A recording apparatus in accordance with the present 

invention is suitable for use as a laser cutting machine. 
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WHAT IS CLAIMED IS: 

1 • A recording apparatus for carrying out cutting so as 

to simultaneously form pits and grooves according to a supplied 

pit signal and groove signal, comprising: 

a pit cutting signal generating means for generating and 

outputting a pit cutting signal whose amplitude corresponds to 

each pit length or the length of each pit indicated by said pit 

signal; and 

a groove cutting signal generating means for generating 

a groove cutting signal by subtracting a magnitude of correction 

associate~ with each pit length indicated by said pit signal 

from the amplitude o~ said groove signal, ~nd outputting the 

groove cutting signal according to the timing of outputting said 

pit cutting signal. 

2. A recording apparatus according to claim 1, wherein 

when a pit length is relatively large, said magnitude of 

correction is set to a large value; and when a pit length is 

relatively small, said magnitude of correction is set to a small 

value. 


