VETHOD AND APPARATUS FOR CONTROLLI NG BI AS LEVELS dbezi-neeig i on
rel ates to nmagneto-optical information storage systens, and,  in particular,
to controlling magnetic bias of a bias coil "in nagneto-optical information
stoyage systens. ' I n magnet o-optidal drives, a magnetic field of a
m ni mum strength is required at the focal point of an objective lens in
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field was created by passing constant current through bias coils of finite
‘length, thus creating non-uniformmagnetic fields. This non-uniformty
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non-uniformity leads to a problem. First, if a magnetic field was created allowing
writing or erasing data at all positions of the focal point, excess power was dissj-
pated. Second, if excess power was minimized, there would be positions of the focal
point where the magnetic.field was insufficient to allow writing or erasing data.
~ Furthermore, the bias coil was not the only source of magnetic fields at the
focal point of the objective lens. Other sources existed, such as the focus actuator
and the spindle motor. Because prior art systems used a constant current, sources
which created uniform magnetic fields could be accounted for. However, non-
uniform magnetic fields could not be accounted for accurately, leading to the same
problems listed above. .
Figure 1 is a general representation of a bias coil with an elongated storage
" medium. |
Figure 2 is a general represehtation of a bias coil with a circular storage
‘medium. | '
Figure 3 is a general plot of the strength of a magnetic field from a bias coil
on the surface of a storage medium, according to the priof art. _ ‘
. Figure 4 is a general plot of the strength of a magnetic field from a bias coil
on the surface of a storage medium, according to the prior art. :
Figure 5 is a generalized representation of one embodiment of the inven-
tion. _ ' -
Figure 6 is a generalized plot of the strength of a magnetic field from the
invention on the surface of a storage medium and of minimum required magnetic
field strength levels.
_Figure 7 is a generalized representatton of another embodiment of the
-invention. o
Figure 8 is a generalized represenfation 'of a carriage assembly in a
- magneto-optical drive. '
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uni form magnetic fields could not be accounted for accurately, leading to

t he“same problens |isted above. Figure 1 is a general
representation of a bias coil with an el ongated storage medi um '
Figure 2 is a general representation of apbias coil with a circular storage
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represent ati on of The irsventienepragidesfoncantradlingetheatength of almagnetie field at the
' focal point of a lens. It provides a first controller for determining. the position of the
focal point relative to the sforage medium, a magnetic source for providing a stray
magnetic field at the focal poiht, a second controller for providing a digital signal
related to the position and the stray magnetic field strength, a digital-to-analog
converter responsive to the digital signal for providing a driver voitage related to the
digital signal, a current driver responsive to the driver voltage for providing a bias
current related to the driver voltage, and a bias coil responsive to the bias current for-
producing the magnetic field. The strength of the magnetic field at the focal point is
-related to the bias current. , '

In an aspect of the invention the storage medium defines a center, and the
position of the focal.point is determined relative to the center. The stray magnetic
field strength is also related to the position. The storage medium rotates about the

~ center at a circumferential velocity, and the stray magnetic field strength is related to
the circumferential velocity.

In a further aspect of the invention there is a current sensor for measuring
the bias current, and a feedback device for providing to the current driver a feedback
voltage 'relatec_i to the bias current, wherein the bias current is further related to the
feedback voltage. | .

There is disclosed an apparatus for controlling the strength of a magnetic
field, comprising a first controlief, a second controlier, a digital-to-analog converter, a
current driver, and a bias coil. The first controller determines the position of the focal
point of a lens and passes it to the second controller, which provides a digital signal
related to the position. The digital-to-analog converter converts the digital signal to a
driver voltage and passes the driver vbltage to a current driver, which provides to the
bias coil a bias current related to the driver voltage. The bias coil produces a
magnetic field having a strength related to the bias current. The second controller

. accounts for stray magnetic fields in creating the digital signal. The stray magnetic
fields may be constant or may vary in strength based on position of the objective
lens, circumferential velocity of a circular storage medium, or longitudinal velocity of
an elongated storage medium. Furthermore, the apparatus may comprise a current



2 : Figure 9 is a generalized representation of a spindle notor,

spi ndl e, and storage nedi um Figure 10 is a generalized
representation of spool notors and a storage mnmedi um Figure 11 is
a circuit diagram-of another enbodi nent ok the invention. ' Fi gure

12 is a circuit diagramof a further enbodi nent of the invention.
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. netic fields may be constant or may vary in strength based on position of the objec-
tive lens, circumferential velocity of the storage medium, or longitudinal velocity of
the storage medium. Furthermore, the method may measure the bias current and
provide to the current driver a feedback voltage related to the bias current.
_ Referring to exemplary Figure 1, there is shown a general representation of
a bias coil 1 with an elongated storage medium 2. The bias coil 1 extends from one
edge 3 of the storage medium 2 across the width of the storage medium 2. An
objective lens (not shown) is disposed on the opposite side of the storage medium 2
from the bias coil 1. The objective lens is movable parallel to the bias coil 1 across
the entire width of the storage medium 2. '
Whenever possible in the following description, elements in different figures
- which are the same are represented by the same element numbers.
Referring to exemplary Figure 2, there is shown a general representatlon of
- a bias coil 1 with a circular storage medium 4. The bias coil 1 extends from the
center 5 of the storage medium 4 radially to the outer edge 6 of the storage medium
4. An objective lens (not shown) is disposed on the opposite side of the storage
medium 4. The objective lens is movable parallél to the bias coil 1 from the center 5
to the outer edge 6 of the stdrage medium 4. |

The bias coil 1 creates a magnetic field (not shown) on the surface of the.
storage media 2, 4 beneath the bias coil 1. Because the bias coil 1 is of finite length,
the strength of the magnetic field (not shown) is not uniform across the length of the
bias coil 1.

Refer'ring' to exemplary Figure 3, there is shown a generalized plot of the
strength of the magnetic field created by the bias coil 1 in prior art systems. The
strength of the magnetic field is plotted along the vertical axis, and the position of the
focal point of the objective lens is plotted along the horizontal axis as a distance from
a reference point. The reference point may be either the edge 3 of the elongated
storage medium 2, or the center 5 of the circular storage medium 4. Line 7 repre-

. sents the strength of the magnetic field as a function of the distance from the



position of the focal point is determned relative to the center. The stray
magrietic field strength is also related to the position. The storage nedi um
rotates about the center at a circunferential velocity, and the stray
magnetic field strength is related to .thegcircunferential velocity.

In a further aspect of- the invention there is a current sensor for
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conprise a Srtions % represent areas on the storage medium 2, 4 at which the strength of the
magnetlc field is insufficient to write or erase data.

Another choice for the minimum strength of the magnetic field is repre-
sented by line 12. Line 7 is above line 12 across the entire plot, representing that
the strength of the magnetic field is sufficient to write or erase data at all points on
the surface of the storage medium 2, 4. Howeéver, the area 13 which is above line 12
and below line 7 represents excess power consumption by the drive. Therefore,
prior art systems either do not allow writing or erasing of data at all points on the

- surface of the storage medium 2, 4, or use excess power for points near the center

. of the bias coil 1. _ |

| Referring to exemplary Figure 5, there is shown a generalized representa-
tion of one embodiment of the invention. A first controller 14 measures the position
of the focal point of the objective lens relative to a reference point. The reference
point may be the edge 3 of an elongated storage medium 2, or the center 5 of a
circular storage medium 4. - The first controller 14 passes the position to a second
controller 15. The second controller 15 creates a digital voltage signal relative to the
position. The second controller 15 then passes the digital voltage signal to a digital-
to-analog converter 16. The digital-to-analog converter 16 creates an analog driver
voltage relative to the digital voltage signal. The digital-to-analog converter 16 then
passes the analog driver voltage fo a current driver 17.. The current driver 17 creates
a bias current relative to the analog driver voltage. The current driver 17 then
passes the bias current to a bias coil 18. The bias coil 18 converts the bias current
into a magnetic field. The strength of the magnetic field is related to the level of the
bias current. '



3 sensor for neasuring the bias current, and a feedback device for
providing to the current driver a feedback voltage related to the bias
current. There is also disclosed a nethod for controlling the
strength of a magnetic field, conprising ghe steps of determning the -
position of a focal point of a lens, calculating a digital signal related
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Referring to exemplary Figure 6, there are shown four plots WhICh repre-
sent levels of signals created according to the invention. Plot (1) shows a line 19
representing the magnitude of the digital voltage signal as a function of the distance
between the focal point of the objective lens and a reference point. Line 19 is plotted

“across the entire length of the bias coil 1, 18. Line 19 shows generally that the
maghnitude of the digital voltage signal decreases as the focal point nears the center
of the bias coil 1, 18, and increases as the focal point nears the edges of the bias
coil 1, 18. - - | |

'Plot (2) shows a line 20 representing the magnitude of the analog driver
voltage as a function of the distance between the focal point of the objective lens and
a reference point. Line 20 is plotted across the entire length of the bias coil 1, 18.
Line 20 shows generally that the magnitude of the analog driver voltage decreases

" as the focal point nears the center of the bias coil 1, 18, and i increases as the focal
point nears the edges of the bias coil 1, 18.

Plot (3) shows a line 21 representing the magnitude of the bias current as a
function of the distance between the focal point of the objective lens and a reference
point. Line 21 is plotted across the entire length of the bias coil 1, 18. Line 21
shows generally that the magnitude of the bias current decreases as the focal point
nears the center of the bias coil 1, 18, and increases as the focal point nears the
edges of the bias coil 1, 18. '

Plot (4) shows a line 22 representing the strength of the magnetic fi eld
created by the bias coil 1, 18, as a function of the distance between the focal point of
the objective lens and a reference point. Line 22 is plofted across the entire Iength'
of the bias coil 1, 18. Line 22 shows generally that the strength of the magnetic field
is independent of the position of the focal point.

Plot (4) also shows a line 23 representing the minimum strength of the
magnetic field required for writing or erasing data. Line 22 is above line 23 at all



fromthe bias coil 1. The objective lens is novable parallel to the bias
coil” 1 across the entire width of the storage nedium 2. Whenever
possible in the follow ng description, elenents in different figures which
- are-the sane are represented by the sane gl enent nunbers. _
Referring to exenplary Figure 2, there is shown a general representation of
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and the feedback driver voltage, and passes the bias current to a bias coil 27. The
bias coil 27 creates a magnetic field whose strength is related to the bias current.

The current sensor 26 measures the bias current. The current sensor 26
compares the bias current to a desired minimum bias current which provides a
magnetic field with the minimum required strength. Based on this comparison, the
current sensor 26 creates the feedback driver voltage related to this comparison.

The second controller 15 provides the digital voltage signal for the inven-
tion. This may be accomplished by direct calculation during operation, by a lookup

© table created prior to operation, or by any suitable means known in the art. The
calculation 6r lookup table may account not only for the magnetic field created by the
bias coil 1, 18 27, but also for magnetic fields created by other sources Such
magnetic fields are called stray magnetic fields. _ _

Stray magnetic fields may be classified into four types. First, some stray
magnetic fields have constant strength at the focal point of the objective lens.
Referring generally to exemplary Figure 8, in a magneto-optical drive (not shown) a
carriage assembly 28 may contain both an objective lens 29 and a focus actuator 30.
The focus actuator 30 creates a stray magnetic field which has constant strength at
the focal point of the objective lens 29. The strength of the stray magnetic field may
be on the order of 30 oersteds. "

Second, some stray magnetit: fields have strength dependent on the
distance from a reference point. Referring to exemplary Figure 9, the circular
storage medium 4 is clamped to a sbindle 31. The spindle 31 is rotated by a spindle

- motor 32. The spindle motor 32 creafes a stray magnetic field at the focal point of
the objective lens 29. As the objective lens 29 moves radially outward relative to the



4 reference point, for a constant current. The magnetic field is strongest
at point 8, which corresponds either to, the point hal fway across the w dth
of the elongated storage nedium 2 or the m dpoi ht between the center 5 and
the.outer edge 6 of the circular storage fedium4. The magnetic field is
rel atively weaker at points 9, which correspond to the points at the ends
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rotating faster.

Fourth, some stray magnetic fields have strength dependent on the
longitudinal speed of the elongated storage medium 2. Referring to exemplary
Figure 10, the elongated storage medium 2 is taken up at each end on spools 33.
The spools 33 are rotated by spool motors 34, each of which creates a stray mag-
netic field at the focal point of the objective lens 29. When the spool motors 34
rotate the spools 33 faster, the lOngitudinal speed of the storage medium 2 in-
creases. The strength of the stray magnetic field at the focal pomt of the objective
lens 29 also increases.

The calculation or lookup table may account for each of these types of stray
magnetic fields when determmmg a digital voltage signal for a magnetic field
strength. As an example a typical magneto-optlcal drive may require a minimum
magnetic field strength of 300 oersteds at the focal pomt of the objective lens 29.

The focus actuator 30 may have a stray magnetic field strength on the order of 30
oersteds. The polarity of the magnetic field differs between writing and erasing.
Therefore, in one operation, the stray magnetic field is additive and in the other
operation the stray magnetic field is negative. Thus, the second controller 15 will be
directed to create a digital voltage signal corresponding o, in one operation, 270
‘oersteds and, in the other operation, 330 oersteds. S

Referring to exemplary Figure 11, there is shown a circuit diagram of one
embodiment of the invention. A voltage source 35 applies a voltage to a resistor 37.
A switch 36 is located between the voltage source 35 and the resistor 37. When the
switch 36 is closed, the current flowing through the resistor 37 flows into a power
amplifier 38. The power amplifier 38 amplifies the current and outputs the current to
a bias coil 39. The reference voltage of the power amplifier 38 is less than the
voltage provided by the voltage source 35. ' : o

A ground 40 is connected to a resistor 41. A switch 42 is located on the.

o opposite side of the resistor41 as the ground 40, between the resistor 41 and the
power amplifier 38. When the switch 42 is closed, current flows from the power
amplifier 38 through the switch 42 and into the resistor 41. The reference voltage of



Anot her choice for the mninmumstrength of the magnetic field is repre-
sent’ed by line 12. Line 7 is above line 12 across the entire plot,
representing that the strength of the magnetic field is sufficient to wite
or erase data at all points on the surfacg of the storage nedium 2, 4.
However, the area 13 which is above line 12 and below line 7 represents
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resulting magnetic field strength will be 300 oersteds and, in the other operation, the
resulting magnetic field strength will be 360 oersteds. A resulting magnetic field
strength of 360 oersteds is excessive, and consumes excess power.

According to the invention, the current through the power amplifier 38 .
differs depending on whether the stray field is additive or negative with respect to the

" magnetic field created by the bias coil. In one embodiment, the resistors 37, 41 have

different resistance. In another embodiment, the reference voltage of the power
amplifier 38 is not halfway between the voltage supplied by the voltage source 35
and the ground 40. Either of these embodiments minimize excess power
consumption by making the resulting magnetic field strength equal to the minimum
magnetic field strength, within tolerances, for either writing or erasing data.

Referring to exemplary Figure 12, there is shown a circuit diagram of
another embodiment of the invention. A voltage source 35 is connected to a resistor .
43, which is connected to a power amplifier 38 by a line 47. The current flowing from
the voltage source 35-resistor 43 combination is amplified by the power amplifier 38
and flows through a bias coil 39, which creates a bias magnetic field. The reference
voltage of the power amplifier 38 is less than the voltage supplied by the voltage
source. . : -

A ground 40 is connected to a switch 44, which in turn is connected to a
resistor 45. At a point 46 on the side of the resistor 45 remote from the switch 44,
connection is made to line 47. When the switch 44 is open, a positive current flows
into the power ampiiﬁer 38, and a positive magnetic field is created by the bias coil
39. When the switch 44 is closed, a negative current flows into the power amplifier -
38, and a negative magnetic field is creatéd by the bias coil 39.



5 The invention thus provides a nethod for controlling the
strength of a nagnetic field at the focal point of a lens, which is
performed by determining a position of the focal point relative to the
storage nedium providing a stray magnetgc field at the focal point,
calculating a digital signal related to the position and the stray nagnetic

field strength, gensictldrhSystemhsi H resitamacof theabsigioradd Was tigetthe si gnal ,
O o i o ol e B ol P Hhup AR g, "
poi nt is ralfaydbétwednethiei voltagerofding voltage source 85 drd theagroundr4t Beeausee
renstned P UuB RagHede fis5eho A el bar ifin e RRR ot O
the feedbawhen the swiich 44 is closed aReihen itrig opene Haweverybetaysesofdhe coastanaye
the | nvent$ i sl e, thE Ré S PadrfE oI cuidififorofic SBLRRICRHASE féin, 0
di gi tal vdhedgeulingmaagnslicfield stengih for therether operasion by the amount of twice
the stray field magnetic field strength. - , .

To compensate for the stray field, one of three approaches may be taken.
First, the reference voltage.of the power amplifier 38 may be changed so that it is not
halfway between the voltage of the voltage source 35 and the ground 40. Second,
the voltage of the voltage source 35 may be changed so that the reference voltage of
the power amplifier 38 is not halfway between the voltage of the voltage source 35
and the ground 40. Finally, the resistances of the resistors 43, 45 may be changed
so that the resistance of resistor 43 is not twice the resistance of resistor 45; the
resistance of resistor 43 can be different from the resistance of resistor 45. The
voltage difference between the reference voltage of the power amplifier 38 and the
voltage of the voltage source 35 can equal or differ from the voltage difference
between the reference voltage and the ground.

In any of the embodiments discussed with respect to exemplary Figures 11
and 12, the ground 40 may be replaced by a second voltage source. The reference
voltage of the power amplifier 38 must be greater than the voltage output of the
second voltage source.. ' _

It will be obvious to one skilled in the art that modifications to the above
descﬁption of the invention may be made without departing from the spirit and scope
of the invention. The scope of the invention, therefore, is indicated by the appended

. claims rather than the above descri_btiqn.



bet ween the focal poi nt of the objectiVe | ens and a_reference point.  Lline
19 is plotted across the entire length of the bias coil 1, 18. Line 19

shows generally that the magnitude of the digital volmnmull"mmlllﬁtuneases
as the focal point nears the center of t bi as coill ases
as the focal point nears the edges of the bias coil 1* 18. * S *Plot

(2) shows @afhge 20 representing the magnitude of the anal og driver voltage

as a functlon of the distance between the fqocal point of the obj ectlve | ens
and a refetence pBnapparatys forconirqling a Mpgnitusefamagnetic deldata focsl
bi as coil dfa fhs (2ONecotfpi§si generally that the magnitude of the anal 0g

driver volta decrease f t th t f the bias
Tl 1, 268 3Rad 5ot Bavinges FOIT SUPHE mns s e caes of Lhe bi o
coil 1, 18afirst tor (37) electrichlly bonaected itv saidlvaliagessount baidfrsthi t ud
oflthe bi as 'esurrfselﬁtor( der ggi M?eéh aﬁif;g't a‘?lc?gbet weedr’\((fwh)te fa'ocal :Oo:Jnte
-of the objective I|’e(§|l§3 %& )g'# ?H%&é ﬂgﬁ T Line 21 is plotted across the
entire | enggowrid (40y; bi as coil 1, 18. Line 21 shows generally that the

T e e & Sabf Pdkf 1)k AR PRITRAR 1 Sall Blnd 46}, o8RGk GeSBI
the bias coil 1, (44)havinga secomd resigtancghows a line 22 representing the
unct fon of PPNSr SRaEier £30) fEing BEASH cofipbbdtodid flst "4305*1’?537?%'?%%%"’61 d
a reference poi ntSeqan¢eresistors(4d) andan @HP§§§314190‘Uﬁfaﬁ'@|'ﬁ%fn@8h iNg® bi as
coil 1, 18. Line %@‘e@ﬂﬁé@dﬁﬁ@é’l@éé ﬂ‘lahwd H‘é@véké?‘@%fbtﬁfséla?em Véltddee! d

's ndependent of bélrr]la oos?tlvteI ﬁnh respect to sala grggrlmrl] (40);

a first switch (36) having a first open position and a first closed position, for
selectively connecting said voltage source (35) to said power amplifier (38);

a second switch (42) having a second open position and a second closed position,
for selectively connecting said ground (40) to said power amplifier (38),
wherein said second switch (42) is in said second closed position when

 said first switch (36) is in said first open position and said second switch

(42) is in said second open position when said first switch (36) is in said
first closed position; |

a bias coil electrically connected to sald output of said power amplifier (38), for
creating a first bias magnetic field when said first switch (36) is in said first
closed position and a second bias magnetic field when said second switch
(42) is in said second closed position, said first bias magnetic field having a
first bias magnetic field polarity and a first bias magnetic field magnitude
relative to said first voitage output and said first resistance, said second
bias magnetic field having a second bias magnetic field polarity and a
second bias magnetic field magnitude relative to said ground (40) and said
second resistance, said first bias magnetic field polarity being oppoSite from
said second bias magnetic field polarity, said bias magnetic field magnitude

. of one of said first and second bias magnetic fields exceeding said bias

magnetic field of another of said first and second bias magnetic fields by a
bias magnetic field difference; and '

a magnetic source for creating a stray magnetic field having a stray magnetic field.
polarity and a stray magnetic field magnitude, wherein said stray magnetic
field magnitude is substantially equally to one-half of said bias magnetic
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Plot (4) also shows a |ine 23 representing the m ni rrums iﬂﬂfth of

magnetic field required for witing or erasing data. Lin , m Hﬂmum'
23 at all

Plot (4), representing that the strength pof thée magnetic fleld 'S
sufficient to wite or erase data at all points on the surface of the

- storage medium 2, fgq ﬁﬁ&ehb@“an@%hiﬁlst%égﬁaﬁﬁﬁelﬁw is bﬁﬁos‘it’e éélge

23 representing excess power_is need

| arge enough to hBiagmagngticiield pelarly efsaidane aksaid fi r%am.&tqq?ng '%dl a
characteristics, ﬁﬁ@n@hbqém@actors affecting the m ni numrequired strength
of the magnetic field - Referring to exenplary Figure 7, there is
shown another enbodi ment of the invention. The first controlier 14, the

second congroller Ah%ppaﬂatusffar dorgtidling & magritude sfenvaghetic fiéldf atrefocahpbint
sane as |n1t ?rf) @\r(;bousli;r lﬁSCI’I bed enmbodi nent. A current driver 25
recei ves a¥ a'% 1§ anal og dri'ver voltage. The current driver 25

recei ves aa fisstaeitagd soupee (35) hawitigea kirsd voitage oatpuige from a current sensor
. a first resistor (37) electrically connected to said ﬁrst'voltage source (35), said first
resistor (37) having a first resistance;

a ground (40);

a second resistor (41) electrically connected to said ground (40), said second resistor
- (41) having a second resistance; a

a power amplifier (38) having an input connected to said first resistor (37) and said
second resistor (41) and an output, said power amplifier (38) having a
reference voltage less than said first voitage output, said reference voltage
being positive with respect to said ground (40);

a switch having an open position and a closed position, for selectively connecting
said ground (40) to said power amplifier (38);

a bias coil electrically connected to said output of said power amplifier (38), for
creating a first bias magnetic field when said switch is in said open position
and a second bias magnetic field when said switch is in said closed
position, said first bias magnetic field having a first bias magnetic field
polarity and a first bias magnetic field magnitude relative to said first
voltage output and said first resistance, said second bias magnetic field
having a second bias maghetic field polarity and a second bias magnetic
field magnitude relative to said ground (40), said first voltage output, said
first resistance and said second resistance, said first bias magnetic field

. polarity being opposite from said second bias magnetic field polarity, said
bias magnetic field magnitude of one of said first and second bias magnetic
fields exceeding said bias magnetic field of another of said first and second
bias magnetic fields by a bias magnetic field difference; and |

a magnetic source for creating a stray magnetic'ﬁeld having a stray magnetic field
polarity and a stray magnetic field magnitude, wherein said stray magnetic
field magnitude is substantially equally to one-half of said bias rﬁagnetic
field difference, and said stray:magnetic field polarity is opposite from said

bias magnetic field pdlarity of said one of said first and second bias
magnetic fields. e
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26. The current driver 25 creates a -bias current reI :
driver voltage and the feedback driver voltage, and ﬁ IMi ii rrent :
to a bias coil 27. The bias coil 27 creates a magneti ength

is related to the bias current. " Fhe current sensor 26 measures t he
bias current. The current sensor 26 conpares the bias current to a desired

m ni mum bi 3> oo " AR ﬂHJﬁﬂjs% Egﬁggﬂrlrlg%“ Soﬁnlhf%éceb%ﬁ}é‘ynﬁeﬁc%fd Qigg point

.required s rength t sensor
t he feedbaeka dens/29)veomptigingel ated to -this conparison. The second

control lerg th?fég@es%Lfr&egﬁ)%évm H(ﬁ'rét%‘ﬂa gedidput! or the inven- t| on. This

my be acco I She ct’ cal cul atton duri okup

tabl e crea mstrrersetort(é%ﬁ@cmqa(ﬂu coppegled éﬁﬁ%ﬂtsaupsagea%mﬁréﬁh said firgd

art. The cal cul at régistgf(gpq{gmg alfirst ré8istafeeount not only for the magnetic
field created bﬁd Eﬁbl as coil 27 blljlag al s @ for magnetic fields

18,
created by@&eRe 8%§°U§i?cfﬂﬁ\ﬂa%ﬁeﬁﬁcenﬂl Wal 1 ed stray magnetic
fields. a second %SIQtorr(wmecmcbll bdnnmtedltosaida@eudhdwbwagetsotme dajiges.

First, sone stray ma ﬁﬁ ave const fe’ngth at the focal point
of the obj ecti ve P@ %PF Hkgrﬂlspﬁo'? %ﬂ%ﬁﬂ 3’ry Figure 8, in a
magnet o- opalpo&verchmpld'le(rrﬁas) mmhnanpmmmmtmtmmu ﬁrﬁ&esns;orc(a?i) and shit h
an objective |lens reat es
St ray mgneti c PRV ferepr B il A7 bRt g BBweR B nIRE} LR Havith 8 CF"
the objective | ensefesencermltagedags thasf said dirstivolipgemyitputi saitli refeienegvol&agm

t he order of 30 og ﬁ%sg'd second Vﬁﬂ&%@do éﬁ{m stray magnetic fields have

ro r re

strength dependent on t ance nce point. Referring to
exermpl ary ®iflgst-switch (36 h@ymﬁ\ first open position and a first closed position, for

selectively connecting said first voltage source (35) to said power amplifier
(38);

a second switch (42) having a second open position and a second closed position,

' for selectively connecting said second voltage source to said power
amplifier (38), wherein said second switch (42) is in said second closed
position when said first switch (36) is in said first open position and said
second switch (42) is in said second open position when said first switch
(36) is in said first closed position; '

a bias coil electrically connected to said output of said power ampilifier (38), for
creating a first bias magnetic field when said first switch (36) is in said first
closed position and a second bias magnetic field when said second switch
(42) is in said second closed position, said first bias magnetic field having a
first bias magnetic field polarity and a first bias magnetic field magnitude
relative to said first voltage output and said first resistance, said second
bias magnetic field having a second bias magnetic field polarity and a
second bias magnetic field magnitude relative to said first voltage source
(35), said second voltage source, said first resistance and said second
resistance, said first bias magnetic field polarity being opposite from said
second bias magnetic field polarity, said bias magnetic field magnitude of
one of said first and second bias magnetic fields exceeding said bias
magnetic field of another of said first and second bias magnetic fields by a
bias magnetic field difference; and |

a magnetic source for creating a stray magnetic field having a stray magnetic field
polarity and a stray magnetic field Wﬁay magnetic
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storage nmedium4 is clanped to a spindle 31. The spindl
spi ndl e notor 32. The spindle notor 32 creates a stray s}g Iﬂﬂiw mjﬂgily
the focal point of the objective lens 29. As the objecti

radial |y outward relative to the

13
7 storage medium 4, the strength of the stray magnetlc field at the focal
poi nt. of the obj efidld\vRagfifiiie’is stibstantiaiys equally to one-ﬁhlfbﬂsaiﬁ%smagme

CFeul ar storage T oﬁﬁér?r‘r%&f?wﬁgs‘?%& rﬁﬁgﬁ%&rc&ﬁét BOIRG | lsgoﬁﬁés"'teﬁ%owm e
notor 32 rotates bias magmeticfild polarite of saideone ofcsdic first tandesgrond biasn 4
;;)'; g';]es faster. A&?@P%Xﬁ%ﬁl stance, the spindle notor 32 creates a
ger stray ma d at the focal point of the objective | ens 29
when the circular storage nedium4 is rotating faster. . F_ourth,
Shesa”or AP AL So bt SHRREREH ol el i Wit
lens (29), comprising:

a first voltage source (35) having a first voltage output, _

a first resistor (37) electrically connected to said first voltage source (35), said first
resistor (37) having a first resistance;

a second voltage source ha\)ing a second voltage output;

a-second resistor (41) electrically connected to said second voltage source, said
second resistor (41) having a second resistance; |

a power amplifier (38) having-an input connected to said first resistor (37) and said
second resistor (41) and an output, said power amplifier (38) having a
reference voltage less than said first voltage output, said reference voltage
exceeding said second voltage oufput;

a switch having an open position and a closed position, for selectively connecting
said second voltage source to said power amplifier (38);

a bias coil electrically connected to said output of said power amplifier (38), for
dreating a first bias magnetic field when said'sthch is in said open position
and a second bias magnetic field when said switch is in said closed
position, said first bias magnetic field having a first bias magnetic field
polarity and a first bias magnetic field magnitude relative to said first
voltage output and said first resistance, said second bias magnetic field
having a second bias magnetic field polarity and a second bias magnetic
field magnitude relative to said first voltage output, said second voltage

“output, said first resistance and said second reSistanoe, said first bias
magnetic field polarity being opposite from said second bias magnetic field
polarity, said bias magnetic field magnitude of one of said first and second
bias magnetic fields exceeding said bias magnetic field of another of said

first and second bias magnetic fields by a bias magnetic field difference;
and '
a magnetic source for creating a stray magnetic field having a stray magnetic field
polarity and a stray magnetic field magnitude, wherein said stray magnetic
- field magnitude is substantially equally to one-half of said bias magnetic
field difference, and said stray magnetic field polarity is opposite from said
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.
Figure 10, the elongated storage nedium2 is taken up af each end on spools
33.- The spools 33 are rotated by spool notors 34, each of 1“Iﬂ““
stray mag- netic field at the focal point of the obj ectl fmmnmu““
the spool notors 34 rotate the spools 33 faster, the |ongitudi ndl ¥pedd of

the storage nmedium 2 in- creases. The sthength of the stray magnetic field
at the focal point of the objéctive lens 29 also increas The

cal cul ation or |biakupagreficfieldpalarity o saidpneatsaid ing s?%psb‘@fs stray
magnetic fields ﬁ%@“eﬂg?gwgrung a digital voltage signal for a magnetic
field strength. an exanpl e, a typical nmagneto-optical. drive may require
a mnimummagnetic field strength of 300 oersteds at the focal point of the
objective lens 29. The focus actuator 30 may have a stray nagnetic field
strength on the order of 30 oersteds. The polarity of the nagnetic field
differs between witing and erasing. Therefore, in one operation, the stray
magnetic field is additive and in the other operation the stray nmagnetic

field is negative. Thus, the second controller 15 will be directed to
create a-digital voltage signal corresponding to, in one operation, 270
oersteds and, in the other operation, 330 oersteds. Referring to

. exenplary Figure 11, there is shown a circuit diagram of one enbodi nent of
the invention. A voltage source 35 applies a voltage to .a resistor 37. A
switch 36 is |ocated between the voltage source 35 and the resistor 37.

When the.switch 36 is closed, the current flow ng through the resistor 37
flows into a power anplifier 38. The power anplifier 38 anplifies the ,
current and outputs the current to a bias coil 39. The reference vol tage of
the power anplifier 38 is less than the
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vol tage provided by the vol tage source 35. A ground 40 is
connected to a resistor 41. A switch 42 is |located on the opposite side of
the resistor 41 as the ground 40, between the resistor 41 and the power
anpkifier 38. Wien - the switch 42" s clogﬁf, current flows fromthe power
anplifier 38 through the swtch 42 and iTto the resistor 41. The reference
vol t age of’ 8 the power
anpl i fi er SBTHGD gANR{ APPARAIUS HEOR STQNRROKLING tﬁiésgrmmo Exactly one of
the switches 36, 42 'is closed at any tine. Therefore, when the switch 42 is
cl osed, the bias coil 39 creates a magnetic field with the opposite
polarlty aRb %Hﬁcgagnetlc field created when the switch 36 is cl osed.

In prior sys the current flowing into the power anplifier 38 is the
sane magni t ude whAn apparatusfercadralling-thessttength ofia mgnetmﬁeiq!.mm@lsem t he

ggwer anp! firkt ééntﬁ&léf"fl? ), B'Secod ontrdiler fl52' é’&@%g! W&ﬁéﬂ% cOnY {feﬁ) 2
gnetic f|e ave 'both constant nagn consta t polari n sone
enbodi ment@urrent driver (17), and a bias coil (18). The first controller (14) detemunes the
position of the focal point of a lens (29) and passes it to the second controller (15),
which provides a digital signal related to the position. The digital-to-analog converter
(16) converts the digital signal to a driver voltagé and passes the driver voltage to a
current driver (17), which provides to the bias coil (18) a bias current related to the
driver voltage. The bias coil (18) produces a magnetic field having a strength related
to the bias current. The second controller (15) accounts for stray magnetic fields in
creating the digital signal. The stray magnetic fields may be constant or may vary in
strength based on position of the objective lens (29), circumferential velocity of the
storage medium (2, 4), or longitudinal velocity of the storage medium (2, 4).
Furthermore, the apparatus may comprise a current sensor (26) for measuring the
bias current, and a feedback device for providing to the current driver (17) a

feedback voltage related to the bias current.

FIGURE 2
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magnetic field strength fromthe bias coil 39 having a magnitude of 300
oersteds is required for both witing and erasing data. A stray field
magnetic field strength of approximately 30 oersteds is typical. Therefore,
in order to ensure a mninumfield strength of 300 oersteds, the current

t hfough the power anplifier 38 nust be sufficient to prOV|de a bias field
strength of 330 oersteds. In one operati6ﬁ the resulting nagnetic field
strength will be 300 oersteds and, .in the other operation, the resulting
magnetic field strength will be 360 oersteds. A resulting magnetic field
strength of 360 oersteds is excessive, and consumes excess power.

According to the invention, the current through the power anplifier 38

di ffers depending on whether the stray field is additive or negative with
respect to the magnetic field created by the bias coil. In one enbodinent,
the resistors 37, 41 have different resistance. |In another enbodi ment, the
reference voltage of the power anplifier 38 is_no 2 ﬂmay bet ween the

y nd 40. Either of

t hese enbodi nents mnimze exces ' maki ng the resulting
magnetic field strength equa i F i ield strength,
within tol erances, for ei i tip AT . Referring
to exenplary Figure 12 i , i g di

enbodi ment of the inve D a resistor
43, which is connected to a puer ~Jhe current
flow ng fromthe voltage souré\\\ lesi Wl i fied by




sour ce. A ground 40 is connected to a swtch 44, which in turn is
conneécted to a resistor 45. At a point 46 on the side of the resistor 45
renmote fromthe switch 44, connection is nmade to line 47. \Wen the swtch
44 i;s open, a positive current flows into the power anplifier 38, and a
positive magnetic field is created By,the bias coil 39. Wien the switch 44
Is closed, a negative current flows into the power anplifier 38, and a
negative magnetic field is created by the bias coil 39.

9 In prior art systens, the resistance of the resistor 43 was
twi ce the resistance of resistor 45, and the reference voltage of the power
anplifier 38 was hal fway between the voltage of the voltage source 35 and
the ground 40. Becalise of this, the bias magnetic field strength has the

sanme nmagni tude buf ¢pposite polarity when the switch 44 is closed as when
it is open. Howevér | because Of¥YH constancy—8f the stray field, the
resulting magnetiE field strengtyh for _ogne,eBeration diff=.§ from
5| 9
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the resulting imagnetic field strength for the other operation by the anount
of twi-ce the stray field magnetic field strength. : To conpensate
for the stray field, one of three approaches nmay be taken. First, the
reference voltage of the power anplifier 38 may be changed so that it is
not hal fway between the voltage of the voltage source 35 and the ground 40.
Second, the voltage of the voltage sourxg7 35 may be changed so that the
reference voltage of the power anplifier 38 is not hal fway between the

vol tage of the voltage source 35 and the ground 40. Finally, the
‘resistances of the resistors 43, 45 may be changed so that the resistance
of resistor 43 is not twice the resistance of resistor 45; the resistance
of resistor 43 can be different fromthe resistance of resistor 45. The ,
vol tage ‘di fference between the reference voltage of the power anplifier 38
and the voltage of the voltage source 35 can equal or differ fromthe

vol tage difference between the reference voltage and the ground.:

In any of the enbodi nents discussed with respect to exenplary Figures 11
and 12, the ground 40 may be replaced by a second voltage source. The
reference voltage of the power anplifier 38 nust be greater than the

vol tage out put of the second voltage source. It will be obvious to-
one skilled in the art that nodifications to the above description of the
invention may be nmade without departing fromthe spirit and scope of the

i nvention. The scope of the invention, therefore, is indicated by the
appended cl ai ns rather than the above desgﬂéptiqn. :

14\ : 15\ - 16\
CONTROLLER }——=! CONTROLLER {——f - DAC

Y
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DRIVER |
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-10- 1. An apparatus for controlling a magnitude of a magnetic
field at a focal point of a |ens conprising: a vol tage source
havi ng a vol t age out put; a first resistor electrically connected to
sai d vol tage source, said first resistor having a first resistance;

a ground; a second resistor elechggcally connected to said ground,
said second resistor having a second resistance; a power anplifier
havi ng an i nput connected to said first resistor and said second resistor
and an output, said power anplifier having a reference voltage |ess than
said first voltage output, said reference voltage being positive with
respect to said grpund;

19
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a first swtch having.a first open position and a first closed position,
for =selectively connecting said voltage source to said power anplifier;

a second switch having a second open position and a second cl osed
posi.tion, for selectively connecting said ground to said power anplifier,
wherein said second switch is in said second cl osed position when said
first switchis in said first open pos?(?on and said second switch is in
said second open position when said first switch is in said first closed
posi tion; a bias coil electrically connected to said output of said
power anplifier, for creating a first bias magnetic field when said first-
switch is in said first closed position and a second bias nmagnetic field
when said second switch is in said second closed position, said first bias
magnetic field having a first bias magnetic field polarity and a first

bi as magnetic field magnitude relative to said first voltage output and
said first -resistance, said second bias nmagnetic field having a second

bi as magnetic field polarity and a second bias magnetic field magnitude
relative to said ground and said second resistance, said first bias
magnetic field polarity being opposite fromsaid second bias magnetic
field polarity, said bias nagnetic field nagnitude of one of said first
and secand bi as nagnetﬂ4~{3elds exceeding15akg bi as. 16~\

CONTROLLER —{ CONTROLLER |—~ DAC

y
25— - CURRENT 97

DRIVER

CURRENT |96
SENSOR

FIG.7



magnetic field of another of said first and second bias magnetic fields by
a bias magnetic field difference, and a magnetic source for creating
a stray magnetic field having a stray nagnetic field polarity and a stray
magnetic field magnitude, wherein said stray magnetic field magnitude is
substantially equally to one-half of sgjg bias magnetic field difference,
and said stray magnetic field polarity |s opposite fromsaid bias magnetic
field polarity of said one of said first and second bias magnetic fi el ds.

2. An apparatus for controlling a magnitude of a magnetic field at a
focal point of a |lens, conprising: a first voltage source having a
first voltage output; a first resistor electrically connected to said
first voltage source, said first resistor having a first resistance;

a ground; a second resistqg ectrically connected to said ground,
sai d second




resi stor having a second resistance; a power anplifier having an

i nput connected to said first resistor and said second resistor and an
output, said power anplifier having a reference voltage | ess than said
first voltage output, said reference voltage being positive with respect to
sai‘d ground; a switch having an qgﬁp position and a cl osed position,
for selectively connecting said ground t'd 'said power anplifier; a
bias coil electrically connected to said output- of said power anplifier,
for creating a first pias gagnetic field when said switch is in said open
position and a secon 'aé magnetic field when said swwtch is in said

cl osed position, sai }rst bias nmagnetic field having a first bias
magnetic field polarily and a first bias magnetic field magnitude rel ative
to said first "voltage outgﬁt and said first resistance, said second bias
magnetic field having se&cond bias magnetic field polarity and a second

bi as magnetic field ghitude relative to said ground, said first voltage
output, said first

7
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o __ '_ qosse~7zs | PEPLACEMENT SHEETS  SG
12 resistance and j | St ance, sai d fi Mstichbirasiormagagti.c..td ehged .....
pol arity being ppH Hm ﬂlsecond bi as megnétiie-£i)el d ppelam. ty pssed &.
]E)! as -nmagnetic fie rmagn wde sof *one Qf said fi rgs'q:;_. anglJ&gQQH@IrﬁSW -aééd .C..
i el ds exceeding said bias magnetic field of an]t B vef s al quggﬁp_g_g@ aged ~..

second bias magnetic fields by a bias magnetic fiield difference; an

a magnetic sgpgig@ for creating a stray nagnetic {f i.el My r
magnetic fi-eld polarity and a stray magnetic fi !,ﬁ 2 .F 2) ﬁl‘kﬂiﬂf'yﬂz&m'd

E_tray rragne_ticffiléld d nfa%gmppmetuszosapetramnga magaiiude of aragnetinfield & saj d
I as magnetic fi .difference, and said stray magnetic field polarity is
opposi te frofh %%ﬁﬁd’o;y’ic{g DSEOMPISING-d pol ar i %/y 019 sai d one of IOsai d fiyrst
and second bi as ”B%%gé sfohf‘ééjﬁavingavoltagei’out ;apparatus for controlling a
magni tude of a nmagnetiI T field at a focal "point of a |l ens, conprising: '
~a first voltage s alfirseresiston glextridaily tconnettegetoosaig wmoltage source, said Jirst
resistor electrically. con&get ed.to said first voltage source, said first

resi stor havigfistar hayieg & wsf egsisterce; a second vol tage source having a
second vol t age Outa@ﬂ:imd' a second resistor electrically connected to
sai d second voltag '

a second resistor electrically connected to said ground, said second
resistor having a second resistance;
a power amplifier having an input connected to said first resistor and
said second resistor and an output, said power amplifier having a reference
voltage less than said .ﬁrst voltage output, said reference voltage being
positive with respect to said ground;
a first switch having a first open position and a first closed position, for
selectively connecting said voltage source to said power amplifier;
a second switch having a second open position and a second closed
~ position, for selectively connecting said ground to said power .ampliﬁer,
wherein said second switch is in said second closed position when said first
switch is in said first open position and said second switch is in said second
open position when said first switch is in said first closed position;
a bias coil electrically connected to said output of said power
amplifier, for creating a first bias magnetic field when said first switch is in
said first closed position and a second bias magnetic field when said second
switch is in said second closed position, said first bias magnetic field having
a first bias magnetic field pdlarity and a first biaé magnetic field magnitude
relative to said first voltage output and said first resistance, said second bias
magnetic field having a second bias magnetic field polarity and a second
bias magnetic field magnitude relative to said ground and said second
~ resistance, said first bias magnetic field polarity being opposite from said

second bias magnetic field polarity, said bias magnetic field 'magnitude of
one of said first and second bias magnetic fields exceeding said bias
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source, said second resistor having a second resi st ower .
anplifier having an input connected to said first %i HL“ HB 8!@ second
resicstori and an output, said power anplifier havi n t age

| ess than said first voltage output, said reference voltage exceeding said
second vol tage out put; a first swtch having a first open position
and a first plagrriiciisid of emottiar ofssdie dirstvand secome biasnmagaetic ffietdst by a t age
source to said power arTFI i fier; a second switch having a second open
posi ti on andbiasswagnetie fielddifferencei add for sel ectivel y connectl ng sai d

second vol tage source to.sal f jtch

is in said second® cmgﬁtlﬁﬁgﬂﬁoeoﬁﬁvﬂgﬁﬁ%l dgﬁﬂ %‘féﬂec [ s | n I rst

open positio é’gfﬁ; iéld Y4 BCEray mayriclicdiisle anagnitudy) lb)érlein @a idvhen

said first S\;P\r} t|ﬁs ?Ins@gﬁﬁrcyfl rst clro)gedébpo& tion; gni W !

13 a bstrayanagneliedield cadgnjtudenisceubstantiallyaequallyt fsuonsthaltpfi Splsl/ver
bias magnetic field difference, and said stray magnetic field polarity is
opposite from said bias magnetic field polarity of said one of said first and

second bias magnetic fields.

2. An apparatus for controlling a magnitude of a magnetic field at
a focal point of a lens, comprising:

a first voltage source having a first voltage output;

a first resistor electrically connected to said first voltage source, said
first resistor having a first resistance; -

- aground;

a second resistor electrically connected to said ground, said second
resistor having a second resistance;

a power amplifier having an input connected to said first resistor and
said second resistor and an output, said power amplifier having a reference
voltage less than said first voltage output, said reference voltage being
positive with respect to said ground ; '

a switch having an open position and a closed position, for selectively
connecting said ground to said power amplifier,

a bias coil electrically connected to said output of said power
amplifier, for creating a first bias magnetic field when said switch is in said
open position and a second bias magnetic field when said switch is in said
closed position, said first bias magnetic field having a first bias magnetic field
polarity and a first bias magnetic field magnitude relative to said first voltage
output and said first resistanée, said second bias magnetic field having a
second bias magnetic field polarity and a second bias magnetic field

magnitude relative to said ground, said first voltage output, said first
" LPLAGEMENT SHeeT !
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anplifier, for creating a first bias magnetic field when said. i1 ttch
Is in said first closed position and a second bi as maqf " i| H sai d
second switch is in said second closed position, said % iC
field having a first bias magnetic fiel'd polarity and a first bias magnetic
field nmagnitude relative to said first vidtage output and said first

resi stance, pajistanesend Saidsotopdatsistdnice| Saitkfiishbias magnetic Geldspolagtyet i ¢

field polarity and a second bias magnetic field nmagnitude relative to said
first vol t agbeinguioppositai flomesaiddseenndfiass suagnetics field polarity,r 83idsPlakce and

id d i d first bias b b T estS
oppos: Lo 1 o PRI Eb RpdsTtygeral ond, ey 81 apf scBpd Kids fiddrierelle
field magnit _légé%é&inﬁ%id’ﬁ)iés?‘hﬁgfn'btiétﬁeﬁﬂdf apofhiet dfi siid Mestrantd eetord dias

exceedi ng sai las“magnetic field of another of said first and second bias
magnet i ? fi ehagreficdicidsaby ahjas magnetieifigldidiffergnass andand a magnetic
source for creating a stray magnetic fjeld having a str etic field
polarity and a st Pa?‘aﬂﬁSﬁ%ﬁoHr% TLTRE taug%?y mﬁ'ﬁ @%‘i’ g‘%ﬂ}éﬁ netic
fied magni t HilerieticHila!fulbig! and GOLmdy nddhetieendld  haghitudd, dwRérdin aet | C
field difference,  and sdid stray magnetic Tield polari'ty is opposite from
sai d ?! an rralsgay'l rmafheticl field aiagnitude isasubstamtially squallyf to sneshalf obsaidl bi as
magnetic fields. 4. A t f ' '
rragnet i c fi ebi@sgtmagnetic field diffenreﬁgg,aré%dugaidorstrg)(() nrtngghle{ig %ield n&&g}l ucljse of &
opposite from said bias magnetic field polarity of said one of said first and

second bias magnetic fields.

3. An apparatus for controlling a rhagnitude of a magnetic field at a

focal point of a lens, comprising:
~ afirst voltage source having a first voltage output;

a first resistor electrically connected to said first voltage source, said
first resistor having a first resistance;

a second voltage source having a second voltage output;

a second resistor electrically connected to said second voltage
source, said second resistor having a second resistance; '

a power amplifier having an input connected to said first resistor and
said second resistor and an output, said power amplifier having a reference
voltage less than said first voltage output, said reference voltage exceeding
said second voltage output;

a first switch having a first open position and a first closed position, for
selectively connecting said first voltage source to said power amplifier;

a second switch having a second open position 'and a second closed
position, for selectively connecting said second voltage source to said power

~ amplifier, wherein said éecond switch is in said second closed position when
said first switch is in said first open position and said second switch is in said

second open position when sai‘.j_f'.r-sl,s.,‘!!i_t_gh_ g st closed position:
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a focal point of a lens, conprising: a first vql jng a
first voltage output; a first resistor electri ammﬁm]mmwm[)
said first voltage source, said first resistor having a fierst r®#sistance;

a second vol tage source having a second vol tage output; a second

resistor electrically connected to said gecond voltage source, said second

resistor -having agsesaNGdile @ledtiédlly; connectedatdd oupLt fofersalthvpovgeran
i nput connected to said first resiStor and said second resistor and an
out put, sai damphifer,dopicréating adirsthiiaa magretimfield when said first switch is in

o a0 | ek kbR Eond Y R ERLGRED B B
O s SRAEh T RS th BLAGH a8 aghite Tk vovie
a first bias magnetic field polarity and a first bias magnetic field magnitude
relative to said first voltage output and said first resistance, said second bias
magnetic field having a second bias magnetic field polarity and a second
bias magnetic field maghitude relative to said first voltage source, said
second voltage source, said first resistance and said second resistance, said
first bias magnetic field polarity being opposite from said second bias
magnetic field polarity, said bias magnetic field magnitude of one of said first
and second bias magnetic fields exceeding said bias magnetic field of
another of said first and second bias magnetic fields by a bias magnetic field
difference; and
~a magnetic source for creating a stray magnetic field having a stray
magnetic field polarity and a stray magnetic field magnitude, wherein said
stray magnetic field magnitude is substantially equally to one-half of said
bias magnetic field difference, and said stray magnetic field polarity is
opposite from said bias magnetic field polarity of said_ one of said first and

second bias magnetic fields.

4, An apparétus' for controlling a maghitude of a magnetic field at
a focal point of a lens, comprising:

a first voltage source having a first voltage output;

a first resistor electrically connected to said first voltage source, said
first resistor having a first resistance;

a second voltage source having a second voltage output;

a second resistor electrically connected to said second voltage
source, said sec_ond. resistor having a second resistance;

a power amplifier having an input connected to said first resistor and
said segg_ng_llrg§i§tor and.an output, said power amplifier having a reference
SR TTEE SR
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a bias coil electrically connected to said out put of:sai d power anmplifier,
for creating a first bias nagnetic field when said svm;,\fum m en
position*and a second bias magnetic field when said s ,* Jmm"uﬁﬂ |Um

cl osed position, said first bias magnetic field having a first Bia§ *

magnetic field polarity and a first bias igagnetic field nmagnitude rel ative

to said firstvoitagbdass thdrpsaidafirst saltabe output,r<id sefererice soltahes axcurting as
magnetic field having a second bias magnetic field polarity and a second
bi as nagnet i ¢aid seeonfhyaiagaieutpitiati ve to said first voltage output, said

s d first bias nebnalted Rebind AT bogs PSRy S B hedia et SRe Sk
bi as magnet i Gonneking ehif sécondSaitdgli urdBiSaid owe?lainpIigpi t ude of one of

said first and second bias nagnetic fields exceeding said bias magnetic
field of another & Wkjasdceil reJectrinally cconmectsidadonagide outputi of dsaidy pawsr as

e 1 ol 1580 B frgh b BBBRRE JBIE PGS s e Pkt
ot | Y8, BO0094 i kb tysmanahib il Angpcsy i sai
and sai d st r @josethpesition,fsaid frgt bizs magnetic fipkdwvirg arfivsh bias dhdgreticrfiedohet i ¢
field polari tp%lgrtlty%%idda %?set b?;s ?naaig%eftiicrﬁ%ﬁd %%dgn?taccig r}gm%l,g ?o gg%ﬁ lrtsif So{t;geé ds.
output and said first resistance, said second bias magnetic field having a
second bias magnetic field polarity and a second bias magnetic field
magnitude relative to said first voltage output, said second voitage output,
said first resistance and said second resistance, said first bias magnetic field
polarity being opposite from said second bias magnetic field polarity, said
bias magnetic field magnitude of one of said first and second bias magnetic
fields exceeding said bias magnetic field of another of said first and second
bias magnetic fields by a bias magnetic field difference; and |
a magnetic source for creating a stray mégnetic field having a stray
magnetic field polarity and a stray magnetic field magnitude, wherein said
stray magnetic field magnitude is substantially equally to one-half of said
bias magnetic field difference, and said stray magnetic field polarity is
opposite from said bias magnetic field polarity of said one of said first and

second bias magnetic fields.
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METHOD AND APPARATUS FOR CONTROLLING BIAS LEVELS

Abstract

An apparatus for controlling the strength of a magnetic field, comprises a
first controller, a second controller, a digital-to-analog converter, a current driver,
and a bias coil. The first controller determines the position of the focus point of
a lens and passes it to the second controller, which provides a digital signal
related to the position. The digital-to-analog converter converts the digital signal
to a driver voltage and passes the driver voltage to a current driver, which
provides to the bias coil a bias current related to the driver voltage. The bias coil
produces a magnetic field having a strength related to the bias current. The
second controller accounts for stray magnetic fields in creating the digital signal.
The stray magnetic fields may be constant or may vary in strength based on
position of the objective lens, circumferential velocity of the storage medium, or
longitudinal velocity of the storage medium. Furthermore, the apparatus may
comprise a current sensor for measuring the bias current, and a feedback
device for providing to the current driver a feedback voitage related to the bias

current.

Figure 2
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