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USING RADIAL RUNOUT TO C.AIJBRA~.RADIAL 

ACT·UATOR FREQUENCY RESPONSE IN A CDl.i>VD P~CKUP ,;, 

FmLD OF· THE INVENTION · 

The presentmvention J;'elates to sensing signals recorded· on a disk, 

applying the sensed signals as an indication of ttack crossing and · · 

particularly for sensing signals reeorded on an optical disk. 
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.· DESCRIPTION _OF ·P·RIOR ART 

· In an .optical disk apparatus or an optical magnetic disk 

·: : ... -~ . · .. :.,_:··apparatus,. the .diSk medium is displaced in the lateral direction, 

:.:!';:.~~:::~·::;51~~j~ria.uiely;~in-the.:disk,radius-direction.-because of the.eooen~itg ....... , 
. . . 

· :·:. · · ·· . between the center of the tracks of the .disk and the rotational center of .. · 
· · ·.-· · ... :. ·····the·:·motor.rotating the disk. Thus, .the·light beam position·is cnritr<;>lled 

·- . · in the disk radial direction for adjustment so that tb.e beam spot or the 
.light beam may be always positioned on the information traclr-by 

10 moving the beam spot or light- beam to follow the displacement of the 

information track on the disk. Also, positioning controlling, for. 

example, access controlling, is performed on the beam spot at ·A. high 

speed with high accuracy to get the selectable tract of the entb:-e disk 

15 

. radius zone. 

Generally, among the well-known mechanism.for beam ~pot 

control, there is a mechanism in which the objective lens supp:Jrted by 

four leaf springs is driven vertically and laterally by a ·magnetic force, . 

a mechanism which ~oves horiz~ntally the lens .by magnetic fL;rce to 

.20 laterally displa.ce the beam spot position or mechanism which drives 
an optical head, supported by the slide bearing,_ in the lateral.direction 

by an magnetic force. 
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· The radial cQntrolling Qp~ration is performed.by :feedback . . . . . . . 

_:controlling operation of sem.ing,_the relative clli;placement, ~or example, 
radial error betwe.en·the· infor~tio~ track on the ·optical ~sk and the 

. . 

beam_" spot by -the methOd. of passing the radial error signal tlu.·ougli the . 

5 ·phase lead coinpeneating circuit, thereafter feeding it into t~ .radial 
actuator driving circuit to drive the actuator. The phase. lead 

· compen$ating circuit ·is. a circuit for improving stability of the i.$edback 
.· controlling system. 

10 Typical lens construction is a lens that is mounted as a E1pring 

mass. Typically, four wires, which are elastic but stiff and constructed 

of metal,.such that the force imparted to the lens is a.constant 

multiplied by a displacement. Additionally, a coil is mounted around 

· the lens holder to conduct a current through this coil. Thus, tb.e coil 

15 and.lens holder ~ove together in a direction in opposition to ~Ite 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 phase. This phase is import~mt to 

20 anticipate the delay and correspondingly remove the delay of the lens. 

Additionally, the lens may wear and the delay may chan~~e as a 
response to the wear. 
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. One of the-~ties in ni.oving the lens arises from.the ec·centricity 

in disk rotation combined with approximately 1.6 µm for.CD and 0~74 µm .,,, 

for. DVD fntertrack $padrig. 

·. ·· ·.' ·.·. 6· · ·· ··1· · · >::·When starting to play back a disk,_ optical disk players, sue.~· as. CD. 

-:players or_DVD p~yer, read and: store beforehand TOC (Table of 
. . 

Contents} data from.a.read-in.area of the cmrently set_disk. ·upo:n. access 

to a desired 1rack b~sed on a search command, the· micro-process cit in the 

· optical disk player firStcalculates 'the currently read sub-code Q-data to 

10 · find the current track number and then the number desired track~.· The 

difference between the two track numbers ~ows the microcompi-1.:ter to_ 

find the number of tracks to be jumped. Accordingly, the microcomputer 

drives the opti~ .system of the player to jump the calculated numbet of 

·tracks in order to reach the target track. The need to count the nt.1'nber of 

15 tracks jumped upon jump operations requires detecting the 1rave-~'Se 

operation.of the optical pickup spot across tracks. With the spreading use 

optical disk drives units as ~external storage for computers, the Jemand 

for a compact and high speed unit has increased. 

20 Data storing disks eµiploy circular or spiral tracks on which data is 

recorded. Transd1;1.cers such as magnetic read/write heads, laser 

read/ write assemblies, and the like, must maintain registry With those 

tracks within relatively close tolerances. 
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. The id~a.l data storage ~contains a pluralitf of concentric data . 

tracks that are perfectly drcular·or spiral in character·when ·established. 

~d remamed that.way indefinitely. Such ideal data tracks are r~""e!Y. 
. . 

5. created in diskmanufacture and even more rarely remain circular in 

contemporary operating enviroilment .. 

The lack of circularity in the. data tracks is lcnown in the ind-u$fry as 

·. run.out or radial runout If it is too great, the transducer controlling the 

10 , lens may not have adequ.ate reacting .capability to response so as to 

maintain data interfacing registty. Further even though the disk itself 

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

and decelerate rapidly to compensate for the runout. 

15 Fig. 6 illustrates a optical disk unit 600 for a magneto/oltic disk 

unit. Laser source 601 emits laser beam 602. The laser beam 602 is 

reflected through a mirror 608. The laser beam 602 is subse.qitently 

focused through objective lens 604. Actuator 605 provides focus 

controlling operation and radial controlling operation which drives the 

20 objective lens 604 vertically 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 laterally to 

perform the radial controlli~ operation or the recorded access 
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5 

· operation into the track p~sition of the object.. Optica1 disk 608 is a · 

•• 
0niagneto/optic disk with. rec~rding medium 608. Motor 609 rotates ·a.D:d ;. 

. drives the disk and support ~ase 6010 supports the above apparatus .. 

·Fig. 7 is a block diagram of the controlling system. In Fig. ·7, . . . . . . . 

·. ·refe~ence XD is tb,e. disk disp~cement reference at X1 is the ~bject lens · 

.displacement to indicate the. amount of displacement of the.radial 
. . 

actuator 605, XE is a follow up error, reference ·DE to indicate the error 

10 between the actual position and the target·position of the lens and is a 
I . 

15 

detector which converts.the follow up· error. XE into an. el~ctric signal, 

reference P is a phase compensating circuit·t'or performing the stable 

control. Reference Go is ·an actuator for ·driving and displacing the 

object lens and reference Do is a driver for driving 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 signaterror. 

The unevenness of the radial tracking due to radial runout 
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. introduees ·error :and·delay into ·the operation of the lens. The forees 

that effect the lens are: 

d 2 
x·ll k. ,v . hdX E ----·= - .n. 6 - · +au · dt 2 dt 

... k:XE is the spring force 

- hdXEldt is·.the frictionforee · 

+ au is the magnetic. force on the lens mass 

.10 The radial. actuator's frequency response should be 

kn.Own with sufficient accuracy so that the controller can be 

designed and tuned to produce the highest tracking and seek 

landirig performance without risking stability. 

15 This frequency response can be measured on the factory 

floor and subsequently the proper, optimal coefficient '\'cUues 

for the controller is.stored in a memory device. Unfort·unately, 

such method has problems adaptingto changing temperature, 

humidity, aging and different seating orientation of the drive. 

20 Thus, a method is needed that can measure this freque·ncy 

response automatically under normal operation, such as when 

a disk is started. 
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SUMMARY OF THE INVENTION 

.An object of tbe present invention is to measure the ·phaae 

response of the radial actuator at·any frequency Up .to the mIDdm.Um 

o .. rotation .. frequency .of the disk. ·A se.cond obj.ect 9f the present j:nvention 

· 

1 iS tc>. measure. the magnitude response of the ·radial a.ctuator and any 

frequency up .to the maxi.mu~ rotation frequency of the disk. ·The 

· ·phase response is determined by obtaining th,e radial runout . · 

magnitude. ·The phase response is d~termined by using the nominal 

10 transfer function of the radial actuator. Then, calculate. or determine 

the magnitude of a sinusoidal voltage signal to dJ;ive the actuator in. 

order to move. the radial actuator in the r~dial direction a distance of 

the radial runout magnitude divided by a fraction. Next, drive the 

radial actuator with a sinusoidal voltage with a magnitude eq.ual to 

15 the calculated magnitude (A). Next, the phase of the sinusoidal 

20 

voltage is adjusted so that the phase of the radial actuator is ·the same · 

as the. phase of the actual radial runout. This is the phase where the. 

apparent radial runout is minimal. The apparent radial runout is the 

minimum apparent radial runout. 

The maximum apparent radial runout is obtained.by shifting the 

phase 180° from the phase of the apparent radial runout. ,. 
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. Magnit~de. resp9~ is t;he ratio of the difference between the 

·original or actual radial ruilout and the min_imal apparent radial 
. · . 

runout to the calculated magnitude A. 

5 Phase response is the difference. between the phase of the 

-original or actual radial runout and the phase of the sinusoidal voltage 

.-at .. the minimal apparent-radial runout. 

This procedure is repeated for a set ·of predetermined disk 

10 rotation frequencies. Alternatively, the set of -rqtation frequeri.cies can 

· be determined online by, for instance, having denser spacing where 

phase response changes rapidly with respect to frequency. 

This is the phase of.the radial actuator to place the radial 

15 . actuator in phase with the radial run.out. 

Received Time 

TI-26887 .9 .. 

29. Jan. 1 :49 Print Time 29. Jan. l: 58 

;;: .. 



··BRIEF.DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates a diagram of :the ~~ent invention; 

·Fig .. 2 illustrates a circuit diagram of the present invention; 

· 5 · Fig. 3illu~trates another ciroiit diagram of the present invention; 

. Fig. 4 (a-i) IDustrates waveforms:of the present mvention; 

· Fig. 5 illustrates a waveform of the 'rad~ runout. 

. Fig.· 6 ill~strates a reproduction aystem. 

Fig. 7 illustrates a feedback system. . 

10 .,Fig. 8 illustrates a response curve. 

Fig. 9 illustrates a method of the present invention. 

Fig. 10 illustrates a second method of the present invention. 
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.·DETAILED DESCRIP'l10N OF THB INVENTION . 

The present·invention. measures both ~ection and magnitude of the 

radial runout and coriects the a~tor based on the radial ·run.out. · · 

· As illustrated in Pig._ 1, a track 110 is centered about. a 1rack.center 

120. The offSet of track 110 is due to radial runout. The track 110 is offset 

frQm the cenieJ'. of the.disk 130 by .an E1IllQunt of the radial run.out A. The 

pickup 100 moves along the track 110 &om the.center of the disk.130 by·an 

10 angle0 .. 
' 

Fig. 1 is a block diagram of a tracking servo system for conltolling 
. -·· 

jump or radial runout operation. 

16 In Fig. 2, the information recorded on disk 200 is read by pickup 

device 260 as an information signal. ·The pickup device 260 as a result·of 

the read operation and in response to the information signal gene.rates an 

RF signal which is input to the RF amplifier 210. Additionally, th·,~ pickup 

260 sends the µttormati.on signal on disk 200 to the TE signal generating 

20 circuit 27.0. The tracking error generating clrcuit270 generates a·tracking 

· error (TE) signal based on the output of pickup 260. The TE sigiU·J. 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 signal is 

output from the RF amplifier 210 is input to the track traverse detecting 
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_ dtcuit 220. Output:from _tlte:track traversed detecting dl"Cuit·220 is a EFI 

--_ ·_ signal which-is input-to ~processor.-230. The-nli.cr~proces5or 230 a -

de~cated cireuit or PSP outputs :a isignal to the tracking controller 240 . 

. Accordingly,·the.tracking c0ntroll~·240 operates a tracldng actuator.250 to 

-- 5 -·move the p~p 260 aaoss:the disk 2.00. Fig. 3 illustrates the RF signal 

and the TB signal which-are s~t: to the MIRR generating dicUit 320 and -

-the TZC gen~ating circuit 350, respectively. 

The mirror signal generating circuit-320 generates an· heightene~ 

10 ,l~el signal as illustrates in Fig. 4b by deteeting a ll)irror face bet\'1een 

tracks (pit area) on the disk 200. The MIRR signal is a signal that_ goes . 
-high when the optical spotis irradiated at the disk mirror face (area 

between tracks or pit arrays) and which goes low when the optical spot is 

irradiated at a 1rack. The TZC signal as illustrated in Fig. 4d is ge!terated 

15 as the sine signal of the TE signal is captured, the TE reF,esents the · 

20 

_ deviation of the optical spot from any of the tracks or from any mirror 

· area th.erebelween.. When the TE signal is zero, far 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 tiIIi.e when a mid-point is reached between a high-and a 

low period of the MIRR signal by edge detecting circuit 340. This TZC 

edge signal occurs substantially 90° between a change in the ~R signal. 

TI-26887 ·12-
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· F~ore, the MIRR edge·signal occurs substantially 90° belw~et1 a 

change in. the TZ¢.sigt)al. How:ever, delays in digitiZing the TE-signal and ,., 

delays resulting from the sampling.by the A/D cQnv~ ·combine to 
. . 

.. delay the MIRR sigrull in phase~· .Likewise, delays in digitizing the TE 

. 5 signal and delays resulting from the sampling by the A/D ·conve.ter 

· combine to delay the TZC system in phase. 

The TZC signal generating circuit 350 generates the TZC ~gnaJ.·by 

.aetecting the zero crossing of the TE signal. 'I'.he TZC signal is input to the 

10 ,edge detecting circuit 340. The TZC edge as illustrated in Fig. 4d ls input . 

to the micro-pr.ocessor 230. Additionally, the MIRR signal is output hy 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 lv.1lRR signal. The output of the edge detecting circuit is tru? MIRR 

15 . edge signal as illustrated in Fig. 4f and is input additionally into 1 he 

micro-processor 2SO. 

Fig. 5 illustrates a graph illustrating the motion of the beaa:. "!00 with 

radial run.out of the pickup 260. The radial motion or radial runcntt can.be 

20 modeled as simple harmonic motion where y ~ A sin 0 and the velocity, v · · 

= dy I dT = (21C/T) A cos e where y is the radial displacement fro1;1 the. 

· center of motion or the lens,, v =radial velocity, T = period of row.tion of 

the disk and A= 1h of the peak to peak run.out magnitude. 0 eqU2ils the 
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· ._angle.of.rotation away from the orientati<ln where the .motion starts going 

outwards from the center of motion. 

In actuality, a can, be measured from a center of the motor driving . 

5 · the disk. ·The motor shaft typically includes hall sens<>rsi fat exan\ple . 
. . 

typically .. 3 hall sensors, loeated around the~ at each·30° increment. 

Additionally, a clock generator ~-d with the hall.sensors may be used to 
determine a more ~e.location of the ~haft and may be set to generate 

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

10 ;Thus, 0 can be accura1:ely measured .. 

The peak-to-peak magnitude, 

. n is timer count (instances) 

· 15 N is a timer count between successive hall sensor pulses 

D0= 3GO" x .!... 
18 . N 

of the radial runout can be determined by rotating the disk at a constant 

20 angular velocity. The pkkup device·260 remains stationary 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 or the 

TI-26887 .. 14 .. 
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.. TZC Signal per disk rotation and the radial runout magnitude is equal to 

. (halt) ·1/a ~number. Altema.tively, .a pulse counting or DSP could. ·dount 
. . . 

·, 

the number of MIRR pulses from the MIRR signal per disk rotation and 
. . . . 

again the radial runout magnitu.de would be half this number. 

5 ·Alternatively, a pulse ·Counting circuit or DSP could count the nu111ber of 

. TZC]ugh ptilses .or, but not both, MIRR 1!igh pulses . .that occur. between 

·the direction reversal of track ·crossings. The polarity phase diffe:ence, 

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

· 10 Alternatively, a circuit or DSP could measure the period .of t.ime 

between successive track crossings. The period should vary in ~.1)eriodic 

fashion reachlng a maximum of. h\"ice 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 succi;.ssive 

· 15 minimum, This number is the radial nm.out magnitude. Altenu~ dvely .. a 

track count circuit th.at counts up or down depending on the 

inward/ outward track crossings the DSP or an appropriate hanhvare 

circuit detects the maximum and minimum of track count. Th.e·d\fference 

between the maximum and minimum iS the radial runout magnitude. To 

. 20 determine the direction of the radial iunout, Figs. 4G, H, and I illustrate a .· 

procedure. The direction can be determined~ evaluating the ed~e pulses 

from both the edge detecting circu~t 330 and the edge detectin'g citcuit 340. 

The edge detecting circuit 330 provides an indication of an edge ~:f the 

TZC signal by generating a TZC edge signal. The edge detecting circuit 
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· 340 ~ illUsaated ·in Fig. 4g provides· ~-iridication of an edge of MIRR 
signal·by generatirtg_a mirror edge signal. ·Tue-edge pulse from the edge· ~. 

__ 4etectmg circuit 330 indicated by an '·t' ·should alternate with respect· to the 
. . . . 

· ·edge pulsea from the edge deteCting circuit 340 and indicated m'Fig. 4g by 

5 the symbol 'm'. For·example, the series of-edge pulses mt mt.mt . 

·indicates.that the direciion has not changed. In contrast as. illustrated in 

. Fig. 4h, a sequence mt t t m .indicates a direction change. ~re 

· spedfically1 the two successive 1 tt' indicate that the radial l'Ul\9U.t"has 

reversed direction. Likewise, in Fig. 4i, the sequence is m t mt m m t .. 
. - . 

10 ,The successive two edges 1m' and ~m indicate a reversal iit the ditecti.on. 

Thus, we have seen how the ma~tude of the radial rtinout can be 

determined. 

The radial runout magnitude) Y, and the direction·e, is o"btained 

15 in accordance with the above procedure. The transfer function, for 

example the response characteristic of the actuator to an input signal 

is supplied by a manufacturer and can be used by the present 

invention by storing the transfer function in a memory that ·is located 

in and accessed by the CPU 280. 

20 

The phase measurement of radial runout is determined using one 
of the following methods: 
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l•. 

Curve 930 re:presents-the :output Of radial actuatQr under 

minim·al radial runout c0ndi.ti,on. The· phase of curve 930 

. must agree with the phase of.actual.or original radial runout. 

·5 .Curve 902 is the input validity signal to. the radial actuator. 

which is known. 

This transfer function is typically expressed in terms of magnitude and 

· phase of frequency response. Using the transfer.function of th.e -ra.d.ial 
· 10 actuator from the manufacture. calculate the magnitude of a 

sinusoidal voltage signal to be input into. the radial actuator to move 

the radial actuator in a radial direction-a distance, Y/2. (Y is t~ 

magnitude of the radial runout.) While Y/2 is chosen for the present 

invention, any fraction of Y could be chosen. This is magnitud.e B(B = 
.· 

15 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 a.distance Y/2 but a distance C. As illustrated in Fig. 9, the 

phase is adjusted by moving curve 900 to the position of curve ~20 and 

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

degree by. degree procedure by measuring the distance D betw~en first 

· curve 900 and. 910, then between curve. 920 and 980. and lastly between 

curve _980 and 910. When the curve 910 has been adjusted to qirve 

930, it is noted that the maximum of 930 is directly under the 
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·maximum Of curve 910. Co.nsequentlyf the distance D is the smallest· · 
. . . . . . 

distance. ·Thus,. the :phase difference between curve 930 and 902 is t~e 

phase response of radial actuator .at a given frequency of the aqtuator 
. . . ' 

· input. Curves 900, 920 aild 980 represent output of radial· actuator · 

5 .. ·given different .amount of phase delay of voltage input of the .. radial 

a.ctuatc:>r. This.is measured by the number of degrees 0 needed· to move 

curve 900 to curve :930. 

To determine the magnitude response of the radial actuator, a 

10 similar method is employed- . First, the disk is rot.ated at a .given 

frequency. Next, the radial runout magnitude, for example, Y, is 
. . 

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

"input" into the radial actuator, is determine by using the trans&r 

function of the radial actuator by calculating the .magnitude to move . 
15 the radiBl actuator in the radial direction with a distance Y/2. 

20 

As described above, measure the apparent radial runout 

magnitude by adjusting the phase until the apparent radial runout 

magnitude E is minimum. 

Curve 980 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 ltl.g. 10, 

the phase clifference between curve 940 and curve 950 is 180° .. and a 
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CLAIMS 

1. · A circuit.to ·de~ct radial l'tUlOut, comprisiilg: · 
. . . 

a diSk subject to iadialrunout and having ·at least one.track; 
. . . . . 

5 a circuit to dete~t a magnitude Of said radial runout .ba$6d on 

said at least·.one tracking crossing; 

a circuit to detect a ·phase. of said radial runout for. a device based 

on said magri.itude of said radial runout. 

. . 

10 2. A circuit to detect radial runout as in Claim 1 whereas: 

said phase is determined by a·phase difference between the. 

phase of the device and a maximum apparent.radial.runout. 

3. A circuit to detect radial runout, as in .Claim l, whereas: 
15 . said circuit to detect a phase including a· circuit to detect ,fl 

magnitude. 

4. A circuit to detect radial runout as in Claim 1, whe;~eas: 

said phase of said device is moved·forward to a maximum apparent 
20 radial .runout. 
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