
METHOD AND APPARATUS FOR CONTROLLING BIAS LEVELS           The invention
relates to magneto-optical information storage systems, and, in particular,
to controlling magnetic bias of a bias coil in magneto-optical information
storage systems.          In magneto-optical drives, a magnetic field of a
minimum strength is required at the focal point of an objective lens in
order to perform the operations of writing or erasing data. The magnetic
field was created by passing constant current through bias coils of finite
length, thus creating non-uniform magnetic fields. This 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
dissi- 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 representation 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
prior 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 representation of
another embodiment of the invention.          Figure 8 is a generalized
representation of a carriage assembly in a magneto-optical drive.    



2           Figure 9 is a generalized representation of a spindle motor,
spindle, and storage medium.           Figure 10 is a generalized
representation of spool motors and a storage medium.           Figure 11 is
a circuit diagram of another embodiment of the invention.           Figure
12 is a circuit diagram of a further embodiment of the invention.
The invention provides for controlling the strength of a magnetic field at
the focal point of a lens. It provides a first controller for determining
the position of the focal point relative to the storage medium, a magnetic
source for providing a stray magnetic field at the focal point, 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 voltage 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 related 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 controller, a second controller, 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 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 a circular storage medium, or longitudinal
velocity of an elongated storage medium. Furthermore, the apparatus may
comprise a current   



3 sensor for measuring 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 method for controlling the
strength of a magnetic field, comprising the steps of determining the
position of a focal point of a lens, calculating a digital signal related
to the position, generating a driver voltage related to the digital signal,
generating a bias current related to the driver voltage, and producing a
magnetic field having strength related to the bias current. The method
accounts for stray magnetic fields in calculating the digital signal. The
stray mag- 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 representation 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
parallel to the bias coil 1 from the center 5 to the outer edge 6 of the
storage 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.
Referring 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  



4  reference point, for a constant current. The magnetic field is strongest
at point 8, which corresponds either to the point halfway across the width
of the elongated storage medium 2 or the midpoint between the center 5 and
the outer edge 6 of the circular storage medium 4. The magnetic field is
relatively weaker at points 9, which correspond to the points at the ends
of the bias coil 1. The area 50 below line 7 represents the power required
to maintain the magnetic field at the strength repre- sented by line 7.
Referring to exemplary Figure 4, there is shown a generalized plot of the
strength of the magnetic field created by the bias coil 1 in prior art
systems, as plotted in exemplary Figure 3. In magneto-optical drives, a
minimum strength of the magnetic field is required for writing or erasing
data. One choice for the minimum strength is represented by line 10.
Portions 11 of line 7 are below line 10. These portions 11 represent areas
on the storage medium 2, 4 at which the strength of the magnetic 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.
However, 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 to 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. 



5            The invention thus provides a method for controlling the
strength of a magnetic field at the focal point of a lens, which is
performed by determining a position of the focal point relative to the
storage medium,  providing a stray magnetic field at the focal point,
calculating a digital signal related to the position and the stray magnetic
field strength, generating a driver voltage related to the digital signal,
generating a bias current related to the driver voltage, and producing the
magnetic field, wherein the strength of the magnetic field at the focal
point is related to the bias current. Optionally the bias current can be
measured, followed by provision to the current driver of a feedback voltage
related to the bias current, wherein the bias current is further related to
the feedback voltage.           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 magnitude 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 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 field 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 plotted across the entire length 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                                                  6  points in
Plot (4), 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. Addition- ally, the area 24 between line 22 and line
23 representing excess power is mini- mized. The area 24 needs only to be
large enough to handle variations in environ- mental conditions, media
characteristics, and other factors affecting the minimum required strength
of the magnetic field.          Referring to exemplary Figure 7, there is
shown another embodiment of the invention. The first controller 14, the
second controller 15, and the digital-to-analog converter 16 function the
same as in the previously-described embodiment. A current driver 25
receives as a first input the analog driver voltage. The current driver 25
receives as a second input a feedback driver voltage from a current sensor 



26. The current driver 25 creates a bias current related to the analog
driver voltage 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 or 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 magnetic 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 spindle 31. The spindle 31 is rotated by a
spindle motor 32. The spindle motor 32 creates a stray magnetic field at
the focal point of the objective lens 29. As the objective lens 29 moves
radially outward relative to the
7  storage medium 4, the strength of the stray magnetic field at the focal
point of the objective lens 29 decreases.          Third, some stray
magnetic fields have strength dependent on the rotational speed of the
circular storage medium 4. Referring to exemplary Figure 9, as the spindle
motor 32 rotates the spindle 31 faster, the circular storage medium 4
rotates faster. At a given distance, the spindle motor 32 creates a
stronger stray magnetic field at the focal point of the objective lens 29
when the circular storage medium 4 is 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 point of the objective lens 29 also increases.          The
calculation or lookup table may account for each of these types of stray
magnetic fields when determining a digital voltage signal for a magnetic
field strength. As an example, a typical magneto-optical drive may require
a minimum magnetic field strength of 300 oersteds at the focal point 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 to, in one operation, 270
oersteds and, in the other operation, 330 oersteds.          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.          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
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                                                  8  the power
amplifier 38 is greater than the voltage from the ground 40. Exactly one of
the switches 36, 42 is closed at any time. Therefore, when the switch 42 is
closed, the bias coil 39 creates a magnetic field with the opposite
polarity as the magnetic field created when the switch 36 is closed.
In prior systems, the current flowing into the power amplifier 38 is the
same magnitude when the switch 36 is closed as the current flowing from the
power amplifier 38 when the switch 42 is closed. However, some stray
magnetic fields have both constant magnitude and constant polarity. In some
embodiments, a 



magnetic field strength from the bias coil 39 having a magnitude of 300
oersteds is required for both writing and erasing data. A stray field
magnetic field strength of approximately 30 oersteds is typical. Therefore,
in order to ensure a minimum field strength of 300 oersteds, the current
through the power amplifier 38 must be sufficient to provide a bias field
strength of 330 oersteds. In one operation, the 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 amplifier 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 created by the bias coil 39.
9           In prior art systems, the resistance of the resistor 43 was
twice the resistance of resistor 45, and the reference voltage of the power
amplifier 38 was halfway between the voltage of the voltage source 35 and
the ground 40. Because of this, the bias magnetic field strength has the
same magnitude but opposite polarity when the switch 44 is closed as when
it is open. However, because of the constancy of the stray field, the
resulting magnetic field strength for one operation differs from 



the resulting magnetic field strength for the other operation 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 description 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 description.  



-10-        1.   An apparatus for controlling a magnitude of a magnetic
field at  a focal point of a lens comprising:        a voltage source
having a voltage output;        a first resistor electrically connected to
said voltage source, said first  resistor having a first resistance;
a ground;        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 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 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     



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.
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;
a ground;        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 resistance, 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        



12 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.          3. 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;        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 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;
13       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 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, 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 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;
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
14 voltage less than said first voltage output, said reference voltage
exceeding said second voltage output;        a switch having an open
position and a closed position, for selectively connecting said second
voltage source 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 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 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.




