APPARATUS AND METHOD FOR FOCUS CONTROL 5
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sawt oot h wavethe discs and tapes can be enhanced by layering a plurality of information
containing layers on a substrate. To read a multilayered optical medium, a
focal point of light is selectively positioned on the layers, and is shifted from
layer to layer in accordance with the format in which the media has been
16 written. Shifting of the focal point is generally accomplished by arrangements
requiring mechanical movement of the optics relative to the medium. This
. requires a large separation between layers to assure differentiation of the
individual layers by an optomechanical link and its associated servo circuitry.
Focus acquisition is conventionally accomplished by various servo
20 arrangements initially operating in an open loop mode. The feedback loop of
the focus servo includes a switch that is initially open, during which time the
focus servo is driven by an oscillating waveform, such as a sawtooth wave-
form, causing an objective lens to be displaced toward and away from the
optical medium, and a beam of light passing through the objective lens goes
25 in and out of focus on the medium. At some point, when the beam is near a
desired focal position, the sawtooth waveform is removed and the switch
closed, thereby closing the feedback loop. Typical is the disclosure of Wachi,
U.S. Patent No. 5,379,282, which proposes the use of detectors that detect
maxima and minima of return light from the optical medium, and maxima and
30 minima of a focus error signal. These maximum and minimum signhals are
processed by a servo, which drives a focus actuator. A focus servo operation
then executes to lock in the light focus at a desired level.
In Millar et al., U.S. Patent No. 4,607,157, it is proposed to intentionally
defocus the light spot on an optical disk after focus acquisition has been
35  achieved and while the servo is operating in closed loop mode. The resulting
variation in the read-back signal is utilized by a synchronous detection circuit
to extract magnitude and polarity information of the focus offset. This is fed
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pickup 12 conprl el AsPBlively BY ob8HtioRaPARBIficHs 148, 1481 SFHHE paired signals
: on lines 13a, 13b independently vary as the focal point of the objective lens
transits the information iayer of an optical medium, and these signals are
responsive to the focus offset of the objective lens from the information layer.
15 - The outputs of the operational amplifiers 14a, 14b drive a differential amplifier
16, which outputs a focus error signal on line 32. The focus error signal on
" fine 32.is representative of the difference between the signals on lines 13a,
13b. In closed loop operation, the focus error signal on line 32 is coupled to
conventional phase and gain compensating circuitry, referred to herein as
20  servo circuitry 18. Servo circuitry is disclosed, for example, in Ceshkovsky et
al., U.S. Patent No. 4,332,022. The focus error signal on line 32 is an input to
the servo circuitry 18, and causes a modification in its behavior in aocordahce.
with the loop design. The output of servo circuitry 18 is summed with the
output of focus acquire control circuitry 20 in summing circuit 22. The output
25  of the summing circuit 22 is amplified in a drive amplifier 24, and coupled to a
focus actuator, represented as actuator coil 26. The optomechanical link 28
between the actuator coil 26 and the optical pickup 12 is indicated by a ‘
dashed line. '
Initially switch 30 is opened by a control means (not shown), so that the
30 focus error signal on line 32 is disengaged from the servo circuitry 18, but
remains coupled to the focus acquire control circuitry 20 via line 34. In this
circumstance, the focus actuator coil 26 is driven by an oscillating waveform
added on summing junction 22, and the optomechanical link 28 moves an
objective lens (not shown) generally toward and away from the surface of the
35  optical medium. The output of the optical pickup 20 varies as the focal point
of the objective lens approaches an information layer
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t he 20 the focus error signal has a baseline value. As the focal point of the objective
lens approaches the first information layer F1, in a direction indicated by
arrow A, the differential amplifier 16 begins to develop a positive signal,
which is approximately sinusoidal, and which returns to the baseline value
when the objective lens focal point actually crosses the first information layer
25 F1atpoint 52. As the objectii're lens continues traveling beyond the first
layer, the differential amplifier 16 produces a signal which is less than the
baseline value. When the objective lens is sufficiently remote from the first
information layer F1, the focus error signal again returns to baseline. The:
above sequence is repeated as the focal point of the objective lens transits a
30 second information layer F2, with a zero crossing occurring at point 54,

_ With the above noted approaches it is necessary to return to an open
loop mode of operation when it is desired to shift focus from a first information
layer to a second information layer, and to reclose the loop in order to lock
focus on the second layer. Otherwise the servo loop would initially resist

35 movement to the second information fayer, and eventually be overcome, after
which the focus would move in an uncontrolled manner.
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t he i nf or mat i Rigkumwhich has a plurality of outputs and is responsive to ?lght returning
from the medium. A control signal generator generates first and second
control signals. A first multiplier multiplies a first output of the optical pickup
and the first control signal, and a second multiplier multiplies a second output
15  of the optical pickup and the second control signal. The multipliers provide
- input to a difference amplifier which produces a focus eror signal. A servo
responsive to the focus error signai controls an actuator driver for effecting
movement of the focal point toward and away from the medium.
- Preferably the first and second control signals comprise smoothly
20 continuous waveforms offset from one another by a predetermined phase
~ angle, optimally 90 degrees. Most preferably the smoothly continuous
- waveforms are substantially sinusoidal.

in one aspect of the invention the control signal generator, the first

multiplier, the second multiplier, the circuit, and the focus error servo are
.25 realized in a digital signal processor. '

The invention provides a method of controlling a beam of radiant energy
that is directed onto a medium having a plurality of information regions. The
medium has a characteristic that varies according to an offset from the
information regions. A beam of radiant energy is directed onto the medium

30 and interacts with the medium. Energy resulting from the interaction between
the medium and the beam is sensed, and the sensed energy is representative
of the characteristic. First-and second signals responsive to the sensed
energy are generated, preferably in quadrature, and are modified in a prede-
termined manner. A servo is coupled to the modified first signal and to the

35 modified second sighal, wherein the servo operates in closed loop mode.

The servo is linked to a beam adjusting means, with which it cooperates to
vary an optimization of the beam with respect to a first information region of
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| ings, wherein:

FIG. 1 is a partially schematic block diagram of a focus control circuit in
-accordance with the prior art; _ |

15 FIG. 2 is a partially schematic block diagram of a focus control circuit in
accordance with a preferred embodiment of the invention;

FIG. 3 is a waveform representing a focus error signal produced by a
focus control circuit plotted with respect to the position of the focal point;
" FIGS. 4 and 5 show a plurality of waveforms that occur during a focus

20  shifting operation executed by the focus control circuit shown in Fig. 2;

' Fig. 6 is a partially schematic block diagram in accordance with a first
alternate embodiment of the invention; and .
Fig. 7 is a partially schematic block diagram in accordance with a
second alternate embodiment of the invention..

25 " Turning now to FIG. 2, there is shown a focus control circuit in accor-
dance with a preferred embodiment of the invention, wherein parts identical
with those of FIG. 1 are given like reference numerals. The arrangement of
optical pickup 12, and operational amplifiers 14a, 14b are the same as
previously described, except now the outputs of the operational amplifiers

- 30 14a, 14b are each coupled to the inverting input of operational amplifiers 40a
and 40b respectively. The noninverting inputs of the operational amplifiers
40a and 40b are connected to a voltage Vgy. Vcy can be a fixed reference
voltage or can be derived from a characteristic of the optical medium. The
output signals on lines 47a, 47b of the operational amplifiers 40a, 40b (repre-

35 senting focus error compdnents of the output of the optical pickup 12) are
respectively connected to muiltiplier circuits 44a, 44b, which are preferably
analog multipliers. The multiplier circuits 44a, 44b are also respectively -
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The inventor has discovered that the apparent position of the focal plane

20 of the first information layer, as evaluated by the servo circuitry 18, can be
shifted continuously toward the second information layer, and that the servo
circuitry 18 will accurately track the motion of a “phantom” focal plane from
one actual information layer to another, while maintaining closed loop opera-
tion. _ o

25 A focus shifting operation_'will now be described with reference to FIGS.
2, 3, and 4. According to the invention, when it is desired to shift focus of the
objective lens from a first information layer F1 of the optical medium to a
second information layer F2 in a closed loop mode of servo operation, a
pharitom focal plane is created by multiplying the two activated control signals

30  on lines 49a, 49b with the output signals on lines 47a, 47b to produce two
modified focus error compdnents on lines 43a, 43b. The phantom focal
plane is shifted toward the second information layer F2 by independently
varying the voltages of the two control signals on lines 49a, 48b in a prede-
fined manner. The two modified focus error components on lines 43a, 43b

35 are compared to each other by a differential amplifier 46 to generate a focus
error signal on line 48 that is supplied to the servo circuitry 18. The error
signal on line 48 has the effect of attempting to cause the servo circuitry 18 to
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10  ops time varying control signals on lines 49a, 49b that range in voltage levels
from -1 to +1, which are explained with reference to Fig, 4. The range of -1 to
+1 volts is used for descriptive purposes only, and many actual voltage
ranges can be used. .

For purpose of this explanation, it is assumed that focus has been

15 acquired on a first information layer, and the magnitudes of the output signals

. on lines 47a and 47b are equal. The control signals on lines 49a and 49b are
represented by waveforms 60a, 60b respectively, and have initial values of
+1. Consequently the multiplier outputs on lines 43a, 43b are initially equal,
and are also equal to the output signals on lines 47a and 47b respectively.

20  The focus error signal on lihe 48 is initially at a baseline value of zero. An
idealized time plot of the focus error.signal on line 48 is shown by waveform
62. The signals on lines 47a and 47b are represented by idealized wave-
forms 68a and 68b respectively. The signals on lines 43a, 43b are repre-
-sented by idealized waveforms 69a and 69b respectively.

25 The focus shifting operation is begun at a time indicated by reference
numeral 64. When the control signal generator 42 receives a motion control
signal on line 29, and a direction control signal on line 31, indicating that focus
is to be shifted to the second information layer F2, the control signal on line
49a begins a sinusoidal transition from a value of +1 to a value of -1 at time

30 64. When the control signal on line 49a has reached a potential of zero volts
‘at a subsequent time 66, the control signal on line 49b begins a sinusoidal
transition in the same manner, so that waveform 60b lags waveform 60a. It
will be evident from inspection of the waveforms 60a, 60b that in the interval
between times 64 and 74, the control signals on lines 49a and 49b never are

35 simulteneously at zero volts. The outputs of the muiltiplier circuits 44a, 44b
differ during this interval, and the focus error signal on line 48 (waveform 62)
begins to rise as a result of differential amplification by the amplifier 46. In
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accordance with the prior art; 15 FIG 2.is a partially schematic
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30 14a, 14b ﬂgﬁ}s ; ' rdd RO el
anpltfiers 40a§ﬁ’°%sg%lih§in 4%6;%%@0?1\?@%48 %\} non| ﬁgiéra?llaﬁsgfqonput s of the

oper ati onal arfffPpusadwith respect ig) %\iﬁg’rﬁ\?HOQr‘%V%'cF et the feflegtapseof go
Vierr]. Vierr]optival hirediurhidiféets betweemtie informationtaydrdieand tieanominfdenay ed

[ hes e 37 Sl S Mo sparond il 3 LT, 7
focus error coffarei Eigr2)iaféhe gptical piskuptinkold divergewsaveforns) 68a, $8b).
respectively CPREQfdvRSoriis GOH, 5D, micwﬂersﬁééﬁﬁewebreééh théBreducts &f the
preferably — sigpalsorlinga7s 478 and the control Signald onlines 4ga- 4bb afsa +4P are
al so respecti végpalson 1 410, g '

16  diverge.

Treating the interval defined by times 64, 74 as a 360 degree cycle, the
phase angular offset between the waveforms 60a, 60b is optimally 90 de-
grees, which matches the phasé offset of the signals on lines 13a, 13b. While
the invention can be practiced with a relatively wide range of phase offsets, if

20 the phase angular offset between the waveforms 60a, 60b is reduced too -
much, the differential amplifier 46 will sense input values that are close to
zero, and the system will become unstable. On the other hand, if the phase
angular offset is increased too far above the preferred value, the wave form
62 will take on increasingly sinusoidal characteristics, sometimes with zero

25  crossings, and the system will again not operate effectively.

The phase offsets of the signals on lines 49a, 49b (waveforms 60a, 60b)
-should be adjusted to match the phase offset of the outputs of the optical
pickup 12 for optimum performance.

As explained above, during the focus shifting operation the servo

30 circuitry 18 receives an intentionally incorrect representation of the location of
the information layer F1, and aftempts to compensate by driving the actuator
coil 26 such that the objective lens moves in a direction of the second infor-
mation layer F2. After the control signals on lines 49a, 49b have both re-
turned to values of +1, the servo circuitry 18 continues in closed loop opera-

35 tion to maintain a focus lock on the second information layer F2. The focus
error signal on line 48 has returned to its baseline value.
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6 coupled to the control signals on |lines 49a, 49b of a control

. signal generator 42. The multiplier circuits 44a, 44b drive anot her
differential anplifier 46, whi ch outputs a focus error signal on line
48. The focus error signal on line 48 represents the difference
bet ween the outputs on lines 43a, 43b of the 5 multiplier circuits 44a,
44b, and propagates through swtch 30 to s8rvo Ci rcuitry 18. The
switch 30, servo c cwtr us _acaqui .contr. Ci Il 20,
summing circuit 22, 81"#9@)55%7'?#@( ?5\&15%35%? gd? 3?|te8%dl acfgr (53/ there-
opt onechani cal spmmﬁe oithesenva systerpeand llwmhéractwistics:qfsthampMechmdalt he

operation of t | S line 28 are
i dentical 10 mg@%thgr an e%}%{lwggﬁpgge%u re ice to FIG 1.
I n operation, when ‘Pr"@"e:!?@ﬁa?rmefqr @eﬂ ey afe syumeli, a

f ocus gf fs&t i smicotisly goatirwbuss ahd itherefore awold abiapt m@tmns of theLadtuatot.8 ] ]
responds I C, | C, e t.hr ou
he actuat or ¢ HioeyRr St viaVERom ek Bradic d Wansiiar i fevkl G4 {fo 1" ©4
obj ective | ens couldde usedfor examplettdangular wevess i importantdhateltpibgdbe of t he
optical pickup fdesCéliing p%?élﬂfrﬂhé@ohtroﬁﬁgnals on hnéshﬁ)af QQBSne%F Qfe Si gna' i's

restored to its baﬁellne 'evel .

L. t hQ
skilled in theSipyt aneously; 781 iRAT %Tt°a%‘f9é‘i? conditiop Vﬂb%?!&‘tﬂ‘&r?%‘@ ﬁ"%Wo
control |otp. 18 would senseﬁualmemémml; ahd bedomeauwtabllet hat t he appar ent

Bval uated by the odtSARnEBERdly to Bkl duibod Bt e/Rind a1 B6Rirl inale,

I hu

toward the secofingsr4fandObda qoapépon@wﬂhtth@tramleﬂme of the optomechapical ltrrls/ 18
e R taprttire ot ey e
fron. 25 o reliong et ARy i parkrols R o URPE o8 haxd Rluird °
ref erence 19 FltGhaseline, the servo circuitry 18 continues moving the objectlve lens until a
: higher voltage level of the focus error signal on line 48 is sensed in region 55.
The servo circuitry 18 will then continue to focus the focal point of the objec-
five lens on the information layer F2.
To shift focus from the first information layer F1 to a third mformahon -
20 layer (not shown) which is disposed in the opposite direction from the second
information layer F2, it is only necessary that the waveform described by the
control signal 49b lead rather than lag the waveform described by the control
signal 49a. This is illustrated in FIG. 5, wherein the control signals on lines
49a and 49b are represented by waveforms 70a, 70b respectively, and have
25 inifial values of +1. When the focus shifting operation is initiated at time 64,
the control signal 49b begins a sinusoidal transition from a value of +1 to a
value of -1. The control signal 49a likewise begins a sinusoidal transition at
* subsequent time 66, so that waveform 70a lags waveform 70b. The focus
error signél on line 48 now describes the waveform 72, and is depressed
30 below its baseline value during the interval defined by times 64, 74. The
response of the servo circuitry 18 is to drive the actuator coil 26 and thereby
move the objective lens in a direction of the third information layer.
it should be noted that throughout the focus shifting operation the
position of the phantom focal plane corresponds to a focus error signal that is
35  within the closed loop operating range of the servo circuitry 18.
The above explanation is given with reference to an astigmatic optical
pickup 12 as a non-limiting example. The invention can be practiced with



2,‘3, and 4. According to the invention, when it is desired to shift focus

.of the objective lens froma first information |ayer F1 of the
optical nediumto a second information layer F2 in a closed | oop
node of servo operation, a - phantom focal plane is created by _
mul tiplying the two activated control signals 30 on lines 49a, 49b with
the output signals on lines 47a, 47b to pt®duce two nodi fied focus

n lines 43a,. 43b. The phantom focal pl.ane is
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on the second @ particular optical medium. A seek command is initiated by issuing the
motion control signal over line 29. The optical pickup link 28 then operates in
a direction specified by the direction control signal on line 31.

15 In another mode of operation, when it is not desired to shift focus from
one information layer to another, the control signals on lines 49a, 49b are held
at +1 volts. The outputs of the multiplier circuits 44a, 44b on lines 43a, 43b
are the same-as the signals on lines 47a, 47b, and the circuit functions in the
same manner as the circuit illustrated in FIG. 1. |

20 As can be appreciated from the foregoing dichssion', the invention
provides an apparatus for controlling the focal point of a focused beam of light
that is directed onto a multilayered optical medium. The apparatus has an
optical pickup 12 responsive to light returning from the medium and has first
and second outputs 13a, 13b, and a control signal generator 42 for producing

25 firstand second control signals 49a, 49b. A first multiplier 44a is coupled to
the first output 13a of the optical pickup 12 and the first control signal on line
49a. A second multiplier 44b-is coupled to the second output 13b of the
optical pickup 12 and the second control signal on line 49b. A circuit is
coupled to the output of the first multiplier 44a and the output of the second

30  multiplier 44b and generates a focus error signal on line 48. A focus error
servo 18 is responsive to the focus error signal, and an actuator driver,
represented as actuator coil 26, is responsive to the servo circuitry 18 for
effecting movement of the focal point toward and away from the medium.
Preferably the optical pickup 12 is an astigmatic optical pickup, but it can be a

35 knife edge detector, or a concentric ring detector. The first output 13a is
optimally in a quadrature rélationéhip with the second output 13b. Preferably
the first and second control signals on lines 493, 49b comprise smoothly



i nf or mat i on | ayer F2. During a focus shifting operation the
.control signal generator 42 devel- 10 ops tinme varying control signals on

| ines 49a, 49b that range in voltage |evels from-1to +1, which are
explained with reference to Fig, 4. The range of -1 to +1 volts is
used for descriptive purposes only, and nany actual voltage ranges
can be used. For purpose of thls expl anati on, I s assuned

that focus has been 15 u a firs nf or mat i Ia. and t he
magni tudes of SCRENYRNS WAV PaH%P set omoaﬁ#n%fé%fhmp %Fﬁeqawxs?é’héaﬁm The
control signalanhgie) andropstinddly aae@kulégﬂanaalbj sinusoidalopaveferms separatend/oy ar s
60a, 60b respﬁ)(héa%?&é'e 8{1&h R ééaaééél val ues of +1 Consequent I y

the multiplie S 0n 43b are initially are
al so equal to the A)ﬁltspattema@ambodtmentmshelmeah@n anm@@ﬁébwlmcywﬂbo

Xhe focus @(er Q'léfe?égélf‘{o Fig. B' ﬂﬁel‘éﬁh ﬁrts Ridnitishl wititthcselufané prsviotsl embodi-zer o.
n i deal i zed t.i

h
o vaver or - oA igshaRnl R e S el S Blahed el 115 o,
i deal i zed wavea feature of the imentiéa thatthé datput of thwe optaiaypmhp liskd@dnheludes | i nes

43a, 43b are r%gﬁﬁélity of*gmp?ﬁ@ﬁ &da ﬁ@! %ﬂé%‘?ﬂéé'ez&ﬂnp@ﬂn & nfodificd i $Ob

respectively. t|ng oper at |

ﬁ?qﬂ“sq at, a time
i ndi cated by reedetaipined mannehul,meFlw e myffipliers,that gy Stapt gener at or
42 recei veg a gghaIBRMIES 4, 47b of thebgemtional arnplfietd 40840 and tiest | on

| | | d
The. second i nr R sl on iNES 385, 46h bV bodi ehlased by yaati8 sy’ o 10
begi ns a si nuseletwnts 7&as7 Th.ofhé confrel signale opflines 498, 49k apwecastrol theat ti ne
30 64. When {hee 'i’éélQﬂanEé SRitherts Wh”??ﬂ?@lr{&behééﬁﬂﬁ%oaﬂ’ﬂi@@@tbﬁ{ of

zero volts con on |line 49b

begi ns a si nusﬁigtﬂé‘S on lines 473, ﬂgﬁs‘f‘ﬁcﬁﬁrq%‘:ﬁ%ﬂb ﬁmPegQB HaPr&lef or m
60b | ags wavef abgtﬁ@&vavldforms 60a, 60bi (Fig.l2® aawmmﬂot)r(ﬁlg Bis paesistor 7& hashe

pavef orie 002, pRER il ddipklh Shglidlap. such et UERE 54 e 484 BRC 741
zero volts. Th@eotgdptot@ednpwr@‘ thalamplifieeA6 cepregents tha&utwtwf avoltage (i ffer
during this i ntgRyse oon%ﬁ%nﬁé‘@arfiéﬁlé ffesﬂétb@ '775 'a&ﬂ%sn@fbr'?liin %lf’rﬁaﬂx@\dﬁé@tdﬂ 62)
229' |nf, torise 7% : nnec?s the o%ltler mput of tﬂe ampl?np46 an%agtrbgﬁd bs% fhaf therghhgll er
20  on line 43b represents the output of a voltage divider comprising variable
resistor 77b and resistor 79. In other respects this embodiment is identical to
the previous embodiment.
- The invention provides a method of manufacturing an apparatus for
“controlling a beam of radiant energy that is directed onto a optical medium
25  which has a plurality of focal planes and an optical characteris_,tic that varies
according to an offset from the focal planes. A source is provided for emitting
a focused beam of radiant energy. The beam has a focal point on the me-
dium and returns therefrom. A sensor responsive to the returning beam is
provided, wherein the sensor has an output responsive to a focus offset from
30 a first focal plane of the medium. The output of the sensor is resolved into a
" plurality of components, preferably in quadrature. A first control means is
provided for niodifying a first component of the output of the sensor, and a
second control means for modifying a second component of the output of the
sensor is provided. A servo is coupled to the first control means and the
35 second control means, wherein the servo operates in a closed loop mode. An
optomechanical link is coupled to the servo for varying the focal point. In

operation the first control means and second control means are operative,



8 practice the focus error signal on |ine 48 has hlgh frequency

conponent s, which are not shown in waveform 62, and is also affected
by the outputs on | ines 13a, 13b of the optical pi ckup link 12.
Between tinmes 64 and 74 there is a net rise in the waveform 62 from
Its baseline value. In practice the outputs 5 on lines 13a, 13b depend on
the characteristics of the particul ar optlécal nedlun1be|ng r ead.

The objective | ens temts to tpack en e in re-

sponse 1o t hendiedOrRrRntmGes gt & Rt o plansuetshe fesduilawat aores

def ocused wi tdecoadfocal plane bEtherrhediomt andlthea\gemofrdcksﬁfecm@emﬂ@é secomhce of

an 10 opticf%amg{,l mdiffers between the information layer F2 and the
non-i nf orma ron bearing regions of the nmedium the anplified

asti gmati c out put® sgrond giiernate embodimentof thesinyentipn is shown iptiG.af., pi ckup
link 12 dsver@ﬁe@wpaﬁg identie8Pwitl® &0se of the prgﬁ@uy@mbamén&&a,m&&&ede ch
e v b M Sie e R BURRES YR propot oo shal % 70
Treating the gemenatar| rrdﬂtipheesj ellgctroninssfos producingsa fo@BEriwgigralcfpclis, t he
brces " G GRS st oy sk s gl sl
Wi | e prRcesroR?9.o hﬁél’l'g' signakprocessati 409 iacludes & crntip! §janal r ange of
. phase of figet ssettion2242, 4 fozuplaeqairasgoiian 220,/aret a Betwecssttioh218a\@perars 60a,
60b is r educeﬂoag' amplifiers 14a, 14b are coupled to analog-to-digital converters 80a, 80b
respectlvely, and the signals output by the analog-to-digital converters are
independently modified in the control signal section 242, using a predeter-
mined pattern as in the previods embodiment. An error signal is delivered by
15 the control signal section 242 to the servo section 21 8. The output of the
servo section 218 is reconverted to an analog signal and suitabiy conditioned
in a digital-to-analog conversion section 222. The output of the digital signal
processor 200 is amplified in drive amplifier 24 and then handled as described
in the first embodiment. The focus acquire section cooperates with the servo
20 section 218 in inifially acquiring focus on an information layer of the optical
medium being read. . _
The invention can also be practiced in applications where the sensor
measures optical characteristics other than beam intensity, so long as the
sensor produces an output having two components, preferably in quadrature
25 relationship. For example it can be utilized in arrangements which the sensor
detects diffraction patterns produced by an information layer of a multilayered
medium, or which use interferometry to direct an interrogating beam. In such
arrangements more than one beam may be directed onto the medium. In
general the invention provides a method of controlling a beam of radiant
30 energy that is directed onto a medium having a plurality of information re-
gions, and the medium has a characteristic that varies according to an offset
from the information regions.' A beam of radiant energy is directed onto the
medium and interacts with the medium. Energy resulting from the interaction
between the medium and the beam is sensed, and the sensed energy is
35 representative of the characteristic. First and second signals responsive to the
sensed energy are generated, preferably in quadrature, and are modified in a
predetermined manner. A servo is coupled to the modified first signal and to



rru'ch, the differential anplifier 46 will sense input values that are close

. to zero, and the systemw || becone unstable. On the other hand, if
t he phase angul ar offset is increased too far above the preferred
val ue, the wave form 62 will take on increasingly sinusoidal
characteristics, sonetinmes with zero 25 grossings, and the systemw ||
agai n not operate effectively. 13 The phase of fsets of the
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F2| The focus degrees. e Qﬁ'lo&tlﬂﬁabntﬁﬂldu'sW@av@omafeeél’éfé?ﬁﬂlytsmbb@ubwe' i ne
val ue.

The interval d@f'?"ﬁ@bd%y times 64, 74 is sel ect ed accor di ng to the re-.
sponse of the servdheysmbadimends discloshd hereinnitiize tightddeantseby payrof exam-cal

link between t hje-Sigwéerithé dbplicatioR ot Btk itBnEoH i<t IIIEHUB light. The
invention can be practiced in applications employing other radiant energies
that interact with a multi-segmented medium, in which the radiant energies
are required to be adjusted to optimally interact with different regions of the
15  medium using a servo feedback loop. Such energies include, but are not
limited to radiation in the infrared, ultraviolet, or microwave spectra.
For example chrominance variation can be measured in multicolored
optical media in which color varies with an offset from the information layers.
The invention may equally be practiced in applications wherein the light
20 beam that is incident on the sensor is transmitted through the media, rather
than back-scattered or reflected.

The radiation reaching the sensor need not be the same radiation
as was directed to the medium. For example in a particular application, the
energy received by the sensor could be a secondary emission from materials

25 in the optical media, or in the information layer thereof, that are excited by a
primary beam and possess photochemical properties. It is only necessary
that the primary beam interact with a medium to produce a signal that reaches
the sensor, and that the sensor produce an output having more than one
component, such as two outputs in 'quadréture. '

30 . While this invention has been explained with reference to the structure
disclosed herein, it is not confined to the details set forth and this application

is intended to cover any modifications and changes as may come within the
scope of the following claims:



Si nusoi dal control waveforns are preferred because they are symetric, 5
. smoot hl'y conti nuous, and therefore avoid abrupt notions of the actuator. .
However ot her waveforns that produce a transiti 1to -1

coul d be used, for exanple triangular waves. It is_i during
t he focus shifting operation the control si mg a, 49b
never are si mul t aneously zero, in ofdler to s wher ei n

the servo ci r%tii.t ry 10 18 would sense a val ue.of zero, and becone
unst abl e. aim It is unnecessary to adjust the duration of the
si nusoi dal control signals on lines 49a, 49b to correspond with the
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20 mation region of the medium.

2. The method according to claim 1, wherein said first signal is in a quadra-
ture relationship with said second signal.

25 3. The method according to any of claims 1 - 2, wherein said first signal is
generated independently of said second signal.

4. The method according to any of claims 1 - 3, wherein said first and second

signals have smoothly continuous waveforms offset from one another by a
30 predetermined phase angle.

5. An apparatus for controlling a focal point of a focused beam of light that is

directed onto a multilayered optical medium, comprising:

an optical pickup responsive to light returning from the medium and having
35 first and second outputs; | |

a circuit for generating a focus error signal;

a focus error servo responsive to said focus error signal; and
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application and th ticular optical medium A see
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29. The opio cal pickup link 28 then operates.in a direction specified
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7. The apparatus according to claims 5 or 6, wherein said first and second
15  control signals have smoothly continuous waveforms offset from one another
by a predetermined phase angle.



at +1 volts. The outputs of the nultiplier circuits 44a, 44b on |lines 43a,

43b are the sane as the signals on |ines 47a, 47b, and the circuit
functions in the sane manner as the circuit illustrated in FIG 1. 20
As can be appreciated fromthe foregoing discpgﬁﬁpp;;a KFW%%@ELOH

provi des an apparatus for controlling the focalfipopPit:'ofi™3 ed beam of

| i ght that is directed onto a multilayered optild&ED nedi um The
apparatus has an optical pickup 12 responsive to |ight reéturning
fromthe nmedium and has first a8d second outputs 13a, 13b, and a
control signal generator 42 for producing 25 first and second control
si.gnal s 49a, 49b. A first nultiplier 44a is coupled to . the first

out put 13a of the optical pickup 1 he fiLrs n roLgnal on line
49a. A second mul ti pl | RPPARATYS ‘é‘?!ﬁp 'gﬁ{’g Féie‘ gte)ggﬁdbggtrput 13b of the

optical pickup 12 and the second control signal on line 49b. A circuit is
coupled to the output of the first nultiplier 44a and the output of the
second 30 mul tiplier 44b and generates a focus error signal on |line 48. A

focus error servo 18 is responsive to the focus error signal, and an
actuator driver, represented as actuator coil 26, is responsive to
the servo circuitry 18 for ef fecti ng novenent of the focal point

toward and awdABS$TRACTHOFHHE MSCLOSUREDPr ef erably the optical pickup 12 is

an astigmatic opt iGohtroPbplavaitudHid iMethéd aRediBcloded fordHiftiig 166 gkect or, or
a concentric ri r‘l det ect

5
quadr at ure r el %M@WR%%%&I@ :%’3{5}98&{%%%\9%%%?9’]@80 Wﬁwpagwen&lnlp&sl '? hg
first and secofdnastigmaticsiptical pickup aieniadepérdentymodifipd by conteslitsignal
5 generator according to a predetermined time varying pattern to produce a

deceptive error signal that changes the apparent focal offset seen by a servo

circuit. While in closed loop mode, the servo tracks the shifting apparent

focal plane from a first information layer of the medium toward a second

information layer. Thereafter the control signals are removed, and the servo

10  locks focus on the second information region.

Figure 2
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conti nuous waveforns offset from one another by a predeterm ned phase
-angl e, and optimally are substantially sinusoidal waveforns separated by a
phase angl e of about 90 degrees. - Afirst alternate enbodi nent of
the invention will now be disclosed with 5 reference to Fig. 6, wherein
parts identical with those of the previous enbodi - ment are indicated’
by the sane reference nunerals. As expl ai ned above, it is a feature
of the invention that the output of the /gptical pickup link 12 includes

a plurality of conponents, and that the e conponents are nodified in a
"predeterm ned manner. In Fig. 6 the multipliers that multiply the output 10
signals on lines 47a, a7b-of-the-operational] anplifiers 40a, 40b and the
control signals on Ii nes 49a, 49b have been!rgglaced by variabl e resi stance

el ements 77a, 77b. Thelcontrol sign on |iines 49a, 49b now control the
variabl e resistance el enents 77a, 77 to indepengently nodify the output
signals on |lines 47a, 47b i n accor determ ned pattern, '
prefer- 15 ably the Maveforns 6Qa, 60b (Fig. 4)»and 70a, 70b (Fig. 5). A
resi stor 78 has peen pl aged/Qcross the anplifier 46, such that the
signal on line 43a coni megt to one input of the anplifier 46
represents the output of a-vol ge . divider conprising variable
resistor 77a and reS|sﬁor 78. laNN y a #esi stjor 79 connects the

ot her input of the anphlfler 4 and ghound| so tlhat the signal 20 on |ine
43b represents the outﬁut of a volfage d|V|dEr cpnprising variable

resistor 77b and resistior 79. In ofher respegts this enbodiment is

identical to th revious eprbodi ment].2 = The invention

provi des a met hod of nd fact ugj ngl an apparn qg f or controlling a
asoptical nedium 25 whi ch

has a plurality of focdl planes\a an opti

&

<

LU h
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| characteristic that varies
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provi ded, wherein the sensor has an output responsive to a focus offset
sfrom 30 a first focal plane of the nedium The output of the sensor is
resolved into a plurality of conmponents, preferably in quadrature.
A first control nmeans is provi ded for nodifying a first conponent
of the output of the sensor, and a second control neans for

modi fyi ng a second conponent of the output of the sensor is

provi ded. A servo is coupled to the fi27b control neans and the 35

second control neans, wherein the serv perates in a closed | oop node. An
optonechanical link is coupled to the servo for varying the focal point. In
operation the first reontrot-means gnd-secpng control nmeans are operative,
12 and the fodal point movessfrom aifirst focal plane of the nedium
toward a second focal plane df the wedd unisand the servo | ocks focus on

t he second focal plane. al ternate enbodi ment of
the invention is shdwn in FIG X., 5 wherein parts identical with those

di cat ed W by the sane reference

nunerals. In this edﬁpdinent t he\ cont r dlazsi gpal gener at or,

nul tipliers, electrangs for Yprodigi 5 error signal, focus

acquisition circuitrly, and the ser i are all realized as a
I

di gital signal | pr ocesSor—00- signalzgrocessor 200

i ncl udes "a control sjgnal %Q focus acgylre_section 220,
and a servo section ?gg. Qs o
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tional
80b

converters
242, using
An error Ssi
servo secti

anpl
r

to an anal og si gnal

conver si on

ifiers 14a, 14b are coupled to anal og-to-digital
espectively,

converters 80a,
and the signal's output by the anal og-to-digital

are i ndependently nodified in the control signal section
a predeter- m ned pattern as in the previous enbodi nent.
gnal is delivered by 15 the control signal section 242 to the

on 218. The output -of the
and suitably conditi
section 222. The output of th

servo. section 218 is reconverted
d in a digital-to-anal og
di gi tal signal processor

200 is anplified in drive anplifjer 24 and then handl ed as gescri bed

in the firgt enbodi nent. The focus acquire section cooperates with the
servo 20 section 218xin initially acquiring focus' on an ynformation

| ayer of the opti medi um bei ng read. fThe invention
can al so bgé pract] applications where the sensor measur es
optical characteristic# other thpn beamintensity, so long as the

sensor proguces an output haw ngjtwo components, preferaQly,in quadrature
25 - relatfonship. For exa if can be utilized in ranggnents which the
sensor detects dif p patterns pr oduced pformation |ayer

of a nultilay
i nterrogatin

i
di rected o+
of controll
medi um havi
has a char é
i nformati o
medi um and
bet ween t he
represent at
to the .

are nodifie
nodi fied fi

gshi ch use ipterf
arrangenepr’ggn
the rnvention phovides -
nergy that is direc;

t girect an

to the medrum
ing a beam of radi ant
ng a plurality of inf
cteristic that varies

_regions. A beam of radi

re- gi ons,
ing to an of fset
energy is directed o

um andad

ive of the characterléklc
sensed energy are gener

din a - predeterm ne

rst signal and to

t and second si gnat s responsive

F
aﬁaé .§3r eferably in quadrature, and
manner. A servo is coupled to the
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13 the nodified second signal, wherein the servo operates in closed

1 oop node. The servo is linked to a beam adj usting neans, with which
it cooperates to vary an optim zation of the beamw th respect to a
first information region of t he medi um toward an optim zation thereof
with respect to a second informa- 5 tion region of the medium The first
signal may be generated i ndependently of the second signal, and
preferably have snoothly continuous mavﬁﬁ @rnms of fset from one anot her
by a predeterm ned phase angle, optimlly about 90 ' degrees. The

snmoot hly conti nuous waveforns are preferably substantially

si nusoi dal. 10 The enbodi nents di scl osed herein utilize |ight beans
by way of exam pl e; however the application of the invention is not
limted to light. The invention can be practiced in applications

enpl oyi ng ot her radia tdfnergies that interact with a nulti-segnented
medium in which the fa ener gi@b—~ gge requ to be adjusted to
optimally interact with different reaqi 5/6- t he /LL?ﬂ um using a servo
f eedback | oop. Such enpergies include, b_t are not limted to
radiation in the infrared, ultraviolet, ve spectra. .

For exanpl e chroni nan¢e Q&riation-can- be “i'mruitti colored

optical media in which color varies with:ag offfet fromthe information

. layers. ThéObayenti on may equal be practiced in applications
wherein the l'i ght 20 beam that is incident on the,sensor is transnmtted

t hrough the nedia, rather t han ba or reflected.
The radi ati on reachi ng tge sensor need no be the ane radi ation
Y LR Ny R R R PP PR
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as was directed to the medium For exanple in a particular application, the
energy received by the sensor could be a secondary em ssion frommaterials
25 in the optical nmedia, or in the information |ayer thereof, that are
excited by a primary beam and possess photochem cal properties. It
i's only necessary that the primary beaminteract with a nediumto
produce a signal that reaches t he sensor, and that the sensor
produce an output having nore than one 5/g conponent, such as two
outputs in quadrature. 30 “While this invention has been expl ai ned
wth reference to thersLLLEJJUJE______~_JﬂJ§g|%ged herein, it is not confined
to the details set fofth and this qulicat”onq is intended to cover
any nodifications and!changes as may cone w t/hin the scope of the
follow ng cl ai ns: t i A nmet hod of controlling
a beam of radiant ene P medi um havi ng a
plurality of informat Tg—a qharacteristic 5 t hat
varies according to a idi iti on regions, conprising

t he steps of: d a% ant} energy onto the nedium
sensing energy result g?g?theen t he nmedi um and said
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beam -wherein said sensed energy is representative of said characteris- 10
tic; generating first and second signals responsive to said sensed
ener gy; . nodi fying said first signal in a first predeterm ned manner;
nodi fyi ng said second signal in a second predeterm ned manner;
coupling a servo to said nodified first signal and to said nodified second
15 signal, wherein said servo operates in a closed |oop node; and
| i nking said servo to a beam adj usti ng ns; wherein said servo
cooperates wth said beam adjusting neans to vary an
__________________________ i nformation region of the
medi um toward an optifm zati on t hereof wiwh resb}cgﬂto a second infor- 20-
"mation region of the imedium 2. according to claim1l
wherein said first signal is in a quad eN el ationship with said
second signal. 25 3. The nethod acgording to any clainms 1 - 2,
wherein said first signal is < OBperated independently of said second-

si gnal . 4. The_method acc6tding to any of clainms 1 - '3, wherein
said first and second; ), si gna\g

of fset fromone anothkNby a 30

Xr m ned phase angl e. 5. An

apparatus for control|ing a focal a focused beamof light that is
directed onto a nultilayered optical fedium conprising: an optical
pi ckup responsive to |ight [returninfg Trof the nedi umand haviing 35
first and second out plts; a|ci¥cuilt for generating a flocus error
si gnal ; a focu$'érrqr servo |reésponsi ve to said focus grror signal
and 1S , e
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15 act ua I I rOr SEervo ot

. ef l vene gAﬁCﬁ RE‘? p;g%tz%%o?ﬁﬁ% oward and away fromthe .
-~ medi CHARACTERI ZED I N THAT ~the circuit for generating a focus -
err j —QWQMML—S%%L—QM&MV producing.first
andCEXT O T AR TRAGT,| S a first multiplier coupled to said first
oufput _of saird optrcal plckup and sard TrIrst control st gnar;, and
a seco%MW| A f tl@)ﬁ?bf:lf EMLpUt of said optical pi ckup
and Salr d second control_srgnat, 1U 6. The appar at us

accordi claim5, wherein sa I r out.put s in a dra ure

rel ati ﬁ@m aR)P‘Erl*1 tus 4ud %ﬁ?ﬂdm@u{‘?ﬂ?“ﬂsi‘“ 2 é’ﬂpér‘&?@yﬁﬁgo%ﬁ%

cl ai ms Medirm gsingelgsed Joopaseava pperatiom: Thecewinuts 10f an zstgmetic optieph pickup a(%a

smoot hla;zdcfb%t)lamcuéepmd@tbrmdtﬁﬁdw af contrad nsigueh genenator (42) dngowmling to a

pr edet gredevernhineldaine amnying. pattern to produce a deceptive error signal (48) that changes the
apparent focal offset seen by a servo circuit (18). While in closed loop method, the servo
tracks the shifting apparent focal plane from a first information layer of the medium toward a
second information layer. Thereafter the control signals (49a and 49b) are removed, and the
servo locks focus on the second mformatlon region.

Figure 2.
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