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(57) ABSTRACT

Apparatus and method for providing and using a highly pre-
cise and low level driver. In one described embodiment, a
driver for a magnetic field generating device is provided, the
driver including a first digital to analog converter and a sec-
ond digital to analog converter; a differential amplifier con-
figured to receive a first signal from the first digital to analog
converter and receive a second signal from the second digital
to analog converter and output a third signal; and an attenu-
ator to configured to receive the third signal from the differ-
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HIGHLY PRECISE AND LOW LEVEL
SIGNAL-GENERATING DRIVERS, SYSTEMS,
AND METHODS OF USE

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This patent application claims priority to: U.S. Pro-
visional Patent Application No. 61/079,670, entitled “Highly
Precise and Low Level Signal-Generating Drivers, Systems,
and Methods of Use” filed Jul. 10, 2008, the entirety of which
is hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to drivers for provid-
ing a signal in order to generate a magnetic field. In particular,
this invention relates to a highly precise and low-level self-
compensating signal-generating driver for providing a signal
in order to generate a highly precise and accurate magnetic
field.

BACKGROUND

[0003] Magnetic therapy is not new. For hundreds of years,
magnets have been used to treat a wide variety of medical
conditions. Today, electromagnetic (i.e., devices that use an
electric current to produce a magnetic field) therapy is gar-
nering increasing public awareness as a natural or comple-
mentary alternative for the treatment of illness and chronic
pain. In recent years, the impact of treatment with electro-
magnetic fields on physical aillments has been presented in
peer-reviewed scientific studies. More studies are underway
as the interest in electromagnetic therapies escalates. As a
result, the electromagnetic products industry is growing rap-
idly.

[0004] Electromagnetic therapy systems may be used to
treat a variety of conditions and ailments through the appli-
cation of a magnetic field to a human or other subject. The
impressed magnetic field may range widely depending on the
therapeutic method and the condition being treated. For
example, a magnetic flux density of 2 Teslas may be used in
transcranial magnetic stimulation therapy (TMS), while
fields as low as the pico-Tesla range may be applied for
conditions such as Parkinson’s disease and epilepsy accord-
ing to the Jacobson magnetic therapy protocol, as described in
U.S. Pat. Nos. 5,269,746 and 5,366,435.

[0005] Many electromagnetic therapy systems produce
low-level magnetic fields in the micro-Tesla range and below,
over frequencies of a few hundred Hertz, down to DC. These
magnetic fields are typically generated using magnetic coils
that are driven by low-current levels (e.g., micro-amperes and
lower) created by drivers which include an off-the-shelf sig-
nal generator in series with a manual attenuator, (e.g., a
manual switch-box containing discrete resistors). The mag-
netic coil used may be a Helmholtz coil, which produces an
especially uniform field, although many other coil configu-
rations are possible (e.g., a solenoid, a poloidal coil, a toroid
etc.).

[0006] A limitation present in known systems is a lack of
precision and accuracy due to electronic errors resulting from
non-linearity and stray AC and DC offsets. Non-linearity and
stray AC and DC offsets can be caused by using commercial-
grade and consumer-grade components. A known way to
limit non-linearity and stray AC and DC offsets may be to use
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laboratory-grade components. However, laboratory-grade
components are much more expensive than commercial or
consumer-grade components.

SUMMARY

[0007] Embodiments of the present invention provide
apparatuses and methods for providing and using a highly
precise and low level driver. One embodiment is a driver fora
magnetic field generating device, comprising; a first digital to
analog converter and a second digital to analog converter; a
differential amplifier configured to receive a first signal from
the first digital to analog converter and receive a second signal
from the second digital to analog converter and output a third
signal; and an attenuator to configured to receive the third
signal from the differential amplifier.

[0008] These embodiments are mentioned not to limit or
define the invention, but to provide examples of embodiments
of the invention to aid in understanding thereof. Embodi-
ments are discussed in the Detailed Description, and further
description of the invention is provided there. Advantages
offered by the various embodiments of the present invention
may be further understood by examining this specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] These and other features, aspects, and advantages of
the present invention are better understood when the follow-
ing Detailed Description is read with reference to the accom-
panying drawings, wherein:

[0010] FIG. 1 is a functional block diagram illustrating a
system according to one embodiment of the present inven-
tion.

[0011] FIG. 2 is a functional block diagram illustrating a
driver according to one embodiment of the present invention.
[0012] FIG. 3 is a functional block diagram illustrating a
driver according to one embodiment of the present invention.
[0013] FIG. 4 is a flow diagram illustrating a method of
operating the driver according to one embodiment of the
present invention.

[0014] FIG. 5 is a flow diagram illustrating a method of
driving the output device according to one embodiment of the
present invention.

[0015] FIG. 6is a flow diagram illustrating a method of AC
calibration of the driver according to one embodiment of the
present invention.

[0016] FIG. 7is a flow diagram illustrating a method of DC
calibration of the driver according to one embodiment of the
present invention.

DETAILED DESCRIPTION

[0017] Embodiments of the present invention provide
apparatuses, systems, and methods for providing and using a
highly precise driver. In some embodiments, the driver may
be used to drive a magnetic therapy device. In one embodi-
ment, the device is a highly precise low level magnetic
therapy driver. In further embodiments, the driver may be
used for other purposes.

[0018] Incertain embodiments, the driver provides a signal
to an output device. In one embodiment, the output device
provides a magnetic field. Ina further embodiment, the output
device may comprise a coil. In a further embodiment, the
output device may comprise a plate.

[0019] In one embodiment, through program code stored
on a computer readable medium and executed by a processor,
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an operator may control the amplitude and frequency of low-
level signals produced by the driver. The present invention
also minimizes electronic errors due to non-linearity and
stray AC and DC offsets. A need exists to minimize electronic
errors in a way that does not require using expensive labora-
tory-grade components. Embodiments of the present inven-
tion solve this problem, for example, by computing correction
factors which may include a gain error correction (AC cali-
bration) and an offset correction (DC calibration). These cor-
rection factors may then be used to compute the amount of
current to direct the driver to produce.

[0020] Thereis a further need presently felt in the art for a
driver that is both accurate and precise. Embodiments of the
present invention meet this need in a number of ways. For
example, embodiments of the present invention provide a
driver that is capable of adjusting its output based on inputs
from a device to monitor output and/or as the ambient envi-
ronment. In one embodiment, the device is a magnetometer
that senses the ambient magnetic environment. Embodiments
of the present invention may further provide a low-level sig-
nal output substantially proportional to the ambient tempera-
ture. Additionally, embodiments of the present invention pro-
vide a system that incorporates sensors such that the driver
output is based at least in part on signals received from the
sensors. Further, certain embodiments of the present inven-
tion provide a driver that can be located near the output
device, and thereby minimize the length of the cable to the
output device.

[0021] In some embodiments of the present invention, a
driver for a magnetic field generating device is provided. In
some embodiments, the driver comprises components that
provide the driver with an ability to reduce variations and
instability in the generated magnetic field. Examples of such
components are identified and described herein.

[0022] In some embodiments of the present invention, a
driver for a magnetic field generating device is provided. In
some embodiments, the driver comprises a first digital to
analog converter and a second digital to analog converter. In
some embodiments, the driver further comprises a differen-
tial amplifier configured to receive a first signal from the first
digital to analog converter and receive a second signal from
the second digital to analog converter and output a third
signal. In some embodiments, the driver further comprises an
attenuator to configured to receive the third signal from the
differential amplifier. In some embodiments, the first and
second signals are used to calibrate the driver.

[0023] In some embodiments, the driver comprises at least
one digital to analog converting device. The digital to analog
converting device may be for example, a digital to analog
converter circuit capable of converting a digital electronic
signal to an analog electronic signal. In some embodiments
the digital to analog converting circuit may be an integrated
component. One embodiment of the present invention com-
prises a first digital to analog converter (hereinafter “DAC-1)
and a second digital to analog converter (hereinafter “DAC-
2”). In some embodiments additional digital to analog con-
verters may be used. For example, in some embodiments
three or more digital to analog converters may be used. In
some embodiments, DAC-1 and DAC-2 produce signals. Ina
further embodiment, the signals from both DAC-1 and
DAC-2 may be used to calibrate the driver. Also, the signals
from DAC-1 and DAC-2 may be used to provide a therapeutic
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dose of magnetic field. Furthermore, the signals from DAC-1
and DAC-2 may be used may be used for any other purpose
known in the art.

[0024] In some embodiments, the driver comprises a dif-
ferential amplifier. In some embodiments, the differential
amplifier may be for example an operational amplifier circuit.
In other embodiments, the differential amplifier may be cir-
cuit comprising transistors such as Field Effect Transistors or
Bipolar Junction Transistors. The differential amplifier may
be configured to receive input from the digital to analog
converters. For example, in some embodiments, the differen-
tial amplifier may be configured to receive input from the first
and second digital to analog converters (e.g. DAC-1 and
DAC-2). Insome embodiments, the differential amplifier pro-
vides an output signal. This output signal may comprise a
signal substantially approximating the difference between the
signals received from DAC-1 and DAC-2. In some embodi-
ments, the driver uses the signal from the differential ampli-
fier to control the magnetic field generating device. Also, the
signal may be used to provide a therapeutic dose of magnetic
field. Furthermore, the signals from DAC-1 and DAC-2 may
be used for any other purpose known in the art.

[0025] In some embodiments, the driver comprises an
attenuator. The attenuator may receive a signal from one or
more sources. In one embodiment, the attenuator receives a
signal from the differential amplifier. In a further embodi-
ment, the attenuator may generate an output signal. In one
embodiment, the attenuator’s output signal may be used to
control the magnetic field generating device.

[0026] Insome embodiments, the driver further comprises
avoltage reference source. The voltage reference source may
be used to provide a constant voltage. In one embodiment the
voltage reference source is capable of providing voltage to
one or more components. In some embodiments, the voltage
reference source may provide output to one or more relay
devices. In some embodiments, the voltage reference source
may be capable of providing voltage to a signal generator. In
further embodiments, the voltage reference source may be
capable of providing voltage to various other devices known
in the art.

[0027] Insome embodiments, the driver further comprises
a signal generator. The signal generator may be used to pro-
vide an electronic signal. The signal may comprise a sine
wave, square wave, or any other waveform. In one embodi-
ment, the signal generator may provide the signal to one or
more devices. In some embodiments, the signal generator
may be capable of receiving commands. The commands may
be received via a system bus, or any other communication
means—wired or wireless—known in the art.

[0028] Insome embodiments, the driver comprises at least
one relay device. In some embodiments, the driver further
comprises at least one relay device connected to at least one of
the digital to analog converters. In some embodiments the
relay may be for example a latching relay or a solid state relay.
In other embodiments, the relay device may be an H-Bridge
or similar circuit. The relay device(s) may be connected to at
least one of the digital to analog converters. In some embodi-
ments, the relay device(s) may be capable of receiving a
signal as input and providing a signal as output. In some
embodiments, the signals may include commands. The signal
may be provided by one or more sources, according to various
embodiments. In one embodiment, one or more relay devices
may receive a signal as input from the signal generator. In one
embodiment, one or more relay devices may receive a signal
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from a voltage reference source. In other embodiments, one
or more relay devices may receive one or more signals from
various sources. Further, the relay device(s) may output a
signal to one or more destinations, according to various
embodiments.

[0029] Inoneembodiment, arelay device is used to provide
output from the signal generator to a destination device. The
destination device, in some embodiments, may be the first
and/or second digital to analog converter.

[0030] Inoneembodiment, arelay device is used to provide
output from the voltage reference source to a destination
device. The destination device, in some embodiments, may be
the second digital to analog converter.

[0031] Inoneembodiment of the present invention, at least
one relay device is used to relay output from the voltage
reference source to the second digital to analog converter. In
another embodiment of the present invention, at least one
relay device is used to relay output from the signal generator
to the first digital to analog converter.

[0032] In one embodiment, the driver further comprises a
controller. In some embodiments the controller comprises a
processor. In some embodiments, the controller may com-
prise a microcontroller, microprocessor, Field Programmable
Gate Array (FPGA), Programmable Interrupt Controller
(PIC), Programmable Logic Controller (PLC), or any other
controller known in the art. In some embodiments, the con-
troller may be capable of receiving signals comprising data
from one or more devices. In some embodiments, the con-
troller may be capable of providing signals comprising infor-
mation, such as one or more commands, to one or more
devices. The controller may receive and/or provide such sig-
nals by using various communication means known in the
art—wired and/or wireless. In one embodiment, the control-
ler may communicate to one or more devices in the system
using a system bus.

[0033] Drivers known in the art produce magnetic fields
that have some degree of variation. The variations in actual
magnetic field are primarily a function of drive current and
coil changes. Thus, the factors that affect the current through
a particular coil need to be understood and controlled. One
embodiment meets this need by providing a driver that is
capable of providing output that is accurate and/or precise.
The coil dimensions including length may be affected by
temperature and this can be used to control the drive signal.
Typical variations in actual magnetic field would be expected
at greater than 10% unless very specific design mitigations
are taken. The relationship between the current flow in a
particular coil and the resultant magnetic field can be used to
predict the (ideal) generated magnetic field. In one embodi-
ment, the electronics providing the signal to the coils can be
accurate to 0.01% over the full range of drive amplitudes. For
example, in some embodiments, the driver is capable of pro-
viding an output that varies by less than 1%, or 2%, or 5%, or
10%, or any variation known in the art, from the expected
output.

[0034] In other embodiments, the present invention com-
prises methods of providing a magpetic field. In some
embodiments, the magnetic field may be suitable for mag-
netic therapy. The present invention may provide the mag-
netic field by using one or more embodiments of the driver
described herein. In some embodiments, the driver comprises
components that provide the driver with an ability to reduce
variations in the magnetic field used to drive a magnetic
therapy generating device.
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[0035] 1In certain embodiments, the driver may use the sig-
nal received from the one or more digital to analog converters
to provide output to the magnetic therapy generating device.
In further embodiments, the driver may combine the signal
provided by the one or more digital to analog converters with
an AC calibration factor and/or a DC calibration factor in
order to calculate the signal to be provided. In one embodi-
ment, after determining the signal, the driver may provide the
determined signal as output to the output device.

[0036] In yet other embodiments, the present invention
comprises a system for providing a magnetic field suitable for
magnetic therapy. The system may comprise one or more
embodiments of the driver, as described herein.

[0037] In one embodiment, the system further comprises
coils for generating the magnetic field. The coils may receive
an electrical signal from one or more embodiments of the
driver, described above. In some embodiments, the system
may generate the magnetic using a device other than a coil.
Forexample in some embodiments, the magnetic field may be
generated using plates. In such an embodiment, the plate may
comprise metal. In other embodiments, the plate may com-
prise a composite material. In other embodiments, the mag-
netic field may be generated using some other means known
in the art.

[0038] In one embodiment, the system further comprises
one or more sensors. The one or more sensors may have the
capability to monitor physical parameters of a subject that is
a recipient of the magpetic field. For example, in some
embodiments, the sensors may be configured to measure one
or more of: temperature, heart rate, or blood pressure. In a
further embodiment, the one or more sensors may have the
capability to monitor any number of parameters of various
types. Further, the one or more sensors may have the capabil-
ity to provide data via a variety of communication means
known in the art—wired and/or wireless.

[0039] In oneembodiment, the system further comprises a
magnetometer. The magnetometer may have the capability to
monitor an ambient magnetic field. In a further embodiment,
the magnetometer may have the capability to monitor a mag-
netic field provided by the system. Further, the magnetometer
may have the capability to provide data via a variety of com-
munication means known in the art—wired and/or wireless.
In a further embodiment, the magnetometer may communi-
cate data to one or more components of the system so that the
system may adapt its output to account for the ambient mag-
netic field.

[0040] FIG. 1 is a functional block diagram illustrating
system 100 according to one embodiment of the present
invention. While a specific embodiment of the present inven-
tion is demonstrated by system 100, many other configura-
tions are possible.

[0041] Thus, as illustrated in the embodiment of FIG. 1,
system 100 may comprise a driver 126 of the present inven-
tion. System 100 may comprise an output device 110 in
communication with the driver 126. In one embodiment, the
output device 110 comprises a coil assembly. System 100
may further comprise a processor 114. Also, system 100 may
comprise a condition meter 118 to monitor one or more con-
ditions. The condition meter may be located in close proxim-
ity to the output device 110. In one embodiment, the condition
meter 118 is a magnetometer. For example, the condition
meter 118 may monitor ambient conditions, such as the ambi-
ent magnpetic field. In various embodiments, the condition
meter 118 can measure the level, duration, and strength of
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various signals and conditions, including magnetic fields.
System 100 may further comprise a communication cable
122. Also, system 100 may comprise a driver cable 124. In
one embodiment, the driver 126 is in communication with the
processor 114 via a communication cable 122. In one
embodiment, the driver 126 is in communication with the
output device 110 via the driver cable 124. Also, system 100
may comprise a condition meter cable. In one embodiment,
the condition meter cable 128 is in communication with the
condition meter 118 and the driver 126. In further embodi-
ments, the system comprises other components (not pictured
in FIG. 1). For example, the system 100 may comprise sen-
sors, for example system 100 may comprises sensors includ-
ing, but not limited to pressure, temperature, humidity, heart
rate, blood pressure, electroencephalograph (EEG), and elec-
trocardiograph (EKG) sensors. Also, the system 100 may
comprise a coil housing.

[0042] Also, the system 100 may comprise a compensation
network. For example, in one embodiment Compensation
network may comprise a resistor and capacitor network that is
matched to the impedance of the coil assembly, and used to
negate the reactance of the coil over a small range of frequen-
cies, for example, from 0.1 Hz to 500 Hz. In some embodi-
ments, the coil assembly may be wired in parallel with the
compensation network, thereby providing a standardized
impedance, with minimum variation between individuals in
production lots. As a result of this impedance matching, alter-
native sets of coil assembly can be used in magnetic therapy
system 100 without the need for recalibration.

[0043] The output device 110 may comprise any device
capable of receiving input from the driver 126. For example,
the output device 110 may comprise a solenoid, a Maxwell
coil, a poloidal coil, or other output device. In various
embodiments, the output device 110 may comprise any mag-
netic coil configuration that produces a uniform magnetic
field proportional to the electric current within its magnetic
coils, over a volume sufficient to accommodate a magnetic
therapy subject. In one embodiment, the output device 110
may include a Helmholtz coil. For example, in one embodi-
ment, the output device 110 may include two co-axial 7-foot
diameter coils spaced 3.5-feet apart, each coil having 30-turns
of 30-gauge solid-core copper wire (not shown). However,
other dimension coils with different numbers of turns and
construction may be used. The output device 110 may be
wired in parallel with the compensation network. Also, the
output device 110 may be electrically connected to the driver
126. For example, in one embodiment, the output of the driver
is provided to the driver cable 124. The driver cable 110 may
be electrically connected to the output device 110. In one
embodiment, the output device 110 and driver 126 are housed
within the chassis of the coil housing.

[0044] In certain embodiments, the system may comprise
one or more sensors, including, for example, biometric sen-
sors that measure a variety of physical parameters. The sen-
sors may measure physical parameters including physiologi-
cal functions of subjects before, during, and after receiving
magnetic therapy treatment in the system 100. Examples of
physical parameters may include, but are not limited to pres-
sure, temperature, humidity, heart rate, blood pressure, elec-
troencephalograph (EEG), and electrocardiograph (EKG)
sensors. In one embodiment, the sensors may be electrically
connected to the driver 126 through a variety of communica-
tion means. In alternative embodiments, the sensors may be
connected by both wired and wireless means. For example, a
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wired connection may include wired communication stan-
dards such as USB and RS232. Alternatively, the wireless
connection may include Bluetooth (IEEE 802.15) and/or
WiFi (IEEE 802.11). In one embodiment, the use of the
sensors may allow the processor 114 to integrate sensor feed-
back into the control of the driver 126, such that the output
produced by the driver is based, in part, on signals received
from sensors.

[0045] Incertain embodiments, the system may comprise a
processor 114. The processor 114 may comprise a standard
processing device, such as a personal computer, laptop, or
host computer, capable of running the system control soft-
ware for operating the driver 126. In other embodiments, the
processor may comprise, for example, a microprocessor, an
application-specific integrated circuit (ASIC), a state
machine, Field Programmable Gate Array (FPGA), Program-
mable Logic Controller (PL.C), Programmable Interrupt Con-
troller (PIC), or other integrated component.

[0046] The processor 114 may further comprise a com-
puter-readable medium capable of storing computer-execut-
able instructions. Embodiments of computer-readable media
may comprise, but are not limited to. an electronic, optical,
magnetic, or other storage device, transmission device, or
other device that comprises some type of storage and that is
capable of providing a processor with computer-readable
instructions. Other examples of suitable media may com-
prise, but are not limited to, a floppy disk, compact disc
read-only memory (CD-ROM), digital video disc (DVD),
magnetic disk, memory chip, read-only memory (ROM), ran-
dom access memory (RAM), programmable read-only
memory (PROM), field programmable read-only memory
(FPROM), erasable programmable read-only memory
(EPROM), electrically erasable programmable read-only
memory (EEPROM), an application specific integrated cir-
cuit (ASIC), a configured processor, all optical media, all
magnetic tape or other magnetic media, or any other medium
from which a computer processor can read instructions. Also,
various other forms of computer-readable media may be
embedded in devices that may transmit or carry instructions
to acomputer, including arouter, private or public network, or
other transmission device or channel, both wired and wire-
less. The instructions may comprise code from any suitable
computer programming language, including, for example,
COBOL, C, C++, C#®, Visual Basic®, Java™, Python®,
and Per]™.

[0047] In one embodiment, the processor 114 may be con-
nected to a network connection, such as a local area network
(LAN), wide area network (WAN), server, or Internet con-
nection, for download or storage of data from another com-
puter, host, or centralized server. In certain embodiments, the
tasks or functions of the processor 114 may be completed
with a single computer. In other embodiments, the tasks or
functions of the processor 114 may be completed by more
than one computer. In further embodiments, the computers
may be communicatively connected to one another, for
example, by a network connection. In the course of its opera-
tion, the processor 114 may communicate operational com-
mands, such as normal operation on/off, alternating current
(AC) calibration, direct current (DC) calibration, and other
commands to the driver 126. For example, in some embodi-
ments the communication cable 122 is used to communicate
commands from the processor to the driver 126. In other
embodiments, the processor 114 may also receive various
data from other components of the system. For example, the
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processor 114 may receive a signal comprising data, includ-
ing temperature data, from a sensor, such as the T-sense 226
(depicted in FIG. 3). In a further embodiment, the processor
114 may also receive signals comprising data, such as mag-
netic data, from the condition meter 118. In some embodi-
ments, the processor 114 may receive signals comprising data
via the communication cable 122 by means of the driver 126,
which may allow the processor 114 to respond to external
(sensor) inputs in a real-time feedback/control system loop.

[0048] In a some embodiments, the processor 114 may
receive signals from a user interface. In some embodiments,
the user interface may include a keyboard. In some embodi-
ments, the user interface may include a mouse. In some
embodiments, the user interface may include a monitor or
other display; in such an embodiment, the display may further
comprise a touch-screen display. In some embodiments, the
monitor may be capable of displaying a graphical user inter-
face (GUI). In some embodiments, the GUI may enable the
operator of the magnetic therapy system 100 to initiate nor-
mal operation. In some embodiments, the GUI may enable
the operator to select one or more magnetic therapy options.
In further embodiments, the GUI may enable the operator to
initiate AC and/or DC calibration modes as described herein.
For example, an operator may enter therapeutic parameters
using the processor 114, via the processor’s GUI in a variety
of ways, for example, by condition to be treated, by a regime
code, or by the entry of specific magnetic waveform param-
eters, such as waveform type (e.g., sinusoidal, square, saw-
tooth), amplitude (e.g., 0.032 micro-gauss, 0.017 micro-
gauss, 0.075 micro-gauss) and frequency (e.g., 0.3 Hz, 0.8
Hz, 5 Hz, 10 Hz). After the operator enters the therapeutic
parameters, the processor 114 may transmit a signal compris-
ing the specific electric waveform parameters required, such
as waveform type (e.g., sinusoidal, square, sawtooth), ampli-
tude (e.g., 0.017 micro-gauss, 0.032 micro-gauss, 0.075
micro-gauss) and frequency (e.g., 0.3 Hz, 0.8 Hz, 5 Hz, 10
Hz) to the driver 126. In one embodiment, the processor 114
may transmit a signal comprising the specific electric wave-
form parameters to amicrocontroller within the driver 126. In
further embodiments, the processor 114 may transmit a signal
comprising the specific electric waveform parameters via the
communication cable 122. In some embodiments, the proces-
sor 114 is electrically connected to the driver 126 via the
communication cable 122.

[0049] In some embodiments, the processor 114 may
employ shielding elements that prevent electromagnetic
radiation emanating from the processor 114 from interfering
with the operation of the system 100. In some embodiments,
a chassis exterior having 20-thousands (0.02") steel, or
10-thousands (0.01") mu metal may serve this purpose. In
other embodiments another type of electromagnetic shielding
may be used. For example, in some embodiments processor
114 may employ shielding comprising aluminum, stainless
steel, or some other metal.

[0050] In one embodiment in which the output device 110
comprises a coil assembly, the coil housing may be a chassis
that provides an enclosure for the output device 110. The coil
housing may be constructed of a non-magnetic and non-
conductive housing such as fiberglass or composite, to mini-
mize magnetic interference with the output device 110. In
various embodiments, the coil housing may be of a variety of
sizes and shapes, and thus may be capable of accommodating
different sized and shaped output devices 110. In addition, the
coil housing can also provide a means of easily changing the
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position and orientation of the output device 110. In one
embodiment, the output device 110 may include an articu-
lated mechanical arm for use with smaller coils.

[0051] In one embodiment, the condition meter 118 is a
magnetometer. In an embodiment in which the output device
110 comprises a coil assembly, the condition meter may be a
magnetic sensor that measures the magnetic field between the
coils of the output device 110. Magnetic interference from
environmental sources, both natural and made-made, can
negatively impact the accuracy of magnetic therapy systems.
The Earth’s magnetic field, for example, is in the order of 30
to 60 micro-Tesla. In addition, the U.S. National Institute of
Health (NIH) estimates that the average ambient magnetic
field in the U.S. due to various electrical and electronic
sources is approximately 0.2 micro-Tesla. Personal computer
monitors alone, for example, can produce magnetic fields of
0.2 micro-Tesla at 30 cm (about 1 foot) from the front surface
of the monitor. Other electric devices, particularly those com-
prising electric motors, may generate much larger ambient
magnetic fields. These ambient magnetic fields—including
those from power lines and/or electrical equipment—can
interfere with low-level magnetic fields, such as those gener-
ated by a magnetic therapy system.

[0052] However, if the ambient magnetic field is measured,
its interference may be reduced by various means. As a result,
a driver capable of adapting its output to account for the
ambient magnetic environment is needed. In addition to mea-
suring the ambient magnetic field, there may be a further need
to integrate other sensors, such as biometric sensors, such that
the output of the driver is informed by sensor inputs. Embodi-
ments of the present invention meet these needs in a number
of ways, some examples of which are described herein.
[0053] In certain embodiments, the condition meter 118 is
a magnetometer capable of measuring low-level magnetic
fields, including those in the nano-Tesla (nT) range (0.1 nT to
100 1T, at 5-10%), and of resolving the magnitude these fields
into three orthogonal components (x-y-z). In one embodi-
ment, the condition meter 118 includes the GEM GSMP-
20GS, a highly sensitive proton precession gradiometer with
two aligned sensors, which has an RMS resolution of 0.05
pico-Tesla (pT). In a further embodiment, the condition meter
118 includes the Ecoseal MAG-01H, single-axis fluxgate
magnetometer with a resolution of 0.1 nT. In one embodi-
ment, the condition meter 118 is electrically connected to the
driver 126 via the condition meter cable 128. In some embodi-
ments, the condition meter 118 may be connected via any of
a variety of communication means known in the art—wired
and/or wireless. In one embodiment, the use of the condition
meter 118 allows the driver 126 to sense the ambient magnetic
environment and adapt its output to account for this field.
[0054] Inadditionto being limited by the output device, the
frequency range ofthe current embodiment may be limited by
a compensation network. In one embodiment, the compensa-
tion network may be a resistor and capacitor network that is
matched to the impedance of the output device 110. In certain
embodiments, the compensation network may be used to
negate the reactance of the coil over a small range of frequen-
cies, for example, from 0.1 Hz to 500 Hz. In other embodi-
ments, the compensation network may negate the reactance
ofthe coil over a smaller or larger range of frequencies. In one
embodiment, the system 100 and the output device 110 are
wired in parallel with the compensation network, to thereby
provide a standardized impedance, with minimum variation
between individuals in production lots. As a result of such
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impedance matching, alternative sets of the output device 110
may be used in the system 100 without the need for recali-
bration.

[0055] Inoneembodiment, the communication cable 122 is
a wired electrical connection between the processor 114 and
the driver 126. The communication cable 122 may provide a
standard digital serial communication means (e.g., Ethernet,
RS-232, USB) to enable the communication of operational
and other commands, and to exchange other data, between the
processor 114 and the driver 126. In addition, in some
embodiments, the communication cable 122 may provide
power and ground to the driver 126, e.g., utilizing a POE-
Ethernet cable.

[0056] In various embodiments, such as those in which the
output device 110 comprises one or more magnetic coils, the
need may exist for the driver 126 to be capable of being
located near the output device. In one embodiment, such a
configuration minimizes cable length to the coils, which can
be a source of electrical noise and therefore increased error.
Various embodiments of the present invention meet this need.
In one embodiment, the use of the communication cable 122
allows the driver 126 to be located near the output device 110.
One advantage of such an embodiment may be minimizing
the cable length of the driver cable 124, and in so doing,
significantly lowering electrical noise and error.

[0057] In one embodiment, the driver cable 124 may be
short electrical cables with connectors that provide an analog
signal that powers the output device 110. In some embodi-
ments, such as those in which the output device comprises a
coil assembly, the driver cable 124 comprises one or more coil
cables. The coil cables may provide power to one or more
coils, such as magnetic coils. In one embodiment, the output
device 110 is a coil assembly that produces the specific mag-
netic waveform (amplitude and frequency) required for mag-
netic therapy. For example, in one embodiment, the driver
cable 124 may comprise coil cables that are a shielded twisted
pair with a 156 Molex connector. In one embodiment, the
driver cable 124 comprises coil cables wired between the
output device 110 and the driver 126.

[0058] In one embodiment, the driver 126 may be a low-
level electronic waveform generator, for use in the system
100. Also, in one embodiment, the processor 114 may trans-
mit signals comprising operational commands, such as nor-
mal operation on/off, AC calibration, and DC calibration to
the driver 126. The processor may transmit the signals via the
communication cable 122, and/or any other communication
means known in the art—wired and/or wireless. For normal
operation, the processor 114 may transmit signals comprising
specific magnetic waveform parameters, such as waveform
type (e.g., sinusoidal, square, sawtooth), amplitude (e.g.,
0.032 micro-gauss, 0.017 micro-gauss, 0.075 micro-gauss)
and frequency (e.g., 0.3 Hz, 0.8 Hz, 5 Hz, 10 Hz) to the driver
126. Subsequently, the driver 126 may perform normal opera-
tion as described in detail in the discussion of FIGS. 4 and 5
and methods 400 and 500, or AC calibration as described in
method 600, or DC calibration as described in method 700.

[0059] In a further embodiment, the driver 126 possesses
shielding elements that prevent electromagnetic radiation
emanating from the driver 126 from interfering with the
operation of the system 100, for example, a chassis exterior
having 20-thousands (0.02") steel, or 10-thousands (0.01")
mu metal. In other embodiments the driver may comprise
shielding made from stainless steel, aluminum, or some other
metal known in the art.
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[0060] In one embodiment, the condition meter cable 128
may be a wired electrical connection between the condition
meter 118 (such as a magnetometer) and the driver 126. The
condition meter cable 128 may provide a standard digital
serial communication means, for example, universal serial
bus (USB), recommended standard 232 (RS-232) or serial
peripheral interface bus (SPI), to enable the communication
of magnetic field data from the condition meter 118 to the
driver 126. In a further embodiment, the condition meter
cable 128 may provide power and ground to the condition
meter 118.

[0061] The present invention relates to a programmable,
low-noise, precise and accurate driver. FIG. 2 is a functional
block diagram illustrating a driver according to one embodi-
ment of the present invention. In some embodiments, the
driver 126 may provide a signal. In a further embodiment, the
driver 126 may provide a signal to the output device 110,
which may provide a magnetic field. In further embodiments,
the driver 126 may provide a signal to an output device 110
which may provide an accurate and precise magnetic field
which, for example, may be useful for providing magnetic
therapy.

[0062] In one embodiment, the driver 126 comprises a
DAC-1 220, a DAC-2 222, and a differential amplifier 224. In
a further embodiment, the driver comprises an attenuator 228.
In a further embodiment, the driver comprises a voltage ref-
erence source (VREF) 216. In a further embodiment, the
driver comprises a wave generator, such as a signal generator
210.

[0063] Inoneembodiment, the driver 126 comprises a first
and second digital to analog conversion devices (DAC-1 220
and DAC-2 222). As described herein, the DAC-1 220 and
DAC-2 222 may be used to increase accuracy and precision
while reducing errors. In other embodiments, the driver 126
comprises more than two digital to analog conversion
devices. For example, in some embodiments, driver 126 com-
prises three or more digital to analog converters. In such an
embodiment, the three or more digital to analog conversion
devices may be used to increase accuracy and precision, while
reducing errors.

[0064] In a further embodiment, the driver 126 may com-
prise only one digital to analog converter. In one embodiment,
the driver 126 may comprise a filter between the signal gen-
erator 210 and the digital to analog conversion device. The
filter may be a low-pass filter which may attenuate the signal
produced by the signal generator 210. In such an embodiment
the filter may be, for example, an active or a passive low-pass
filter. In one embodiment, a single ended to differential con-
version device resides between the digital to analog conver-
sion device and the differential amplifier 224. Also, the driver
126 may comprise a DC offset servo device in communica-
tion with the single ended to differential conversion device.
The DC offset servo device may use error-sensing feedback to
correct the performance of the single ended to differential
conversion device. Further, the single ended to differential
conversion device may provide two outputs to differential
amplifier 224. In one embodiment, the remainder of the driver
(after the differential amplifier 224) is identical to a two-DAC
system. In such a single-DAC embodiment, a precision ref-
erence is required and any resulting errors at the system
output may be directly related to the reference.

[0065] Inoneembodiment, the DAC-1220 and DAC-2222
provide analog outputs to different inputs of the differential
amplifier 224. Thus, in one embodiment, the differential
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amplifier 224 is a differential amplifier housed in the driver
126. In one embodiment, the differential amplifier 224
receives input from the DAC-1 220 and DAC-2 222. In a
further embodiment, the differential amplifier 224 provides
output to the attenuator 228. In some embodiments, DAC-1
220, DAC-2 222, and differential amplifier 224 work together
to assist in increasing precision while reducing errors by, for
example, producing corrected analog signals using the cor-
rection factors computed in the methods depicted in FIGS. 6
and 7, and described in methods 600 and 700.

[0066] Inoneembodiment, the driver 126 may comprise an
attenuator 228. In one embodiment, the attenuator 228 may
receive input from the differential amplifier 224. Devices
suitable for use in attenuator 228 include metal film resistor
networks having an accuracy of up to 0.1%. The attenuator
228 may be housed in the driver 126. In one embodiment, the
attenuator 228 is capable of dividing down analog signals to
create low-level analog signals. For example, in one embodi-
ment, the attenuvator 228 is capable of producing an attenua-
tion of 1:1, or unity, to an attenuation of 1:1x10™>. In a
further embodiment, the attenuator 228 is a programmable
attenuator, which can be set to various attenuation levels. The
use of a manual attenuator may be problematic in that manual
attenuators may be too imprecise and inaccurate for use in
low-level magnetic therapy drivers, resulting in magnetic
fields that deviate significantly from the desired output. In
addition, for normal operation, manual calibration of the
attenuator is generally required for each coil. Consequently,
whenever a coil is changed to alter a magnetic therapy treat-
ment, recalibration is necessary. This approach can be prone
to operator error. As a result, a need exists for a magnetic
therapy driver that can be used with alternative sets of coils
without the need for recalibration.

[0067] Also, manual attenuators can be problematic in that
the discrete resistors used by manual attenuators may result in
significant electrical noise (e.g., 1/fnoise, and shot noise). As
a result, a resistive attenuator may introduce error into the
field delivered by the driver. Thus, a low-noise driver is
needed. Furthermore, the ability to create sequential and pro-
grammable time-sequences of different waveforms (e.g.,
sinusoidal or square) is also essential for many magnetic
therapy applications. In earlier solutions, complex regimes of
time sequenced magnetic waveforms were accomplished by
manual switching of the signal generator and manual attenu-
ator. This approach can be inaccurate, cumbersome and prone
to operator error. Consequently, a precise control of elec-
tronic signal waveforms that drive the magnetic coils is
required. As a result, a programmable driver, including a
programmable attenuator is needed. Embodiments of the
present invention meet these needs.

[0068] In one embodiment, the driver 126 may include a
voltage reference source (VREF 216). The VREF 216 may be
used in the driver 126 to provide a highly accurate and low
temperature drift voltage reference. As explained herein,
there is a need to increase accuracy and precision while reduc-
ing errors. The VREF 216 assists in meeting these needs. The
accuracy of the system can be quantified by how well the
VREF 216 matches a known standard (repeatability) as well
as how much the VREF 216 changes over time (stability). The
VREF 216 may be connected to one or more of the various
devices via any communication means known in the art
including, for example, a system bus.

[0069] In one embodiment, the driver comprises a signal
generator 210. In one embodiment, the signal generator 210
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may be a digitally programmable on-board low noise—low
frequency sinusoidal signal generator. The digital control
input of the signal generator 210 may be electrically con-
nected to the microcontroller 234 via known methods. The
signal generator 210 may also receive a voltage reference
input from the VREF 216.

[0070] In some embodiments, the driver may comprise a
microcontroller 234. The microcontroller 234 may be an on-
board digitally programmable micro-controller device, such
as a microprocessor with programmable memory, or other
micro-controller devices known in the art. In some embodi-
ments, the microcontroller 234 communicates with the pro-
cessor 114. This communication may comprise transmitting
signals via the communications cable 122, or other commu-
nications means known in the art, such as wireless commu-
nications devices. In certain embodiments, the microcontrol-
ler 234 may communicate with the magnetometer 118. This
communication may comprise transmitting signals via the
magnetometer cable 128, or other communications means
known in the art, such as wireless communications devices.
[0071] FIG. 3 is a functional block diagram illustrating a
driver 126 for use according to one embodiment of the present
invention. In one embodiment, the driver 126 provides a
programmable, low-noise, precise and accurate driver foruse
in the system 100.

[0072] As illustrated in FIG. 3, the driver 126 may include
a first digital to analog converter component (DAC-1) 220, a
second digital to analog converter component (DAC-2) 222,
and a differential amplification component, such as a differ-
ential amplifier (Dif Amp 224). In a further embodiment, the
driver 126 may also include an attenuator 228. In a further
embodiment, the driver 126 may also include a voltage ref-
erence source (VREF) 216. In a further embodiment, the
driver 126 may also include a signal generator 210. In a
further embodiment, the driver 126 may also include one or
more relay devices. In some embodiments, the driverincludes
the following relay devices: a mode 212, a select-1 214, a
select-2 218, and a select-3 230. In a further embodiment, the
driver 126 may also include a microcontroller 234. In some
embodiments, the microcontroller 234 may also include soft-
ware (S/W) 236. In some embodiments, the driver 126 may
also include a temperature sensing device (T-sense) 226. In
some embodiments, the driver 126 may also include a dummy
load 232. In some embodiments, the driver 126 may also
include a power supply 238. In some embodiments, the com-
munications cable 122, condition meter cable 128, and driver
cable 124 communicatively connect the elements represented
in FIG. 1 to the elements represented in FIG. 3.

[0073] In one embodiment, the driver comprises a signal
generator 210; a first relay device (select-1 214) connected to
receive output from the signal generator 210; a first digital to
analog converter (DAC-1 220) connected to receive output
from the first relay device (select-1 214); a voltage reference
source (VREF 216); a second relay device (select-2 218)
connected to receive output from the voltage reference source
(VREF 216); a second digital to analog converter (DAC-2
222) connected to receive output from the second relay device
(select-2 218); an amplifier (differential amplifier 224) con-
nected to receive input from the first and second digital to
analog converters (DAC-1 220 and DAC-2 222); a program-
mable attenuator 228 connected to receive input from the
amplifier (differential amplifier 224); a mode device 212 con-
nected to provide input to the first and second relay devices
(select-1 214 and select-2 218); a bus 240 connected to the
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signal generator 210, first and second relay devices (select-1
214 and select-2 218), first and second digital to analog con-
verters (DAC-1 220 and DAC-2 222), attenuator 228, and
mode device 212; and a controller 234 connected to the bus
240.

[0074] Thus, as illustrated above in FIG. 2 and in FIG. 3, in
one embodiment the driver comprises a signal generator 210.
In one embodiment, the signal generator 210 may be a digi-
tally programmable on-board low noise—low frequency
sinusoidal signal generator. An example signal generator 210
is Analog Device part number: AD9832, which provides
0-500 Hz operation at a resolution 1 micro-hertz, with —-60 dB
noise rejection, and is programmable over a Serial Peripheral
Interface (SPI) bus. The digital control input of the signal
generator 210 may be communicatively connected to the
microcontroller 234. In one embodiment, the connection may
be through a system bus 240; or other types of connections
known in the art may be used. The signal generator 210 may
also receive a voltage reference input from the VREF 216. In
one embodiment, the voltage reference input may be 1.024
volts, in other embodiments the voltage reference may be a
different voltage. In one embodiment, the sinusoidal output of
the signal generator 210 is electrically connected to the
select-1 214.

[0075] Inoneembodiment, the driver 126 comprises one or
more relay devices to relay signals from one component to
another. The relay devices may include latching relay
devices. Examples of suitable latching relay devices include
low-loss/long-life signal relays, with low closed impedance
and high open impedance (e.g., gold-contacts), which can be
latched without the continuous application of power. In other
embodiments, the relay devices may comprise solid state
relays.

[0076] Such relay devices may be used to switch analog
signals such as sinusoidal signals, or digital control signals.
Embodiments of latching relay devices are shown as the
Mode 212, select-1214, select-2 218, and select-3 230in FIG.
3. For example, the mode 212 may receive digital control
signals from the microcontroller 234 over the system bus 240
and may further provide digital control output signals to the
relay devices, select-1214 and select 2-218. The select-1 214
and select-2 218 may receive digital control signals directly
from the mode 212, or may receive other digital signals from
the microcontroller 234. In one embodiment, such signals are
received over the system bus 240. In addition, the relay
devices may be used to relay signals from the signal generator
210, and a voltage reference signal from the VREF 216 to the
DAC-1 and DAC-2. In one embodiment, the output signals of
the select-1 214 and select-2 218 are electrically connected to
the DAC-1 220 and DAC- 2 222 respectively. Also, the
select-3 214 may receive digital control signals from the
microcontroller 234. In one embodiment these digital control
signals are received over the system bus 240. Also, the
select-3 214 may receive an analog signal input from the
attenuator 228. The outputs of the select-3 214 may be elec-
trically connected to the coil cables 124. Also, the signals
from the select-3 214 may be connected to a dummy load 232,
which is a device used to simulate an electrical load.

[0077] In one embodiment, the driver 126 may include a
voltage reference source (VREF 216). As noted herein, the
voltage reference source (VREF 216) may be used in the
driver 126 to provide a highly accurate and low temperature
drift voltage reference. In certain embodiments, the accuracy
of the system is quantified by how well the voltage reference
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source (VREF 216) matches a known standard (repeatabil-
ity), and/or how much the voltage reference source (VREF
216) changes over time (stability). An example of a suitable
voltage reference source is National Semiconductor part
number: L.M4140 which provides 1.024 volts at £0.1% accu-
racy with a 3-5 ppm/° C. temperature coefficient. In one
embodiment, the VREF 216 is directly connected to the signal
generator 210, select-1 214 and select-2 218.

[0078] The driver 126 may comprise at least a first and
second digital to analog conversion device (DAC-1 220 and
DAC-2 222). The DAC-1 220 and DAC-2 222 may be used to
increase accuracy and precision while reducing errors. An
example of a suitable digital-to-analog conversion device is
the Analog Devices digital-to-analog converter, part number
ADS5680 which provides an 18-bit DAC, with 2 LSB accu-
racy, less than 1 LSB linearity, 16-bit resolution, and a 300 Hz
update rate. In other embodiments, a different digital to ana-
log to converter may be used. The DAC-1 220 and DAC-2 222
may, in certain embodiments, receive analog inputs from the
select-1214 and select-2 218 respectively. In further embodi-
ments, the DAC-1 220 and DAC-2 222 may receive digital
inputs from the system bus 240. The digital inputs provided
by the system bus may include electrical signals from the
microcontroller 234.

[0079] Inoneembodiment, the DAC-1220 and DAC-2222
provide analog outputs to different inputs of the differential
amplifier 224. Thus, in one embodiment, the differential
amplifier 224 is a differential amplifier housed in the driver
126. An example of a suitable device for use as a differential
amplifier 224 is Linear Technology part number: [T1920
which provides —100 dB noise rejection, 1 millivolt offset,
and -85 dB CMRR (to a few KHz). In one embodiment, the
differential amplifier 224 receives input from the DAC-1 220
and DAC-2 222. In a further embodiment, the differential
amplifier 224 provides output to the attenuator 228. As
explained herein, there is a need to increase accuracy and
precision while reducing errors. In some embodiments, the
DAC-1 220, DAC-2 222, and differential amplifier 224 work
together to assist in meeting this need by, for example, pro-
ducing corrected analog signals using the correction factors
computed in the methods depicted in FIGS. 6 and 7.

[0080] Inoneembodiment, the driver may comprise a tem-
perature sensor 226. For example, as shown in FIG. 3, the
temperature sensor 226 may be located in a region of thermal
conductivity with the output device 110. In one embodiment,
the output device 110 comprises a coil assembly, and the
temperature sensor 226 is located within the coil housing. In
this way, the driver may be capable of adjusting its output in
proportion to ambient temperature, such that changes in tem-
perature will have a reduced effect on the precision and accu-
racy of the magnetic therapy. The temperature sensor 226
may be located within the driver 126. An example of a suit-
able device for the temperature sensor 226 is Microchip part
number TC77-5.0MC, which provides a +1° C. accuracy and
13 bit resolution. The temperature sensor 226 may provide a
digital output to output to the microcontroller 234 via the
system bus 240. In some embodiments, the use of the tem-
perature sensor 226 allows the driver 126 to adjust its output
in response to temperature changes of, for example, the out-
put device 110.

[0081] Inoneembodiment, thedriver 126 may comprise an
attenuator 228. As noted in the description for FIG. 2, the
attenuator 228 may be housed in the driver 126. A number of
types and features of attenuators are known in the art. For
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example, attenuation may be provided by passing the signal
through voltage divider circuits comprising resistors. Alter-
natively, a transformer with a suitable turns ratio may provide
attenuation of either voltage or current. In such an embodi-
ment, one would measure the resultant value to determine the
result. Further, in such an embodiment the attenuated signal
in this method is not exactly a function of the turns ratio. A
reason for this may be the existence of variations in trans-
former efficiency. One way of providing an adjustable means
of attenuation may include optically coupling the signal to a
receiver. However, in such an embodiment the optical cou-
pling coefficient may vary as a function of the signal levels.
Also, the noise levels can be quite low using alternate meth-
ods, but the noise spectra is non-Gaussian, and therefore may
be more difficult to filter.

[0082] Inoneembodiment, the attenuator 228 is capable of
dividing down analog signals to create low-level analog sig-
nals. For example, in one embodiment, the attenuator 228 is
capable of producing an attenuation of 1:1, or unity, to an
attenuation of 1:1x107. Ina further embodiment, the attenu-
ator 228 is a programmable attenuator. Programmable attenu-
ators can be set and/or preset to various attenuation levels,
thereby avoiding the problems seen with manual attenuators.
[0083] In one embodiment, the attenuator 228 may receive
input from the differential amplifier 224. In certain embodi-
ments, the attenuator receives such input via the system bus
224. In some embodiments, the attenuator 228 may provide
an output to the select-3 230. Devices suitable for use in
attenuator 228 include metal film resistor networks having an
accuracy of up to 0.1%.

[0084] As shown in FIG. 3, the driver 126 may comprise a
dummy load 232. In some embodiments, the dummy load 232
may be a resistive load housed within the driver 126 that
provides an output impedance alternative to the load provided
by output device 110. The dummy load 232 is capable of
simulating an electrical load. For example, in some embodi-
ments, such as when used with AC and DC calibration (e.g.,
methods depicted in FIGS. 6 and 7, respectively), the dummy
load receives an electrical load, which is then measured. In
some embodiments, the dummy load 232 receives input from
the select-3 230, In one embodiment, a 1K€2 resistor is suit-
able for the dummy load 232.

[0085] In some embodiments, the driver may comprise a
microcontroller 234. The microcontroller 234 may be an on-
board digitally programmable micro-controller device, such
as microprocessor with programmable memory, or other
micro-controller devices known in the art. An example of a
suitable microcontroller for use as microcontroller 234 is the
Atmel AT32UC3A0512 which has the following characteris-
tics: 32-bit operation, a flash ROM, Ethernet, an I°C port, and
an SPI port. Further, the Atmel AT32UC3A0512 develop-
ment system includes software to operate many functions of
the microcontroller. Further benefits of the Atmel
AT32UC3A0512 include relatively low cost, upgradability of
functions, and availability of peripherals.

[0086] In some embodiments, the microcontroller 234
communicates with the processor 114. This communication
may take place via the communications cable 122, or other
wired or wireless communications means known in the art.
[0087] In certain embodiments, the microcontroller 234
may communicate with the condition meter 118. This com-
munication may take place via the condition meter cable 128,
or other communications means known in the art, such as
wireless communications devices.
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[0088] The microcontroller 234 may, in certain embodi-
ments, communicate within the driver 126 over the system
bus 240 (e.g., via its I°C and/or SPI ports) with the signal
generator 210, and/or the mode 212, and/or the select-1 214,
and/or the select-2 218, and/or the select-3 230, and/or the
DAC-1 220, and/or the DAC-2 222, and/or the T-sense 226,
and and/or the attenuator 228. In some embodiments, the
software (/W 236), which resides within the non-volatile
memory of the microcontroller 234 (e.g., flash ROM,
NVRAM), is the firmware that assists in enabling the func-
tionality of the driver 126, thereby providing a programmable
driver.

[0089] Insomeembodiments, the driver 126 may comprise
apower supply 238. The power supply 238 may comprise any
standard DC/DC power supply. For example, in some
embodiments, the power supply has +5 volt and +3.3 volt
outputs and a wide range of DC input voltages. In one
embodiment, the power supply has very low radiated and
conducted noise. The power supply may achieve low noise by
using specific fixed frequency converters. These converters
may allow more precise filtering of noise components. Fur-
ther, the use of smaller targeted power supplies may generate
less total noise. The power supply 238 may receive input
power via the communications cable 122. Also, the power
supply 238 may supply electrical output power to the driver
126. Example devices which are suitable for the power supply
238 are standard switch-mode or linear DC supplies. In other
embodiments, other power supplies known in the art may be
used.

[0090] Inone embodiment, the driver 126 comprises a sys-
tem bus 240. The system bus 240 may be a digital communi-
cation bus. In some embodiments, the microcontroller 234
uses the system bus 240 to communicate to and from other
digital components within the driver 126. In various embodi-
ments, the system bus 240 may comprise one or more of any
digital communication means that can interconnect the driver
126. For example, the system bus 240 may comprise a 32-bit
parallel bus, and/or a SPI serial bus, and/or I°C serial bus,
among others.

[0091] FIG. 3 shows one possible configuration of driver
126 and its associated components. Other configurations of
driver 126 and associated components are possible. For
example, in one embodiment, the output device 110 com-
prises a coil assembly, which may be driven single-endedly
through the select-3 230 as shown in FIG. 3, in which case the
current is returned to ground. In a further embodiment, in
which the output device 110 comprises a coil assembly, the
two terminals of the coil assembly may be driven differen-
tially through two switches within the driver 126. In such an
embodiment, the coil assembly would be in DC isolation
from ground, thereby reducing the effect of spurious signals
on driver 126. In addition, the current and/or voltage wave-
form of the coil assembly may be fed back to the driver 126
and reprocessed using servo techniques. Such a technique
may have benefits, including minimizing voltage offset errors
within the driver 126.

[0092] Insome embodiments a method of operating a mag-
netic field generating device according to one embodiment of
the present invention may comprise receiving at least one
calibration factor. In some embodiments, a method of oper-
ating a magnetic field generating device may comprise
receiving signals from a first digital to analog converter and a
second digital to analog converter. In some embodiments, a
method of operating a magnetic field generating device may
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further comprise using the signals and the at least one cali-
bration factor to calibrate the driver.

[0093] In some embodiments of a method of operating a
magnetic field generating device, the at least one calibration
factor is both an AC calibration factor and a DC calibration
factor. In some embodiments of a method of operating a
magnetic field generating device the at least one calibration
factor is an AC calibration factor. In some embodiments of a
method of operating a magnetic field generating device the at
least one calibration factor is a DC calibration factor.

[0094] Insome embodiments of a the present invention, the
AC calibration factor is determined by a method comprising:
receiving an AC calibration level; directing the driver to pro-
duce an output signal; measuring the output signal; and deter-
mining the accuracy of the output signal.

[0095] Insome embodiments of a the present invention, the
DC calibration factor is determined by a method comprising:
receiving a DC calibration level; directing the driver to pro-
duce an output signal; measuring the output signal; and detet-
mining and storing a DC offset, based at least in part on the
measurement of the output signal.

[0096] FIG.4isaflow diagram illustrating an embodiment
of a method 400 of operating a driver 100 of the present
invention. The method 400 includes the process for initializa-
tion and normal operation of the driver 126 according to one
embodiment of the present invention. FIGS. 1, 2, and 3 are
referenced throughout the steps of the method 400. In one
embodiment, the method 400 comprises the following steps:
[0097] Step 410: Applying power to the system: In one
embodiment, power is applied to the processor 114. Also,
power may be supplied to the condition meter 118. Also,
power may be supplied to the driver 126. Also, power may be
supplied to the sensors. In one embodiment, the power supply
238 within the driver 126 supplies power to all circuits within
the driver 126. In a further embodiment, the power supply 238
provides +5 v, +3.3 v of power. Next, the method 400 may
proceed to step 412.

[0098] Step 412: Entering operational commands: In one
embodiment, commands are provided to the system. These
commands may include instructions regarding the operation
of the system. In some embodiments, an operator enters the
commands using the processor 114. In a further embodiment,
the operator enters the commands via a user interface com-
municatively connected to the processor 114. According to
various embodiments, examples of system operation com-
mands may include those that implement a desired therapeu-
tic regime and those that perform calibration of the driver 126.
Calibration of the driver may be accomplished by performing
an AC orDC calibration. In some embodiments, the AC or DC
calibration may determine the AC or DC calibration factors.
Hlustrative embodiments of AC and DC calibration are
described in the discussion of methods 600 and 700. Next, the
method 400 may proceed to step 414.

[0099] Step 414: Entering therapeutic parameters: In one
embodiment, therapeutic parameters are provided. In some
embodiments, the therapeutic parameters are provided using
the processor 114. In a further embodiment, the therapeutic
parameters are provided via the user interface of the processor
114. In various embodiments, the parameters are provided in
a variety of ways, for example, by condition to be treated, by
aregime code, or by waveform parameters, such as magnetic
waveform type, amplitude and frequency (i.e., sinusoidal, 0.1
nano-Tesla, 10 Hz). In a further embodiment. the therapeutic
parameters are provided by software without the need for
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manual entry by an operator. For example, the processor 114
may receive data containing operational commands for the
desired therapeutic regime from a centralized server via a
network connection. Next, the method 400 may proceed to
step 416.

[0100] Step 416: Providing input signals to driver: In one
embodiment, input signals are provided to the driver. In such
an embodiment, the input signals may comprise a command
for the system to operate in normal operation mode. In some
embodiments, processor 114 provides the input signals. In
some embodiments, the input signals may be transmitted via
the communications cable 122. Next, the method 400 may
proceed to step 418.

[0101] Step 418: Reading condition meter and other sen-
sors: In one embodiment, the condition meter 118 is a mag-
netometer that measures the ambient magnetic field between
the coils of the output device 110, which may comprise a coil
assembly. In a further embodiment, the magnetometer com-
municates digital ambient magnetic field data to the micro-
controller 234. In one embodiment, this communication may
take place via the condition meter cable 128. In other embodi-
ments, this communication may take place via other commu-
nication means known in the art, such as wireless communi-
cations. In one embodiment, the T-sense 226 may sense the
temperature of the output device 110. Also, the T-sense 226
may communicate digital temperature data to the microcon-
troller 234. In some embodiments, this communication takes
place via the system bus 240.

[0102] Insomeembodiments, other sensors provide sensor
signal comprising data for controlling the driver. In various
embodiments the sensors may measure a variety of biometric
and/or physical data (e.g., humidity, pressure, heart rate,
blood pressure, EKG, EEG). In some embodiments, the sen-
sors provide the sensor signals to a communication means.
The communication means may comprise either wired (e.g.,
USB, IEEE 1394) or wireless (802.11, Bluetooth). In some
embodiments, the sensors provide sensor signals to the
microcontroller 234, under control of the S/W 236. In further
embodiments, the sensors provide sensor signals to the pro-
cessor 114. The sensor signals comprise data which may
comprise ambient magnetic field data, and/or the temperature
data, and/or the sensor data. The sensor may transmit signals
via the communication cable 122. In some embodiments, the
ambient magnetic field data, and/or temperature data, and/or
the sensor signals are communicated to a centralized server.
This communication may be done via a network of any type
known in the art, including wired and wireless networks.
Next, the method 400 may proceed to step 420.

[0103] Step 420: Determining required signals: In one
embodiment, the processor 114 determines the required sig-
nals. In some embodiments, the processor 114 uses the cal-
culations to compensate for one or more conditions. In such
an embodiment, the conditions may comprise ambient mag-
netic conditions, temperature, and/or other external condi-
tions. In some embodiments, T-sense 226 and/or the condi-
tion meter 118 detect the external conditions. The processor
114 may determine one or more compensated waveform cor-
rection factors required to produce a therapeutic dose of mag-
netic field. As explained herein, using the correction factors
assists in meeting the currently felt need for providing accu-
rate and precise low-level magnetic fields while reducing
errors. The processor 114 may determine an electronic wave-
form to produce a therapeutic dose of magnetic field. Addi-
tionally or alternatively, the processor 114 may determine a
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correction factor to apply to the waveform to compensate for
the ambient magnetic field and the temperature of the output
device 110.

[0104] Insomeembodiments, the processor 114 makes this
determination using techniques such as calculating the
inverse polarity of the ambient magnetic field. For example,
the system may use a magnetometer to measure the total
magnetic field within the coils. Then the processor 114 may
determine a compensation value by comparing the measured
field to the expected field. Then, the compensation value may
be generated and applied to the drive signal. Further, the
processor 114 may determine compensation for the tempera-
ture of the coil assembly, and based on this determination
apply additional, or reduced, electric current to the coil
assembly.

[0105] For example, in one embodiment, the processor 114
may determine temperature compensation to apply to the
drive signal using an algorithm obtained using a general set of
coils. In such an embodiment, the temperature coefficient of
copper and the elongation of the windings will change the
actual magnetic field for a given current. The processor may
use this known relationship, and the measured temperature of
the windings to determine an adjustment to the final scale
factor. In one embodiment, for example, an equation that may
be used to calculate the final scale factor is (old value®(1+
[normalized temperature]*[sensitivity factor])). The sensitiv-
ity factor may be determined experimentally. Also, correction
factors based on AC and/or DC correction factors may be
used.

[0106] Insome embodiments, processor 114 performs one
or more of these steps. For example, in some embodiments,
processor 114 may comprise a memory which stores AC and
DC correction factors. Also, the processor 114 may determine
the electronic waveform. Next, the method 400 may proceed
to step 422.

[0107] Step 422: Driving Output Device: In one embodi-
ment, the output device 110, such as a coil assembly, produces
a magpnetic field. In some embodiments, the driver 126, ener-
gizes the coils of the coil assembly to produce the magnetic
field. The magnetic field may comprise the therapeutic dose
of magnetic field computed in step 420. This process is
explained in more detail in FIG. 5 and the accompanying
description. Next, the method 400 may proceed to step 424.
[0108] Step 424: Measuring results: In one embodiment,
the magnetic field is measured. In some embodiments, the
condition meter 118 comprises a magnetometer that mea-
sures the magnetic field within the output device 110, such as
a coil assembly. The magnetic field may be a combination of
the pre-existing ambient field and the field that the system 100
generates. In some embodiments, the magnetometer may
transmit a signal comprising the measurement results the
microcontroller 234. The magnetometer may transmit the
signal via the condition meter cable 128. In one embodiment,
the T-sense 226 and/or other sensors that measure a variety of
physical and biometric data transmit signal via a communi-
cation means. In various embodiments, the communication
means may be any communication means known in the art,
either wired or wireless. Further, in some embodiments, at
least a portion of the data may be communicated to the micro-
controller 234, under control of the S/W 236. Next, the
method 400 may proceed to step 426.

[0109] Step 426: Communicating results to Processor: In
oneembodiment, the results are communicated. For example,
in some embodiments the microcontroller 234, under control
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of the S/W 236, communicates the results. The results may
include magnetic field and other sensor inputs measured in
step 424. In some embodiments, the results are communi-
cated to the processor 114. The communication may take
place via the communication cable 122. In other embodi-
ments, the communication may take place via any communi-
cation means known in the art—wired and/or wireless.

[0110] After receiving the data, in some embodiments, the
processor 114 displays and/or analyzes at least some of the
data. In various embodiments, the data displayed and/or ana-
lyzed relates to the operational status of the magnetic therapy
system 100 and data from the sensors. Examples of such data
may include the resultant magnetic field parameters, and/or
whether the operation is within proper limits of operation,
and/or if a variety of biometric data are sufficiently positive to
proceed with the therapeutic regime. In one embodiment,
while in continuous operation, the processor 114 displays
various operational and sensor data. In some embodiments,
processor 114 may be communicatively connected to a dis-
play. In such an embodiment, for example, the display may
comprise an LCD display, an LED display, or a CRT display.
In some embodiments, the processor 114 may use the display
to display various operational and sensor data. This data may
include the resultant therapeutic magnetic field parameters,
and/or a variety of physical and/or biometric sensor data from
the sensors. This sensor data may represent a variety of physi-
cal parameters including the physiological states of recipients
of magnetic therapy, for example, an abnormally high pulse
rate. Next, the method 400 may proceed to step 428.

[0111] Step 428: Change settings?: In one embodiment, the
choice to change settings is presented. In some embodiments,
the processor 114 prompts the operator to determine whether
changes to the operational or therapeutic parameters are nec-
essary. This prompt may be based on the results of step 426.
In one embodiment, if directed to change settings, the pro-
cessor 114 uses an algorithm to recalculate and communicate
new electrical waveform parameters to the driver 126. Fur-
ther, in some embodiments, the new electrical waveform
parameters may be used to alter the output of the magnetic
therapy system 100. If the decision is made to change the
settings, then the method 400 proceeds to step 430. If the
decision is made not to change the settings, then the method
400 may proceed back to step 412.

[0112] Step 430: Power down?: In one embodiment, the
decision is made whether to power down the system 100. In
some embodiments, the operator determines whether to
power down the system 100. In other embodiments, the pro-
cessor 114 determines whether to power down the system
100. If the decision is made to power down, then the method
400 ends. If the decision is made not to power down, then the
method 400 may return to step 422.

[0113] As explained above, an aspect of providing a mag-
netic field according to one embodiment of the invention is
driving the output device 110. As further explained above, in
one embodiment the output device 110 comprises a coil
assembly. This process is represented by step 422 in FIG. 4,
and is explained in more detail below.

[0114] FIG. 5 is a flow diagram illustrating a method of
driving the output device according to one embodiment of the
present invention. In the steps that follow, according to one
embodiment of the present invention, the driver 126 drives the
output device 110. In one embodiment, the output device 110
is a coil assembly, and the driver 126 drives the output device
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110 by energizing the coils of the coil assembly to precisely
and accurately produce a magnetic field.

[0115] Step 510: Providing waveform parameters to micro-
controller: In one embodiment, one or more waveform
parameters may be provided. The waveform parameters may
be provided to the microcontroller 234. In some embodi-
ments, processor 114 provides the waveform parameters. For
example, in some embodiments, the processor 114 transmits
signals comprising the compensated electric waveform
parameters to the microcontroller 234 within the driver 126.
Fxamples of the compensated electric waveform parameters
may include waveform type (e.g., sinusoidal, square, saw-
tooth), amplitude (e.g., 0.032 micro-gauss, 0.017 micro-
gauss, 0.075 micro-gauss) and frequency (e.g., 0.3 Hz, 0.8
Hz, 5 Hz, 10 Hz). This communication may take place via the
communication cable 122, In other embodiments, the com-
munication may take place via any communication means
known in the art—wired and/or wireless. Next, the method
500 may proceed to step 512.

[0116] Step 512: Instructing mode to select mode of opera-
tion: After receiving the compensated electric waveform
parameters, in one embodiment, the mode of operation is
selected. In some embodiments, the microcontroller 234,
under control of the S/'W 236 issues the commands to the
mode 212. This communication may take place via the sys-
tem bus 240. Next, the method 500 proceeds to step 514. In
some embodiments, steps 514, and/or 516, and/or 518 may be
performed simultaneously or substantially simultaneously. In
further embodiments, steps 514, and/or 516, and/or 518 may
be performed in a different order than the order listed below.
Thus, the order listed below is merely one embodiment and is
not intended to limit the scope of the disclosed invention.
[0117] Step 514: Switching output of signal generator to
DAC-1 input: After the mode of operation is selected, in one
embodiment, the select-1 214 switches the output of the sig-
nal generator 210 to the input of the DAC-1 220. In some
embodiments, the select-I is commanded to perform this step.
In one embodiment, this command may be provided by the
mode 212. Next, the method 500 may proceed to step 516.
[0118] Step 516: Switching output of VREF to DAC-2
input: After the mode of operation is selected, in one embodi-
ment, the select-2 218 switches the output of the VREF 216 to
the input of DAC-2 222. In some embodiments, the select-2 is
commanded to perform this step. In one embodiment, mode
212 may provide this command. Next, the method 500 may
proceed to step 518.

[0119] Step 518: Switching output of attenuator to driver
cable: After the mode of operation is selected, in one embodi-
ment, the select-3 230 switches the output of the attenuator
228 to the driver cable 124. In some embodiments, the
select-3 is commanded to perform this step. In one embodi-
ment, mode 212 may provide this command. Next, the
method 500 may proceed to step 520.

[0120] Step 520: Adding Calibration Values: In one
embodiment, after the mode performs the tasks described in
steps 514, 516, 518, calibration values are added, such as
those computed by the methods depicted in FIGS. 6 and 7 and
described in methods 600 and 700, and/or other correction
factors such as those that compensate for the ambient mag-
netic field. These calibration values may be used as correction
factors in order to produce a precise and accurate signal. The
method may next proceed to step 522

[0121] Step 522: Instructing DAC-1 and DAC-2 to produce
corrected analog signals: In one embodiment, after the cali-
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bration values are added, the signals provided by the DAC-1
220 and DAC-2 222 are compensated using the correction
factors. In some embodiments, these commands are provided
by the microcontroller 234, under control of the S’'W 236. As
explained herein, using the correction factors may allow
embodiments of the invention to provide highly accurate and
precise magnetic fields while reducing errors. Next, the
method 500 may proceed to step 524.

[0122] Step 524: Creating a signal: In one embodiment, the
differential amplifier 224 continuously creates a signal that is
the difference between the output of the DAC-1 220 and the
DAC-2 222. In some embodiments, the differential amplifier
224 outputs this signal to the attenuator 228. Next, the method
500 may proceed to step 526.

[0123] Step 526: Attenuate the signal: In one embodiment,
the attenuator 228 receives the signal output from the differ-
ential amplifier 224. After receiving the signal output, in some
embodiments, the attenuator 228 reduces the power of the
signal. The attenuator 228 may reduce the power of the signal
over arange of 1:1 (or unity) to 1:1x107*°, Next, the method
500 may proceed to step 528.

[0124] Step 528: Allow signal to pass to be output: After the
signal passes through the attenuator as described in step 524,
in one embodiment, the attenuator transmits the signal to
select-3 230. In a further embodiment, the select-3 230 allows
the signal to be output. In one embodiment, the select-3 230
passes the signal to the driver cable 124. As a result, the output
of the driver 126 may drive the driver cable 124. In some
embodiments, the driver cable 124 is electrically connected to
the input of the parallel combination of the compensation
network and the output device 110. In some embodiments, the
driver cable 124 thereby drives the output device 110.
[0125] As explained herein, a need exists for providing
precise and accurate magnetic fields while minimizing the
presence of errors. As further explained above, embodiments
of the present invention address this need in a number of
ways. One way in which the present invention address this
need is using correction factors to control the amount of
current that the driver 126 delivers. Thus, a need exists to
determine the correction factors. Embodiments of the present
invention meet this need by means of performing AC calibra-
tion, as described below.

[0126] Oneembodiment of the invention includes a method
of AC calibration. The AC calibration method may include
providing a signal as output, which is attenuated a number of
times through a number of steps. After each step, the output
may be tested to determine the offset values of the digital to
analog converter devices (DAC-1220 and DAC-2 222). After
progressing through the steps, the method may determine
whether the test has passed. According to one embodiment, if
the test passed, then the AC calibration factors may be calcu-
lated and stored; if the test is not passed, then the AC calibra-
tion factors may be adjusted and the above-described steps
may be repeated.

[0127] Various types of calibration may be performed by
certain embodiments of the present invention. In some
embodiments of the present invention, a method of AC cali-
bration of driver for a magnetic field generating device com-
prises: receiving an AC calibration level; directing the driver
to produce an output signal; measuring the output signal; and
comparing the measured output signal to an expected value.
[0128] Insomeembodiments, the method of AC calibration
of adriver for a magnetic field generating device may further
comprise determining and storing an AC calibration factor.
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[0129] Insomeembodiments, the method of AC calibration
of a driver for a magpetic field generating device may further
comprises receiving a new AC calibration level; and using the
new AC calibration level to further calibrate the driver.
[0130] Insomeembodiments, the method of AC calibration
of a driver for a magnetic field generating device may further
comprise determining a new AC calibration level, based at
least in part on a sensor signal received from a sensor config-
ured to measure the output signal.

[0131] In some embodiments of the present invention,
directing the driver to produce an output signal comprises:
transmitting a signal to an attenuator configured to produce an
attenuated signal; and transmitting the attenuated signal to a
dummy load.

[0132] In some embodiments of the present invention the
AC calibration factor produces a linearized AC characteristic
for the driver.

[0133] FIG. 6is a flow diagram illustrating a method of AC
calibration 300 of the driver 100 according to one embodi-
ment of the present invention. As noted above, aneed exists to
minimize electronic errors due to non-linearity and stray AC
offsets in the driver. In some embodiments, the process of the
method 600 minimizes electronic errors due to stray AC off-
sets in the driver.

[0134] In general, according to one embodiment, the
method 600 comprises providing and testing a number of
attenuated signals. In one embodiment, calibration param-
eters are computed based on these tests. If the test is passed,
the calibration parameters are saved. If the test is not passed,
then the steps of providing and testing the attenuated signals
may be executed again. This process may continue iteratively
until the test is passed. In one embodiment, the method 600
includes the following steps:

[0135] Step 610: Entering AC calibration command: In one
embodiment, the AC calibration process is initiated. In some
embodiments, an operator enters a command to begin AC
calibration. For example, the operator may enter the com-
mand using the processor 114. In one embodiment, the opera-
tor enters the command via the user interface communica-
tively connected to processor 114. Next, the method 600 may
proceed to step 612.

[0136] Step 612: Entering calibration parameters: In one
embodiment, desired calibration levels are provided. In some
embodiments, the operator enters desired calibration levels
(e.g., voltage, current, frequency values). For example, the
operator may enter the calibration levels using the processor
114. In one embodiment, the operator enters the calibration
levels via a user interface communicatively connected to pro-
cessor 114. In a further embodiment the calibration levels are
provided without the need for operator intervention, for
example, the calibration levels may be stored on a computer
readable medium accessed by the processor 114. Next, the
method 600 may proceed to step 614.

[0137] Step 614: Providing inputs to driver: In one embodi-
ment, commands and/or other inputs are provided to the
driver 126. In some embodiments, the processor 114 may
transmit signal comprising one or more commands to the
microcontroller. For example, these signals may comprise
commands to begin AC calibration and/or the AC calibration
levels. In certain embodiments, the signals are transmitted via
the communication cable 122. In other embodiments, the
signals are transmitted via any communication means known
in the art—wired and/or wireless. Next, the method 600 may
proceed to step 616.
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[0138] Step 616: Driving Output: In one embodiment, the
output of the driver 126 is activated for AC calibration. In
general, according to one embodiment, the differential ampli-
fier 224 provides a signal to the attenuator 228, which attenu-
ates the signal a specified number of times. After each attenu-
ation step, the attenuator 228 may provide the attenuated
signal to the dummy load 232 so that the output can be
measured.

[0139] More specifically, for AC calibration according to
one embodiment, the microcontroller 234, under control of
the S/W 236, commands the mode 212, via the system bus
240 to select the AC calibration mode of operation. After
receiving the command, the mode 212, may set the select-1
214 to switch the output of the signal generator 210 to the
input of the DAC-1 220. In one embodiment, the mode 212
may set the select-2 218 to switch the VREF 216 to the input
of the DAC-2 222. In a further embodiment, the mode 212
may set the select-3 230 to pass the output of the attenuator
228 to the dummy load 232. In one embodiment, the micro-
controller 234, under control of the S/W 236, commands the
DAC-1 220 and the DAC-2 222 to output a signal in a range
of 0.1 Vpp to 1 Vpp. The differential amplifier 224 may
continuously create a signal that is the difference between the
output of the DAC-1 220 and the DAC-2 222.

[0140] In one embodiment, the differential amplifier 224
may output this signal to the attenuator 228. In one embodi-
ment, the attenuator 228, which is under the control of the
S/W 236, sequentially steps the attenuation of the signal over
arange of 1:1 (or unity) to 1:10000. In some embodiments,
the number of steps is five or six, but various embodiments are
capable of performing any number of steps. In one embodi-
ment, after the signal is attenuated by the attenuvator 228, the
attenuated signal is passed by the select-3 230 to the dummy
load 232. In one embodiment, the dummy load 232 allows
direct measurement of the output. Next, the method 600 may
proceed to step 618.

[0141] Step 618: Testing Output: In one embodiment, the
output of the driver 126 is tested. In some embodiments, the
operator tests the output of the driver 126. In some embodi-
ments, the output tested includes voltage and/or frequency. In
some embodiments, the output is tested at the contact points
of coil cables 124. In some embodiments, the operator tests
the output with a digital multimeter to determine the offset
values of DAC-1 220 and DAC-2 222 corresponding to the
discrete values in the range of 0.1 Vpp to 1 Vpp described in
step 616. In one embodiment, the results of the tested output
are used to calculate the offset values. For a given value
provided to DAC-1 and DAC-2, the resultant output is mea-
sured and used in a calculation to generate the offset and scale
coefficients. In one embodiment, the output resulting from
DAC-1 set at full scale and DAC-2 at minimum is compared
to the output resulting from DAC-2 set at full scale and
DAC-1 at minimum. In one embodiment, when DAC-1 is at
full scale, the output is an AC value varying between zero and
a voltage peak. This peak value may be measured and com-
pared to a steady state value provided by DAC-2. The differ-
ence between the two values should be zero.

[0142] In one embodiment, variations in output from
DAC-1 and/or DAC-2 may be corrected by using the offset
and scale adjustment values in the following linear equation:
new value={(X,-X, )*[old value]+[measured offset]}. In the
preceding linear equation, X, and X, may be determined from
the measured output of DAC-1 and DAC-2. In one embodi-
ment, a difference equation is used to calculate the values of
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X, and X, . The difference equation may include the slope and
offset of the difference of the minimum and full-scale values
from DAC-1 and DAC-2. Specifically, in one embodiment X,
is the corrected minimum value determined by applying the
difference equation from DAC-1 and DAC-2 to each DAC
value. In one embodiment X is the corrected full-scale value
determined by applying the difference equation from DAC-1
and DAC-2 to each DAC value. The measured offset is a
calculation comparing the DAC-1 minimum to the DAC-2
minimum and the DAC-1 full-scale to the DAC-2 full-scale.
Once the scale and offset factors are generated, they are tested
to ensure that the waveform is centered around zero within a
measurement variance. In a further embodiment, an auto-
mated process tests the output of the driver 126, thus elimi-
nating the need for operator intervention. Next, the method
600 may proceed to step 620.

[0143] Step 620: Test Passed?: In one embodiment, the
method 600 determines whether the test has passed. In one
embodiment, the operator manually enters the resultant val-
ues from step 618 (e.g., voltage and frequency) into the pro-
cessor 114 via a user interface. The offset and scale calibra-
tion values may be tested to determine compliance to the
output voltage specifications within some measurement win-
dow. For example, if code values sent to DAC-1 220 and
DAC-2 222 should result in a 0.8431 Vpp value, with a zero
offset, this may be measured at the output of the differential
amplifier 224 and verified within specifications. In one
embodiment, the output measurement at the test point will be
within £0.000025V of the determined value, as determined
by an HP3457A, with a 25 sample integration. This type of
test may be performed across a range of values for DAC-1
220, DAC-2 222, and/or the differential amplifier 224. This
test may ensure that the relationship between a code value and
an output voltage is correct over the entire output range.
[0144] In one embodiment, after the electronics are cali-
brated, the system 100 may be tested and calibrated to ensure
the magnetic field at the point of use is within specification.
The system may apply a drive signal to the coils. A sensitive
magnetometer may measure the magnetic field strength,
which is then compared to the expected magnetic field
strength. As the relationship between code values and signal
drive output has been previously established and calibrated, a
simple scale factor adjustment may be used to ensure the
magnetic field is within specifications across the range of use.
[0145] System software of the processor 114 may deter-
mine if the test has passed. If yes (test passed), then the
method 600 proceeds to step 622. If no (test not passed), then
the method 600 may proceed to step 626.

[0146] Step 622: Storing AC calibration factors: In one
embodiment, AC calibration factors that produce a linearized
AC characteristic for the driver 126 are calculated. In some
embodiments, the AC calibration factors are not stored, and
step 622 is omitted. In one embodiment, the processor 114
transmits signals comprising the AC calibration parameters to
the microcontroller 234. In some embodiments, the processor
transmits these signals via the communication cable 122. In
some embodiments, the microcontroller 234 under control of
the S/W 236, then stores the AC calibration factors in its
non-volatile memory (not shown). In some embodiments, the
completion of AC calibration is communicated. For example,
in one embodiment, the processor 114, under control of sys-
tem software, then communicates the completion of AC cali-
bration to the operator. In one embodiment, this communica-
tion is performed via a display which is communicatively
connected to the processor 114.

[0147] Step 624: Indicating results to operator: In one
embodiment, if AC calibration fails in step 620, the failure of
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AC calibration is communicated. In one embodiment, the
processor 114 communicates the failure of the AC calibration.
In one embodiment, this information may be communicated
to a display which is communicatively connected to the pro-
cessor 114. In some embodiments, the measurements taken in
step 620 are communicated to the microcontroller 234. In
some embodiments, this communication takes place via the
communications cable 122. Next, the method 600 may pro-
ceed to step 626.

[0148] Step 626: Adjusting calibration parameters: In one
embodiment, new calibration levels are calculated. In some
embodiments, these calibration levels are based, at least in
part, on the measurements taken in step 620. In some embodi-
ments, the processor 114, under control of system software,
calculates the calibration levels. In a further embodiment, the
processor 114 transmits signals comprising the calibration
levels. In a further embodiment, the calibration levels are
communicated via a display which is communicatively con-
nected to the processor 114. Next, the method 600 may return
to step 612.

[0149] As explained above, a need exists for providing
precise and accurate magnetic fields while minimizing the
presence of errors. As further explained above, embodiments
of the present invention address this need in a number of
ways. One way in which the need is addressed is by using
correction factors to control the amount of current provided
by the driver 126. Thus, a need exists to determine the cor-
rection factors. Embodiments of the present invention meet
this need by means of performing DC calibration, as
described below.

[0150] Oneembodiment includes a DC calibration method.
A method for DC calibration of a driver for a magnetic field
generating device may comprise: receiving DC calibration
levels; directing the driver to produce an output signal; mea-
suring the output signal; and determining and storing an off-
set, based at least in part on the measurement of the output
signal.

[0151] In some embodiments of a method for DC calibra-
tion of a driver for a magnetic field generating device, deter-
mining an offset may comprise: setting a first digital to analog
converter to produce minimum output; setting a second digi-
tal to analog converter to produce full-scale output and mea-
suring the driver’s output signal; setting the second digital to
analog converter to produce minimum output and measuring
the driver’s output signal; and determining an offset based at
least in part on the measurements of the driver’s output signal.
[0152] Insome embodiments of a method for DC calibra-
tion of a driver for a magnetic field generating device, direct-
ing the driver to produce an output signal may comprise:
transmitting a signal to an attenuator configured to produce an
attenuated signal; and transmitting the attenuated signal to a
dummy load.

[0153] In some embodiments of a method for DC calibra-
tion of a driver for a magnetic field generating device, deter-
mining and storing an offset comprises determining and stor-
ing more than one offset, and wherein determining each offset
comprises setting one digital to analog converter to minimum
output and another digital to analog converter to full-scale
output. In some embodiments of a method for DC calibration
of a driver, determining and storing more than one offset
comprises determining and storing four offsets. In some
embodiments of a method for DC calibration of a driver,
determining a DC calibration factor comprises combining the
four offsets.

[0154] FIG. 7is a flow diagram illustrating a method of DC
calibration 700 of the driver 126 according to one embodi-
ment ofthe present invention. As noted above, a need exists to
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minimize electronic errors due to non-linearity and stray DC
offsets in the driver. Embodiments of the present invention
meet this need. In one embodiment, the process of method
700 may minimize electronic errors due to non-linearity and
DC offsets in the driver. The method 700 includes the follow-
ing steps:

[0155] Step 710: Entering DC calibration command and
parameters: In one embodiment, a command to begin DC
calibration is provided. In some embodiments, DC calibra-
tion parameters are also provided. In one embodiment, an
operator enters the DC calibration command using the pro-
cessor 114. In a further embodiment, the operator also enters
DC calibration parameters using the processor 114. These
communications may be entered via a user interface which is
communicatively connected to the processor 114. In one
embodiment, the processor 114 transmits signals comprising
the DC calibration command and DC calibration levels to the
microcontroller 234. In a further embodiment, this commu-
nication takes place via the communication cable 122. Next,
the method 700 may proceed to step 712.

[0156] Step 712: Activating output: In one embodiment, the
output of the driver 126 is activated for DC calibration. In
general, according to one embodiment, the differential ampli-
fier 224 transmits a signal to the attenuator 228, which attenu-
ates the signal. After performing this step, the attenuator 228
transmits the attenuated signal to the dummy load 232 so that
the output can be measured.

[0157] More specifically, for DC calibration in one
embodiment, the microcontroller 234, under control of the
S/W 236, commands the mode 212, via the system bus 240 to
select the DC calibration mode of operation. After receiving
the command, the mode 212 may set the select-1 214 to
switch the VREF 216 to the input of the DAC-1 220. In one
embodiment, the mode 212 may set the select-2 218 to switch
ground to the input of the DAC-2 222. In one embodiment, the
mode 212 may set the select-3 230 to pass the output of the
attenuator 228 to the dummy load 232. The differential ampli-
fier 224 may continuously transmit a signal that is the differ-
ence between the signal output by DAC-1 220 and DAC-2
222. In one embodiment, the differential amplifier 224 may
output this signal to the attenuator 228, which under the
control of the S/W 236, attenuates the signal over a range of
1:1 (orunity) to 1:1x107"* for calibration. Also, the attenuator
level may be set from 1:1 to 1:10000, to allow direct mea-
surement of the output. In one embodiment, the attenuated
signal is passed by the select-3 230 to the dummy load 232.
Next, the method 700 may proceed to step 714.

[0158] Step 714: Setting DAC-1 to minimum: In one
embodiment, the DAC-1 220 is set to minimum output. In a
further embodiment, the microcontroller 234, under control
of the S/W 236, commands the DAC-1 220 to minimum
output. Next, the method 700 may proceed to step 716.

[0159] Step 716: Setting DAC-2 to full-scale/measure: In
one embodiment, the DAC-2 222 is set to full-scale output. In
a further embodiment, the microcontroller 234, under control
of the S/'W 236, commands the DAC-2 222 to full-scale
output. After the DAC-2 222 is set to full-scale output, in
some embodiments the operator tests the output of the driver
126. The test(s) may be for the voltage or any other properties
that can be measured. In one embodiment, the operator tests
the output at the contact points of the output device 124 with
a digital multimeter. In a further embodiment, the operator
enters the resultant measurement at the processor 114. In
some embodiments, this entry is performed via the user inter-
face of the processor 114. In a further embodiment, a process
tests the output of the driver 126 without the need for operator
intervention. Next, the method 700 may proceed to step 718.
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[0160] Step 718: Setting DAC-2 to minimum/measure: In
one embodiment, the DAC-2 is set to minimum output. In a
further embodiment, the microcontroller 234, under control
of the S/W 236, commands the DAC-2 222 to minimum
output. After the DAC-2 222 is set to minimum output, in
some embodiments the operator tests the output of the driver
126. The test(s) may be for the voltage or any other properties
that can be measured. In one embodiment, the operator tests
the output at the contact points of the output device 124 with
a digital multimeter. In a further embodiment, the operator
enters the resultant measurement at the processor 114. In
some embodiments, this entry is performed via the user inter-
face communicatively connected to the processor 114. In a
further embodiment. a process tests the output of the driver
126 without the need for operator intervention. Next, the
method 700 may proceed to step 720.

[0161] Step 720: Saving first offset: In one embodiment the
first offset is computed and saved. In some embodiments, the
first offset is computed by the processor 114, under control of
system software. After the first offset is computed, in some
embodiments the processor 114 saves the first offset in a data
store which is communicatively connected to the processor
114. Next, the method 700 may proceed to step 722.

[0162] Step 722: Setting DAC-2 to minimum: In one
embodiment, the DAC-2 222 is set to minimum output. In a
further embodiment, the microcontroller 234, under control
of the S/W 236, commands the DAC-2 222 to minimum
output. Next, the method 700 may proceed to step 724.

[0163] Step 724: Setting DAC-1 to full-scale/measure: In
one embodiment, the DAC-2 222 is set to full-scale output. In
a further embodiment, the microcontroller 234, under control
of the S/W 236, commands the DAC-1 220 to full-scale
output. After the DAC-1 222 is set to full-scale output, in
some embodiments the operator tests the output of the driver
126. The test(s) may be for the voltage or any other properties
that can be measured. In one embodiment, the operator tests
the output at the contact points of the output device 124 with
a digital multimeter. In a further embodiment, the operator
enters the resultant measurement at the processor 114. In
some embodiments, this entry is performed via the user inter-
face of the processor 114. In a further embodiment, a process
tests the output of the driver 126 without the need for operator
intervention. Next, the method 700 may proceed to step 726.

[0164] Step 726: Setting DAC-1 to minimum/measure: In
one embodiment, the DAC-1 is set to minimum output. In a
further embodiment, the microcontroller 234, under control
of the S/W 236, commands the DAC-1 222 to minimum
output. After the DAC-1 222 is set to minimum output, in
some embodiments the operator tests the output of the driver
126. The test(s) may be for the voltage or any other properties
that can be measured. In one embodiment, the operator tests
the output at the contact points of the output device 124 with
a digital multimeter. In a further embodiment, the operator
enters the resultant measurement at the processor 114. In
some embodiments, this entry is performed via the user inter-
face of the processor 114. In a further embodiment, a process
tests the output of the driver 126 without the need for operator
intervention. Next, the method 700 may proceed to step 728.

[0165] Step 728: Saving second offset: In one embodiment
the second offset is computed and saved. In some embodi-
ments, the second offset is computed by the processor 114,
under control of system software. After the second offset is
computed, in some embodiments the processor 114 saves the
second offset in a data store which is communicatively con-
nected to the processor 114. Next, the method 700 proceeds to
step 730.
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[0166] Step 730: Setting DAC-1 to minimum: In one
embodiment, the DAC-1 220 is set to minimum output. In a
further embodiment, the microcontroller 234, under control
of the S/W 236, commands the DAC-1 220 to minimum
output. Next, the method 700 may proceed to step 732.
[0167] Step 732: Setting DAC-2 to full-scale/measure: In
one embodiment, the DAC-2 222 is set to full-scale output. In
a further embodiment, the microcontroller 234, under control
of the S/W 236, commands the DAC-2 222 to full-scale
output. After the DAC-2 222 is set to full-scale output, in
some embodiments the operator tests the output of the driver
126. The test(s) may be for the voltage or any other properties
that can be measured. In one embodiment, the operator tests
the output at the contact points of the coil cables 124 with a
digital multimeter. In a further embodiment, the operator
enters the resultant measurement via a user interface commu-
nicatively connected to the processor 114. In a further
embodiment, a process tests the output of the driver 126
without the need for operator intervention. Next, the method
700 may proceed to step 734.

[0168] Step 734: Setting DAC-2 to minimum/measure: In
one embodiment, the DAC-2 is set to minimum output. In a
further embodiment, the microcontroller 234, under control
of the S/W 236, commands the DAC-2 222 to minimum
output. After the DAC-2 222 is set to minimum output, in
some embodiments the operator tests the output of the driver
126. The test(s) may be for the voltage or any other properties
that can be measured. In one embodiment, the operator tests
the output at the contact points of the output device 124 with
a digital multimeter. In a further embodiment, the operator
enters the resultant measurement at the processor 114. In
some embodiments, this entry is performed via the user inter-
face of the processor 114. In a further embodiment, a process
tests the output of the driver 126 without the need for operator
intervention. Next, the method 700 may proceed to step 736.
[0169] Step 736: Saving third offset: In one embodiment
the third offset is computed and saved. In some embodiments,
processor 114 computes the third offset. After the third offset
is computed, in some embodiments the processor 114 saves
the third offset to a data store which is communicatively
connected to processor 114. Next, the method 700 may pro-
ceed to step 738.

[0170] Step 738: Setting DAC-2 to minimum: In one
embodiment, the DAC-2 222 is set to minimum output. In a
further embodiment, the microcontroller 234, under control
of the S/W 236, commands the DAC-2 222 to minimum
output. Next, the method 700 may proceed to step 740.
[0171] Step 740: Setting DAC-1 to full scale/measure: In
one embodiment, the DAC-1 220 s set to full-scale output. In
a further embodiment, the microcontroller 234, under control
of the S/W 236, commands the DAC-1 220 to full-scale
output. After the DAC-1 220 is set to full-scale output, in
some embodiments the operator tests the output of the driver
126. The test(s) may be for the voltage or any other properties
that can be measured. In one embodiment, the operator tests
the output at the contact points of the output device 124 with
a digital multimeter. In a further embodiment, the operator
enters the resultant measurement via a user interface commu-
nicatively connected to the processor 114. In a further
embodiment, a process tests the output of the driver 126
without the need for operator intervention. Next, the method
700 may proceed to step 742.

[0172] Step 742: Setting DAC-1 to minimum/measure: In
one embodiment, the DAC-1 is set to minimum output. In a
further embodiment, the microcontroller 234, under control
of the S/W 236, commands the DAC-1 220 to minimum
output. After the DAC-1 220 is set to minimum output, in
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some embodiments the operator tests the output of the driver
126. The test(s) may be for the voltage or any other properties
that can be measured. In one embodiment, the operator tests
the output at the contact points of the coil cables 124 with a
digital multimeter. In a further embodiment, the operator
enters the resultant measurement via a user interface commu-
nicatively connected to the processor 114. In a further
embodiment, a process tests the output of the driver 126
without the need for operator intervention. Next, the method
700 may proceed to step 744.

[0173] Step 744: Saving fourth offset: In one embodiment,
the fourth offset is computed and saved. In some embodi-
ments, processor 114 determines the fourth offset. After
determining the fourth offset, in some embodiments the pro-
cessor 114 saves the fourth offset in a data store which is
communicatively connected to the processor 114. Next, the
method 700 may proceed to step 746.

[0174] Step 746: Storing DC calibration factors: In one
embodiment, the DC calibration factors are calculated and
stored. In some embodiments, the offsets captured and saved
by the previous steps are combined under algorighmic control
to produce DC calibration factors. The DC calibration factors
may produce a linearized DC characteristic for the driver 126.
For example, in some embodiments, the processor 114 may
calculate the DC calibration factors. In a further embodiment,
the processor 114 produces a linearized DC characteristic for
the driver 126. Also, the processor 114 may store the linear-
ized DC characteristic in the nonvolatile memory of the pro-
cessor 114. In one embodiment, the processor 114 commu-
nicates the DC calibration parameters to the microcontroller
234 within the driver 126. This communication may take
place via the communication cable 122. In some embodi-
ments, the microcontroller 234 under control of the S/W 236,
may store the DC calibration factors in a data store which is
communicatively connected to microcontroller 234. Next,
the method 700 may proceed to step 748.

[0175] Step 748: Indicating test completion: In one
embodiment, test completion is indicated. In some embodi-
ments, the processor 114 performs this step. For example, in
some embodiments, the processor 114 communicates the
completion of DC calibration via the communication cable
122. In a further embodiment, the processor 114 may cause
the CD calibration test complete status to be displayed on the
display which is communicatively connected to the processor
114. Next, the method 700 ends.

[0176] The foregoing description of the embodiments of
the invention has been presented only for the purpose of
illustration and description and is not intended to be exhaus-
tive or to limit the invention to the precise forms disclosed.
Numerous modifications and adaptations are apparent to
those skilled in the art without departing from the spitit and
scope of the invention.

We claim:

1. A driver for a magnetic field generating device compris-

ing:

a first digital to analog converter and a second digital to
analog converter;

a differential amplifier configured to receive a first signal
from the first digital to analog converter and receive a
second signal from the second digital to analog con-
verter and output a third signal; and

an attenuator to configured to receive the third signal from
the differential amplifier.

2. The driver of claim 1, wherein the first and second

signals are used to calibrate the driver.
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3. The driver of claim 1, further comprising at least one
relay device connected to at least one of the digital to analog
converters.

4. The driver of claim 3, further comprising a voltage
reference source connected to the at least on relay device.

5. The driver of claim 4, wherein the at least one relay
device is used to relay output from the voltage reference
source to the second digital to analog convetter.

6. The driver of claim 3, further comprising a signal gen-
erator connected to the at least one relay device.

7. The driver of claim 6, wherein the at least one relay
device is used to relay output from the signal generator to the
first digital to analog converter.

8. The driver of claim 1, further comprising a processor.

9. The driver of claim 1, further comprising coils config-
ured to generate a magnetic field.

10. The driver of claim 1, further comprising at least one
sensor configured to monitor physical parameters of a subject
receiving the magnetic field.

11. The driver of claim 10, wherein the sensor comprises
one or more of: an EKG, an EEG, a heart rate monitor, or a
blood pressure monitor.

12. The driver of claim 1, further comprising a magnetom-
eter.

13. The driver of claim 12, wherein the magnetometer is
configured to sense an ambient magnetic field.

14. A method of operating a driver for a magnetic field
generating device comprising:

receiving at least one calibration factor;

receiving signals from a first digital to analog converter and

a second digital to analog converter; and

using the signals and the at least one calibration factor to

calibrate the driver.

15. The method of claim 14, wherein the at least one
calibration factor is both an AC calibration factor and a DC
calibration factor.

16. The method of claim 14, wherein the at least one
calibration factor is an AC calibration factor.

17. The method of claim 14, wherein the at least one
calibration factor is a DC calibration factor.

18. The method of claim 15, wherein the AC calibration
factor is determined by a method comprising:

receiving an AC calibration level,

directing the driver to produce an output signal;

measuring the output signal; and

determining the accuracy of the output signal.

19. The method of claim 17, wherein the DC calibration
factor is determined by a method comprising:

receiving a DC calibration level,

directing the driver to produce an output signal;

measuring the output signal; and

determining and storing a DC offset, based at least in part

on the measurement of the output signal.

20. A method for AC calibration of a driver for a magnetic
field generating device comprising:

receiving an AC calibration level;

directing the driver to produce an output signal;
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measuring the output signal; and

comparing the measured output signal to an expected

value.

21. The method of claim 20, wherein directing the driver to
produce an output signal comprises:

transmitting a signal to an attenuator configured to produce

an attenuated signal; and

transmitting the attenuated signal to a dummy load.

22. The method of claim 20, further comprising determin-
ing and storing an AC calibration factor.

23. The method of claim 22, wherein the AC calibration
factor produces a linearized AC characteristic for the driver.

24. The method of claim 20, further comprising:

receiving a new AC calibration level; and

using the new AC calibration level to further calibrate the

driver.

25. The method of claim 24, further comprising determin-
ing a new AC calibration level, based at least in part on a
sensor signal received from a sensor configured to measure
the output signal.

26. A method for DC calibration of a driver for a magnetic
field generating device comprising:

receiving DC calibration levels;

directing the driver to produce an output signal;

measuring the output signal; and

determining and storing an offset, based at least in part on

the measurement of the output signal.

27.The method of claim 26, wherein determining an offset
comprises:

setting a first digital to analog converter to produce mini-

mum output;

setting a second digital to analog converter to produce

full-scale output and measuring the driver’s output sig-
nal;

setting the second digital to analog converter to produce

minimum output and measuring the driver’s output sig-
nal; and

determining an offset based at least in part on the measure-

ments of the driver’s output signal.

28. The method of claim 26, wherein directing the driver to
produce an output signal comprises:

transmitting a signal to an attenuator configured to produce

an attenuated signal; and

transmitting the attenuated signal to a dummy load.

29. The method of claim 26, wherein determining and
storing an offset comprises determining and storing more
than one offset, and wherein determining each offset com-
prises setting one digital to analog converter to minimum
output and another digital to analog converter to full-scale
output.

30. The method of claim 29, wherein determining and
storing more than one offset comprises determining and stor-
ing four offsets.

31. The method of claim 30, wherein determining a DC
calibration factor comprises combining the four offsets.
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