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Jitter Measuring Method 

Utilizins- ND Conversion and Device 

Field of the Invention 

The present invention relates to a jitter measurement device for signals reproduced from an 

10 optical disc, which measures the jitter component of the reproduced signal of optical disc by 

storing digital data in accordance with an indicated modulation rule; and jitter measurement 

method for reproduced signal of optical disc. In addition, this invention relates to a method 

and device for optical disc recording and/or reproducing. 

15 

Background 

The optical disc drive which reproduces the optical disc, in which the digital data is stored, 

detects reforming (RF) signals, and binarizes this RF signals, then generates the digital data. 

20 Specifically, the optical disc drive binarizes the RF signals, as shown in Figure 7 (a), at the 

indicated slice level, and generates the digital data as shown in Figure 7 (b ). 

Furthermore, the digital data which has been modulated according to the indicated 

modulation method, is generally recorded in the optical disc. For examples, for so-called 

25 compact disk, provided that one cycle of digital data is T, a signal to be recorded will be 

modulated from a signal with the cycle of 3T to that with 11 T, and the waveform of each 

cycle will be randomly recorded. As another example, for digital video disc, provided that 

one cycle of digital data is T, a signal to be recorded will be modulated from a signal with the 

cycle of3T to that with 14T, and the waveform of each cycle will be randomly recorded. 

30 The optical disc drive in which the digital data which has been modulated according to the 

indicated modulation method, is generally recorded, reproduces a signal from the optical 

drive; then it binarizes this signal, and generates digital data. 

By the way, the digital data which has been binarized by the optical disc drive, should be 

35 · generally reproduced in the way that noise riding on cyclic direction; that is, in the way that 
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jitter component is contained. For examples, in case of picking up only the waveform with 

cycle of3T, out of the RF signals reproduced from the optical disc, the cycle of the 

waveform if this RF signal will be 3T ± cr ( a : jitter component), in which the jitter 

component is contained , as against the theoretical cycle 3T. 

As for the.reasons why such binarized digital data is reproduced containing the jitter 

component, for examples, we can consider the influence of noise which is included in the 

recording signal of the optical disc, or the influence from the characteristic of the optical 

pickup which detects the signals recorded in the optical disc. 

Currently. a jitter measurement device which detects the jitter component of digital data 

reproduced from optical disc is known. The said jitter measurement device measures the 

jitter component of the RF signals reproduced from the optical disc. It is used for obtaining 

the characteristic of the optical disc or the optical pickup. 

In the following sections, we will explain the first to the third jitter measurement device, 

which has currently been used for measuring of the jitter component of the RF signals 

reproduced from optical disc. 

20 One known jitter measurement device, which has currently been used for measuring of the 

jitter component, computes the time breadth of digital data as voltage value, by using 

integration circuit, and measures the jitter component. 

First. the first jitter measurement device, as shown in Figure 8, binarizes the RF signals at the 

25 indicated slice level, and generates the digital data. Second, the said first jitter measurement 

device let the integration circuit operate at the time point when the RF signal reaches to the 

slice level, that is, at the leading edge of the digital data. Third, the said first jitter 

measurement device let the integration circuit stop at the time point when the RF signal 

reaches to the next slice level, that is, at the trailing edge of the digital data. The said first 

30 jitter measurement device measures the output voltage from the integration circuit as the time 

breadth of digital data. 

Therefore, the said first jitter measurement device can detect the jitter value which has been 

converted into the voltage value (a V), by comparing the said output voltage from the 

35 integration circuit with the voltage value corresponding to the integrated cycle. 
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We would remind you that the said first jitter measurement device can only detect the jitter 

component corresponding to the waveform of cycle 1, among the waveforms of multiple 

cycles, which have been modulated and recorded in the optical disc, by using one(l) 

5 integration circuit; because the characteristic of the integration circuit is determined in 

accordance with time constant. Namely, if the optical disc to be reproduced is a compact 

disc, the said first jitter measurement device can only detect the jitter component of the 

waveform with cycle of 3T, by using one(l) integration circuit; but it cannot detect the jitter 

component of the waveform with the other cycles, for example, the waveform with cycle 

10 from 4Tto llT. 

A second known jitter measurement device, which has currently been used for measuring of 

the jitter component, has adopted a device so-called "time interval analyser". It counts the 

time breadth of digital data by using a high-speed clock, and detects the jitter component by 

15 using the said count output. The second jitter measurement device, as shown in Figure 9, 

hinarizes the RF signals at the indicated slice level, and generates the digital data. Second, 

the said second jitter measurement device let the clock circuit operate, as well as starts 

counting the clock number which is the output from the said clock circuit, at the time point 

when the RF signal reaches to the slice level, that is, at the leading edge of the digital data. 

20 Third, the said second jitter measurement device let the clock circuit stop at the time point 

when the RF signal reaches to the next slice level, that is, at the trailing edge of the digital 

data. The count number at this point is considered to be the time breadth of digital data for 

the said second jitter measurement device. 

25 Therefore, the said second jitter measurement device can detect the jitter value, by comparing 

the said count number of the counter with the count number at the indicated cycle. 

The third known type of jitter measurement device, which has currently been used for 

measuring of the jitter component, has adopted the first jitter measurement device and the 

30 said second jitter measurement device. 

First, the third jitter measurement device, as shown in Figure 10, binarizes the RF signals at 

the indicated slice level, and generates the digital data. During this operation, in the third 

second jitter measurement device, the clock circuit continues generating clock at the 

35 indicated clock frequency. Second, the said third jitter measurement device lets the clock 
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circuit operate, as well as counts the clock number which is the output from the said clock 

circuit, by using a counter, at the time point when the RF signal reaches to the slice level. that 

is, at the leading edge of the digital data. In addition. the said third jitter measurement device 

starts operating the integration circuit at the said leading edge of the digital data. Third, the 

5 said third jitter measurement device stop operating the integration circuit, at the timing of the 

clock which has been generated immediately after the leading edge of the digital data. Then, 

the said third jitter measurement device measures the output voltage V 1 of the integration 

circuit, and converts the said output voltage V 1 into the time breadth, which is to be the first 

time breadth t 1 of the digital data. 

10 

The third jitter measurement device once again starts operating the integration circuit at the 

timing of the clock immediately before the time point when the RF signal reaches to the next 

slice level, that is, at the timing of the clock immediately before the trailing edge of the 

digital data. Then, the said third jitter measurement device stops operating the integration 

15 circuit at the time point when the RF signal reaches to the next slice level, that is, at the 

trailing edge of the digital data. 

The third jitter measurement device detects the count number if the counter at the trailing 

edge of the digital data. Based on this count number and the clock frequency stated in the 

20 above, the device computes the time breadth from the timing of the clock generated 

immediately before the leading edge of the digital data, to the timing of the clock generated 

immediately after the trailing edge of the digital data. This time breadth will be called the 

second time breadth t 2 of the digital data. Also, the said third jitter measurement device 

measures the output voltage V3 of the integration circuit at the above point, and converts the 

25 said output voltage V3 into the time breadth, which is to be the third time breadth t 3 of the 

digital data. 

Therefore, the said third jitter measurement device can measure the time breadth of the 

digital data, by adding all of the said the first time breadth t 1 , the second time breadth t 2 , 

30 and the third time breadth t 3• Furthermore, the said third jitter measurement device can 

detect the jitter value, by comparing the time breadth of the digital data with the theoretical 

value. 

However, the current first to third jitter measurement devices, which have been described in 

35 the previous sections, have had the following problems: 
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For the said first jitter measurement device, it has been likely to be affected by noise and 

difficult to measure the time breadth in stable condition, because it has used the integration 

circuit to measure the time breadth in analog. In addition, since the said first jitter 

5 measurement device cannot measure the waveform with more than one cycle by using one 

integration circuit, it has required the number of the integration circuits as many as the 

number of the waveform with cycles to be measured, if you want to measure the jitter 

component of the waveform with multiple cycles. Namely, for the said first jitter 

measurement device. for examples, you need nine(9) integration circuits with different time 

10 constants in order to detect every jitter component of the waveform with cycles from 3T to 

11 T, which have been included in a compact disc. Therefore, the said first jitter measurement 

device has had complex hard configuration. 

For the said second jitter measurement device, since it measures the time breadth by counting 

1 S clock, it has not been able to measure the shorter time breadth than the said clock cycle. In 

addition, since the said second jitter measurement device has used the high-speed clock, its 

processing circuit has had to be complex. Therefore, it has been difficult to save its cost. 

For the said third jitter measurement device, it has been likely to be affected by noise and 

20 difficult to measure the time breadth in stable condition, because it has used the integration 

circuit to measure the time breadth in analog. In addition, since the said third jitter 

measurement device should have a complex circuit configuration, its cost cannot be less 

expensive. Also, since the said third jitter measurement device has used the integration 

circuit, it has required the number of the integration circuits as many as the number of the 

25 waveform with cycles to be measured Therefore, the said third jitter measurement device has 

had to be complex in its hard configuration. 

30 

An object of the present invention is to overcome or substantially ameliorate at least some of 

the disadvantages of the prior art. 

Summa:cy of the invention 

According to the invention, there is provided a device for measuring jitter of a 

35 cyclic signal reproduced from an optical disk comprising: 
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analog to digital conversion means for converting a cyclic signal reproduced from 

an optical disk on which digital data has been stored in accordance with an indicated 

modulation rule; 

said analog to digital conversion means further comprises means for sampling said 

5 reproduced cyclic signal at a predefined sampling frequency, means for determining the level 

of said reproduced cyclic signal at each sampling point; and 

jitter operation means for computing time points at which said reproduced cyclic 

signal equals a predefined slice level; 

said jitter operation means further comprises means for computing a time interval 

10 between said time points at which said reproduced cyclic signal equals a predefined slice 

level; and 

15 

20 

25 

said jitter operation means further comprises means for computing a jitter 

component of said cyclic based upon said time interval. 

The jitter operation means may further comprise: 

means for computing a peak value of said cyclic signal at each of said sampling 

points; and 

means for computing said slice level in accordance with said peak value. 

The jitter operation means may further comprise means for determining at which of 

said sampling points the absolute value of said reproduced cyclic signal level equals or 

exceeds said slice level. 

The peak value may be computed by said jitter operation means based upon said 

cyclic signal level at each of said sampling points where the absolute value of said cyclic 

signal level is equal to or greater than Y4 a predefined theoretical amplitude value for a 

30 predetermined minimum-length cyclic waveform of said optical disk. 

The peak value may be computed by said jitter operation means by determining 

where said cyclic signal level has exceeded a predefined theoretical amplitude value for a 

35 predefmed theoretical amplitude value for a predetermined minimum-length cyclic waveform 
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of said optical disk for time period equal to or greater than Y:i cycle of said minimum cyclic 

waveform. 

The jitter operation means may further comprise means for determining a reference 

time interval by computing the time interval of each cycle of said cyclic signal based upon 

said time points at which a level of said cyclic signal equals or exceeds said slice level. 

10 The jitter operation means may extract a time interval for each wave of said cyclic 

signal based upon said reference time interval. 

The reference time interval may be selected to be equal to a predetermined 

15 minimum-length cyclic waveform of said optical disk or a predetermined maximum-length 

waveform of said optical disk. 

The jitter operation means may compute said jitter component of said cyclic signal 

20 in accordance with said reference time interval. 

25 

30 

The jitter operation means may compute said jitter component of said cyclic signal 

in accordance with characteristics of multiple cycles of said cyclic signal. 

The jitter operation means may compute said jitter component of said cyclic signal 

in accordance with the equation CJ = ~ ( :E ni O' i 
2 I :E ni ) where: 

O' = the jitter component which is computed based on the reproduced 

signal with the waveform of every cycle of said cyclic signal. 

a i: =the jitter component which is computed based on the reproduced 

signal with the waveform of said cyclic signal . 

35 The jitter operation means may compute asymmetry of said level of said cyclic 



8 

signal of for each cycle of said cyclic signal. 

According to a further aspect of the invention, there is provided ajitter measurement 

5 method comprising the steps of: 

sampling, at a predetermined sampling frequency so as to define sampling points, a 

cyclic signal reproduced from an optical disk on which digital data has been pre-recorded in 

accordance with an indicated modulation rule to produce sample data; said sample data 

represents signal level data for each of said sampling points; 

10 computing successive time points corresponding to each of said sampling points at 

15 

20 

which said signal level exceeds a predetermined slice level; 

computing time intervals between said successive time points; and 

computing jitter component of said cyclic signal based upon said time intervals. 

The jitter measurement method may further comprise the steps of: computing a peak 

value for each cycle of said cyclic signal based upon said signal level data; and 

computing said slice level based upon said peak value. 

In the jitter measurement method, the peak value for each cycle of said cyclic signal 

may be based upon the absolute value of said signal level data for each of said cycles. 

25 The peak value for each cycle of said cyclic signal may be defined as the signal level 

at which said absolute value equals or exceeds Y-l the value of a predetermined theoretical 

amplitude value for a predetermined minimum-length cycle. 

30 The peak value for each cycle of said cyclic signal may be defined as the signal level 

at which said absolute value is sustained for a time interval equal to, or greater than, Y2 cycle 

of a predetermined theoretical minimum cyclic waveform. 

35 The jitter measurement method may further comprise the step of: 
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defining a reference time interval as equal to a time interval between successive said 

sampling points at which said signal level values equal or exceed said predetermined slice 

value. 

The jitter measurement method may further comprise the step of: 

defining a reference time interval as equal to the time interval for a predefined 

minimum length cyclic wavefonn; and computing said jitter component based on said 

reference time interval. 

The jitter measurement method may further comprise the steps of: 

defining a reference time interval as equal to the time interval for a predefined 

maximum length cyclic wavefonn; and 

computing said jitter component based on said reference time interval. 

The jitter measurement method may further comprise the step of computing said 

jitter component of said cyclic signal based upon said reference interval for a predetennined 

20 cycle of said cyclic signal. 

The jitter measurement method may further comprise the step of computing said 

jitter component of said cyclic signal based upon said reference interval for multiple cycles 

25 of said cyclic signal. 

The jitter measurement method may further comprise the step of computing said 

jitter component of said cyclic signal based upon said reference interval for all cycles of said 

30 cyclic signal. 

35 

The jitter component of said cyclic signal may be computed in accordance with the 

following equation: O' = ..../ ( I: ni cr i 2 I E n; ) where: 

cr= The jitter component which is computed based on the 
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reproduced signal with the waveform of every waveform cycle of the 

cyclic signal. 

cr i: = The jitter component computed based on a predetermined waveform 

cycle of the cyclic signal (1 ). 

The jitter measurement method may further comprise the step of computing 

asymmetry of the level of cyclic waveform of said cyclic signal 

According to a further aspect of the invention, there is provided a recording and/or 

reproducing system of optical disc, whose properties are the following: 

reproducing method which reproduces the optical disc, in which the digital data in 

accordance with the indicated modulation rule is stored, and outputs the data according to the 

15 recorded signals; and 

Analog/digital conversion means which converts the reproduced signal, which the 

above reproducing method has reproduced, into the digital data which samples at the 

indicated sampling frequency and indicates signal levels at each sampling point; and 

Jitter operation means, based on the above signal levels and the above sampling 

20 frequency which is neighborhood of the indicated slice level, corrects and computes the time 

point at which the above reproduced signal reaches the above slice level, and computes each 

time breadth between the time points at which the above reproduced signal reaches the above 

slice level, then computes the jitter component of the reproduced signal, based on the above 

each time breadth, finally, controls the above reproducing measures, based on the jitter 

25 component. 

According to yet a further aspect of the invention, there is provided a reproducing 

method of optical disc, whose properties are the following: 

30 it reproduces the optical disc, in which the digital data in accordance with the above 

indicated modulation rule is stored, and outputs the data according to the said recorded 

signals; and 

it converts the reproduced signal, in which the digital data in accordance with the 

above indicated modulation rule is stored, into the digital data which samples at the indicated 

35 sampling frequency and indicates signal levels at each sampling point; and 
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based on the above signal levels and the above sampling frequency which is neighborhood of 

the indicated slice level, it corrects and computes the time point at which the above 

reproduced signal reaches the above slice level; and 

it computes each time breadth between the time points at which the above 

S reproduced signal reaches the above slice level; and 

10 

it computes the jitter component of the reproduced signal, based on the above each time 

breadth; and 

it controls the above reproducing measures, based on the jitter component. 

Brief Description of the Drawin2s 

In order that the invention might be more fully understood, embodiments of the invention 

will be described, by way of example only, with reference to the accompanying drawings, in 

15 which: 

Figure 1: Is a block diagram describing the application of an embodiment of the 

invention, the measuring device for characteristic of optical pickup. 

20 Figure2: Shows an example of the photo detector equipped with the optical pickup, 

which is a test object of the above measuring device for characteristic of optical pickup. 

Figure 3: Is a flow chart to explain the processing contents of the above measuring 

device for characteristic of optical pickup. 

25 

Figure 4: Is a wavefonn diagram to explain the processing contents of the above 

measuring device for characteristic of optical pickup. 

Figure 5: Is a wavefonn diagram to explain the processing contents of the above 

30 measuring device for characteristic of optical pickup. 

Figure 6: Is a flow chart to explain the processing contents of the above measuring 

device for characteristic of optical pickup. 
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Figure 7: Is a waveform diagram to explain the RF signals with a known binarized 

optical disc drive. 

Figure 8: Is a waveform diagram to explain the measurement method of the known jitter 

5 measurement device. 

Figure9: Is a waveform diagram to explain the measurement method of the known jitter 

measurement device. 

10 Figure 10: Is a waveform diagram to ex.plain the measurement method of the known jitter 

measurement device. 

15 

Detailed Description Of Embodiments Of The Invention 

Referring to the drawings, Figure 1 shows a block configuration describing the application of 

an embodiment of the invention, the characteristic test device. The characteristic test device 

I, as shown in the Figure 1, has the following features: optical pickup 2, which will be a test 

object; test bench 3, where optical disc will be set; matrix circuit 4, to which the output from 

20 a photo detector possessed by optical pickup 2, will be provided, and which will output 

reforming (RF) signals; and servo control circuit 5, which will servo control for the 

reproducing drive of optical disc, based on the output from the matrix circuit 4. 

In addition, this characteristic test device 1 also has the following: the first analog/digital 

25 converting circuit 6, which will convert RF signals from the matrix circuit 4 into digital data; 

and the first memory 7, which temporarily stores the output from the first analog/digital 

converting circuit 6. 

Moreover, this characteristic test device 1 has computer 8, which will process operation of 

30 the jitter component and display the result of the processing, based on the digital data 

temporarily stored in the memory 7, and will control the servo control circuit 5, based on the 

said result of the processing. 

Optical pickup 2 is an inspection object for the characteristic test device I. This optical 

35 pickup 2 can, for example, be freely attached to or removed from the characteristic test 
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device 1. The optical pickup 2 also has laser diode, beam splitter. object lens. and photo 

detector, etc. Furthermore, the optical pickup 2 lets laser emitted from laser diode gather on 

the optical disc through beam splitter, object lens, etc. Then, the optical pickup 2 lets 

reflection light from an image on photo detector. The photo detector possessed by the optical 

5 pickup 2, is photoelectric conversion element; it converts the reflection light which has 

formed an image, into electric signals. 

The optical pickup 2 has multiple photo detectors. Figure 2 shows an example of multiple 

photo detectors which are equipped with the optical pickup 2. For example, as shown in 

10 Figure 2, the optical pickup 2 has 4 photo detectors A to D which are arrayed in the shape of 

2x2 matrix, and photo detectors E and F for side spot inspection at both sides of the photo 

detectors A to D which are arrayed in such a manner. Such photo detectors A to F are, for 

example, adopted in optical pickup with the so-called three-spot method. in which three shots 

of laser will be emitted to optical disc. Main beam, which will be a center light in the three-

15 spot method, shall be irradiated to the photo detectors A to D. In other words, reflection light 

against memory bit recorded in the tracks of optical disc, shall be irradiated to the photo 

detectors A to D. The photo detectors E and Fare radially installed at both sides of the photo 

detectors A to D. Side beam in the three-spot method shall be irradiated to the photo 

detectors E and F. For example, light reflected from an edge, for example, of tracks of the 

20 optical disc shall be irradiated to these photo detectors E and F. 

The test bench 3, where optical disc will be set, rotates and drives the optical disc in order to 

reform the optical disc. In addition, the optical disc which will be set in the test bench 3, is 

used as a reference for the characteristic test device 1, namely, the characteristic test device 1 

25 measures the characteristic of the optical pickup 2, based on the reproduced signal of the 

optical disc which is used as a reference for the characteristic test device 1. 

The matrix circuit 4, to which the signals A to F, the output from each photo detector A to F 

possessed by the said optical pickup 2 will be supplied, and generates reforming (RF) signals, 

30 focus error (FE) signals, and tracking error (TE) signals, based on the signals A to F. For 

example, the matrix circuit 4, based on the signals A to F, generates RF signals, FE signals, 

and TE signals, as follows: the matrix circuit 4, based on the signals A to D. processes 

A+B+c+D, then generates RF signal; 
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also, the matrix circuit 4, based on the signals A to D, processes (A+c)-(B+D), then outputs 

the processing result as FE signal: that is, the matrix circuit 4 outputs FE signal, based on the 

non-point aberration method; finally, the matrix circuit 4, based on the signals E and F, 

processes E - F, then outputs the processing result as TE signal. 

Furthermore, the digital data which has been modulated according to the indicated 

modulation method, is recorded in the optical data. For examples, for so·called compact disk, 

provided that one cycle of digital data is T, a signal with the cycle of 3T to that with 11 Twill 

be randomiy recorded. As another example, for digital video disc, provided that one cycle of 

10 digital data is T, a signal with the cycle of3T to that with 14Twill be randomly recorded. 

Such digital data, which has been modulated according to the indicated modulation method, 

is generated by binarizing the RF signals which the matrix circuit 4 has generated, at the 

indicated slice level. 

The matrix circuit 4 supplies RF signals, FE signals, and TE signals, which have been 

15 processed in the above manner, to the servo control circuit 5. Also, the matrix circuit 4 

supplies RF signals to the first analog/digital converting circuit 6. 

The servo control circuit 5, servo-controls during reproducing drive of optical disc, based on 

RF signals, FE signals, and TE signal. Specifically, the servo control circuit 5, based on RF 

20 signals, drives a biaxial actuator, which operates the object lens of the optical pickup 2, until 

the FE signal reaches 0, and performs focus servo control. The servo control circuit 5, based 

on TE signals, drives a biaxial actuator, which operates the object lens of the optical pickup 

2, until the TE signal reaches 0, and performs tracking servo control. The servo control 

circuit 5, detects DC component of FE signals, and performs thread servo control, until the 

25 DC component becomes 0. Also, the servo control circuit 5, based on RF signals, performs 

tilt servo control, which controls the inclination of optical disc. Further, it is also good for the 

servo control circuit 5 to perform tilt servo control, with installing separate structure for 

detecting the inclination of optical disc. 

30 The analogldigital converting circuit 6 samples the RF signals at a sampling frequency, 

which is high-speed properly enough to remember the waveform of minimum theoretical 

frequency for the digital data in accordance with the indicated modulation method, which is 

generated from the RF signals, for examples, the waveform with frequency 3T for a compact 

disc. 

35 
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The analog/digital converting circuit 6 converts RF signal into digital data, for example, at 

the sampling frequency of about 30 MHz. The analog/digital converting circuit 6 supplies the 

RF signal, which has been converted into digital data, to the memory 7. 

5 The memory 7 temporarily stores the RF signal which has been converted into digital data by 

the analog/digital converting circuit 6. 

Computer 8 has interface division 8a; data storage division 8b; output division 8c; and 

processing division 8d, etc. The interface division Sa outputs control signals, which is for 

10 controlling the servo control circuit S, toward the servo control circuit 5. The data storage 

division 8b stores various processing programs which correspond to each measuring item of 

the optical pickup 2 in the characteristic test device 1. The output division 8c displays the 

results of measuring the characteristic of the optical pickup 2. 

15 The processing division 8d of the computer 8, reads out the RF signals, which have been 

converted into digital data and stored in the first memory 7, then detects jitter component of 

the RF signals, based on the read-out data. 

Furthermore, the processing division 8d of the computer 8 also performs the following 

20 processing on the data stored in the memory 7, when it processes according to each 

measuring item: For example, the processing division 8d performs filter operation; peak level 

operation; operation for computing waveform period; operation for computing phase 

difference between two signals; signal extract operation by level window; and signal extract 

operation by periodic window. 

25 

Next, we will explain their processing contents of measuring the jitter component items of 

the optical pickup 2 by using the said characteristic test device 1, as shown in Figure 3, 

Figure 4, Figure 5, and Figure 6. 

30 When the optical pick.up 2 is set by a user and operation start is directed, the characteristic 

test device 1 begins processing from the step Sl in the flow chart, as shown in Figure 3. 

In the step S 1, the characteristic test device 1 reproduces the optical disc and detects the RF 

signals which is shown in Figure 4(a), for examples. 
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In the step S2, the characteristic test device 1 converts the RF signals into digital data 

through the analog/digital converting circuit 6, and quantizes them, as shown in Figure 4(b ). 

The said quantized RF signals will be stored in the memory 7 in sequence. 

5 In the step S3, the characteristic test device 1 detects the peak value of each waveform of the 

RF signals as shown in Figure 4(c), based on the quantized RF signals. Namely, in the RF 

signals which have been reproduced from the optical disc, for example, waveforms which 

have the component of the cycles of 3T to 11 T, are randomly contained. Therefore, the RF 

signals becomes the waveform in which a level vertically fluctuates to plus and minus. The 

10 characteristic test device 1 detects the peak value of plus side and the peak value of minus 

side for each waveform, in the said fluctuation. 

Moreover, for processing of measuring the peak value in the step S3, the processing division 

8d reads out the quantized data, which has been stored in the memory 7. The same 

15 procedures will be taken in and after the following step S4. 

Next, in step S4, the characteristic test device 1 computes the slice level during the RF 

signals are binarized, as shown in Figure 4 ( d), based on the peak value of detected RF 

signals. In this procedure, the characteristic test device 1 computes the said slice level by 

20 performing the operation described as follows: 

For examples, the characteristic test device 1 computes average value of the peak values at 

plus side and average value of the peak values at minus side for all waveforms, then 

determines the middle point of these average values to be a slice level. Alternatively, the 

25 characteristic test device 1 can determine the value, in which the indicates offset is added to 

the middle point, to be a slice level. Furthermore, the characteristic test device 1 can detect 

only the indicated waveform of the indicated cycle, which has been included in the RF 

signals, instead of the peak values of all waveforms: for example, it can detect only 

waveform of 3T, then determine the middle point of these average values of the peak values 

30 of3Twaveform, to be a slice level. 

35 

Moreover, in case of computing the said slice level, the characteristic test device 1 can use 

the peak value which has been detected by adding the indicated restriction, in order to 

eliminate noise component, etc. 
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For example, the characteristic test device 1 detects only the peak value with the level of 114 

or more as against the theoretical amplitude of the RF signals of the optical disc, which will 

be reproduced. By adding restriction toward the amplitude direction during detecting the 

peak value, the characteristic test device I can eliminate noise component, so that it is able to 

5 compute an accurate slice level. For another example, the characteristic test device 1 detects 

the peak value only when the time breadth between a peak value and another peak value is 

1/2 or more of the cycle of the shortest cycle waveform (e.g. 3T) of the RF signals of the 

optical disc to be reproduced. 

10 By adding restriction toward the time base direction during detecting the peak value, the 

characteristic test device 1 can eliminate noise component, so that it is able to compute an 

accurate slice level. 

We would further mention that in case of setting a slice level for the characteristic test device 

15 1, you can let user set the value randomly, or add offset to the slice level which has been 

computed by the above procedures: either case is acceptable. 

In step SS, the characteristic test device 1 separates the RF signals into levels, using the 

computed slice level, then computes the cycle of each waveform which is delimited by the 

20 said slice level. The characteristic test device 1 computes such cycles, for example, based on 

the sampling frequency of the analog/digital converting circuit 6, which was discussed in the 

previous sections. Then, the characteristic test device 1 computes the longest cycle or the 

shortest cycle, based on the computed cycles of each waveform. If the optical disc to be 

reproduced is a compact disc, the shortest cycle will be 3T, or about 670n seconds. 

25 

In step 86, the characteristic test device 1 computes at haw many times of the speed the 

characteristic test device 1 reproduces the optical disc, based on the computed longest cycle 

or the shortest cycle, as shown in Figure 4 (e). Namely, the characteristic test device 1 

compares the computed longest cycle or the shortest cycle with the theoretical value cycle, 

30 and computes at haw many times of the speed, it currently reproduces the optical disc. 

35 

Please note that if at which speed the optical disc is currently reproduced has been known in 

advance, the characteristic test device 1 will not process the step SS and the step S6, but go 

forth to process from the step S4 to the step S7. 
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In step 87, the characteristic test device 1 computes the time breadth of each waveform., as 

shown in Figure 4 (f). 

In the following sections, we will specifically describe the step 87, using an example: in case 

5 of computing the time breadth of a part of waveform. X, which is shown in Figure 5 (b ), 

among the RF signals as shown in Figure 5 (a). 

The characteristic test device 1 computes the time breadth of waveform X. which is shown in 

Figure 5 (b ), by processing from step S 11 to step S 17, as shown in Figure 6. 

10 First, in step S 11, the characteristic test device 1 obtains the quantized data Dl to D6, for the 

said part of waveform X, as shown in Figure 5 (c). Here, the quantized data Dl to D6, 

include the part of data before and after the slice level in terms of time, as well as the data of 

waveformX. 

15 Second, in step 812, the characteristic test device 1 computes the time point Pl at which the 

RF signals become a slice level, by interpolating from the quantized data Dl and D2. For 

example, provided that the quantized data at the level more than the slice level is plus, and 

the quantized data at the level less than the slice level is minus, there must exist the point at 

which the RF signals become a slice level, between the two(2) quantized data where signs are 

20 changed. Therefore, the characteristic test device 1 can compute the time point at which the 

RF signals become a slice level through interpolating, by using the level difference between 

the slice level of two(2) quantized data across the said slice level, and the time point which 

has been obtained by sampling the two(2) quantized data. 

25 Third, in step S 13, the characteristic test device 1 computes the time point P2 at which the 

RF signals become a slice level next to the time point Pl, by interpolating from the quantized 

data DS and D6, in the same procedures as the above step S 12. 

We would mention here that in the above step Sl2 and step Sl3, you can use any operation 

30 methods of interpolating the quantized data, in order to compute the time points Pl and P2 of 

the RF signals at the slice level: for example, you can computes them by linear interpolation. 

In addition, if you use the quantized data in the neighborhood of the slice level, you do not 

need to compute them from two(2) quantized data. Alternatively, for example, you may 

compute the time point at which the RF signals become a slice level from three(3) data or 

35 four(4) data. 
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Fourth, in step 814, the characteristic test device 1 computes the time breadth t 1 between the 

computed time point Pl, and the quantized data D2 which has been sampled immediately 

after the slice level. 

Fifth, in step S 15, the characteristic test device I computes the time breadth t 2 between the 

computed time point P2, and the quantized data DS which has been sampled immediately 

before the slice level. 

10 Sixth, in step S 16, the characteristic test device 1 computes the time breadth t 3 between the 

quantized data D2 which has been sampled immediately after the slice level, and the 

quantized data DS which has been sampled immediately before the slice level. The 

characteristic test device 1 can compute the said time breadth t 3, based on the sampling 

number between the quantized data D2 and the quantized data DS, and the sampling 

15 frequency of the analog/digital converting circuit 6. 

20 

Seventh, in step S 17, the characteristic test device 1 adds the time breadth t 1, the time 

breadth t 2, and the time breadth t 2, which were stated in the above, and computes the time 

breadth of wavefonn X. 

As we have discussed in the above sections, the characteristic test device 1 can compute the 

cycle of waveform X, by processing the above step S 1 to step S 17, in step 87. 

Furthermore, in step S7, the characteristic test device 1 measure time breadth of each 

25 waveform of the RF signals, that is, the time breadth of multiple wavefonn, as shown in 

Figure 4 (f). The characteristic test device 1 stores the data of the computed time breadth of 

each waveform in the data storage division 8 b, for ex.ample. 

Next, in step 88, the characteristic test device 1 divides the cycle of each waveform of the RF 

30 signals, which were computed in the above step S7, among the data for every cycle of each 

waveform, by using a cyclic window. Here, if the optical disc to be reproduced is a compact 

disc, "for every cycle of each waveform" means for every cycle of the waveform of the 

modulated signals, which have been included in the RF signals of the said compact disc, that 

is, every cycle of 3T to 1 lT. Cyclic window is a time domain in order to divide each 

35 waveform for every cycle. For example, if the cycle of each wavefonn of the RF signals, 
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which were computed in the above step 87, exists in the time breadth at or more than 0 T, 

less than 3.5 T, as against the theoretical cycle T, then the characteristic test device 1 divides 

it into the classification of 3 T; or if it exists in the time breadth at or more than 3 .5 T, less 

than 4.5 T, as against the theoretical cycle T, then the characteristic test device 1 divides it 

5 into the classification of 4 T. 

10 

As we have explained in the above, the characteristic test device 1 divides the cycle of each 

waveform, by using cyclic window. We would further mention that during performing such 

division, the characteristic test device 1 considers the reproducing speed of the optical disc. 

Then in step $9, the characteristic test device 1 measures the jitter component a of the RF 

signals for every cycle, based on the time breadth divided for every cycle which was stated in 

the above. 

15 For example, the said characteristic test device 1 totals the time breadth of the waveform of 

cycle 3T, which have been divided by cyclic window, then computes the average of them, 

and computes how much difference each data has from the said average. In addition, 

provided that the jitter component of each waveform is a i, the characteristic test device 1 

computes the jitter component, which has been computed based on the reproduced signal of 

20 the waveform of all cycles, as shown in the following formula (1): 

cr =-../ ( t n; a i 2 I I: ni) ................ (!) 

As we have discussed in the above sections, the characteristic test device 1 can measure the 

25 jitter of the optical pickup 2. 

Furthermore, the processing division 8d adds the results of measuring the jitter component to 

the controlled variable of focus servo as offset component. Under the said condition, the 

characteristic test device 1 once again processes from step Sl to step S9, which were stated 

30 in the previous section. By going through such procedures, the characteristic test device 1 can 

perform feedback on the results of measuring the jitter component to the servo control circuit 

S, and re-measure the jitter. 

As we have explained in the above sections, the characteristic test device 1 is noise-resistant, 

35 and it can stably measure the jitter component, because the characteristic test device 1 
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computes the time breadth of each waveform of the reproduced signal of the optical disc, by 

using digital processing. In addition, the characteristic test device 1 can measure the jitter 

component, for every cycle included in the RF signals, for example, every 3T to 11 T. 

Furthermore, the characteristic test device 1 can easily measure total of the jitter components, 

5 which are included in the reproduced signal of the waveform of all cycles. 

10 

15 

The characteristic test device 1 has very simple circuit configuration. Even if you need to 

amend the measurement content. you only need to amend the processing programs and can 

save cost. 

In addition, when you measures the jitter of the optical pickup 2 by using the system which 

adopts the multiple characteristic test devices l, you can easily make correction among 

devices, and you will not generate the unevenness in the measurement results among each 

device. 

Moreover. by going through the following processing procedures, the characteristic test 

device 1 can compute the amplitude of every waveform of the RF signals, as well as measure 

the jitter component: 

20 The characteristic test device 1 has computed the time breadth of waveform X in the 

processing in step S7, as we have described in the previous sections. During the said 

procedure, the characteristic test device 1 computes the approximate formula of the 

waveform X, by using the quantized data Dl to D6. Based on the said approximate formula, 

the characteristic test device 1 computes the peak value of the waveform X. The 

25 characteristic test device 1 divides the said peak value among every cyclic window, which 

has been mentioned in step S8, and computes the average value of the peak value for every 

cycle. In such procedures, the characteristic test device 1 can compute the amplitude of every 

cycle of the RF signals. 

30 Finally, the characteristic test device l can compute the asymmetry (unbalance) of the peak 

value of each cycle, by comparing the amplitude of every cycle one another, which has been 

computed through the above procedures. 

We have explained the characteristic test device 1 to measure the characteristics of the 

35 optical pickup 2. However, it is possible to apply the characteristic test device 1 to the 
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characteristic test device for optical disc. That is, the characteristic test device 1, which was 

described in the previous sections, uses an optical disc which is set in the test bench 3, as its 

reference; if you use optical pickup as its reference, you can measure the characteristics of 

the optical disc. 

In addition, the optical pickup 2 which is to be measured by the characteristic test device 1, 

has measured the signal A to F, by using the photo detector shown in Figure 2; however, 

adoption of this invention is not limited only to a such type of optical pickup. For example, it 

is possible to apply it to the optical pickup which is used in optical pickup used for optical 

10 magnetic disc or phase change disc. Jn such cases, since the configuration of the photo 

detector will be generally different from the one explained in Figure 2, the circuit 

configurations of the matrix circuit 4 and the servo control circuit 5 will correspond to the 

optical pickup which will be measured. Also, in case of adopting to the optical magnetic disc, 

since the reproduced signal will be the difference signal which uses Kerr effect, we will 

15 adopt the program in which the contents of processing at the processing division 8 d 

correspond to the said difference signal. 

Furthermore, the optical pickup 2 which is to be measured by the characteristic test device 1, 

can be not the one in which the object lens is installed as one body, but so-called photo 

20 coupler, which has light-emitting device, prism, and light receiving element on a semi­

conductor board. Jn such a case, the photo coupler can be freely attached to and removed 

from the characteristic test device 1, and the object lens is equipped with the device. 

Moreover, the embodiment of the invention can be adopted to the recording and/or 

25 reproducing system of optical disc, which has the analog/digital converting circuit 6, the 

memory 7, and the computer 8, and performs feedback of the measurement result of the jitter 

component, then records and reproduces the signals under the optimized reproducing or 

recording conditions. 

30 That means, such the recording and/or reproducing system of optical disc is equipped with 

not only the ordinary circuit configuration of optical disc, but also the analog/digital 

converting circuit to which the output from the reproduced signal of the optical pickup, is 

supplied, as well as the processing division which computes the characteristics of the 

reproduced signal, based on the output from the analog/digital converting circuit. 

35 
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The said processing division, for example, consists of a digital signal processor. It measures 

the jitter component, which has been discussed in the previous sections, based on the above 

output data from the analog/digital converting circuit. The processing division, based on the 

said measurement result, controls the reproducing circuit so that the servo characteristic or 

5 the reproducing characteristic of the recording and/or reproducing system is optimized. Then, 

the recording and/or reproducing system of optical disc can reproduce the optical disc under 

the optimized reproducing condition. 

The jitter measurement device for reproducing a signal of optical disc, regarding this 

10 embodiment of the invention, converts the reproduced signal of optical disc into digital data 

at a predetermined sampling frequency; interpolates the time point at which the reproduced 

signal equals or exceeds a predetennined slice level; and computes the jitter component of 

the reproduced signal. 

15 By the above procedures, the said jitter measurement device for reproduced signal of optical 

disc is noise-resistant, and be able to measure the jitter component stably. In addition, the 

characteristic test device 1, regarding this embodiment of the invention, can measure the 

jitter component for every cycle which is included in the reproduced signal. Furthermore, the 

characteristic test device I, regarding this embodiment of the invention, can measure the total 

20 of the jitter components, which are included in the reproduced signal of the waveform of all 

cycles. 

The jitter measurement method for reproduced signal of optical disc, regarding this 

embodiment of the invention, converts the reproduced signal of optical disc into digital data 

25 at the indicated sampling frequency; interpolates the time point at which the reproduced 

signal becomes the indicated slice level; and computes the jitter component of the reproduced 

signal. 

By the above procedures, the said jitter measurement device for reproduced signal of optical 

30 disc is noise-resistant, and be able to measure the jitter component stably. In addition, the 

characteristic test device 1, regarding this embodiment of the invention, can measure the 

jitter component for every cycle which is included in the reproduced signal. Furthermore, the 

characteristic test device 1, regarding this embodiment of the invention, can measure the total 

of the jitter components, which are included in the reproduced signal of the waveform of all 

35 cycles. 
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The recording and/or reproducing system of optical disc, regarding this embodiment of the 

invention, converts the reproduced signal of optical disc into digital data at the indicated 

sampling frequency; interpolates the time point at which the reproduced signal becomes the 

5 indicated slice level; computes the jitter component of the reproduced signal; and feedback 

controls the reproduced signal, based on the said jitter component. 

By the above procedures, the said recording and/or reproducing system of optical disc, 

regarding this embodiment of the invention, can reproduce the optical disc under the 

10 optimized reproducing condition. 

The reproducing method of optical disc, regarding this embodiment of the invention, 

converts the reproduced signal of optical disc into digital data at the indicated sampling 

frequency; interpolates the time point at which the reproduced signal becomes the indicated 

15 slice level; computes the jitter component of the reproduced signal; and feedback controls the 

reproduced signal, based on the said jitter component. 

By the above procedures, the said reproducing method of optical disc, regarding this 

embodiment of the invention, can reproduce the optical disc under the optimized reproducing 

20 condition. 

In summary, embodiments of the invention supply the jitter measurement device for 

reproduced signal of optical disc; the jitter measurement method for reproduced signal of 

optical disc; the recording and/or reproducing system of optical disc; and the reproducing 

25 methods of optical disc. 

30 

In addition, embodiments of the invention supply the recording and/or reproducing system of 

optical disc, as well as reproducing methods of optical disc, which are able to optimize the 

jitter component. 

The jitter measurement device for reproduced signal of optical disc, regarding embodiments 

of this invention, has the following features: the analog/digital conversion means converting 

the reproduced signal of optical disc, in which the digital data in accordance with the 

indicated modulation rule is stored, into digital data which samples at the indicated sampling 

35 frequency, and indicates signal levels at each sampling point; and the jitter operation means, 
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based on the above signal levels and the above sampling frequency which is neighborhood of 

the indicated slice level, corrects and computes the time point at which the above reproduced 

signal reaches the above slice level, computes each time breadth between the time points at 

which the above reproduced signal reaches the above slice level, and computes the jitter 

5 component of the reproduced signal, based on the above each time breadth. 

The said jitter measurement device for reproduced signal of optical disc, converts the 

reproduced signal of optical disc into digital data which samples at the indicated sampling 

frequency; corrects and computes the time point at which the above reproduced signal 

10 reaches the above slice level; and computes the jitter component of the reproduced signal. 

The jitter measurement device for reproduced signal of optical disc, regarding an 

embodiment of this invention, has the following features: the jitter operation means computes 

the peak value of the reproduced signal from the signal level at the above each sampling 

15 point, then sets the indicated slice level stated in the above, based on the peak value. 

The said jitter measurement device for reproduced signal of optical disc, computes the peak 

value of the reproduced signal, and computes the jitter component of the reproduced signal. 

The jitter measurement device for reproduced signal of optical disc, regarding an 

20 embodiment of this invention, has the following features: the jitter operation means extracts 

the time breadth to which the cycle of each waveform correspondents, which is included in 

the reproduced signal of optical disc, from the each time breadth between the time points at 

which the above reproduced signal reaches the above slice level, with using the indicated 

time breadth as its reference, and computes the jitter component of the reproduced signal. 

25 

The said jitter measurement device for reproduced signal of optical disc, extracts the time 

breadth to which the cycle of each waveform correspondents, and computes the jitter 

component of the reproduced signal. 

30 The jitter measurement device for reproduced signal of optical disc, regarding an 

embodiment of this invention, has the following features: the jitter operation means computes 

the jitter component of the reproduced signal, as well as it extracts the time breadth to which 

the cycle of each waveform correspondents, which is included in the reproduced signal of 

optical disc, from the each time breadth between the time points at which the above 

35 reproduced signal reaches the above slice level, with using the indicated time breadth as its 

·---·--·-·- ... 
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reference, and computes the amplitude of the reproduced signal with the waveform of each 

cycle. 

The said jitter measurement device for reproduced signal of optical disc, computes the jitter 

5 component of the reproduced signal, as well as computes the amplitude of the reproduced 

signal with the waveform of each cycle. The jitter measurement device for reproduced signal 

of optical disc, regarding an embodiment of this invention, has the following features: the 

jitter operation means computes the jitter component of the reproduced signal, as well as it 

computes asymmetry of the amplitude of the reproduced signal of optical disc. with the 

l 0 waveform of each cycle. 

The said jitter measurement device for reproduced signal of optical disc, computes the jitter 

component of the reproduced signal, as well as it computes asymmetry of the amplitude of 

the reproduced signal of optical disc, with the waveform of each cycle. 

15 The jitter measurement method for reproduced signal of optical disc, regarding an 

embodiment of this invention, has the following features: it samples the reproduced signal of 

optical disc, in which the digital data in accordance with the indicated modulation rule is 

stored, at the indicated sampling frequency, and converts them into digital data which 

indicates the signal levels at each sampling point; based on the above signal levels and the 

20 above sampling frequency which is neighborhood of the indicated slice level, it corrects and 

computes the time point at which the above reproduced signal reaches the above slice level; 

it computes each time breadth between the time points at which the above reproduced signal 

reaches the above slice level; and it computes the jitter component of the reproduced signal, 

based on the above each time breadth. 

25 

30 

35 

In the said jitter measurement method for reproduced signal of optical disc, it converts them 

into digital data at the indicated sampling frequency, and corrects and computes the time 

point at which the above reproduced signal reaches the above slice level, then computes the 

jitter component of the reproduced signal. 

The jitter measurement method for reproduced signal of optical disc, regarding an 

embodiment of this invention, has a feature as follows: it computes the peak value of the 

reproduced signal from the signal level at the above each sampling point, then sets the 

indicated slice level stated in the above, based on the peak value. 
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In the said jitter measurement method for reproduced signal of optical disc, it computes the 

peak value of the reproduced signal and computes the jitter component of the reproduced 

signal. 

The jitter measurement method for reproduced signal of optical disc, regarding an 

5 embodiment of this invention, has a feature as follows: it extracts the time breadth to which 

the cycle of each waveform correspondents, which is included in the reproduced signal of 

optical disc, from the each time breadth between the time points at which the above 

reproduced signal reaches the above slice level, with using the indicated time breadth as its 

reference; and it computes the jitter component of the reproduced signal. 

10 

15 

In the said jitter measurement method for reproduced signal of optical disc, it extracts the 

time breadth to which the cycle of each waveform correspondents, which is included in the 

reproduced signal, and computes the jitter component of the reproduced signal of optical 

disc. 

The jitter measurement method for reproduced signal of optical disc, regarding an 

embodiment of this invention, has the following features: it computes the jitter component of 

the reproduced signal, as well as it extracts the time breadth to which the cycle of each 

waveform correspondents, which is included in the reproduced signal of optical disc, from 

20 the each time breadth between the time points at which the above reproduced signal reaches 

the above slice level, with using the indicated time breadth as its reference, and computes the 

amplitude of the reproduced signal with the waveform of each cycle. 

In the said jitter measurement method for reproduced signal of optical disc, it computes the 

25 jitter component of the reproduced signal, as well as it extracts the time breadth of the 

waveform with each cycle. 

The jitter measurement method for reproduced signal of optical disc, regarding an 

embodiment of this invention, has the following features: it computes the jitter component of 

30 the reproduced signal, as well as it computes asymmetry of the amplitude of the reproduced 

signal of optical disc with the waveform of each cycle. 

In the said jitter measurement method for reproduced signal of optical disc, it computes the 

jitter component of the reproduced signal, as well as it computes asymmetry of the amplitude 

35 of the reproduced signal of the waveform of each cycle of the reproduced signal. 
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The recording and/or reproducing system of optical disc, regarding an embodiment of this 

invention. has the following features: the reproducing method which reproduces the optical 

disc, in which the digital data in accordance with the indicated modulation rule is stored, and 

5 outputs the data according to the recorded signals; the analog/digital conversion means which 

converts the reproduced signal, which the above reproducing method has reproduced, into the 

digital data which samples at the indicated sampling frequency and indicates signal levels at 

each sampling point; the jitter operation means, based on the above signal levels and the 

above sampling frequency which is neighborhood of the indicated slice level, corrects and 

10 computes the time point at which the above reproduced signal reaches the above slice level, 

and computes each time breadth between the time points at which the above reproduced 

signal reaches the above slice level, then computes the jitter component of the reproduced 

signal, based on the above each time breadth, finaUy, controls the above reproducing 

measures, based on the jitter component. 

15 

The said recording and/or reproducing system of optical disc, convert the reproduced signal 

of the optical disc into the digital data at the indicated sampling frequency, corrects and 

computes the time point at which the above reproduced signal reaches the above slice level, 

computes the jitter component of the reproduced signal, and perform feedback control on the 

20 reproducing measures, based on the said jitter component. 

The reproducing method of optical disc, regarding an embodiment of this invention, has the 

following features: it reproduces the optical disc, in which the digital data in accordance with 

the above indicated modulation rule is stored, and outputs the data according to the said 

25 recorded signals; it converts the reproduced signal, in which the digital data in accordance 

with the above indicated modulation rule is stored, into the digital data which samples at the 

indicated sampling frequency and indicates signal levels at each sampling point; based on the 

above signal levels and the above sampling frequency which is neighborhood of the indicated 

slice level, it corrects and computes the time point at which the above reproduced signal 

30 reaches the above slice level; it computes each time breadth between the time points at which 

the above reproduced signal reaches the above slice level; it computes the jitter component of 

the reproduced signal, based on the above each time breadth; and it controls the above 

reproducing measures, based on the jitter component. 



In the reproducing method of optical disc, it converts the reproduced signal of the optical disc 

into digital data at the indicated sampling frequency, corrects and computes the time point at 

which the above reproduced signal reaches the slice level, computes the jitter component of 

the reproduced signal, and performs feedback control on the reproducing measures, based on 

5 said jitter component. 

The measuring device for characteristic of optical pickup (hereinafter referred to as 

"characteristic test device") inspects the characteristic of optical pickup, which is used for 

optical disc drive. Such characteristic test device is adopted in the specification test of optical 

10 pickup or research on the characteristic of optical pickup: for example, it is adopted in 

shipping test or acceptance test of optical pickup. 

The foregoing description of the preferred embodiments of the invention has been presented 

for purposes of illustration and description and is not intended to be exhaustive or limit the 

15 invention to the precise form disclosed herein. In view of the above teachings, obvious 

modifications or variations will be apparent to those skill in the art. All such modifications 

and variations are fully contemplated by the inventor and are within the scope of the 

invention as determined by the appended claims when interpreted in accordance with the 

breadth to which they are fairly, legally and equitably entitled. 

20 
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Claims 

1. A device for measuring jitter of a cyclic signal reproduced from an optical disk 

comprising: 

5 analog to digital conversion means for converting a cyclic signal reproduced from 

an optical disk on which digital data has been stored in accordance with an indicated 

modulation rule; 

said analog to digital conversion means further comprises means for sampling said 

reproduced cyclic signal at a predefined sampling frequency. means for determining the level 

10 of said reproduced cyclic signal at each sampling point; and 

jitter operation means for computing time points at which said reproduced cyclic 

signal equals a predefined slice level; 

said jitter operation means further comprises means for computing a time interval 

between said time points at which said reproduced cyclic signal equals a predefined slice 

15 level; and 

said jitter operation means :further comprises means for computing a jitter 

component of said cyclic based upon said time interval. 

20 2. A device for measuring jitter of a cyclic signal reproduced from an optical disk 

25 

according to claim 1 wherein said jitter operation means further comprises: 

means for computing a peak value of said cyclic signal at each of said sampling 

points; and 

means for computing said slice level in accordance with said peak value. 

3. A device for measuring jitter ofa cyclic signal reproduced from an optical disk 

according to claim 2 wherein said jitter operation means further comprises means for 

determining at which of said sampling points the absolute value of said reproduced cyclic 

30 signal level equals or exceeds said slice level. 

4. A device for measuring jitter of a cyclic signal reproduced from an optical disk 

according to claim 3 wherein said peak value is computed by said jitter operation means 

35 based upon said cyclic signal level at each of said sampling points where the absolute value 
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of said cyclic signal level is equal to or greater than Y4 a predefined theoretical amplitude 

value for a predetermined minimum-length cyclic waveform of said optical disk. 

5 5. A device for measuring jitter of a cyclic signal reproduced from an optical disk 

according to claim 3 wherein said peak value is computed by said jitter operation means by 

determining where said cyclic signal level has exceeded a predefined theoretical amplitude 

value for a predefined theoretical amplitude value for a predetermined minimum-length 

cyclic waveform of said optical disk for time period equal to or greater than Y2 cycle of said 

10 minimum cyclic waveform. 

6. A device for measuring jitter of a cyclic signal reproduced from an optical disk 

according to claim 1 wherein said jitter operation means further comprises means for 

15 determining a reference time interval by computing the time interval of each cycle of said 

cyclic signal based upon said time points at which a level of said cyclic signal equals or 

exceeds said slice level. 

20 7. A device for measuring jitter of a cyclic signal reproduced from an optical disk 

according to claim 6 wherein said jitter operation means extracts a time interval for each 

wave of said cyclic signal based upon said reference time interval. 

25 8. A device for measuring jitter of a cyclic signal reproduced from an optical disk 

30 

35 

according to claim 6 wherein said reference time interval is selected to be equal to a 

predetermined minimum-length cyclic waveform of said optical disk or a predetermined 

maximum-length waveform of said optical disk. 

9. A device for measuring jitter of a cyclic signal reproduced from an optical disk 

according to claim 6 wherein said jitter operation means computes said jitter component of 

said cyclic signal in accordance with said reference time interval. 

\ \11\11\ \\I~ II\\ \\II\\ \\I\ 
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10. A device for measuring jitter of a cyclic signal reproduced from an optical disk 

according to claim 6 wherein said jitter operation means computes said jitter component of 

said cyclic signal in accordance with characteristics of multiple cycles of said cyclic signal. 

11. A device for measuring jitter of a cyclic signal reproduced from an optical disk 

according to claim 6 wherein said jitter operation means computes said jitter component of 

said cyclic signal in accordance with the equation er = --J ( L ni er i 2 I L ni ) where: 

cr = the jitter component which is computed based on the reproduced 

signal with the waveform of every cycle of said cyclic signal. 

cr i: =the jitter component which is computed based on the reproduced 

signal with the waveform of said cyclic signal . 

15 12. A device for measuring jitter of a cyclic signal reproduced from an optical disk 

according to claim 1 wherein said jitter operation means computes asymmetry of said level 

of said cyclic signal of for each cycle of said cyclic signal. 

20 13. A jitter measurement method comprising the steps of: 

sampling, at a predetermined sampling frequency so as to define sampling points, a 

cyclic signal reproduced from an optical disk on which digital data has been pre-recorded in 

accordance with an indicated modulation rule to produce sample data; 

said sample data represents signal level data for each of said sampling points; 

25 computing successive time points corresponding to each of said sampling points at which 

said signal level exceeds a predetermined slice level; 

30 

35 

computing time intervals between said successive time points; and 

computing jitter component of said cyclic signal based upon said time intervals. 

14. Ajitter measurement method according to claim 13 further comprising the steps of: 

computing a peak value for each cycle of said cyclic signal based upon said signal level data; 

and 

computing said slice level based upon said peak value. 

\ llltlll lllH Ill\\ lll\I \\ \Ill 
* C L M S * 



5 

- - - -- - ----------------- --- - - - - ------- --- - -- ---- - ------

33 

15. A jitter measurement method according to claim 14 where said peak value for each 

cycle of said cyclic signal is based upon the absolute value of said signal level data for each 

of said cycles. 

16. A jitter measurement method according to claim 15 wherein said peak value for each 

cycle of said cyclic signal is defined as the signal level at which said absolute value equals or 

exceeds 'l4 the value of a predetermined theoretical amplitude value for a predetermined 

10 minimum-length cycle. 

17. A jitter measurement method according to claim 1 S wherein said peak value for each 

cycle of said cyclic signal is defined as the signal level at which said absolute value is 

15 sustained for a time interval equal to, or greater than, Y:i cycle of a predetermined theoretical 

minimum cyclic waveform. 

18. A jitter measurement method according to claim 13 further comprising the step of: 

20 defining a reference time interval as equal to a time interval between successive said 

sampling points at which said signal level values equal or exceed said predetermined slice 

value. 

25 19. A jitter measurement method according to claim 18 further comprising the step of: 

30 

35 

defining a reference time interval as equal to the time interval for a predefined 

minimum length cyclic waveform; and computing said jitter component based on said 

reference time interval. 

20. A jitter measurement method according to claim 18 further comprising the step of: 

defining a reference time interval as equal to the time interval for a predefined 

maximum length cyclic waveform; and 

computing said jitter component based on said reference time interval. 
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21. A jitter measurement method according to claim 18 further comprising the step of 

computing said jitter component of said cyclic signal based upon said reference interval for a 

predetermined cycle of said cyclic signal. 

22. A jitter measurement method according to claim 18 further comprising the step of 

computing said jitter component of said cyclic signal based upon said reference interval for 

multiple cycles of said cyclic signal. 

23. A jitter measurement method according to claim 18 further comprising the step of 

computing said jitter component of said cyclic signal based upon said reference interval for 

all cycles of said cyclic signal. 

24. A jitter measurement method according to claim 23 wherein said jitter component of 

said cyclic signal is computed in accordance with the following equation: er = ...J ( Z ni er i 2 I 

Z ni) where: 

cr = The jitter component which is computed based on the 

reproduced signal with the wavefonn of every waveform cycle of the 

cyclic signal. 

cr i: = The jitter component computed based on a predetermined waveform 

cycle of the cyclic signal (1). 

25. A jitter measurement method according to claim 13 further comprising the step of 

computing asymmetry of the level of cyclic waveform of said cyclic signal. 

30 26. Recording and/or reproducing system of optical disc, whose properties are the 

following: 

35 

reproducing method which reproduces the optical disc, in which the digital data in 

accordance with the indicated modulation rule is stored, and outputs the data according to the 

recorded signals; and 
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Analog/digital conversion means which converts the reproduced signal. which the 

above reproducing method bas reproduced, into the digital data which samples at the 

indicated sampling frequency and indicates signal levels at each sampling point; and 

Jitter operation means, based on the above signal levels and the above sampling 

5 frequency which is neighborhood of the indicated slice level, corrects and computes the time 

point at which the above reproduced signal reaches the above slice level, and computes each 

time breadth between the time points at which the above reproduced signal reaches the above 

slice level, then computes the jitter component of the reproduced signal, based on the above 

each time breadth, finally, controls the above reproducing measures, based on the jitter 

10 component. 

27. Reproducing method of optical disc, whose properties are the following: 

it reproduces the optical disc, in which the digital data in accordance with the 

15 above indicated modulation rule is stored, and outputs the data according to the said recorded 

signals; and 

it converts the reproduced signal, in which the digital data in accordance with the 

above indicated modulation rule is stored, into the digital data which samples at the indicated 

sampling frequency and indicates signal levels at each sampling point; and 

20 based on the above signal levels and the above sampling frequency which is neighborhood of 

the indicated slice level, it corrects and computes the time point at which the above 

reproduced signal reaches the above slice level; and 

it computes each time breadth between the time points at which the above 

reproduced signal reaches the above slice level; and 

25 it computes the jitter component of the reproduced signal, based on the above each time 

breadth; and 

it controls the above reproducing measures, based on the jitter component. 

11111111 11111111111 tlltl II 1111 
* C L M S * 



5 

-- - - ----~-------------------------

36 

Abstract 

Jitter Measuring Method 

Utilizing AID Conversion and Device 

A jitter measurement device for reproducing a signal from an optical disc, which has simple 

circuit configuration and can effectively measure the jitter component. A matrix circuit 4 

supplies the RF signals to the analog/digital converting circuit 6. Second, the computer 8 

10 computes the slice level from the digitized data of the RF signals. Computer 8 computes the 

time point at which the RF signals become the indicated slice level, by interpolating, based 

on the digital data at the sampling point in the neighborhood of the said slice level, and the 

sampling frequency of the analog/digital converting circuit 6. A computer 8 computes each 

time breadth between the time points at which the RF signals become the slice level, then 

15 computes the jitter component of the reproduced signal, based on the each time breadth. 

Figure 1 
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