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pulse generator (IPG) and a lead with at least one subcranial
electrode, which extends into or near the surface of the brain.
Bach module’s IPG comprises a battery and a subcutaneous
electrode. Each module is inserted into a burr hole, and a
seal fills the space to minimize electric current flow between
the subcutaneous electrode and subcranial electrode.
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TRANSCRANIAL CURRENT LOOP
STIMULATION DEVICE

BACKGROUND OF THE INVENTION

[0001] This application claims the benefit of Provisional
Application 62/711,915 (Attorney Docket No. 51576-705.
101), filed on Jul. 30, 2018, the full disclosure of which is
incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] Electric brain stinulation has been shown to be a
potentially effective treatment for a number of brain disor-
ders, including epilepsy, migraine, fibromyalgia, coma,
major depression, stroke rehabilitation, and Parkinson’s
disease, and is also used in electrocorticography and Corti-
cal Stimulation Mapping (CSM). Traditional Deep Brain
Stimulation (DBS) is a neurosurgical procedure involving
implantation of an Implantable Pulse Generator (IPG)
placed under the skin near the collarbone. The IPG is battery
powered and sends electrical pulses through a lead, which is
routed under the skin to an area near the top of the patient’s
head, where it separates into two leads, each with its own set
of electrodes near the tip. The leads proceed through the
skull via two burr holes and are implanted so that the target
region is between the two electrodes. Deep Brain Stimula-
tion has been approved by FDA for treatment of essential
tremor, Parkinson’s disease, dystonia, obsessive-compulsive
disorder, and epilepsy.

[0003] Traditional DBS systems suffer from disadvantages
for the patient and the physician. The implantation proce-
dure tends to be several hours in duration and involve a long
recovery time. The tunneled leads cause significant pain and
discomfort to the patient. The IPG requires a pocket incision
that is prone to infection. The IPG itself is susceptible to
“twiddle factor”, in which the patient pushes the IPG around
in their chest. The IPG may be visible and unsightly in the
chest. The devices are very difficult to remove. The IPG
must be replaced periodically due to battery drain. The IPG
replacement issue may be avoided by having a rechargeable
battery, but the other disadvantages remain a problem.
[0004] It would be advantageous to have a DBS system
that did not involve an TPG implanted in the chest, with
tunneled leads. Instead, one could create a modular IPG that
is implanted in a space inside a burr hole in the patient’s
head with a lead that extends on or into the brain, and a
subcutaneous electrode. If two modular IPGs are implanted
near each other, the electric pulses from the two IPGs can be
synchronized so that their pulses add, creating a current loop
through one modular IPG, the brain target, the other modular
IPG, then through the scalp back to the first modular IPG.
Such a system would have several advantages over existing
DBS technology, in that the TPGs can be smaller (since there
are two of them sharing the load), the surgery is simpler with
no tunneled leads and no pocket incision. Recovery time is
shorter. The device is much more easily removable and is not
visible to the patient. If the IPGs had a rechargeable battery,
then no battery replacement would be required.

BRIEF SUMMARY OF THE INVENTION

[0005] In broad terms, the present invention provides
electrical stimulation to a brain of a person, the device
comprising a first module and a second module, each
module comprising: (a) case; and (b) a seal; and (c) a
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battery; and (d) a lead with at least one subcranial electrode;
and (e) a subcutaneous electrode; and (f) control circuitry
implementing control logic, wherein the battery and the
control circuitry is contained inside the case and configured
to generate electric pulses at a pulse frequency, a pulse
amplitude, a pulse width, and a duty cycle, the case is
configured to occupy a space within a burr hole or cran-
iotomy in a skull, the lead is configured to extend near or
within the brain, the subcutaneous electrode is configured to
lie above the skull and under the scalp, and the seal is
configured to fill a gap between the case and an edge of the
burr hole or craniotomy to minimize electrical current
between at least one subcranial electrode and the subcuta-
neous electrode.

[0006] The two modules may be implanted through burr
holes or cranitomies, with electric pulses from each module
synchronized to provide additive stimulation. In one aspect,
the modules are each implanted through burr holes or
craniotomies in a skull, and the control circuitry with
programmed logic of each module is configured to synchro-
nize the electric pulses between the modules so that electric
current forms a loop, allowing current to flow interior and
exterior to the skull and through at least one stimulation
target.

[0007] The battery may be rechargeable, which would
obviate the need for battery or module changes, involving
surgery. The battery may be chosen to provide enough power
to ensure stimulation for many days, weeks, or months,
allowing the person to recharge the battery of each module
during regular visits to the clinician. In one aspect, the
battery is rechargeable, each module further comprising a
coil and a recharging circuit, configured to recharge the
battery through magnetic inductive coupling with an exter-
nal magnetic field generator.

[0008] The first and second modules may be kept separate,
forming a current loop that includes the brain and the scalp.
However, a conductive wire may be used to connect the
subcutaneous electrodes of the modules together, which
would remove the impedance contribution from the scalp.
This could reduce the required voltage of the modules and
could improve longevity. However, it would involve a
tunneled wire, which increases the complexity of the surgery
and potential side effects. In one aspect, the device further
comprises a conductive wire that connects the subcutaneous
electrodes of the first module and the second module
together. In this case, the subcutaneous electrodes do not
need to touch the scalp tissue directly, allowing for one
continuous shielded current path from one module to the
other underneath the scalp.

[0009] The lead of each module includes one or more
electrodes. It is important to ensure effective stimulation that
the region of the brain responsible for the disorder be
accurately targeted. In some instances, surgeons do not
know the optimal stimulation location. Therefore, it is often
advantageous to include a plurality of electrodes in each
lead, and allow the clinician to specify one or more active
electrodes in each lead in order to effectively target a
selected region and to bring about an improvement in
psychological or physiological health of the brain. In one
aspect, the control circuitry with programmed logic is fur-
ther configured to select one or more of a plurality of
subcranial electrodes to be active.

[0010] When the modules of the device are implanted, it
may be necessary to inform the person, the clinician, or the
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caregiver of information related to the device. In one aspect,
the first module further comprises a speaker configured to
provide audio information to the person, a clinician, or a
caregiver. The type of information may include device status
and programming parameters. In one aspect, the audio
information comprises battery level, pulse frequency, pulse
amplitude, pulse width, duty cycle, active electrode of the
first module, active electrode of the second module, charg-
ing status, and therapy status. The audio information may
use a speaker or piezoelectric crystal. The format of the
audio signal may take a variety of forms. In one aspect, the
audio information is generated as a series of beeps, ticks, or
tones, which can be decoded.

[0011] For information to pass from a programmer to the
device or from the device to the programmer, it may be
necessary for the device to include an antenna. In one aspect,
each module further comprises an antenna, wherein the
antenna may receive data from or transmit data to an
external programmer. The programmer may be used, for
example, to program treatment parameters, initiate treat-
ment, terminate treatment, synchronize stimulation pulses,
or request information from the device. In one aspect, the
control logic of each module is configured to program
treatment parameters of the module based on commands
from the external programmer, the treatment parameters
comprising active electrode selection, pulse frequency, pulse
amplitude, pulse width, duty cycle, therapy initiation and
therapy cessation. In one aspect, the control logic of each
module is configured to provide information to the external
programmer, the information comprising battery level, pulse
frequency, pulse amplitude, pulse width, duty cycle, active
electrode of the first module, active electrode of the second
module, charge status, and therapy status.

[0012] In addition to stimulation, it may be necessary to
record the electroencephalogram (EEG) of the person’s
brain. The EEG data may be used by the control circuitry
with programmed logic to adjust stimulation parameters. It
may also be transmitted to the external programmer for
analysis or diagnosis. In one aspect, the device further
comprises an EEG amplifier and analog-to-digital converter,
allowing the device to record an EEG of the person. To store
the EEG for use or transmission, storage memory may be
incorporated into the device. In one aspect, the device
further comprises memory configured to store the EEG of
the person, and a transmitting antenna, wherein the control
circuitry with programmed logic transmits the stored EEG
through the transmitting antenna.

[0013] It may be necessary to initiate activities in the
device without the use of an external programmer. One
means to do this is to use an external permanent magnet that
activates a magnetic switch in the device when the perma-
nent magnet is brought close to the scalp near a module. For
example, an EEG recording may be initiated, paused, or
ceased, or stimulation may be started or stopped using the
external permanent magnet. In one aspect, the device further
comprises a magnetic switch, wherein starting or stopping of
an BEG recording is controlled by the person placing a
permanent magnet close to the magnetic switch, or by the
person moving the permanent magnet away from the mag-
netic switch. In one aspect, the device further comprises a
magnetic switch, wherein starting or stopping of stimulation
is controlled by the person placing a permanent magnet
close to the magnetic switch, or by the person moving the
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permanent magnet away from the magnetic switch. Such a
permanent magnet may be carried in the person’s pocket for
on-demand use.

[0014] Positioning of the electrodes of the device to target
a specific region of the brain of the person allows for the
treatment of mental disorders and improving a psychological
or physiological condition of the person. In one aspect, the
lead of each module is configured to be implanted so that
one or more of the subcranial electrodes are in or near an
anterior nucleus of a thalamus, which allows for the treat-
ment of epilepsy. In one aspect, the lead of each module is
configured to be implanted so that one or more of the
subcranial electrodes are in or near a nucleus accumbens,
which allows for treatment of addiction, such as from
alcohol or opioids. In one aspect, the lead of each module is
configured to be implanted so that one or more of the
subcranial electrodes are in or near a subthalamic nucleus or
globus pallidus interna, which allows for the treatment of
Parkinson’s disease and other movement disorders. In one
aspect, the lead of each module is configured to be implanted
so that one or more of the subcranial electrodes are in or near
a hippocampus, which allows for treatment of depression or
epilepsy. In one aspect, the lead of each module is config-
ured to be implanted so that one or more of the subcranial
electrodes are in or near a subcallosal cingulate, which
allows for treatment of depression. In one aspect, the lead of
each module is configured to be implanted so that one or
more of the subcranial electrodes are in or near an anterior
nucleus of a pituitary gland, which may stimulate hormone
production. In one aspect, the lead of each module is
configured to be implanted so that one or more of the
subcranial electrodes are in or near a mesencephalic reticular
formation or non-specific thalamic nucleus, which allows
for the treatment of persistent vegetative state, or coma. In
one aspect, the lead of each module is configured to be
implanted so that one or more of the subcranial electrodes
are in or near a cortex. Stimulation of cortical targets may
help in a variety of disorders, including depression, anxiety,
post traumatic stress disorder, autism, traumatic brain injury,
stroke.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a drawing of one aspect of the device,
which shows a case, subcutaneous electrode, and coil with
a lead extending from the case, and four selectable elec-
trodes near the distal end of the lead.

[0016] FIG. 2 is a drawing of one aspect of the device,
showing the brain with two modules of the device
implanted, in which the case of the IPG is flush with the
skull and the subcutaneous electrode and coil are underneath
the scalp. The leads of both modules extend into the brain,
with the lead length and electrode placement chosen to affect
a target region in the brain.

[0017] FIG. 3 is an electric schematic drawing of one
aspect of the device, showing the current loop for two
modules of the device, in which the electrical pulse genera-
tion of the two modules is synchronized. The drawing shows
all impedance elements of the current path as well.

[0018] FIG. 4 is a drawing which shows an example of a
charger, which is contained in a headband worn by the
patient. The charger could also serve as a programmer as
well.
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DETAILED DESCRIPTION OF THE
INVENTION

[0019] While certain embodiments have been provided
and described herein, it will be readily apparent to those
skilled in the art that such embodiments are provided by way
of example only. It should be understood that various
alternatives to the embodiments described herein may be
employed and are part of the invention described herein.
[0020] Provided herein is a device whereby electrical
current stimulation is applied to a brain of a person through
the implantation of one or more modules through a burr hole
or craniotomy in a skull of the person. Each module can be
divided into two primary units: The Implantable Pulse
Generator (IPG) and the lead. The IPG is contained inside or
on a case and is placed into a burr hole or craniotomy that
approximately matches the size of the IPG case and posi-
tioned so that the top of the IPG is approximately flush with
the outer surface of the skull. The IPG comprises a battery,
control circuitry with programmed logic, and a subcutane-
ous electrode. The primary function of the IPG is to generate
electrical pulses of a specified frequency, amplitude, pulse
width, and duty cycle, in order to provide the current
stimulation of a target in or on the brain. The lead extends
from the IPG and comprises one or more subcranial elec-
trodes at or near the distal end of the lead. The length of the
lead and the number and position of subcranial electrodes
along the lead are chosen so that one or more of the
electrodes will be on or near a target region in the brain of
the person. The control circuitry with programmed logic in
the IPG selects one or more electrodes to be active, and the
remaining electrodes to be inactive, providing no path to
current flow. A seal may be positioned to fill the gap between
the edge of the IPG and the edge of the burr hole or
craniotomy. The seal is intended to minimize or prevent
electric current flow between the subcutaneous electrode and
the active subcranial electrode.

[0021] If a single module is implanted in the person, then
a second burr hole or craniotomy may be cut through the
skull in order to provide a return path for current flow
between the subcutaneous electrode and the active subcra-
nial electrode. Alternately, a purposeful gap may be left
between the IPG and the edge of the burr hole or craniotomy
to allow a return path for the current. When an electrical
current pulse is generated in the IPG, a current loop is
formed that goes through the lead to one or more active
electrodes, into the brain through one or more target regions,
through the second burr hole or craniotomy, through the
scalp, through the subcutaneous electrode, and back to the
IPG.

[0022] Alternately, the control circuitry with programmed
logic in the IPG could select two electrodes in the lead to be
active and provide stimulation between the two active
electrodes, and not involve the subcutaneous electrode. In
this case, a second burr hole or seal would not be necessary.
[0023] A first module and a second module may be
implanted in the person, each with its own burr hole or
craniotomy. In this case, the electric current pulses from the
IPGs in the two modules can be synchronized so that the
resulting voltages are additive, forming a current loop that
goes through the lead of the first module to one or more
active electrodes of the first module’s lead, into the brain
through one or more target regions, through one or more
active electrodes of the second module’s lead, through the
second module’s IPG and subcutaneous electrode, through
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the scalp, through the subcutaneous electrode of the first
module, and back to the first module’s IPG.

[0024] Iftwo modules are implanted, then alternately both
modules could occupy the same burr hole or craniotomy. If
this is the case, then the subcutaneous electrodes of each
module could be connected together, eliminating any sub-
stantial electrical current flow through the scalp. If the two
modules are implanted in separate burr holes or cranioto-
mies, then the electrodes may be connected by a conductive
wire, which also eliminates any substantial electrical current
flow through the scalp. In this case, the subcutaneous
electrodes do not need to touch the scalp tissue directly,
allowing for one continuous shielded current path from one
module to the other underneath the scalp. This has the
advantage of lowering the overall impedance through the
current path and making it less likely that electrical current
through the scalp will be sensed by the person. However, the
conductive wire will need to be tunneled from one module
to the next, involving additional surgery and potential for
complications.

[0025] The length of the lead for each module and position
of electrodes is configured in order to best provide electrical
current stimulation to a target region. In addition, stimula-
tion parameters comprising pulse frequency, pulse ampli-
tude, pulse width, and duty cycle can be chosen based on the
indication. For example, stimulation of the Anterior Nucleus
of the Thalamus with stimulation set to 5V, 145 pulses per
second, 90 microsecond pulse width, and a duty cycle of 1
minute on, 4 minutes off, has been shown to be an effective
treatment for epilepsy. In another example. stimulation of
the nucleus accumbens with stimulation set to 3.5V, 130
pulses per second, and 90 microsecond pulse width has
shown benefit in patients with addition, such as with opioids
or alcohol. Many studies have been conducted using elec-
trical stimulation to treat Parkinson’s. In general, stimulation
of the subthalamic nucleus or globus pallidus internus using
stimulation set to 2.4 to 4.4V, frequency in the range of 143
to 173 pulses per second, and pulse widths in the range 67
to 138 microseconds have been found to effectively control
motor symptoms. Stimulation of the subgenual cingulate
cortex, the subcallosal cingulate, the ventral capsule or
ventral striatum, nucleus accumbens, or medial forebrain
bundle at a variety of treatment parameters has shown to be
effective for treating major depressive disorder (MDD).
Stimulation of the ventral capsule or ventral striatum, the
subthalamic nucleus, or inferior thalamic peduncle using
various treatment parameters have shown efficacy in treating
Obsessive Compulsive Disorder (OCD). Stimulation of the
mesencephalic reticular formation or non-specific thalamic
nucleus has been shown to improve the symptoms in
patients who are in a persistent vegetative state, or coma.

[0026] In one aspect, the device allows for recharging of
the batteries of each module. The IPG can further comprise
a coil, which allows for inductive coupling with an external
magnetic field source, and a charging circuit can recharge
the battery in the IPG. The recharging can take place at
regular intervals. For example, if a 5V, 145 pulses per
second, 90 microsecond pulse width, and a duty cycle of 1
minute on 4 minutes off, stimulation is provided by each
module with a 1,000 ohm impedance for each module, and
the battery has a capacity of 120 milliamp hours, stimulation
can be provided for over 300 days before the battery will be
drained. In this example, recharging once every 3-6 months
will serve to keep the device functional. An external mag-
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netic field generator can be kept at the clinician’s office, and
the patient can recharge the device during regular office
visits.

[0027] Other methods of recharging the batteries may be
used. In one example, ultrasonic charging may be performed
using a piezoelectric crystal in the IPG. Another example is
solar recharging using solar cells in the IPG. In this case, the
skull 1s ideal for IPG location, since the scalp is relatively
thin and generally uncovered, except for hair. The person
recharges the device by exposing their head to light. Another
example is recharging due to natural body movement.
Another example is recharging due to the temperature dif-
ferential between the subcutaneous and subcranial locations
in the IPG.

[0028] Itisimportant that the IPG be implanted in the burr
hole or craniotomy so that it is flush, and that the lead be
directed toward the desired location to provide proper stimu-
lation to the target. Therefore, in one aspect, the lead is
bendable, either at the end proximal to the IPG, or along the
lead itself.

[0029] In order to control the modules, an external pro-
grammer may be necessary, which writes data to each
module. Data may comprise treatment parameters such as
pulse amplitude, pulse frequency, pulse width, duty cycle,
active electrode selection, therapy initiation, and therapy
cessation. In one aspect, the IPGs further comprise an
antenna and receiver, which receive data from the program-
mer and pass that to the control circuitry with programmed
logic. Examples include a Bluetooth module and wi-fi
module, or magnetic coupling. It is also possible to use the
same coil that is used for recharging the battery. In one
aspect, frequency modulation is used to pass data to the IPG.
In one aspect, amplitude modulation is used to pass data to
the 1PG.

[0030] Other means are also possible for the programmer
to pass data to the IPG. For example, the IPG could
incorporate an amplifier and analog to digital converter, and
the control circuitry with programmed logic can be config-
ured to recognize electrical signals detected between two or
more electrodes. The programmer could use electrodes on
the skin of the person and generate low level pulses that
cannot be felt, but that can be detected by the control
circuitry with programmed logic in the IPG through the
receiving electrodes.

[0031] Since multiple modules may be implanted in the
person, it may be necessary to program IPGs individually or
collectively. To do this, in one aspect the control circuitry
with programmed logic of each IPG has a unique identifier,
and the programmer specifies the module or modules that a
particular portion of data or command is directed towards.
[0032] Tt may also be necessary for modules to send data
to the programmer. Such data may comprise battery level,
pulse frequency, pulse amplitude, pulse width, duty cycle,
charge status, therapy delivery status, active electrode or
active electrodes. This data can be transmitted via a dedi-
cated antenna. Examples include a Bluetooth module and
wi-fl module, or magnetic coupling. It is also possible to use
the same coil that is used for recharging the battery to pass
data back to the programmer.

[0033] It may also be necessary to pass information to the
person, directly without the use of a programmer. For
example, if the battery level drops below a threshold, the
IPG could generate a beep, click, or tone through a speaker
to inform the person. Another means by which the IPG can
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pass information directly to the person is through the use of
a vibrating unit. Even though the devices are implanted, the
person should be able to sense a beep, click, or tone, due to
the generally high sound conductivity of the body. Also,
vibration should be able to be felt, due to the proximity of
the TPG to the inner ear.

[0034] When charging, it may be necessary to inform the
person that the battery is at or near a full charge. This could
be accomplished, for example, by generating a beep, click,
tone, or vibration. It would be possible for the IPG to use
beeps, clicks, tones of varying frequencies, or varying
vibration to encode information to the person. For example,
a low tone followed by a high tone may indicate that the
battery is at or near a full charge, whereas a high tone
followed by a low tone may indicate that the battery is nearly
depleted. The IPG could use beeps, clicks, tones, or vibra-
tion to encode more complex information. For example, to
specify which electrode is active, the IPG could emit two
high tones, followed by clicks or beeps to indicate which
electrodes in the module are active and which are inactive.

[0035] In one aspect of the device, an EEG is recorded by
the IPG. In this case, each module would further comprise
memory to store the EEG. The module may use a dedicated
antenna or the coil itself in order to transmit the stored EEG
data to the programmer. In this case, the programmer may
issue a command for the module to transmit the stored EEG.
Once that command is given, the control circuitry with
programmed logic would transmit the EEG data, for
example, in a serial fashion, to the external programmer. The
programmer may then issue a command for the module to
clear memory in order to record additional EEG. An EEG
recording may begin as a result of a command from the
programmer, or it may begin at a predetermined interval, or
as the result of a specific event. One way that EEG recording
could be initiated is by the person or caregiver holding a
permanent magnet near the module. In this case, the module
would further comprise a magnetic switch. When the mag-
netic switch is tripped, an EEG recording may begin. The
recording could end after a specified duration, or when a
command is given by the programmer, or when a permanent
magnet is brought close to the module or moved farther
away from the module. A magnetic switch may also be used
by the person to suspend or initiate therapy, independent of
recording EEG.

[0036] With reference to FIG. 1, a drawing is shown which
presents an aspect of the device. The IPG comprises a case
(103), which comprises a battery and control circuitry with
programmed logic. If EEG is implemented, then the IPG
further comprises an EEG amplifier and an analog to digital
converter. The IPG further comprises a subcutaneous elec-
trode (102) and a coil (101), used to recharge the battery. A
lead (104) extends from the IPG. Four electrodes (105, 106,
107, 108) are located near the distal end of the lead. The
length of the lead is chosen so as to ensure that one or more
of the electrodes is on or near a region of the brain targeted
for stimulation. The IPG is implanted in a burr hole in the
skull, preferably so that the top and bottom sides of the IPG
are approximately flush with the top and bottom of the skull,
respectively. Although this aspect shows four electrodes,
fewer electrodes may be used in order to minimize com-
plexity and cost, or more electrodes may be used in order to
provide more options. If EEG is being recorded by the
device, any two electrodes may be selected for EEG record-
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ing, and the EEG recording electrodes may or may not be the
same as the electrodes used for stimulation.

[0037] With reference to FIG. 2, a drawing is shown which
presents a typical application of the device, in which two
modules are implanted. The IPGs of the two modules are
implanted so that they are approximately flush with the skull
(212). The IPGs comprise a case (203, 208), subcutaneous
electrode (204, 207), and a coil (205, 206). The coil is under
the scalp (211) and may result in a slight bump in the scalp
surface, but it should not be noticeable. Leads (202, 209)
extend from each IPG into the brain (213) and comprise a
number of electrodes. Active electrodes (201, 210) are
selected in each lead (in order to provide stimulation to a
targeted region (214) in the brain.

[0038] With reference to FIG. 3, an electrical schematic is
shown, which models the synchronized pulses between two
modules of the device. The first module (301) generates a
negative pulse. For example, the pulse amplitude is -5V,
pulse width is 90 microseconds. At approximately the same
instant, the second module (305) generates a positive pulse.
For example, the pulse amplitude may be 5V and pulse
width is 90 microseconds. The voltages of the two devices
sum together to create a 10V, 90 microsecond pulse. This
forms a current loop through the interface between the first
module (301), the active electrode of the first module and the
brain tissue (308), the brain tissue that includes the target
region (307), the interface between the active electrode of
the second module and the brain tissue (306), the second
module (305), the interface between the subcutaneous elec-
trode of the second module and the scalp (308), the scalp
between the two subcutaneous electrodes (303), the inter-
face between the subcutaneous electrode of the first module
and the scalp (302), and back to the first module (301). In
general, the impedance between an electrode and surround-
ing brain or scalp tissue is approximately 500 ohms. The
impedance of the brain in the target region and the scalp are
very small. Therefore, the overall impedance of the system
is approximately 2,000 ohms. With a 10V synchronized
pulse, the current flow will be approximately 5 milliamps. If
the electrodes are connected by a conductive wire, then the
impedance contribution from the subcutaneous electrodes
and scalp (302, 303, 304) would effectively been eliminated,
which would approximately double the current flow through
the target region in the brain.

[0039] In order to synchronize pulses between modules, it
may be necessary for the two to communicate. This could be
done, for example, using a master-slave relationship. The
first module could generate a very short and low amplitude
pulse at a defined time before the therapy pulse is delivered.
This would be detected by the second module, either through
the coil or through the electrodes to an amplifier and analog
to digital converter, and the second module would then be
able to generate a pulse in sync with the first module.
Alternately, the second module could monitor when the first
module begins its therapy pulse and adjust its timing accord-
ingly so that all pulses are aligned. Alternately, timing could
be established through the external programmer, where the
devices are synchronized and each module comprises a
clock or timing mechanism that 1s of sufficient accuracy that
the two modules stay in sync. In this case, modules can be
re-synced using the external programmer during office vis-
its.

[0040] With reference to FIG. 4, a drawing is shown which
presents a typical charger. A headband (405) is worn on the
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head (403) of the person so that the charging coil (401) is
positioned over or near the first implanted module. Another
charging coil is also positioned over or near the second
implanted module. In this example, a battery 402 is con-
tained in the headband, which will allow charging to occur
without the person being tied to an external power supply. A
charging port (403) may be included to allow recharging of
the charger’s battery. It is not required that the charger be a
headband. It could instead be a wearable headset, a cap, or
any means by which the charging coils are reliably posi-
tioned over or near the implanted modules. The charger does
not even need to be worn. Instead, the charging coils could
be part of a mount that is positioned near the implanted
modules.

What is claimed is:

1. A device for electrical stimulation of a brain of a
person, the device comprising:

case configured to occupy a space within a burr hole or
craniotomy in a skull;

a subcutaneous electrode on the case configured to lie
above the skull and under the scalp;

a lead attached to a lower surface of the case and
configured to be implanted through the burr hole or
craniotomy in the person’s skull;

at least one subcranial electrode disposed on a lower end
of the lead so that said at least one subcranial electrode
will be positioned at a target location in the patient’s
brain when the lead is implanted through the burr hole
or craniotomy;

a seal on a lower surface of the case, said seal being
configured to fill a gap between the lower surface of the
case and an edge of the burr hole or craniotomy to
minimize electrical current between at least one sub-
cranial electrode and the subcutaneous electrode;

a battery within the case; and

control circuitry within the case configured to receive
current from the battery and generate electric pulses at
a pulse frequency, a pulse amplitude, a pulse width, and
a duty cycle, selected to stimulate the patient’s brain.

2. The device of claim 1, wherein the battery is recharge-
able, each module further comprising a coil and a recharging
circuit, configured to recharge the battery through magnetic
inductive coupling with an external magnetic field generator.

3. The device of claim 1, wherein the control circuitry is
further configured to select one or more of a plurality of
subcranial electrodes to be active.

4. The device of claim 1, wherein further comprising an
antenna, wherein the antenna may receive data from or
transmit data to an external programmer.

5. The device of claim 4, wherein the control circuitry is
further configured to program treatment parameters of the
module based on commands from the external programmer,
the treatment parameters selected from a group consisting of
active electrode selection, pulse frequency, pulse amplitude,
pulse width, duty cycle, therapy initiation and therapy
cessation.

6. The device of claim 1, further comprising an EEG
amplifier and analog-to-digital converter, allowing the
device to record an EEG of the person.

7. The device of claim 1, further comprising memory
configured to store the EEG of the person, and a transmitting
antenna, wherein the control circuitry transmits the stored
EEG through the transmitting antenna.



US 2020/0030617 A1l

8. The device of claim 1, further comprising a magnetic
switch, wherein starting or stopping of an EEG recording is
controlled by the person placing a permanent magnet close
to the magnetic switch, or by the person moving the per-
manent magnet away from the magnetic switch.

9. The device of claim 1, further comprising a magnetic
switch, wherein starting or stopping of stimulation is con-
trolled by the person placing a permanent magnet close to
the magnetic switch, or by the person moving the permanent
magnet away from the magnetic switch.

10. The device of claim 1, wherein the lead of each
module is configured to be implanted so that one or more of
the subcranial electrodes are in or near an anterior nucleus
of a thalamus.

11. The device of claim 1, wherein the lead of each
module is configured to be implanted so that one or more of
the subcranial electrodes are in or near a nucleus accumbens.

12. The device of claim 1, wherein the lead of each
module is configured to be implanted so that one or more of
the subcranial electrodes are in or near a subthalamic
nucleus or globus pallidus interna.

13. The device of claim 1, wherein the lead of each
module is configured to be implanted so that one or more of
the subcranial electrodes are in or near a hippocampus.

14. The device of claim 1, wherein the lead of each
module is configured to be implanted so that one or more of
the subcranial electrodes are in or near a subcallosal cingu-
late.
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15. The device of claim 1, wherein the lead of each
module is configured to be implanted so that one or more of
the subcranial electrodes are in or near an anterior nucleus
of a pituitary gland.

16. The device of claim 1, wherein the lead of each
module is configured to be implanted so that one or more of
the subcranial electrodes are in or near a mesencephalic
reticular formation or non-specific thalamic nucleus.

17. The device of claim 1, wherein the lead of each
module is configured to be implanted so that one or more of
the subcranial electrodes are in or near a cortex.

18. A system comprising a first device and a second
device, both devices as set forth in claim 1.

19. The system of claim 18, wherein the control circuitry
comprises circuitry of each device is configured to synchro-
nize the electric pulses between the devices so that electric
current forms a loop, allowing current to flow interior and
exterior to the skull and through at least one stimulation
target.

20. The system of claim 18, further comprising a con-
ductive wire that connects the subcutaneous electrodes of
the first device and the second device together.

21. The system of claim 18, wherein the first device
further comprises a speaker configured to provide audio
information to the person, a clinician, or a caregiver.

22. The system of claim 21, wherein the audio informa-
tion is generated as a series of beeps, ticks, or tones, which
can be decoded.
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