19800226-41
USING RADIAL Rlﬁ\TOtIT TO CALIBRATE RADIAL

ACTUATOR FREQUENCY RESPONSE IN A CD/DVD PICKUP
- FIELD_OF-THEI /ENTION -

The present invention relates to sensmg signals recorded ona dxsk
| applymg the sensed signals as an mdlcahon of track crossmg and’
parucularly for sensing mgnals recorded on an opucal disk.
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' DESCRIPTION OF PRIOR ART

~ In an optical disk éppara._tus or an optical magnetic disk =

<. -apparatus, the disk medium is displaced in the lateral direction,

-5esnamely:iinthe disk radius direction because of the. eccentrmw; _
" between the center of the tracks of the disk and the rotational center of -
s ""'j'-.'-'"'the;motor._rotamng the disk. Thus, the light beam position is e;.nntrolled
- in the disk radial d.irection for adjustment so that the'heam spot or the .

10

16

20

light beam may be always positioned on the information track by

‘moving the beam spot or light beam to follow the displacement: of the
. information track on the disk. Also, pomtmmng controllmg, for

example, access controlling, is performed on the beam spot at a high

speed with high accuracy to get the selectable tract of the entire dlSk

-radius zone.

Generally, among the well-known mechanism for beam spot
control, there is a mechanism in which the objéctive lens supparted by
four leaf springs is driven vertica]ly and hterally by a magnetic force,
a mechanism which moves horizontally the lens by magnetic force to

laterally displace the beam spot poition or mechanism which drives

an optical head, supported by the slide bearing, in the lateral direction
by an magnetic force. ' A
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| The rédia.l oontro]]j.ng operation is performed by feedback

_ -f_contro]hng operation of sensing. the relative dlsplacement for example
| rad1a1 error between the- mformatmn track on the. optical dlsk and the
o beam spot by the method of passing the radial error signal through the

phase lead compensanng 011‘0\11t thereafter feed:mg it into the radial

actuator driving circuit to drive the actuator The phase lead

" compensating circuit is a circuit for 1mprovmg stablhty of the eed_back
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- controllmg system.

Typical lens construction is a lens that is mounted as a spring

. 'mass Typ1ca]ly four wires, which are elastic but stiff and constructed

of metal, such that the force lmparted to the lens isa constanf

- multiplied by_l a displacement. Add1t10na]ly, a coil is mounted around
" the lens holder to conduct a current through this coil. Thus, the coil

and lens holder move together in a direction in opposition to the spring
force. Typically, the sum of these factors result in a delay in the
movement of the lens. Thus, if the movement of the lens is
represented by sinusoidal motion, the actual movement of the lens is
again a sinusoidal but delayed in phaée. This phase is important to
anticipate the delay and correspondingly remove the delay of she lens.

Additionally, the lens may wear and the delay may change as a

response to the wear.
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. One of the difﬁéul’ties in movmg the lens arises from the eccentricity
in disk rotation combined W1th appro:umately 1.6 um for CD and 0.74 pm .

* for DVD intertrack spaang

> When starting to play back a disk, opt1ca1 d1sk players, sucras cD.

-:players or DVD player, read and store beforehand TOC (Table of
3 Contents) data from a read-in area of the currently set disk. Upom access "
~ to a desired track based on a search command, the nucro-process'ur in the
- optical disk player first calculates the currently read sub-code Q-data to
* find the current track number and then the number desired tracks. The

difference between the two track numbers allows the microcompu:ter to

~ find the number of tracks to be jumped. Accordingly, the microcomputer
drives the optical system of the plajrer to jump the calculated number of
tracks in order to reach the target track. The need to count the ntinber of
tracks jumped upon jump operatioﬁs requires detecting the trave:se

operation of the optical pickup spot across tracks. With the spreading use
optical disk drives units as an external storage for computers, the Jemand

for a compact and high speed unit has increased.

Data storing disks employ mrcular or'spifal tracks on which data is
recorded. Transducers such as magnetic read / write heads, laser |
read/write assemblies, and the like, must maintain reglstry with those
tracks within relatively close tolerances.
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" The idéal data storage disk con‘taiﬁs a plurality of concentric data : R

n u'acks that are perfecﬂy circular or sp:ral in character when established
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and remained that way mdefmitely Such ideal data tracks are rexely

created in disk manufacture and even more rarely Temain arcula. rin

'contemporary operating envu'onment

The lack of cuculanty in the data tracks is known in the i'ndushy as

. runout or radial runout. If itis _tbo,great, the transducer controlling the
lens may not have adequate reacting capability to response so as to
maintain data interfacing registry. Further even though the disk izself

| ‘may rotate at a constant velocity, the runout forces the lens to accelerate

and decelerate rap1dly to compensate for the runout

Fig. 6 illustrates a optical disk unit 600 for a mégnetolo;- tic disk
unit. Laser source 601 emits laser beam 602. The laser 'beam 602 is

reflected through a mirror 6038, The laser beam 602 is subsequently-

focused through objective lens 604. Actuator 805 provides focus |
controlling operation and radial controlling qperatioh which drives the
objective lens 604 vértica]ly and laterally to follow and control the
Light spot position of the laser beam 602 on the record track of the disk
record medium. Optical head 606 accommodates these optical |
systems.. The linear motor 607 drives the optical head lateraﬂy to

perform the radial controlling operation or the recorded access
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L operation. into the track position of the objeét-._ Optical disk 608isa-
“magneto/optic disk with recording medium 608. Motor 609 rotatesand |
‘drives the disk and eup_porf. base 6010 supports the above apparatus. _'

Fig. 71 isa block dlagram of the control]mg system In Fig. 7,

" 'reference Xn is the disk dlsplacement reference at Xi is the object lens |

.duplacement to mdlcate the amount of dlsplacement of the radial -
aetua_tor 605, Xg is a follow up error, reference Dz to indicate the error

‘between the actual position and the target position of the lens andisa |

detector which converts.the follow up error Xz into an electric signal,
reference P is a phase compensating circuit for performing the stable
control. Reference Go isan actuator for dr1vmg and displacing the
ob]ect lens and reference Do is a driver for dnvmg Go.

As can be seen, tracking is controlled by a closed loop feed back

 circuit which measures the tracking error and outputs a tracking

control signal to move the track actuator to correct the signal-error. -.
The unevenness of the radial tracking due to radial runout
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mtroduces error and delay mto the operatmn of the lens. Thé'foi-c'esi '
‘that effect the lens are: | N

. - kXg is the spring force
- hdXg/dt is the fnctmn force

+au 1s the magnetlc force on the lens mass

The rad1al actuator’s frequency response should be

| known with sufficient accuracy so that the controller can be
- des:.gned and tuned to produce the highest tracking and seek

landing performance without risking stability.

This frequency response can be measured on the factory
floor and subsequently the proper, optimal coefficient values

for the controller is stored in a memory device. Unfo_rtmiately,

- ‘such method has problems adapting to changing temperature,

20

humidity, aging and different seating orientation of the drive.

Thus, a method is needed that can measure this frequency

response automatically under normal operation, such as when
a disk is started.
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. _SUMMARY OF THE INVENTION

. An object of the présent invention is to measure the ~phase '

response of the radial actuater at any frequency up to the maximum

5 rotation frequency of the dmk A second object of the present invention
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. ‘isto measure the magmtude response of the radial actuator and any

frequency up. to the maximum rotation frequency of the disk. The

K 'phase response is determmed by obtaining the radial runout

magnitude. The phase response is determined by using the nommal
transfer function of the radial actuator. Then, calculate or determine
Ethe magnitude of a sinusoidal voltage signal to _dxfiife the actustor in
order to move the radial actuator in the radial direction a distance of
the radial runout magnitude divided by a fraction. Next, drive the |
radial actuator with a sinusoidal vdltage with a mag'nitude equal to '_
the calculated magnitude (A). Next, the phase of the sinusoidal
voltage is adjusted so that the phase of the radial aetuator is the same
as the_phase of the actual radial runout. This is the phase whare the
apparent radial runout is minimal, The apparent radial runout is the

minimum apparent radial runout.

The maximum apparent radial runout is dbtajned.by shifting the
phase 180° from the phase of the apparent radial runout. .
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Magmtude response is the ratio of the deferenee between the " )
o -omgmal or actual radial runout and the mmnnal apparent radial
runout to the calculated magmtude A. |

5. Phase response is the difference between the phase of the -
original or actual radial runout and the phase of the sinusoidal voltage
~-gt.the minimal apparent radial runout

~ 'This procedure is repeated for a set of prede_termined disk: |
- 10 rotation frequencies. Alterhetively, the set of rotation frequencies can
_' be determined online by, for instance, having denser spacing where

phase response chenges rapidly with respect to frequency.

This is the phase of the radial actuator to place the radial
15 actuator in phase with the radial runout.
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'BRIEFDESCRIPTION OF THEDRAWINGS .

Fig.1 i]l_usfra.tes a d;agram of the pfeéent invention;
. 'Fig'...2 illustrates a circuit diagram of the present invention;
o B - Fi_g. 3 illust'ates 'a:lotl\e_r cu'cmt diagram of the présent iﬁVéntion;
| Fig. -:4 (a-) Iilué‘ira_tes waveforms of the present izlveﬁﬁon;
 Fig. 5illustrates a waveform of the radial runout.
Fig, 6 illustrates a reproduction system. |
Fig. 7 illustrates a feedback system.
- 10 Fig. 8illustrates a response.cﬁrve.
 Fig. 9illustrates a method of the present invention.
~ Fig. 10 illustrates a second method of the present invention.
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. As illustrated in Fig. 1, a track '1'10_.is centered abouta t‘ack-x:ehﬁe_r

120, The offset of track 110 is due to radial runout. The track 116'is offset
from the center of the disk 130 by.-an--amount of the radial runout A. The

_ pickup 100 moves along the track 110 from the center of the disk 130 by-an
angle®. o o - | -.

Fig.lisa block diagram of a trackihg servo system for contxo]]ihg

jump or radial runout operation.

Tn Fig. 2, the information recorded on disk 200 is read by pickup
device 260 as an information signa].' The pickup device 260 as a resultof
the read operation and in response to the information signal generates an
RF signal which is input to the RF amplifier 210. Addiﬁonaﬂy, th pickup
260 sends the information signal on disk 200 to the TE signal generating
circuit 270. The tracking error generaﬁng circuit 270 generates a tracking

error (TE) signal based on the output of pickup 260. The TE sign:! has an

‘s’ curve characteristic such as shown in Fig, 4c. The TE signal is input to
the track traverse detecting circuit 220. Additionally, the RF signalis
output from the RF amplifier 210 is input to the track traverse detecting

TI-26887 -11-
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- - c1rcu1t 220. Output from the track traversed detecting cu-cu1t220 isa EFI

" signal which i is input to mm*o-processor 230 The micro-processor 2302
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dedicated circuit or DSP outputs a’ mgnal to the tracking controller 240.

Accordingly, the trackmg controller 240 opera.tes a trackmg actuator 250 to
“move the pickup 260 across the disk 200. Fig. 3 illustrates the RF signal
“and the TE s1gna1w1ucharesenttoﬂ1eNﬂRRgeneratmgc1rcu1t320 and
the TZC generatmg circuit 350 respectlvely

The mirror s1gna1 generating circuit 320 generates an helghtened

level signal as illustrates in F1g 4b by detectmg a mirror face between
tracks (pit area) on the disk 200. The MIRR signal is a signal that goes
high when the optical spot is irradiated at the disk mirror face (area

between tracks or pit arrays) and which goes low when the optical spot is
irradiated at a track. The TZC signal as illustrated in Fig. 4d is generated

 as the sine signal of the TE signal is captured, the TE represents the -
‘deviation of the optical spot from any of the tracks or from any mirror
-area therebetween. When the TE signal is zero, for example, when the

optical spot is located precisely ona track or on a mirror face, the TZC

- signal goes from high to low or vice versa.

During a traverse operation, a TZC edge signal, as illustrated in 4e,
is generated at a time when a mid-point is reached befWeén ahighand a
low period of the MIRR signal by edge detecting circuit 340, This TZC
edge signal occurs substantially 90° between a change in the MIRR signal.
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: Furthermore, the MIRR edge 51311a1 occurs substantlally 90° between a |
| change in the TZC. signal. However, delays in digitizing the TE signal and

delays resulting from the samplmg by the A/D converter combme to

 delay the MIRR signal in p_hase. Likewise, delays in dlgmzmg the TE
signal and delays resulting from the sampling by the A/D converter -

~* combine to delay the TZC system in phase.

10

' The TZC signal generating circuit 350 generates the TZC signal by

- detecting the zero crossing of the TR SIgnal The TZC signal is input to the
edge detecting circuit 340, The TZC edge as illustrated in Fig. 4d is input

- to the micro-processor 230. Addiﬁonally, the MIRR signal is output by the

MIRR signal generating circuit 320 and input to the edge detecting circuit
330. The edge detecting circuit 330 detects the leading and trailing edges

- of the MIRR signal. The output of the edge detecting circuit is ths MIRR

15

‘edge s.ignel as illustrated in Fig. 4f and is input additionally into the

micro-processor 230,

Fig. 5 illustrates a graph i]llistreting the motion of the bean: 100 with |

- radial runout of the pickup 260. The radial motion or radial runcut can be

20

modeled as simple harmonic motion where y = A sin 8 and the velocity, v
=dy/dT = (2x/T) A cos 6 where y is the radial displacement fro:a the

- center of motion or the lens, v = radial velocity, T = period of rotation of

the disk and A = Y2 of the peak to peak runout magnitude. 8 equzls the
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.- o '._angle of rotatlon away from the onentatlon where the mouon starts gomg
- "outwards from the center of motion. '

In actuality, 6 can be measured from a center of the motor dnvmg

| the dlSk ‘The moﬁor shaft typxcally includes hall sensors, for example

typ1ca]ly 3 hall sensors, located around the shaft at each 30° increment.

N Additionally, a clock generator used with the hall Sensors may be used to
- determine a more precise locauon of the shaft and may be set to generate

360 clock pulses for a given complete revolution of the motor and disk.

Thus, 8 can be accurately measured.

The peak-to-peak magnitude,

nis timer count (mstances)

N is a timer count between successive hall sensor pulses

360° _ n
DO=
18 XN

of the radial runout can be determined by rotatmg the disk at a constant
angu.lar velocity. The pickup device 260 remains s’cauonary in the radial
direction, and the magnitude of the radial runout can be measured by -
either using the TZC signal and the MIRR signal. A count pulsing circuit
or a DSP circuit can be used to count the number of high pulses of the
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1ze sxgnal per dlsk rotation and the radial runout magmtude is equal to
-_ (half) %2 the number Altematlvely, a pulse counting or DSP could count
o | thenumberofMIRRpulses fromtheMIRR51gna1per dlskrom’aonand

again the radial runout magnttude would be half this number.

‘ Altemahvely, a pulse counhng c1rcu1t or DSP could count the nnmber of
TZC high pulses or, but not both, MIRR high pulses that occur between
- the direction reversal of track crossings. The polarity phase difference,

(phase (MIRR) - phase (TZC) =+ 90) indicates track crossing direction.

Alternat_ively, a circult or DSP could measure the period.-o_f time
between successive track crossings. The petiod should vary in a periodic
fashion reaching a maximum of_mfioé per disk rotation and additionally
reaching a minimum per disk rotation. The DSP then counts the number
of track crossings between successive maximum or between succssive
minimum, This number is the radial runout magnitude.  Altern: rdvely, a
track count circuit that counts up or down depending on the
inward/outward track crossings the DSP or an appropriate hardware
circuit detects the maximum and minimum of track count. The difference
between the max1mum and minimum is'the radial runout magnitude. To
determine the direction of the radial runout, Figs. 4G, H, and I illustrate a

- procedure. The direction can be determined by evaluating the edye pulses
- from both the edge detecﬁng circuit 330 and the edge detecting ciscuit 340.

The edge detecting circuit 330 provides an indication of an edge ¢ the
TZC signal by generating a TZC edge signal. The edge detecting circuit
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- 340 as 111usl1'ated in Flg 4g prov:des an mdmahon of an edge of MIRR

signal by generatmg a mirror edge mgnal ‘The- edge pulse from the edge

| __detectmg circuit 330 indicated by an ‘v should alhemate with respect to the
edge pulses from the edge detecti.ng circuit 340 and indicated i inFig.4gby
- the symbol ‘m For example, the series of edge pulsesmt mi¢t ' mt
indicates that the direction has not changed. In contrast as ﬂlustrated in
- Fig. 4h, a sequencem t tt mindicates aduectlonchange More |
‘'specifically, the two sticcessive ‘tt’ indicate that the radial runout has

. reversed direction. Likewise, in Fig. 4i, the Sequerice ismt mt mmt.
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.The successive two edges ‘m’ and ‘m’ indicate a reversal i in the dn'ectmn.

Thus, we have seen how the magmtude of the radial rinout can be

'determmed |

The radial runout m&gnitude, Y, and the direction’ 0, is obtained
in accordance with the abdve procedure. The transfer func_tion, for
example the response characteristic of the actuator to an iriput signal
is supplied by a manufacturer and can be used by the present
invention by storing the franéfer function in a memory that is located
in and accessed by the CPU 230.

The phase measurement of radial runout is _determinéd using one
of the following methods: e
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Curve 930 represents the output of radial actuator under
mlnunal radial runout cond:xtlon The phase of curve 930
‘must agree w1th the phase of actual or orlgmal radla.l runout

Curve 902 is the input vahchty sugnal to the radml actuater
which is known o

Th1s transfer function is typically expressed in terms of magnitude and

- phase of frequency response. Using the transfer function of the radial
actuator from the manufacture, caleylate the magmtude ofa

sinusoidal voltage 'Signal to be input into the radial actuator to move
the radial actuator in a rad.ial direction a distance, Y/2. (Yisthe |
magnitude of the radial runout.) While Y/2 is chosen for the present
invention, any fraction of Y could be chosen. Tlus is magmtud & B('B =
Y/2). Next, the radial actuator is driven with a sinusoidal voltage
having a peak magnitude B, and the apparent radial runout
magnitude C is determined. Because of radial runout the lens will not

‘move & distance Y/2 but a ditance C. Asillustrated in Fig. 9, the

phase is adjusted by moving curve 900 to the position of curve 920 and

_then to the position of the curve 930. This could be performed by a

degree by degree procedure by measuring the distance D betwzen first

- - curve 900 and 910, then between curve 920 and 930 and lastly between

- curve 930 and 910. When the curve 910 has been adjusted to curve

930, it is noted that the maximum of 930 is directly under the
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maxunum of curve 910 Consequently, the d:.stance Di ig the sma]lest S

. distance. Thus, the phase difference between curve 930 and 902 is the

“phase response of radial actuator ata grven frequency of the actuator -
: mput Curves 900, 920 and 930 represent output of radial actuator

ngen different amount of phase delay of voltage input of the. radial
‘actuator. This is measured by the number of degrees 6 needed to move

" curve 900 to curve 930.
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To determine the magnitude response of the r‘adial- actuator, a
s1m11ar method is employed. First, the disk is rotated at a given
frequency Next, the radial runout magnitude, for example, Y is

| determned. The amplitude, D of a sinusoidal voltage signal to be

“input” into the radial actuator, is determine by using the transfer
function of the radial actuator by calculatmg the magnitude to move
the rad1a1 actuator in the radlal d1rect1on with a distance Y/2.

As described above, measure the apparent radial runout
magnitude by adjusting the phase until the apparent radial runout
magnitude E is minimum.

Curve 930 is moved along the x’ axis until positioned as
illustrated by curve 940 is obtained. The movement is accomplished
the same way as previously explained. Next, as illustrated in Fig. 10,
the phase difference between curve 940 and curve 950 is 180°%and a
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. ‘maximum 'apparent'radial measurement Fis obtained by measuring

| - thé distance between the two curves (940 and 950).' The distance F is

_the maximum distance between the curve 940 and curve 960. 'Thus, "

. the magmtude response equal track p1tch t1mes the max apparent

_rad1a1 runout F minus the minimum apparent radial runout E dnnded
by 2A. Thus, this magnitude and phase is input to the radial actuator
in order to bias the lens to avoid the displacement of the lens ciue to
 radial runout. | |
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| 1. A circuit'to-'detgct-'radial rﬁnéut, '.conipr.ié_ingi_'- |
adisk subjeét'tb raﬂial.i:ixﬁout and haviﬁg-_at least dne.'-tr:ick:
 a circuit to detect a magmtude of said radial runout based on
said at least one tracking crdssing, |

- a c:rcmt to detect a phase of said radial runout for a devu:e based -

_ onsaid magnitude of said rachal runout

2. A cu'cmt to detect radial runout é.s in Claim-'l whereas:
said phase is determined by a phase difference between the.
phase of the device and a maximum apparent radial runout.

3.  Acircuit to detect radial runout, as in Claim 1, whereas_:
said circuit to detect a phase including a circuit to detect a
magnitude.

4. A circuit to detect radial runout as in Claim 1, whereas:
said phase of said device is moved forward to a maximum app.a.rent

radial runout.
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