-1 DESCRIPTION DISK DEVICE 5 Field of the Invention The present invention

relates to a disk device, and nore specifically to a disk device having a
_larger control range in nunber of revolutions of a disk. 10 Background of
"the Invention A conventional disk device can be, for exanple, a CD-ROM

readi ng device and the like. As shown Ln-FIG 4, the devi ce
is used as a peripheral device of a conputer, recei ngl'lmmmmﬂwmf' on 15
froman external device (for exanple, a host conputer 16) f{

interface circuit 15 having a CD-RebMrRiggbing circuit, searches for a

target position, reads target data fromthe data stor k 1, and
transfers it to an external device. A CD (conpact di SE’ "“ﬂﬂ @ W di sk
is to be read 20 at the velocitypeggapglYcgconstant |in )

However, a CD-ROM reading device as a peripheral device fG"%?O?Corrput er is
firmy requested to realize a high-velocity search and a constant

hi gh- el ogijty o @ad Md hdfed S £aSI ng the cost. To satisfy the request, a
CD-ROM disk is read four 25 tines, ht times, etc. as fast as the CLV in

a constant hi §heerezery Jrre%ﬁﬂwfprr(ﬁ: s hove ks k deVii@easd BPEe sear ch
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tinmes, t times, etc. as high CLV | dad of a di sk ndtor

becones vélnynluéﬂf{fef Qafncr%}’%b-sﬂ-?/n%n@fSG SEE d| sk motor is required.
Therefore, a device capable of reading at a CAV (constant angul ar

velocity) a disk storing data at a CLV, and a w de
10"~ Background of the Invention

A conventional disk device can be, for example, a CD-ROM
reading device and the like.
As shown in FIG. 4, the CD-ROM reading device is used
as a peripheral device of a computer, receives an instruction
15 from an external device (for example, a host computer 16)
through an interface circuit 15 having a CD-ROM signaling
circuit, searches for a target position, reads target data
fromthedata stored inadisk l, and transfers it to an external
device. A CD (compact disk) and a CD-ROM disk is to be read
20 at the velocity of a CLV (constant linear velocity).
However, a CD-ROM reading device as a peripheral device
of a computer is firmly requested to realize a high-velocity
search and a constant high-velocity read without increasing
the cost. To satisfy the request, a CD-ROM disk is read four
25 times, eight times, etc. as fast as the CLV in a constant
high-velocity reading process. However, to increase the
search velocity in the constant high-velocity reading process
performed at four times, eight times, etc. as high as the CLV,
the load of a disk motor becomes very large, and a costly and
30 large disk motor is required.
Therefore, a device capable of reading at a CAV (constant
angular velocity) a disk storing data at a CLV, and a wide
range CLV system capable of performing a high-velocity search

in a very wide read range in the CLV reading process, and



-range CLV system capable of performng a high-velocity search in a very

wi de read range in the CLV reading process, and perform ng a constant high
velocity reading process have been recently realized. These device and
system have realized a high-velocity searching process using an

I nexpensive and small notor with the 2oad of a disk notor considerably
reduced. 5 A reading system of the conventional CD-ROMreading device is
configured as shown in FIG 4. A signal read from the disk 1 by an optical
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The signaling circuit 8 generates focus tracking control
signals 11 for servo focus and servo tracking, and an EFM

15 (eight to fourteen modulation) signal obtained by binarizing
an RF signal. A focus tracking control circuit 4 controls
a focus tracking coil 6 comprising a focus coil and a tracking
coil according to the focus tracking control signal 11, and
reads the information in the disk 1 using the optical pickup
20 5.

The signaling circuit 8 is provided with a phase lock
loop circuit (PLL circuit) for generating a PLL clock
synchronous with the EFM signal to read the EFM signal. The
generation signal frequency for a phase lock loop is based

25 on 4.3218 MHz for the CLV control, and the variable range is
+ several tens %. In the CAV control, the signaling circuit
8 computes a revolution velocity detection signal 9 from a
spindle motor control circuit 3, and a spindle motor control
signal 10 is provided for the spindle motor control circuit

30 3 such that the disk 1 can be revolved at the CAV. The CLV/CAV
can be switched by a system control circuit 13. When a disk
is read at the CLV, the spindle motor control signal 10
obtained by computing the RF signal by the signaling circuit

8 is provided for the spindle motor control circuit 3.



-30 3 such that the disk 1 can be revolved at the CAV. The CLV/ CAV can be
switched by a systemcontrol circuit 13. Wen a disk is read at the CLV,
‘the spindle nmotor control signal 10 obtained by conputing the RF signal by
the signaling circuit 8 is provided for the spindle notor control circuit
3. 3 Since the revolution velocity detéction signal 9 is constantly out put
wth the RF signal mssing if the disk 1 revolves, it is used to confirm
the revolution velocity of the disk 1. The signaling circuit 8 nonitors
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10 and the S trac ing control” signal 11 becones |ower as shown in
signal for servo focus and servo tracking are set such that

the disk device can be safely controlled when the motor which
revolves the disk is revolving at the highest velocity. For
15 example, at a 32-time high velocity, the number of revolutions
of the disk is 7,000 rpm. On the other hand, in the case of
low-velocity revolutions at a normal velocity, the number of
revolutions of the disk is a minimum of 200 rpm. That is,
the highest velocity is 35 times as fast as the lowest velocity.
20 Therefore, the control signal during the low-velocity
revolution indicates a poor S/N ratio, thereby causing a
problem of unstable control.
Practically, with a decreasing revolution velocity, the
output level of the spindle motor control signal 10 and the
25 focus tracking control signal 11 becomes lower as shown in
FIG. 5(a). When the waveform shown in FIG. 5(a) is enlarged,
it proves that the waveform changes in the form of a staircase
as shown in FIG. 5(b). Since the spindle motor control signal
10 and the focus tracking control signal 11 aredigital signals,
30 they change in the form of, for example, a 256-~-step staircase.
As shown in FIG. 5(b), when the disk 1 is read with the
number of revolutions of A in the range of the low velocity
of, for example, 200 rpm to 500 rpm, it is desired that the

output levels of the spindle motor control signal 10 and the



-FIG 5 (a) . Wien the waveformshown in FIG 5 (a) is enlarged, it proves
that the waveform changes in the formof a staircase as shown in FIG 5
(b) . Since the spindle notor control signal 10 and the focus tracking
control signal 11 are digital signals, 30 they change in the formof, for
exanpl e, a 256-step staircase. As shodwn-in FIG 5(b), when the disk 1 is
read wwth the nunber of revolutions of Ain the range of the | ow velocity
of, for exanple, 200 rpmto 500 rpm it is desired that the output |evels
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Disclosure of the Invention

15 The present invention aims at providing a disk device
for controlling the revolution of a disk, and the operation
of a focus coil and a tracking coil with high precision even
during the low-velocity revolution of a disk.

The disk device of the present invention includes a

20 control signal gain switch means for switching depending on
the operation state and outputting a gain of at least one of
a digital control signal output to the first control unit for
controlling a motor which revolves a disk, and a digital
control signal output to the second control unit for

25 controlling reading means for reading information in the disk
and outputting a high frequency signal.

According to the present invention, during the low-
velocity revolution of a disk, the revolution of a disk, and
the operation of a focus coil and a tracking coil can be

30 controlled with high precision.

The first embodiment of the disk device according to the
present invention includes a first control unit for
controlling a motor for revolving a disk; a second control

unit for controlling reading means for reading the



-controlling a notor which revolves a disk, and a digital control signa
output to the second control unit for 25 controlling reading neans for
reading information in the disk and outputting a high frequency signal.
According to the present invention, during the low velocity revolution of
a disk, the revolution of a disk, and 5the operation of a focus coil and a
tracking coil can be 30 controlled with high precision. The first ‘
enbodi ment of the disk device according to the present invention includes
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coil can be controlled with high precision.
The disk device according to the second embodiment of
the present invention controls a disk motor based on the
15 detection result of the revolution velocity detection means
of a disk. That is, the device is confiqured using the
signaling means for generating a digital control signal for
controlling the revolution velocity of a motor based on the
detection result of the revolution velocity detection means.
20 The disk device according to the third embodiment of the
present invention corresponds to a system obtained by
combining the CLV control according to the first embodiment
of the present invention with the CAV control according to
the second embodiment of the present invention. That is, the
25 device is configured using signaling means for generating a
digital control signal for controlling the operation of the
reading means according to a high frequency signal, and for
controlling the revolution velocity of a motor by selectively
switching either according to a high frequency signal or based
30 on the detection result of the revolution velocity detection
means.
Furthermore, the disk device according to the present
invention is configured such that the control signal gain

switch means can switch a gain depending on the number of



-detection result of the revolution velocity detection nmeans. 20 The di sk
devi ce according to the third enbodi nent of the present invention
~corresponds to a system obtained by conbining the CLV control according to
the first enbodinent of the present ‘invention with the CAV control
according to the second enbodi nrent of6the present invention. That is, the
25 device is configured using signaling neans for generating a digital
control signal for controlling the operation of the reading neans
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circuit, the control” signal gain swtch ans changes
That is, the digital control signal from the flrst or second

control unit is an analog signal output through a D/A converter
circuit, and the control signal gain switch means changes the
15 output level of an analog signal.

Furthermore, the disk device of the present invention
uses the method of changing the peak value of a rectangular
wave when a control signal is a PWM (pulse width modulation)
output. That is, the first control unit or the second control

20 unit is a digital servo controller, and a control signal from
one of these control units is a PWM output for control using
a variable width of a rectangular wave having a constant peak
value. The control signal gain switch means performs PAM
(pulse amplitude modulation) control for changing the peak

25 value of an output pulse. As in the case of an analog output,
a lower price device can be realized because the D/A converter
circuit can be omitted from the signaling circuit, and a
power-saving and low-heating disk device can be provided with
a disk revolving at a high velocity, and with the smallest

30 electric loss when the disk is driven by a motor driver if
a spindlemotor driver corresponding to the PWM and PAM control

can be used.

Brief Description of the Drawings



-15 out put level of an analog signal. Furthernore, the disk device of the
present invention uses the nethod of changi ng the peak val ue of a
rectangul ar wave when a control signal is a PW (pul se wi dt h nodul ati on)
‘output. That is, the first control unit or the second control 20 unit is a
digital servo controller, and a cont+of signal from one of these contro
units is a P output for control using a variable width of a rectangular
wave having a constant peak value. The control signal gain switch neans

performs PAM fpul s afiBLEL yde mRAY:a AN P E Apd cEpchanokpgykhe peak 25
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can bé us%SSOﬁgﬁg %ggﬁq%né§99é3m§§%’EXawjngs 7 FIG 1 shows the

confi gurati on BIGt I3es BbwRGMwdNiefe rmac £ ar dithgetwhem tédebodntenl signak

present inyenti;Qn; @53t3%5%ﬁﬁ§5§#3ﬁwei Lg}ﬁwgigﬁkgﬂgﬁthe out put | evel of

a control “srgnal tPor the nhu revo ons o sk 5 according to
t he enbodi mentFIEI & Bsshobdogkwdiehoam off &heulcon fidgurathioront rivhe si gna

accordingcggvgg%fgqgﬁﬁéygﬁoﬁshf%{%%g?Hégft; FIG 4 is a block diagram of
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wavefldr m i ndi cRI¢ ng5 tseowsit puatefetm gindi¢wt tnat theé sigpat Ievel hef nunber
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conventional disk.

Embodiments
15 The disk device of the present invention is described
below according to the first and second practical
embodiments.
(Embodiment 1)
The disk device according to an embodiment of the present
20 invention shown in FIG. 1 comprises: the spindle motor control
circuit 3 as the first control unit for controlling a spindle
motor 2 for revolving thedisk 1 as in the conventional example
shown in FIG. 4; the focus tracking control circuit 4
functioning as the second control unit for controlling the
25 optical pickup 5 for reading the information in the disk 1
and outputting a high frequency signal; and the signaling
circuit 8 functioning as signaling means for generating a
digital control signal for control of the operations of the
spindle motor 2 and the optical pickup 5 according to the high
30 frequency signal. This disk device is different from a
conventional disk device in that a control signal gain switch
circuit 12 functioning as control signal gain switch means
for switching and outputting depending on the operation state

the gains of the spindle motor control signal 10 as a digital



.conventional disk. Enbodiments 15 The di sk device of the present invention
I s described bel ow according to the first and second practical

enbodi ments. (Enbodi ment 1) The di sk device according to an enbodi nent of
"the present 20 invention shown in FIG 1 conprises: the spindle notor
control «circuit 3 as the first cont+o® wnit for controlling a spindle
notor 2 for revolving the disk 1 as in the conventional exanple shown in
FIG 4; the focus tracking control circuit 4 functioning as the second
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circuit 8 is switched depending on the number of revolutions
of the disk 1, and is output to the focus tracking control
circuit 4, Likewise, the gain of the spindle motor control
signal 10 is switched depending on the number of revolutions
15 of the disk 1, and is output to the spindle motor control
circuit 3.

Described below will be a reading operation at a normal
velocity with the disk 1 operated at a low revolution velocity
in the disk device capable of control the revolution of the

20 disk 1l inawiderangeof the number of revolutions (for example,
200 rpm to 7000 rpm).

As shown in 2(a), when the disk 1 is to be read at the
number of revolutions A, for example, 200 to 500 rpm, the
control signal gain switch circuit 12 reduces the gains of

25 the spindle motor control signal 10 output from the signaling
‘circuit 8 and the focus tracking control signal 11 to 1/4,
and outputs them to the spindle motor control circuit 3 and
the focus tracking control circuit 4 respectively.

When the gains of the spindle motor control signal 10

30 and the focus tracking control signal 11 are reduced to 1/4,
the output levels of the spindle motor control signal 10 and
the focus tracking control signal 11 indicate the waveforms
as shown by the solid lines, and is four times the level of

the waveform indicated by the two dots and one dash line. The



.focus tracking control signal 11. Practically, the gain of 10 the focus
tracking control signal 11 fromthe signaling circuit 8 is swtched
dependi ng on the nunber of revolutions of the disk 1, and is output to the
“focus tracking control <circuit 4, Likew se, the gain of the spindle notor
control signal 10 is switched dependi fig-on the nunber of revolutions 15 of
the disk 1, and is output to the spindle notor control <circuit 3.

Descri bed below will be a reading operation at a normal velocity with the
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are indicated by B2 shown in FIG. 2(b). Thevalueof theoutput
level B2 is closer to the value of the optimum output level
B than the output level Bl of the conventional technology.

15 The control error (quantization error) C2 can be reduced to
1/4, on the average. of the control error Cl of the
conventional technology, thereby preventing the
deterioration in precision of the spindle motor control
signal 10, the focus error signal, and the focus tracking

20 control signal 11.

With the configuration, a precise digital control signal
can be output even during the low-velocity revolution of the
disk 1, and the revolution of the disk 1, and the operation
of the focus tracking coil 6 can be controlled with high

25 precision. Therefore, even when the control range of the
number of revolutions of the disk 1 is wide, the detection
time of the revolution velocity can be shortened, thereby
realizing stable control of the disk 1 with high precision.

According to the present embodiment, the gains of the

30 spindlemotor control signal 10 and the focus tracking control
signal 11 are reduced to, for example, 1/4. However, the
reduction is not limited to 1/4, but can be 1/2, 1/8, etc.

In the present embodiment, thegains of both spindlemotor

control signal 10 and focus tracking control signal 11 are



.5 that the height of the step of the control signal is shorter than that of
the waveform shown in FIG 5 (b) . This is because the waveform changes in
the formof, for exanple, a 256-step staircase in the range of a
"lowvelocity revolution of 200 rpmto 500 rpm Therefore, when a disk is
read at the nunber 10 of revolutions df0 A the output |evels of the spindle
notor control signal 10 and the focus tracking control signal 11 are

i ndicated by B2 showmn in FIG 2 (b) . The value of the output Ilevel B2 is
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are - 10 effect can be obtained by using a traverse motor control
circuit 14 for controlling the actuator which moves the
optical pickup 5 to the target position of the disk 1 as the
15 second control unit to switch and output by the control signal
'gain switch circuit 12 the gain of the control signal output
to the traverse motor control circuit 14
(Embodiment 2)
The embodiment in which a control signal is a PWM (pulse
20 width modulation) output is described by referring to FIGS.
1 and 3.

The output signals 10 and 11 from the signaling circuit
8 are shown in FIG. 3(a), and a rectangqular wave of a constant
peak value is output. The control signal gain switch circuit

25 12 switches the control signal gain by varying the peak value
of the pulse as shown in FIG. 3(b).

The pulse signal is integrated by the spindle motor
control circuit 3 or the integration circuit not shown in the
drawings but is provided between the focus tracking control

30 circuit 4 and the control signal gain switch circuit 12, and
is converted into an analog signal to obtain a control signal
for control.

When the spindle motor 2 is a brushless motor, a control

signal of the spindle motor 2 can be generated based on a pulse



.swi tched, but the gain of only one of themcan be switched. For exanple,
when the gain of only the spindle notor control signal 10 is switched, the
revolution of the spindle notor 2 can be controlled with high precision in’
‘a wide range of 5 the nunber of revolutions fromlow to high velocity. Wen
the gain of only the focus tracking-cdntrol signal 11 is swtched, the
focus tracking can be controlled with high precision in a w de range of

t he nunber of revolutions from lowto high velocity. 10 According to the
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revolution of a disk, and the operation of a focus coil and
a tracking coil can be controlled with high precision by
including a control signal gain switch means for switching

15 depending on the operation state and outputting a gain of at
least one of a digital control signal output to the second
control unit for controlling a motor which revolves a disk,
and a digital control signal output to the second control unit
for controlling the pickup reading the information in the disk

20 andoutputting a high frequency signal. Therefore, even when
the control range of the number of revolutions of a disk is
wide, the detection time of the revolution velocity can be
shortened, and a disk can be stably controlled with high
precision.

25 In addition, with the configuration in which the control
signal gain switch means of a disk device is designed to switch
a gain of a digital control signal depending on the number
of revolutions of a disk, a digital control signal can be
output with high precision, and the revolution of a disk, and

30 the operations of a focus coil and a tracking coil can be
controlled with high precision during the low velocity disk
revolution. Even when the revolution velocity is reduced due

to a scratch, a spot, etc. on a disk, the gain of a digital



.for control. When the spindle notor 2 is a brushless notor, a control
signal of the spindle notor 2 can be generated based on a pulse - 11
directly input using the spindle notor control circuit 3 corresponding to
‘a PWM (pul se width nodul ation) input and a PAM (pul se anplitude

nodul ation) input. In addition, it i-sli2ot- al ways necessary for the output
5 signals 10 and 11 fromthe signaling circuit 8 to be a conplete
rectangul ar wave. That is, a gain can be varied by changing the peak val ue
of an output, signal. control ling,the ration b e W f. a
periodic %8{‘56?53?&%3‘ .l %ﬁbs?)eagg%}:&hneéjol%%ﬁ%ﬁ}ﬁd}%I?ﬁdét\r/ﬁlecé:eofoqtl%elopr% esent
10 i nventvehpcduyi.ng the |l owvelocity revolution of a disk, a

hi gh-precision digital control signal can be output, and the revolution of
a disk, and the operation of a focus coil and a tracking coil can be
controlled with high precision by including a control signal gain switch
means for switching 15 depending on the operation state and outputting a
gain of at |east one of a digital control signal output to the second
control unit for controlling a notor which revolves a disk, and a digital
control signal output to the second control unit for controlling the

pi ckup reading the information in the disk 20 and outputting a high
frequency signal. Therefore, even when the control range of the nunber of
revolutions of a disk is wde, the detection tinme of the revol ution
velocity can be shortened, and a disk can be stably controlled wi th high
precision. 25 In addition, with the configuration in which the control
signal gain switch neans of a disk device is designed to switch a gain of
a digital control signal depending on the number



.of revolutions of a disk, a digital control signal can be output wth high
precision, and the revolution of a disk, and 30 the operations of a focus
coil and a tracking coil can be controlled with high precision during the
| ow vel ocity disk revolution. Even when the revolution velocity is reduced
due to a scratch, a spot, etc. on & di3sk, the gain of a digital - 12
control signal can be switched depending on the revolution velocity. - 13
CLAIMS 1. A disk device, conprising: a first control unit (3) for
controlling a notor (2) for 5 revok bﬂ?ﬁ@ disk (1); a second control unit
(4) for controlling readi ng neans (E} or reading information in the disk
and outputting a high frequency signal; signaling neans (8) for generating

a digital jcontyol;st05si 908l CLR: réé%li y controlling the operation of the
nmotor and’the readi ng nmean$ accordin o the high frequency signal; and

control signala ddinss&ondtrodednd t( 12) gf_Q)I’ apm tehl hignamdmosatp(2 b ifr a gain
contral unPYORE e 2 R et ol ai gnal | (11) output to the second
control unit (B)sanend contal gpdtaltonferagentpol Nagskeakingdaeans
Fevol vi ng 3) diak "(fjFing dXecR paidn ) thela oK Rl bhERuT (TRE nadny N
means (5freaneneydisdgnaiformati on in the disk and outputting a high
signaling means (8) for generating a digital control
10 signal (10, 11) for controlling the operation of the motor
and the reading means according to the high frequency signal;
and
control signal gain switch means (12) for switching and
outputting a gain of at least one of a digital control signal
15 (10) output to the first control unit (3) and adigital control
signal (11) output to the second control unit (4) based on

an operation state.

2. A disk device, comprising:
20 a first control unit (3) for controlling a motor (2) for
revolving a disk (1);
a second control unit (4) for controlling reading means
' (5) for reading information in the disk and outputting a high
frequency signal;
25 revolution velocity detection means (3) for detecting
a revolution velocity of the motor;
signaling means (8) for generating a digital control
signal (10, 11) for controlling an operation of the reading
means according to the high frequency signal and the
30 revolution velocity of said motor according to a detection
result of said revolution velocity detection means (3); and
control signal gain switch means (12) for switching and
outputting a gain of at least one of a digital control signal

(10) output to the first control unit (3) and adigital control



frequency signal; 25 revolution velocity detection neans (3) for detecting
a revolution velocity of the notor; signaling neans (8) for generating a
digital control signal (10, 11) for controlling an operation of the
readi ng neans according to the high frequency signal and the 30 revol ution
velocity of said notor according to-aldetection result of said revolution
vel ocity detection neans (3) ; and control signal gain switch neans (12)
for smﬁtching and outputting a gain of at |east one of a digital control

s1, N3l ngst Bt )t Bulciel oSt noRoch) nalreotnt(@laﬂgbase g Alefast ol -

si gna ut to the second control unit on
operatlonastapérazlom ditsltedevi ce, conprising: 5 a first control unit (3)
for controlling a notor (2) for revolving a disk (1); a second control
unit (4) for controlling reading neans (5) for reading information in the
di sk and dut pld tdhgk adavghe, f cogpaisyinggnal ; 10 revol ution vel ocity

det ectq on meang {3)s{ orisikackhng &%rﬁyf"clgd R0 el HoRby! g RO

S|gnallng nmeans contro n operation readi hg means (5)
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based on nghggh It of said revolution velocity detection neans

(3); and ontr S|gna gain switch neans (12) for sw tching and
10 revolutlon velocity detection means (3) for detecting

a revolution velocity of the motor;
signaling means (8) for controlling an operation of said
reading means (5) according to the high frequency signal, and
generating a digital control signal (10, 11) for selectively
15 switching and controlling whether to control the revolution
velocity of said motor (2) according to the high frequency
signal or to control the revolution velocity of said motor
based on a detection result of said revolution velocity
detection means (3); and
20 control signal gain switch means (12) for switching and
outputting a gain of at least one of a digital control signal
(10) output to the first control unit (3) and adigital control
signal (11) output to the second control unit (14) based on

an operation state.

25
4, The device according to claim 1, 2, or 3, wherein said
control signal gain switch means (12) switches a gain
depending of a number of revolutions of the disk.(1).

30 5. The device according to any one of claims 1 to 4, wherein

adigital control signal (10, 11) fromsaid first control unit
(3) or said second control unit (4) is an analog signal output

through a D/A converter circuit, and wherein the control



-outputting a gain of at |east one of a digital control signal (10) output
to the first control unit (3) and a digital control signal (11) output to
the second control unit (14) based on an operation state. 25 4. The device
"according to claim1l1, 2, or 3, wherein said control signal gain swtch
means (12) switches a gain dependi rg1df -a nunber of revolutions of the
disk (1). 30 5. The device according to any one of clains 1 to 4, wherein

a digital control signal (10, 11) fromsaid first control unit (3) or said
second coptal tupLt (&) i I i t 0 nverter
circuit, g%gﬂ\?ﬁegém ?\ﬁ@h%ﬁ%%{ﬂ@_@%ﬁ Si gnga%égy%ug\tﬁin:tcﬁgtr}rggngél

changes aAnadpgusigmadi- of the analog signal. 6. The device according to
any one of claims 1 to 4, wherein 5 the first control unit (3) or said
second control unit (4) is a digital servo controller, and a control signal
(10, 11) 6frorfhddeadite glcognding soaamWarrieguslasmnscofor §1 Wernaikying an
anpl i tude ; t I \; fa\a ts eaky v : in the
contro sitg%a lggﬁn%g\?\#tr?ﬁ \ﬁ“glalﬁ:sqel)Z)o(\rger l?r“r?s 10 P,A(le:/ldrt:%l(%lr g’i}gllerllmﬁ%fch a
peak val uésod dimibul pAryulcmtzolldmangayl a control signal (10, 11)

from the control units is a PWM output for control by varying .
an amplitude of a rectanqular wave of a constant peak value,
and wherein the control signal gain switchmeans (12) performs

10 PAM control in which a peak value of the output pulse is
changed.



