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METHOD AND DEVICE FOR GENERATING A
STABLE POWER CONTROL 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.

[This application] This patent application is a reissue
application for commonly assigned U.S. Pat. No. 7,256,462,
issued Oct. 23, 2007 from U.S. patent application Ser. No.
10/990,909 which claims the benefit of the U.S. provisional

application Ser. No. 60/520,711, filed Nov. 17, 2003, the
subject matter of which 1s incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention relates 1n general to a method and a device
for generating a stable power control signal 1n a CD recorder,
and more particularly to a method for controlling a power
control signal of a laser diode such that the read power control
voltage 1s automatically and dynamically adjusted as a feed-
back control signal varies, and a read level, an erase level and
a write level of the power control signal are also automatically
and dynamically adjusted as the read power control voltage

varies.

2. Description of the Related Art

When a conventional CD-RW (CD-ReWrnitable) recorder
1s writing a disk, a power control signal for controlling a laser
diode may be a read level V_bias, an erase level V_erase and
a write level V_write. When the recorder wants to read a
CD-RW, the level of the power control signal 1s the read level
V_bias. When the recorder 1s erasing data on the CD-RW
disk, the level of the power control signal 1s the erase level
V _erase. When the recorder wants to write data on the CD-
RW disk, the level of the power control signal i1s the write level
V_write. The power control signal controls the laser diode to
generate a laser beam to read, erase, or write the CD-RW disk.

The CD-RW recorder turther has a monitor diode for gen-
erating a current 1,, according to the intensity of the laser
beam generated by the laser diode. An OP amplifier processes
the current 1,, and then generates a feedback control signal
FPDO. FIG. 1 shows a wavetorm of a feedback control signal
FPDO generated when the conventional CD-RW recorder 1s
writing. In the time slot T1, the CD-RW recorder 1s readlng
the disk. In the time slot T2 the CD-RW recorder is erasing
the data on the disk. In the time slot T3, the CD-RW recorder
forms the land of the CD-RW disk. In the time slot T4, the
CD-RW recorder forms a pit on the disk.

In general, the read level V_bias, the erase level V_erase
and the write level V_write are generated by generating a read
power control voltage VRDCO, a first write power control
voltage VW1DCO and a second write power control voltage
VW2DCO. The read level V_bias equals a sum of a reference
voltage Vrel and the read power control voltage VRDCO, the
erase level V_erase equals a sum of the read level V_bias and
the first write power control voltage VW1DCO, and the write
level V_write equals a sum of the erase level V_erase and the
second write power control voltage VW2DCO.

FI1G. 2 1s a block diagram showing a circuit for generating,
three power control voltages in a conventional CD recorder. A
read DAC (Digital-to-Analog Converter, RDAC) 202 selects
one of aplurality of stored digital values, converts the selected

digital value 1into an analog signal Al, and outputs the analog
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signal A1l to a first low-pass filter (LPF) 204 1n order to obtain
the read power control voltage VRDCO. In the correction

process before the product 1s shipped out, a most suitable
digital value may be corrected as the output of the RDAC 202.
On the other hand, the first write power control voltage
VWIDCO and the second write power control voltage
VW2DCO are generated as follows. First, the feedback con-
trol signal FPDO 1s inputted to a sample and hold circuit (S/H)
206, which generates an analog signal A2. On the other hand,
a write target value digital-to-analog converter (WDAC) 208
selects one of the digital values and converts the selected
digital value 1into an analog signal A3 for output. The analog
signal A2 and the analog signal A3 are added together to
obtain a sum, and then the sum 1s mputted to a second low-
pass filter 210 to obtain a first power control voltage
VWI1DCO. An amplifier 212 with the gain G amplifies the
first power control voltage VW1DCO by G times to obtain a
second power control voltage VW2DCO.

The S/II 206 samples the feedback control signal FPDO
according to a pulse signal E_Pulse of FIG. 1 during the
erasing operation. The first power control voltage VW1DCO
may be adjusted as the feedback control signal FPDO varies
through a close loop control system composed of the S/H 206
and the second LPF 210.

However, because the circuit for generating the read power
control voltage VRDCO 1s an open loop control system, the
read power control voltage VRDCO will change as the tem-
perature rises after a long term usage of the recorder. At this
time, the read level V_bias, the first power control voltage

VWI1DCO and the second power control voltage VW2DCO
will shift and errors occur, and the write quality 1s influenced.

SUMMARY OF THE INVENTION

It1s therefore an object of the invention to provide a method
and a device for generating a stable power control signal,
wherein the method and device can effectively improve the
problem of the varying power control signal caused by the
temperature variation in the long-term writing process.

The invention achieves the above-identified object by pro-
viding a CD recorder having a power control signal. The
power control signal has a read level, an erase level and a write
level. The read level equals a sum of a reference voltage and
a read power control voltage, the erase level equals a sum of
the read level and a first write power control voltage, and the
write level equals a sum of the erase level and a second write
power control voltage. The CD recorder of the mvention
includes a pickup device, a read control circuit and a write
control circuit. The pickup device 1s for reading, erasing or
writing a disk and generating a feedback control signal. The
pickup device includes a laser diode and a monitor diode. The
laser diode recerves the power control signal, which enables
the laser diode to generate a laser beam to read, erase or write
the disk. The monitor diode senses intensity of the laser beam.
The CD recorder generates the feedback control signal
according to the intensity of the laser beam sensed by the
monitor diode. The read control circuit has a read target value
digital-to-analog converter for storing a plurality of first digi-
tal values and converting one of the first digital values 1nto a
first analog value. The read control circuit generates the read
power control voltage according to the feedback control sig-
nal and the first analog value. The write control circuit has a
write target value digital-to-analog converter for storing a
plurality of second digital values and converting one of the
second digital values into a second analog value. The write
control circuit generates the first write power control voltage
and the second write power control voltage according to the
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read power control voltage and the second analog value. The
read power control voltage 1s automatically and dynamically
adjusted as the feedback control signal varies, such that the
read level, the erase level and the write level of the power
control signal are also automatically and dynamically
adjusted as the read power control voltage varies.

Other objects, features, and advantages of the invention
will become apparent from the following detailed description
of the preferred but non-limiting embodiments. The follow-
ing description 1s made with reference to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a waveform of a feedback control signal
FPDO.

FI1G. 2 1s a block diagram showing a circuit for generating,
three power control voltages 1n a conventional CD recorder.

FI1G. 3 1s a block diagram showing a device of the invention
for generating a stable power control signal.

FIG. 4 shows a wavelorm of a feedback control signal
FPDO'.

FIG. 5 1s a circuit block diagram showing a device of the
invention for generating three power control voltages.

FIG. 6 1s a graph showing characteristic curves of the
power control voltage V.S. the light-emitting power.

DETAILED DESCRIPTION OF THE INVENTION

FI1G. 3 1s a block diagram showing a device of the invention
for generating a stable power control signal. A pickup device

30 1s utilized to read, erase or write a disk 40 and generate a
teedback control signal FPDO'. The pickup device 30 has a

laser diode 301 and a monitor diode 302. The laser diode 301
receives the power control signal to enable the laser diode 301
to generate a laser beam to read, erase or write the disk 40. The
pickup device 30 generates the feedback control signal
FPDO' according to the intensity of the laser beam sensed by
the monitor diode 302.

FIG. 5 1s a circuit block diagram showing a device of the
invention for generating three power control voltages. A read
control circuit 10 has a read target value digital-to-analog
converter 404 for storing multiple first digital values and
converting one of the first digital values into a first analog
value A6. The read control circuit 10 1s for generating a read
power control voltage VRDCO' according to the feedback
control signal FPDO' and the first analog value A6. A write
control circuit 20 has a write target value digital-to-analog
converter 410 for storing multiple second digital values and
converting one of the second digital values 1into a second
analog value A7. The write control circuit 20 1s for generating
a first write power control voltage VW1DCQO' and a second
write power control voltage VW2DCO' according to the read
power control voltage VRDCO' and the second analog value
A’l. The read control circuit 10 further includes a sample and
hold circuit 402, a subtracter 414 and a first low-pass filter
406, and the write control circuit further includes an adder
416, an amplifier 412 and a second low-pass filter 408.

FIG. 4 shows a wavetform of the feedback control signal
FPDQO'. The CD recorder has a power control signal, which
has a read level V_bias, an erase level V_erase and a write
level V_write. As shown 1 FIG. 4, the read level V_bias
equals a sum of the reference voltage Vrel and the read power
control voltage VRDCQO', the erase level V_erase equals a
sum of the read level V_bias and the first write power control
voltage VW1DCOQ', and the write level V_write equals a sum
of the erase level V_erase and the second write power control
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4

voltage VW2DCQO'. The read level V_bias enables the laser
diode to generate aread power P_bias, the erase level V_erase
cnables the laser diode to generate an erase power P_erase,
and the write level V_write enables the laser diode to generate
a write power P_write. In order to keep the write quality, the
read power P_bias, the erase power P_erase and the write
power P_write have to be kept constant.

Please refer to FIG. 5. The feedback control signal FPDO'
1s inputted to the sample and hold circuit (S/H) 402, which
generates a third analog signal AS. The read target value
digital-to-analog converter (BDAC) 404 selects one of the
stored digital values, and converts the selected digital values
into a first analog signal A6 for output. The third analog signal
AS 1s subtracted from the first analog signal A6 to obtain a
difference, which 1s putted to the low-pass filter 406 to
obtain the read power control voltage VRDCO'.

On the other hand, the write target value digital-to-analog
converter (WDAC) 410 selects one of the stored digital val-
ues, and converts the selected digital values into a second
analog signal A7 for output. The read power control voltage
VRDCQO', which 1s inputted form the A4 end, and the second
analog signal A7 are added together to obtain a sum, which 1s
inputted to the low-pass filter 408 to obtain the first write
power control voltage VW1DCO'. The amplifier 412 ampli-
fies the first write power control voltage VW1DCO' by G
times to obtain the second write power control voltage
VW2DCO'.

In this case, the read power control voltage VRDCO' 1s
generated 1n a close loop control manner by feeding back the
teedback control signal FPDO'. The first write power control
voltage VW1DCO' and the second write power control volt-
age VW2DCO' are generated in an open loop control manner.
Thus, when the recorder 1s used for a long time such that the
temperature of the laser diode 301 rises, the read power con-
trol voltage VRDCO' 1s automatically and dynamically
adjusted as the level of the feedback control signal FPDO'
varies.

FIG. 6 1s a graph showing characteristic curves of the
power control voltage V.S. the light-emitting power of the
laser diode 301. Taking the curve of temperature TP2 as an
example, the read level V_bias('TP2) equal to (Vret+VRDCO'
(TP2)) enables the laser diode to generate the read power
P_bias, and the erase level V_erase(TP2) equal to (Vrel+
VRDCO'(TP2)+VW1DCQ'") enables the laser diode to gen-
crate the erase power P_erase. When the recorder 1s used for
a long time, the feedback control signal FPDO' enables the
read power control voltage VRDCO' to be adjusted to a volt-
age, such as VRDCO'(TP3), capable of enabling the laser
diode to generate the read power P_bias according to the close
loop control system composed of the sample and hold circuit
(S/H) 402 and the low-pass filter 406. At this time, the read
level V_bias equals Vrel+VRDCO'(TP3).

In this case, because the first write power control voltage
VWI1DCQO' 1s generated i an open loop control manner, the
value of the first write power control voltage VW1DCO'
basically does not tend to vary as the temperature changes,
and the relationship between VW2DCO' and VWI1DCO 1s
only determined by the magnification power G' of the ampli-
fier 412. Consequently, the erase level V_erase at this time
equals (Vrel+VRDCO'(TP3)+VWI1DCO").

The characteristic curves of the laser diode 301 have a
linear zone LN. No matter how the temperature changes, the
slope in the linear zone LN 1s kept constant. Because the erase
level V_erase 1s still in the linear zone after it is risen to
(Vrel+VRDCO'(TP3)+VWI1DCQ'"), the erase level V_erase
at this time still enables the laser diode to generate the erase
power P_erase.
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Before the product of the invention 1s shipped out, an
optimum setting value 1s obtained after the first write power
control voltage VW1DCOQ' 1s corrected. When the recorder 1s
used, the read power control voltage VRDCO' 1s dynamically
adjusted as the feedback control signal FPDO' varies, and
simultaneously enables the erase level V_erase and the write
level V_write to be dynamically adjusted as the feedback
control signal FPDO' varies. So, the invention can dynami-
cally adjust the read level V_bias, the erase level V_erase and
the write level V_write with the temperature variation, such
that the laser diode generates the constant read power P_bias,
crase power P_erase and write power P_write to keep the
write quality of the recorder.

While the invention has been described by way of example
and 1n terms of a preferred embodiment, 1t 1s to be understood
that the invention 1s not limited thereto. On the contrary, 1t 1s
intended to cover various modifications and similar arrange-
ments and procedures, and the scope of the appended claims
therefore should be accorded the broadest interpretation so as
to encompass all such modifications and similar arrange-
ments and procedures.

What 1s claimed 1s:

1. A CD recorder having a power control signal, which has
a read level, an erase level and a write level, wherein the read
level equals a sum of a reference voltage and a read power
control voltage, the erase level equals a sum of the read level
and a first write power control voltage, and the write level
equals a sum of the erase level and a second write power
control voltage, the CD recorder comprising:

a pickup device for reading, erasing or writing a disk and
generating a feedback control signal, the pickup device
comprising;

a laser diode for recerving the power control signal,
which enables the laser diode to generate a laser beam
to read, erase or write the disk; and

a momtor diode for sensing intensity of the laser beam,
wherein the CD recorder generates the feedback con-
trol signal according to the intensity of the laser beam
sensed by the monitor diode;

a read control circuit having a read target value digital-to-
analog converter for storing a plurality of first digital
values and converting one of the first digital values nto
a first analog value, wherein the read control circuit
generates the read power control voltage according to
the feedback control signal and the first analog value;
and

a write control circuit having a write target value digital-
to-analog converter for storing a plurality of second
digital values and converting one of the second digital
values 1to a second analog value, wherein the write
control circuit generates the first write power control
voltage and the second write power control voltage
according to the read power control voltage and the
second analog value, wherein the read power control
voltage 1s automatically and dynamically adjusted as the
feedback control signal varies, such that the read level,
the erase level and the write level of the power control
signal are also automatically and dynamically adjusted
as the read power control voltage varies.

2. The CD recorder according to claim 1, wherein the read

control circuit further has:

a sample and hold circuit for receiving the feedback control
signal and obtaining a third analog value;

a subtracter for subtracting the third analog value from the
first analog value and outputting a difference between
the first and third analog values; and
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a first low-pass filter for receiving the outputted difference
of the subtracter and obtaining the read power control
voltage.

3. The CD recorder according to claim 2, wherein the write

control circuit further has:

an adder for adding the read power control voltage and the
second analog value together to obtain a sum, and out-
putting the sum to a second low-pass filter so as to obtain
the first write power control voltage; and

an amplifier for recerving the first write power control
voltage and obtaiming the second write power control
voltage.

4. The CD recorder according to claim 3, wherein the read
power control voltage 1s generated in a close loop control
manner by feeding back the feedback control signal, and the
first write power control voltage and the second write power
control voltage are generated 1n an open loop control manner.

5. The CD recorder according to claim 4, wherein a mag-
nification power exists 1n a relationship between the first and
second write power control voltages outputted from the write
control circuait.

6. The CD recorder according to claim 5, wherein the write
target value digital-to-analog converter has an optimum set-
ting value obtained after correction betore the CD recorder 1s
shipped out.

7. A method for generating a stable power control signal 1n
a read control circuit and a write control circuit of a CD
recorder, wherein the CD recorder has a laser diode and a
monitor diode, the laser diode generates a laser beam to read,
erase or write a disk, the CD recorder generates a feedback
control signal according to intensity of the laser beam sensed
by the monitor diode, the method enables the read control
circuit to generate a read power control voltage and the write
control circuit to generate a first write power control voltage
and a second write power control voltage, the power control
signal for controlling the laser diode has a read level, an erase
level and a write level, the read level equals a sum of a
reference voltage and the read power control voltage, the
erase level equals a sum of the read level and the first write
power control voltage, and the write level equals a sum of the
erase level and the second write power control voltage, the
method comprising the steps of:

inputting the feedback control signal to the read control
circuit to obtain the read power control voltage; and

inputting the read power control voltage to the write con-
trol circuit to generate the first write power control volt-
age and the second write power control voltage, wherein
the read power control voltage 1s automatically and
dynamically adjusted as the feedback control signal var-
1es, such that the read level, the erase level and the write
level of the power control signal are also automatically
and dynamically adjusted as the read power control volt-
age varies.

8. The method according to claim 7, wherein the read level
cnables the laser diode to generate a read power, the erase
level enables the laser diode to generate an erase power, and
the write level enables the laser diode to generate a write
POWE.

9. The method according to claim 7, wherein the read
power control voltage 1s generated in a close loop control
manner by feeding back the feedback control signal, and the
first write power control voltage and the second write power
control voltage are generated 1n an open loop control manner.

10. A control device for generating a stable power control
signal 1n a CD recorder, the CD recorder using a power
control signal to access an optical disk, the power control
signal having a read level, an erase level and a write level, the
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read level equaling a sum of a reference voltage and a read
power control voltage, the erase level equaling a sum of the
read level and a first write power control voltage, and the write
level equaling a sum of the erase level and a second write
power control voltage, the control device comprising:

a read control circuit having a read target value digital-to-
analog converter for storing a plurality of first digital
values and converting one of the first digital values nto
a first analog value, the read control circuit generating
the read power control voltage according to the feedback
control signal and the first analog value; and

a write control circuit having a write target value digital-
to-analog converter for storing a plurality of second
digital values and converting one of the second digital
values 1nto a second analog value, the write control
circuit generating the first write power control voltage
and the second write power control voltage according to
the read power control voltage and the second analog
value, wherein the read power control voltage 1s auto-
matically and dynamically adjusted as the teedback con-
trol signal varies, such that the read level, the erase level
and the write level of the power control signal are also
automatically and dynamically adjusted as the read
power control voltage varies.

11. The control device according to claim 10, wherein the

read control circuit further has:

a sample and hold circuit for receiving the feedback control
signal and obtaining a third analog value;

a subtracter for subtracting the third analog value from the
first analog value and outputting a difference between
the first and third analog values; and

a first low-pass filter for receiving the outputted difference
of the subtracter and obtaiming the read power control
voltage.

12. The control device according to claim 11, wherein the

write control circuit further has:

an adder for adding the read power control voltage and the
second analog value together to obtain a sum, and out-
putting the sum to a second low-pass filter so as to obtain
the first write power control voltage; and

an amplifier for receiving the first write power control
voltage and obtaining the second write power control
voltage.

13. The control device according to claim 12, wherein the
read power control voltage 1s generated 1n a close loop control
manner by feeding back the feedback control signal, and the
first write power control voltage and the second write power
control voltage are generated 1n an open loop control manner.

14. The control device according to claim 13, wherein a
magnification power exists in a relationship between the first
and second write power control voltages outputted from the
write control circuit.

15. The control device according to claim 14, wherein the
write target value digital-to-analog converter has an optimum
setting value obtained after correction before the CD recorder
1s shipped out.

16. The control device according to claim 14, wherein the
CD recorder comprising;:

a pickup device for reading, erasing or writing the optical
disk and generating a feedback control signal, the pickup
device comprising:

a laser diode for recerving the power control signal,
which enables the laser diode to generate a laser beam
to read, erase or write the disk; and

a momitor diode for sensing intensity of the laser beam,
wherein the CD recorder generates the feedback con-

.
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trol signal according to the intensity of the laser beam
sensed by the monitor diode.
17. A method for providing power control signals in an
optical disk drive, comprising:
d receiving a feedback control signal that is based on an
intensity of a laser output of the optical disk drive;
providing a read power control signal accovding to the
Jeedback control signal,;

providing a first write power control signal according to

the read power control signal; and

providing a second write power control signal according to

the read power control signal.

18. The method according to claim 17, further comprising:

inputting the feedback control signal to a read control

circuit of the optical disk drive to generate the read
power control signal; and

inputting the vead power control signal to a write control

circuit of the optical disk drive to generate the first write
power control signal and the second write power control
signal.

19. The method according to claim 17, wherein the laser
output has a read level, an erase level, and a write level,
Jurther wherein.:

the read level equals a sum of a reference signal of the laser

output and the read power control signal;

the erase level equals a sum of the read level and the first

write power control signal; and

the write level equals a sum of the ervase level and the

second write power control signal.

20. The method according to claim 19, wherein the vead
power control signal is automatically and dynamically
adjusted as the feedback control signal varies, such that the
read level, the erase level and the write level are also auto-
matically and dynamically adjusted as the read power control
signal varies.

21. The method according to claim 19, wherein the vead
level enables a laser diode associated with the laser output to
generate a vead power, the evase level enables the laser diode
to generate an evase power, and the write level enables the
laser diode to generate a write power.

22. The method according to claim 17, wherein the read
power control signal is generated in a close loop control
manner by feeding back the feedback control signal, and the
45 first write power control signal and the second write power
control signal are generated in an open loop control manner.

23. A control device for providing power control signals in
an optical disk drive, comprising:

a feedback control civcuit configured to receive a feedback
control signal that is based on an intensity of a laser
output of the optical disk drive;

a read control circuit configured to provide a read power
control signal according to the feedback control signal;

a write control circuit configured to provide a first write
power control signal according to the read power con-
trol signal, and to provide a second write power control
signal according to the read power control signal.

24. The control device according to claim 23, wherein the
laser output has a read level, an evase level, and a write level,
60 wherein.
the read level is approximately equal to a sum of a refer-

ence signal of the laser output and the vead power con-

trol signal;

the evase level is approximately equal to a sum of the vead
level and the first write power control signal; and

the write level is approximately equal to a sum of the evase
level and the second write power control signal.
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25. The control device according to claim 24, wherein the nal, and further to provide a second write power control
read control circuit is configured to automatically and signal according to the read power control signal.
dvnamically adjust the read power control signal as the feed- 28. The control device according to claim 27, wherein the
back control signal varies, enabling the read level, the erase laser output has a vead level, an ervase level, and a write level,

level and the write level to also be automatically and dyvnami- 5 wherein:
cally adjusted as the read power control signal varies.

26. The method according to claim 23, wherein the read
control circuit generates the vead power control signal in a
close loop control manner by feeding back the feedback con-
trol signal, and wherein write control circuit generates the |,
fivst write power control signal and the second write power
control signal in an open loop control manner.

27. A control device for providing power control signals in
an optical disk drive, comprising:

a feedback control means for receiving a feedback control
signal that is based on an intensity of a laser output of
the optical disk dvive;

a read control means for providing a read power control
signal according to the feedback control signal;

a write control means for providing a first write power
control signal according to the read power control sig- I T

the read level is approximately equal to a sum of a refer-
ence signal of the laser output and the vead power con-
trol signal;

the evase level is approximately equal to a sum of the vead

level and the first write power control signal; and

the write level is approximately equal to a sum of the evase

level and the second write power control signal.

29. The control device according to claim 28, wherein the
read contvol means automatically and dynamically adjusts
15 the read power control signal as the feedback control signal

varies, enabling the read level, the erase level and the write
level to also be automatically and dynamically adjusted as the
read power control signal varies.
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