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(57) ABSTRACT

A calibration method for a slice level of zero cross signal and
a method of producing zero cross signal are disclosed. In this
invention, the positive cycle and the negative cycle of the
zero cross signal are sampled to obtain an error value related
to the slice level due to asymmetry of the zero cross signal.
By this invention, the asymmetry between the positive cycle
and the negative cycle of the zero cross signal can be
adjusted.
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CALIBRATION METHOD FOR SLICE LEVEL
OF ZERO CROSS SIGNAL AND METHOD OF
PRODUCING TRACK-CROSSING SIGNAL

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

The present invention relates to a calibration method for a
slice level of zero cross signal and a method of producing
track-crossing signal. More particularly, the invention
relates a calibration method for slice level of radio frequency
zero cross (RFZC) signal and a method of adjusting the slice
level of the RFZC signal by sampling half cycle of RFZC
signal.

BACKGROUND OF THE INVENTION

Due to the advancement of science and continuous devel-
opment of multimedia, CD-ROM drive has become very
popular. The main advantage of CD 1s high capacity to save
data so the speed and the stabilization of CD-ROM drive are
very important. When a CD-ROM drive reads data, there 1s a
need for track seeking and track locking. Therefore, the per-
formance of track seeking and track locking will affect the
speed and stabilization of CD-ROM dnive. In track seeking
and locking, radio frequency ripple (RFRP) signal and
RFZC signal are very important.

Referring to FI1G. 1, that shows a circuit diagram of gener-
ating radio frequency zero cross signal. As shown in FIG. 1,
an mntermediate signal 1s created by the RFRP through an
analog to digital converter. The intermediate signal 1s calcu-
lated through a low pass filter simulated by a digital signal
processor (DSP) 20. Then the output of the DSP 20 1s trans-
formed through the digital to analog converter DAC 30 to
obtain an analog signal. The analog signal 1s defined as a
slice level (V__SL) of the RFRP, and then the RFZC signal 1s
generated from the V__SL signal and the RFRP signal
through a comparative amplifier.

Reference 1s made to FIG. 2, which shows a timing dia-
gram of slice level of radio frequency zero cross signal. In
track locking, V_ SL 1s created by passing RFRP signal
through a low pass filter. However, a digital signal processor
may simulate the function of the low pass filter. When the
CD-ROM drive begins, a stable V__SL will be generated
alter a settling time caused by the low pass filter. The settling
time 1s about forty-six milliseconds.

Reference 1s made to FIG. 3, which shows a conventional
circuit of generating the RFZC signal. As shown 1n FIG. 3,
the comparative amplifier consists of a first resistor 110, a
second resistor 112, a thurd resistor 114, a fourth resistor
116, a fifth resistor 118, a capacitor 120 and an amplifier
122. A termunal of the first resistor 110 1s coupled with
RFRP signal and another terminal of the first resistor 110 1s
coupled with a terminal of the second resistor 112. Another
terminal of the second resistor 112 1s coupled with the posi-
tive input of the amplifier 122. The positive mnput point of the
amplifier 122 1s further coupled with one terminal of the
third resistor 114. Another terminal of the third resistor 114
1s coupled with the output of the amplifier 122. A terminal of
the forth resistor 116 1s coupled with the output of the ampli-
fier 122. Another terminal of the forth resistor 116 1s coupled
with a power supply (5 volts). One terminal of the fifth resis-
tor 118 1s coupled with V__SL and another terminal of the
fifth resistor 118 1s coupled with the negative input of the
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amplifier 122 which 1s coupled with one terminal of the
capacitor 120. Another terminal of the capacitor 120 is
grounded.

The RFZC signal 1s generated based on the RFRP signal
and V__SL through the comparative amplifier. The main

function of the comparative amplifier 1s to compare the
RFRP signal with V__SL for generating the RFZC signal.

When V__SL 1s not correct, the RFZC signal will be incor-
rect so that the CD-ROM drive will have some wrong or bad
performance.

Reference 1s made to FIG. 4, which shows a diagram of
generating the RFZC signal from the RFRF signal and the
V__SL 1 the prior art. The RFZC signal will be different
according to different V__SL. In fact, in order to prevent the
RFRP signal from noise interference, a region on the timing
diagram 1s defined around the V__SL. The V__SL 1s 1n the
middle of the region and the region will be changed accord-
ing to V__SL. In the region, the peak level 1s a threshold high
voltage (V__H) of Schmuatt trigger and the bottom level 1s the
threshold low voltage (V__L) of Schmitt trigger. As shown in
FIG. 4, the RFZG signal will be positive when the RFRP
signal 1s higher than the V__H level of the Schmuitt trigger.
When the RFRP signal i1s lower than the V__L level of the
Schmitt trigger, the RFZC signal will be negative. Therefore,
the positive cycle and the negative cycle of the RFZC signal
are relative to V__SL. In general, it 1s better for the positive
cycle and the negative cycle of RFZC to be symmetric.

How to compensate for the slice level has been disclosed.
In that prior art, the disadvantage of the prior method of
compensating for the slice level does not respond to the
change of the track-crossing signal dynamically. Therelore,
the bias voltage will need more time to follow the change of
the track-crossing signal when the change of the track-
crossing signal 1s rather violent.

V__SL 1s used 1n the track-locking process of the servo

system 1n the optical storage drive (for example, CD-ROM
drive, CD-R/RW drive, DVD-ROM drive, DVD player,

DVD-R drive, DVD-RW drive, DVD-RAM drive, DVD+
RW drive and the like). In general, the DSP unit simulates
the function of digital low pass filter to get the V__SL.
However, there are two disadvantage of using low pass filter.
The first disadvantage 1s that the settling time 1s too long and
the second disadvantage 1s that the Schmitt trigger will
induce the positive cycle and the negative cycle of the REZC
signal to be asymmetrical. The two disadvantages will affect
the performance of the CD-ROM drive and induce the mal-
function of CD-ROM drive. Theretfore, an effective method

1s needed to solve this problem.

SUMMARY OF THE INVENTION

In view of the background of the ivention described
above, a low pass filter will induce the settling time too long
and the positive cycle and the negative cycle of the radio
frequency zero cross signal to be asymmetrical. The present
invention focuses on the need above and provides a calibra-
tion method for a slice level of radio frequency zero cross
signal to correct the conventional disadvantage.

It 1s one purpose of this invention to provide a calibration
method for a slice level. In the invention, the positive cycle
and the negative cycle of the RFZC signal 1s sampled to
calculate the error value of slice level and the asymmetry
between the positive cycle and the negative cycle of the radio
frequency zero cross signal are adjusted according to the
change of the slice level.

In accordance with the atorementioned purposes of this
invention, the invention provides a calibration method for a
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slice level. It consists of the following steps. First, the posi-
tive cycle and the negative cycle of the zero cross signal are
sampled to calculate the error value from the difference
between the two cycles. Adding the error value to the slice
level will generate a next slice level.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advan-
tages of this invention will become more readily appreciated
as the same becomes better understood by reference to the
following detailed description, when taken in conjunction
with the accompanying drawings, wherein:

FIG. 1 1s circuit diagram of generating radio frequency
Zero cross signal.

FIG. 2 1s a timing diagram of slice level of radio frequency
Zero cross signal.

FIG. 3 1s a conventional circuit of generating the RFZC
signal.

FIG. 4 1s a diagram of generating the REFZC signal from
the RFRP signal and the V__SL 1n the prior art.

FIG. 5 1s a timing diagram of the slice level according to
an embodiment of the present invention.

FIG. 6 1s a tlow chart of the embodiment of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

In the embodiment, the RFZC signal 1s sampled and
counted by a high frequency, for example, about 1.4 MHz.
Therefore, the count number 1n a positive cycle 1s defined as
NOP and the count number 1n a negative cycle 1s defined as

NON. The definition of NOP and NON are shown 1n FIG. 5.

Referring to FIG. 5, which shows a timing diagram of the
slice level according to an embodiment of the present inven-
tion. According to the description above, the digital signal
processor generates a V__SL from the RFRP signal and then
the REFZC signal 1s generated by the RFRP signal and the
V__SL through the comparative amplifier. Afterward, sam-
pling the RFZC signal and calculation are performed. Then
the result of calculation 1s delivered to the digital signal pro-
cessor. According to the calculation equation, the error value

1s calculated by the digital signal processor to adjust a next
V__SL.

The equations of calculating the RFRP signal and the
RFZC signal to adjust the next error value of V__SL are as
follows.

1. Referring to FIG. 5, the error value between the current
and the next V__SL 1s obtained as:

R |
err = % X s1n(co X At) )

wherein R, 1s the peak-to-bottom value of the RFRP sig-
nal. w 1s the angular frequency (w=2n1) and the At 1s the
difference between the positive cycle and the negative
cycle.
2. Because the At 1s so small so the equation (1) can be
rewritten to

R 2
%xwx&t (2)

CIT =
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3. The frequency can be presented to

(3)

sample_frequency

L= NOPTNON+1

wherein the sample frequency 1s the sample frequency
for the RFZC signal.
4. At 1s the difference between the positive cycle and the
negative cycle so the At can be rewritten to

b =1

(4)
At = 2

wherein the t, 1s a time 1nterval for the positive cycle and
the t, 1s a time 1nterval for the negative cycle.
Because of

NOP

sample_frequency

NON

sample_frequency

and h =

t =

so the equation (4) can be presented to

A NON-NOP (5)
L= 4 x sample_frequency
6. From the equation (2), (3), (3), we can obtain
7 NON —NOP (6)

et = Repp X 2 X SONTNOP + 1

In the equation (6), (NON+NOP+1) 1s a sampling number
from sampling a full cycle of the RFRP signal. In the equa-
tion (6), the result err can be added to the calculation of
digital signal processor to generate the next V__SL.
Theretfore, according the equation (6), when the NOP equals
the NON, the err will be zero. In this moment, the next
V__SL will not be changed. That means the positive cycle
and the negative cycle of the RFZC are symmetric. When the
difference between the positive cycle and the negative cycle
1s large, the err becomes large so that the change of the
V__SL becomes great to catch the change of the positive
cycle and the negative cycle quickly. Otherwise, in order to
compensate for the change of the positive cycle and the
negative cycle efficiently, the equation (6) 1s

NON — NOP 1
~ NON+NOP—1 " NON

NON — NOP 1
=~ NON+NOP+ 1 NOP

cIT

CIT

during the negative cycle and during the positive cycle.

Retferring to FIG. 6, which shows a flow chart of the
embodiment of the present invention. The steps are
described as follows. First, in the step 150, it 1s judged
whether it 15 settled. If not, then the flow returns to the main
program 1n the step 166. I1 the settling time 1s achieved, the
level of the RFZC signal will be judged whether 1t 1s
changed 1n the step 154. If not, then the flow returns to the
main program. If the level of the RFZC signal 1s changed,
the sampling of the previous half cycle 1s finished and the
level 1s judged whether the level 1s changed from positive to
negative or from negative to positive 1n the step 158. After-
ward the error value 1s calculated by different equations. If
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the level 1s changed from negative to positive, the NON 1s

updated and

- NON-NOP y 1
~ NON+NOP-1" NON

cIT

1s used to calculate the error value in the step 160. On the
other hand, the NOP 1s updated, and the equation

- NON-NOP y 1
- NON+NOP+1 NOP

CIT

1s used to calculate the error value 1n the step 162.

Finally, the error value from the calculation 1s added to the
current slice level to become a next slice level 1n the step 164
and the flow goes to the main program in the step 166.

The advantage of this mnvention 1s that this mnvention pro-
vides a calibration method for the slice level of radio fre-
quency zero cross signal. In this invention, the positive cycle
and the negative cycle of the zero cross signal are sampled to
calculate an error value. Moreover, adjusting the asymmetry
between the positive cycle and the negative cycle of the zero
cross signal 1s performed according to the change of the slice
level.

As 1s understood by a person skilled 1n the art, the forego-
ing preferred embodiments of the present invention are 1llus-
trated of the present invention rather than limiting of the
present mvention. It 1s mtended to cover various modifica-
tions and similar arrangements included within the spirit and
scope of the appended claims, the scope of which should be
accorded the broadest mterpretation so as to encompass all
such modifications and similar structure.

What 1s claimed 1s:

1. A calibration method for a slice level of a signal 1n an
optical storage device, comprising:

providing a current slice level of the signal;

comparing the current slice level with the signal to obtain
a zero cross signal of the signal;

sampling the zero cross signal of the signal to obtain an
error value; and

generating a next slice level based on the current slice

level and the error value.

2. The method of claim 1, wherein the sampling step com-
prises sampling a first haltf cycle and a second half cycle of
the zero cross signal to obtain a first sampling number and a
second sampling number.

3. The method of claim 2, wherein the step of obtaiming
the error value comprises obtaining the error value based on
the first sampling number and the second sampling number.

4. The method of claim 2, further comprising;

updating the second sampling number when the zero cross
signal 1s positive; and

obtaining the error value based on the first sampling num-
ber and the updated second sampling number.

5. The method of claim 2, further comprising;

updating the first sampling number when the zero cross
signal 1s negative; and
obtaining the error value based on the updated first sam-
pling number and the second sampling number.
6. A method for producing a zero cross signal of a signal
in an optical storage drive, comprising:
providing a current slice level of the signal;

comparing the current slice level with the signal to obtain
a current zero cross signal of the signal;

sampling the current zero cross signal of the signal to
obtain an error value;
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obtaining a next slice level based on the current slice level
and the error value; and

comparing the next slice level with the signal to obtain a
next zero cross signal of the signal.
7. The method of claim 6, wherein the sampling step com-
Prises:
sampling a first half cycle and a second half cycle of the
zero cross signal to obtain a first sampling number and
a second sampling number.
8. The method of claim 7, wherein the step of obtaining
the error value comprises obtaining the error value based on

the first sampling number and the second sampling number.
9. The method of claim 7, further comprising;

updating the second sampling number when the zero cross
signal 1s positive; and
obtaining the error value based on the first sampling num-

ber and the updated second sampling number.
10. The method of claim 7, further comprising:

updating the first sampling number when the zero cross
signal 1s negative; and

obtaining the error value based on the updated first sam-
pling number and the second sampling number.

11. A calibration method for a slice level of a signal in an
optical storage drive, comprising:

sampling a zero cross signal of the signal to obtain an
error value, whevein the zero cross signal is obtained by
comparing a current slice level with the signal; and

generating a next slice level based on the current slice
level and the error value.

12. The method of claim 11, wherein the sampling step

comprises sampling a first half cvcle and a second half cycle

of the zero cross signal to obtain a first sampling number and
a second sampling number.

13. The method of claim 12, wherein the step of obtaining
the errov value comprises obtaining the evvor value based on
the first sampling number and the second sampling number.

14. The method of claim 12, further comprising:

updating the second sampling number when the zevo cross
signal is positive; and
obtaining the evvor value based on the first sampling num-

ber and the updated second sampling number.
15. The method of claim 12, further comprising:

updating the first sampling number when the zero cross
signal is negative; and

obtaining the error value based on the updated first sam-
pling number and the second sampling number.
16. A method for producing a zevo cross signal of a signal
in an optical storage drive, comprising:

sampling a current zero cross signal of the signal to
obtain an errvor value, wherein the current zevo cross
signal is obtained by comparing a current slice level
with the signal;

obtaining a next slice level based on the curvent slice level
and the ervor value; and

comparing the next slice level with the signal to obtain a
next zevo cross signal of the signal.

17. The method of claim 16, wherein the sampling step
comprises.

sampling a first half cvcle and a second half cycle of the
zevo cross signal to obtain a first sampling number and
a second sampling number.
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18. The method of claim 17, wherein the step of obtaining 20. The method of claim 17, further comprising.
the error value comprises obtaining the evvor value based on
the first sampling number and the second sampling number.

19. The method of claim 17, further comprising:

updating the second sampling number when the zevo cross 53 obtaining the error value based on the updated first sam-

signal is positive; and pling number and the second sampling number.

obtaining the error value based on the first sampling num-
ber and the updated second sampling number. £k k% ok

updating the first sampling number when the zero cross
signal is negative; and
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