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STREAMLINED AND PRE-SET NERUOMODULATORS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This patent application claims priority to U.S. Provisional Patent Application No. 62/662,057,

titled “SINGLE-USE NEUROSTIMULATORS,” filed on April 24, 2018, and U.S. Provisional Patent

Application No. 62/818,098, titled “SINGLE-USE NEUROSTIMULATORS,” filed on March 13, 2019.

Each of these applications is herein incorporated by reference in its entirety.

INCORPORATION BY REFERENCE

[0002] All publications and patent applications mentioned in this specification are herein

incorporated by reference in their entirety to the same extent as if each individual publication or patent

application was specifically and individually indicated to be incorporated by reference.

FIELD

[0003] Described herein are non-invasive neuromodulation apparatuses, including devices and

systems, and methods of their use.

BACKGROUND

[0004] Noninvasive neuromodulation can effect nerves and neuronal activity (including modulating

cognitive states, perception, and motor output) and have many other therapeutic effects, without requiring

an invasive procedure. Transdermal electric stimulation (hereinafter “TES”) using skin (e.g., scalp)

electrodes has been used to affect brain function and nervous system function in humans and includes

transcranial alternating current stimulation (hereinafter “tACS”), transcranial direct current stimulation

(hereinafter “tDCS”), cranial electrotherapy stimulation (hereinafter “CES”), transcranial random noise

stimulation (hereinafter “tRNS”), trigeminal nerve stimulation (hereinafter “TNS”), and vagal nerve

stimulation (“VNS”), amongst other forms known to those skilled in the art.

[0005] TES has been used therapeutically in various clinical applications, including treatment of

pain, depression, epilepsy, ADHD, and tinnitus. This neuromodulation has been demonstrated to lower

physiological stress and anxiety, improve sleep, and has potential as a therapy for specific auto-immune

disorders such as psoriasis. It has the potential to treat numerous neurogenic inflammatory conditions.

Neuromodulation has been shown, for example, to result in increased energy and motivation. See, e.g.,

U.S. 9,014,811, U.S. 9,002,458, U.S. 9,233,244, U.S. 9,399,126 and U.S. 9,333,334. The effect is

comparable to caffeine or energy drinks available in the market today, though the effect can be stronger in

certain individuals.

[0006] Despite the research to date on TES neuromodulation, existing systems and methods for

delivering TES are lacking. In particular, miniaturized systems that incorporate hardware components

with a low profile, comfortable, and/or famil r form factor for convenient, intuitive, easy to use,

comfortable, and on-the-go TES free from cumbersome electrical wires, have been lacking.



SUMMARY OF THE DISCLOSURE

[0007] Described herein are apparatuses, including devices (e.g., neuromodulators) and systems

(e.g., neuromodulation systems) that are or include a limited-use (1, 2, 3, 4, etc. uses), entirely self-

contained wearable neuromodulator. These devices are specifically configured using one or more of the

features described herein to be lightweight (e.g., 20 g or less, such as 19 g or less, 18 g or less, 17 g or

less, 16 g or less, 15 g or less, 14 g or less, etc.) and highly flexible, while resisting damage. The

apparatuses may be thin (e.g., 1 cm thick or less, 0.9 cm thick or less, 0.8 cm thick or less, 0.7 cm thick or

less, 0.6 cm thick or less, 0.5 cm thick or less, 0.4 cm thick or less, 0.3 me thick or less, etc.) including

the power source, circuitry and electrode(s). Finally, these apparatuses may reliably and robustly deliver

a therapy waveform (electrical waveform) that is effective to provide the one or more neuromodulatory

effects described explicitly herein, including inducing an energized state, inducing a sympathetic nervous

system effect, enhancing relaxation, enhancing a cognitive effect (e.g., enhancing memory, etc.), and/or

treating a disorder, including neurogenic inflammatory conditions and autoimmune disorders such as

psoriasis.

[0008] In particular, these devices may be extremely simple and easy to use to lower the barrier of

adoption. Any of these devices may be specifically configured to operate robustly without requiring a

user to adjust any controls. The apparatus may automatically turn on/off and may run autonomously. In

some variations the apparatus may be configured to turn on (or be placed into a ‘ready’ mode) when

released from its packaging or when a circuit interrupt is removed after removing from its packaging.

The circuit interrupt may be a pull tab, pin, deflectable contact, or the like that may make an electrical

connection between the power supply (e.g., battery, capacitor, etc.) and the control circuitry. Upon

removal from the skin, these devices may shut down automatically to preserve power and be ready for the

next use without substantially draining the power source. Sensing and control circuits may eliminate

factors such as skin capacitance and soft tissue resistance to provide a uniform amount of stimulation

without regard to user-to-user variability, thus eliminating the complex “intensity adjust dial” that prior

art stimulators used and thereby limited general adoption.

[0009] The neuromodulators (which may also be referred to equivalently herein as neuromodulators)

may be useful for either medical use and/or for consumer applications; these apparatuses may be

configured as ted-numher-of-use (e.g., single-use, useable for 2 sessions, useable for 3 sessions, etc.),

and may be disposable devices. The apparatuses descried herein may have significant cost and

use/compliance advantages that may enhance user’s adoption and experience with the apparatus. The

neuromodulators described herein may be skin-wearable neuromodulation apparatuses that use very low

power and are adapted for comfort. Thus, described herein are very low cost, limited-number-of-

use/disposable product that are still capable of providing reliable and effective neuromodulation.

[0010] As mentioned above, the apparatuses described herein may be configured to avoid controls

and improve usage and compliance. In any of the variations described herein, the apparatus may be

configured so that it is adhesively secured to the skin via one or more regions of hydrogel material. The



hydrogel may be in contact with an electrode. In general, the apparatus may be configured as a thin,

flexible ‘stack’ of laminate components in which the electrodes (including the adhesive hydrogel) are on

the substrate, while the power source and circuitry are positioned above the substrate. In any of these

apparatuses, the power source and circuitry may be held between a flexible (e.g., fabric) cover that

encloses the power source and circuitry and in some variations wraps around them. A frame may hold the

power source and/or circuitry and may be attached to the substrate and/or it may be allowed to move (or

‘float’) within the fabric enclosure relative to the substrate, which may enhance flexibility.

[0011] The apparatus may be any shape, e.g., round, oval, triangular, rectangular, etc. and may have

rounded edges, and may be thin, e.g., having thickness of less than about 1 cm (e.g., less than 0.8 cm, less

than 0.7 cm, less than 0.5 cm, less than 0.4 cm, etc.) at the average or maximum height. In some

variations the maximum diameter of the apparatus may be less than about 10 cm (e.g., less than about 9

cm, less than about 8 cm, less than about 7.5 cm, less than about 7 cm, less than about 6 cm, etc.). These

dimensions, as well as the use of a fabric material as the cover, may allow the device to be sufficiently

lightweight (e.g., less than 20 g, less than 18 g, less than 17 g, less than 15 g, less than 12 g, etc.) so that

the electrodes, and particularly the hydrogel portion of the electrodes, may secure the apparatus to the

subject’s skin without requiring an additional support or adhesive.

[0012] As mentioned, any of these devices may be configured so that they include a circuit interrupt

that prevents the power source from making electrical contact with the control circuitry until the circuitry

interrupt is manually or automatically removed. For example, the apparatus may be stored (packaged)

ready for use but with the circuit interrupt between the control circuit and the power source (e.g., battery).

When the circuit interrupt is removed, the battery may be placed in electrical contact with the control

circuit placing the apparatus into a ‘ready’ or standby mode, or in some variations may begin applying the

waveform.

[0013] Any of the apparatuses described herein may be configured so that the apparatus enters a

standby/ready mode in which the waveform is not applied until the apparatus confirms that the electrodes

(e.g., the hydrogel) is in contact with skin, meaning it is safe to apply the energy. Skin contact may be

detected by, for example, detecting an electrical property between the electrodes (e.g., anode and cathode)

forming the apparatus. The electrical property may be (or may be related to or equivalent to) the

impedance. The apparatus may periodically or continuously detect the electrical property (e.g.,

impedance) between the electrodes and may permit the delivery of the waveform only when the electrical

property (e.g., impedance) is within a range of values that indicate contact with skin.

[0014] In any of the apparatuses described herein, the device may not include any other controls, and

specifically may not have any controls for adjusting the applied waveform (including the intensity,

frequency, duration, etc.). The waveform and it’s time sequence of changes may be predetermined and

configured to achieve the desired effect as described in greater detail below. The predetermined

waveform may include operating for a predetermined time period (e.g., 4 minutes or more, 5 minutes or

more, 10 minutes or more, 12 minutes or more, 15 minutes or more, 17 minutes or more, 20 minutes or

more, etc.). Thus, the apparatus may be extremely simple to operate.



[0015] The apparatuses described herein may be configured to allow two uses, three uses, or in some

variations more than three uses (e.g., four uses, 5 uses, etc.). Thus, the apparatus may be configured to be

used once, then removed and used again later. For example, the apparatus may be configured to be

removed from a packaging (e.g., a pouch, such as a foil pouch), and the circuit interrupt removed, peeled

off of a liner so that the electrode(s) hydrogel is exposed and may be placed on the subject’s skin (e.g.,

neck, head, etc.) and allowed to deliver the waveform. As mentioned above, the apparatus may detect that

it’s been placed on the skin and may operate autonomously to deliver the waveform until either the

waveform is completed (e.g., after the pre-determined duration) or until it is removed from the skin,

which may be automatically detected. The device may then be in a delayed mode, and can be removed

from the skin for re-applying later for a second use. In some variations the device may enter into a sleep

or dormant mode until it can again deliver a waveform. For example, the apparatus may enter into a

dormant mode that lasts until it can be activated again (e.g., by detecting skin contact and/or

automatically starting) after a predefined off-time, e.g., of 5 min or more, 10 min or more, 15 min or

more, 20 min or more, 30 min or more, etc. After the dormant mode, the device may be re-activated to

deliver a subsequent (e.g., second) waveform, e.g., after removal of a second circuit interrupt, such as a

pull tab. The second circuit interrupt may trigger the delivery of the subsequent use waveform, which

may be the same or different from the first use waveform.

[0016] In variations including a second (or more) use configuration, the apparatus may include a

second or additional hydrogel that is exposed by removing all or part of the first set of electrode hydrogel.

For example, a first outer layer of hydrogel may form part of a first electrode and a second outer layer of

hydrogel may form part of a second electrode. Additional hydrogel layers may underlie the first and/or

second hydrogel layers and may be separated by one or more release layers. After the outermost hydrogel

layer(s) are used to deliver a waveform, the device may be removed from the skin and, before re-applying

the device to the skin, the user may remove the release layer to remove the outer layer(s) of hydrogel,

exposing one or more new, fresh hydrogel layers that are also in electrical contact with the rest of the

electrode. Alternatively or additionally, in some variations the hydrogel may be reactivated by adding a

few drops of water. Any of the hydrogels may have a thickness sufficient to retain the device to the uses

but prevented from being too thick, which makes the device taller than desired and may reduce the

electrical efficiency. For example, any of the hydrogel layers may have a thickness of the hydrogel of

less than about 2 mm (e.g., less than about 1.75 mm, less than about 1.5 mm, less than about 1.25 mm,

less than about 1 mm, etc.).

[0017] In variations in which a release liner is included, the release liner may be connected to or may

form part of the second circuit interrupt (e.g., pull tab) for activating or re-setting the control circuity so

that it enters into the second standby mode and prepares to deliver the subsequent waveform when an

electrical property detects the presence of skin contact, as described above. Thus, in some variations,

removing the outer hydrogel layer(s) (e.g., by removing the release layer and/or hydrogel) may remove

the second circuit interrupt and allow activation of the second or subsequent waveform. The second or

subsequent waveform(s) may be different than first (or other predicate) waveform. For example the



subsequent waveforms may be lower in one or more of: frequency and/or intensity. For example, the

second waveform may have an amplitude that is between about 10-30% lower in amplitude compared to

the first waveform.

[0018] The release liner may be formed of a generally non-conductive material (e.g., electrically

insulating material), but may have openings through which the adjacent layers of hydrogel may be in

contact.

[0019] In general the waveforms described herein may be configured so that they deliver a constant

current and a variable voltage; the voltage may be scaled between the first and subsequent waveforms.

Examples and characteristics of effective predetermined waveforms are described below; for example, a

predefined waveform may have a frequency of between about 100 Hz and 15 KHz and/or a charge per

phase of between 0.1-10 microCoulombs. In some variations the waveform may have a duty cycle of

between 1% and 50%.

[0020] In general, the apparatuses and methods described herein may be configured to deliver a

change per phase that is between about 0.1 microCoulombs per phase and about 20 pC/phase (e.g.,

between about 0.1 pC/phase and about 10 pC/phase, e.g. between about 0.2 pC/phase and about 7

pC/phase, between about 0.2 pC/phase and about 5 pC/phase, between about 0.2 pC/phase and about 4

pC/phase, etc.). In general, the frequency may be configured to be between about 100 Hz and about 16

KHz, the percent duty cycle (e.g., the ratio of on to off time for the waveform) may be between about 1%

and about 50%, and the percent DC may be between about 5% and 100%. In any of the apparatuses and

methods described herein the waveform parameters may be specific to the indication for which the

apparatus is intended. For example, the apparatuses described herein may include a pre-defined

waveform that is monophasic or biphasic; in some variations, such as the use of the apparatuses described

herein to treat a dermatological or other therapeutic indication, a biphasic waveform may be used, and the

charge per phase may be between about 0.1 pC/phase and 4 pC/phase; the frequency may be between

about 400 Hz and about 5 KHz (e.g., between 500 Hz and 4 KHz). The percent duty cycle may be

between about 10% and about 40%, and the DC percentage may be between about l%-70% (e.g., 4%-

65%). The device may be applied to the back/midline of the user’s neck.

[0021] In some variations, for indications in which an energizing effect is intended, the charge per

phase may be between about 0.5 pC/phase and about 2 pC/phase, and the frequency may be between

about 100 Hz and about 1600 Hz. The percent duty cycle may be between about 1% and about 20%, and

the DC percentage may be between about 90% -100%. The device may be applied slightly behind the

user’s ear (e.g., over the mastoid region).

[0022] Indications in which a relaxation effect is intended, the device may be applied to the back of

the user’s neck (e.g., on or near the midline) and the charge per phase may be between about 0.1 and

about 5 pC/phase. (e.g., between about 0.2 and about 3 pC/phase), and the frequency may be between

about 1 KHz to about 16 KHz (e.g. between about 2 KHz and about 15 KHz). The percent duty cycle may

be between about 10% and about 50%, and the DC percentage may be between about 70%-l00%.



[0023] In indications in which memory enhancements are intended, the device may be applied to the

forehead and/or temple regions with a common reference electrode targeting the prefrontal cortex and

other brain regions, a sinusoidal, theta-like wave with a frequency of between 4-8 Hz and a biphasic peak

to peak intensity of 1.5mA may be applied for a period of at least 5 minutes.

[0024] The methods and apparatuses described herein may, in particular, be configured so that the

waveforms shift (or oscillate) around one or more of frequency, center amplitude or center duty cycle by

between 2% and 30% during the course of the application of the waveform. The oscillation can be

variable or constant. Such waveforms may be referred to as pendulum waveforms. For example, a

pendulum waveform ‘swings’ back and forth around a center frequency, center amplitude, or center duty

cycle. In some variations the frequency is oscillated about a center frequency and the oscillations do not

have to be symmetric. The pendulum cycle may take, e.g., 2 to 20 seconds (e.g. about 7-9 seconds, such

as about 8 seconds) for the full cycle. The oscillation may be stepped (e.g., changed abruptly) or smooth

(e.g., changed in a sinusoidal manner).

[0025] Pendulum waveforms may provide an improvement because the change or oscillation in

parameters are generally better since they prevent adaptation. By sweeping over a range, the sensation

and effect may be more likely to work for a larger number of different people, who may otherwise vary

anatomically and biologically in that particular region with respect to nerve anatomy/physiology and

sensory responses.

[0026] As mentioned above, any of the apparatuses described herein may include a fabric, and in

particular an elastomeric fabric, material. The use of an elastomeric fabric as part of the body of the

device (including the cover, and/or in some variations the substrate) may enhance the flexibility, reduce

the profile/size, and may reduce the weight of the apparatus. As used herein a fabric may include woven

and non-woven fabrics, including fabrics formed of sheets or layers of synthetic material (e.g., plastics,

polymers, etc.). In some variations the fabric may be a highly compliant material. Examples of

appropriate fabrics may include, but are not limited to: elastomeric polymers, elastomeric cotton (e.g.,

cotton/nylon blends, such as 95% cotton, 5% nylon, etc.), synthetic fibers, nylon fabrics, etc.

[0027] The fabric material may be used to wrap and/or cover the power source and/or control

circuitry, and may be coupled to (e.g., adhesively bonded to) the substrate for the electrodes. In any of

these variations the fabric may include an adhesive on one side, such as an acrylic adhesive. The fabric

may form a cover that is compliant, and encloses all or part of the power supply and/or the circuitry. The

fabric material may be woven, knitted, braided, or the like.

[0028] Any of the apparatuses described herein may include one or more pairs of electrodes

(anode/cathode), and/or may have a three-electrode configuration (e.g., two cathodes, one anode). The

electrodes may include a hydrogel that is electrically conductive and configured to contact the subject’s

skin. In general, the electrodes (including the hydrogel) may be arranged on a substrate so that they do

not require a particular orientation. For example, the electrode may be arranged concentrically, so that a

first electrode at least partially (e.g., 75% or more, 80% or more, 85% or more, 90% or more, 95% or

more, etc.) surrounds the second electrode. Thus, the first and second electrodes (e.g., cathode and anode,



or anode and cathode) may be configured as a bullseye pattern; the outer ring may be complete or

interrupted (e.g., allowing electrical connection to the control circuitry). Thus, the first (outer ring)

electrode may have a much larger area as compared to the second (inner shape) electrode, such as 2x or

more, 3x or more, 3.5x or more, 4x or more, etc. the area of the second electrode. This concentric

arrangement, in conjunction with the small maximum diameter of the device, may allow the apparatus to

be applied in any orientation.

[0029] A wearable neuromodulation apparatus may include: a flexible (e.g., fibrous) substrate. The

fibrous substrate may be a woven (e.g., formed of yarn or other fibers of material) or non-woven (e.g.,

paper) materials. In some variations, these fibrous substrates may have a shape memory wherein the

flexible fibrous substrate is configured to return to a set shape after being folded or bent. Any of these

apparatuses may also include: a control circuit attached to the fibrous substrate; a power source attached

to the fibrous substrate in electrical communication with the control circuit; a first electrode on a first

region of the fibrous substrate, wherein the first electrode comprises a first conductive gel pad over a first

plurality of conductive filaments attached to the fibrous substrate; a second electrode on a second region

of the fibrous substrate, wherein the second electrode comprises a second conductive gel pad over a

second plurality of conductive filaments attached to the fibrous substrate; a first electrical connector

coupling the first plurality of conductive filaments to the control circuit; and a second electrical connector

coupling the second plurality of conductive filaments to the control circuit.

[0030] The flexible fibrous substrate may be a fibrous polyethylene terephthalate. In some

variations, the flexible fibrous substrate comprises a woven material.

[0031] Any of these apparatuses may include a housing enclosing the control circuit and coupling

the control circuit to the fibrous substrate. The housing may mechanically connect a first electrical

contact for the control circuit to the first electrical connector and a second electrical contact for the

control circuit to the second electrical connector.

[0032] Any of these apparatuses may include a control input electrically coupled to the control

circuit and configured to control one or more of: power and intensity of the neuromodulation apparatus.

[0033] An outer surface area of the first electrode may be larger than an outer surface area of the

second electrode (e.g., the anode may be larger than the cathode, or vice-versa).

[0034] The plurality of conductive filaments may comprise a mesh of conductive filaments. For

example, the plurality of conductive filaments may be interwoven into the fibrous substrate. In some

variations, the plurality of conductive filaments comprises a yarn with conductive filaments and

insulating filaments. The plurality of conductive filaments may be stainless steel filaments.

[0035] The plurality of conductive filaments may be coupled to the substrate in any appropriate

manner, including interweaving, and in some variations, adhesively attaching to the fibrous substrate.

[0036] Any appropriate electrical connector may be used. For example, the electrical connector(s)

may comprise one or more of: a conductive yarn, a wire, or a printed electrical trace.

[0037] Any of these devices may include a flexible cover over the control circuitry. The cover may

be formed of the substrate.



[0038] For example, described herein are wearable neuromodulation devices that include: a flexible

woven substrate; a control circuit attached to the woven substrate; a power source attached to the woven

substrate in electrical communication with the control circuit; a first electrode on a first region of the

woven substrate, wherein the first electrode comprises a first conductive gel pad over a first plurality of

conductive filaments attached to the woven substrate; a second electrode on a second region of the

woven substrate, wherein the second electrode comprises a second conductive gel pad over a second

plurality of conductive filaments attached to the woven substrate; a first electrical connector coupling the

first plurality of conductive filaments to the control circuit; and a second electrical connector coupling the

second plurality of conductive filaments to the control circuit.

[0039] The woven substrate may comprise a woven insulating material. For example, the woven

substrate may be woven from a polymeric yarn. In some variations, the woven substrate is knitted.

[0040] The plurality of conductive filaments may comprises a mesh of conductive filaments; this

mesh may be interwoven into the woven substrate and/or attached to the woven substrate. For example,

the plurality of conductive filaments may comprise a yarn with conductive filaments and insulating

filaments.

[0041] Any of the apparatuses described herein may be configured as limited-number -of-use,

wearable neuromodulation device that provide a predetermined waveform having a very high electrical

efficiency, so that the power requirements may be minimized. The limited-number-of-use applicator

apparatus may be configured to provide over x minutes of electrical neuromodulation (e.g., 5 min, 7 min,

10 min, 15 min, 20 min, etc.) without requiring recharging, and may include one or more sensors (e.g.,

impedance sensing circuitry and/or logic) to determine when the device is in contact with the skin and

ready to apply energy. For example, a limited-number-of-use wearable device may include: a flexible (in

some variations, fibrous) substrate; a power source above substrate; a control circuit in electrical

communication with the power source and configured to provide constant current pulsing, further wherein

the control circuit comprise a switch configured to generate a DC voltage that changes amplitude over

time to maintain constant current pulsing, the control circuit further comprising an accumulator

configured to store energy from the power source and provide energy for the constant current pulsing; a

pair of electrodes on the substrate. In some variations each electrode may have a conductive gel pad over

a plurality of conductive filaments attached to the substrate. Each electrode may be electrically coupled

to the control circuit via an electrical conductor. The control circuity and/or power source may float

relative to the substrate (e.g., may not be rigidly connected to it, but allowed to move (though constrained

by a cover, such as a fabric cover).

[0042] In any of the apparatuses described herein, the power source may be a battery having less

than a 50 milliamp hour capacity. For example, the power source may be one or more alkaline batteries in

series having an instantaneous current output of less than 20 milliamps. In some variations, the maximum

voltage output for the device is between 10 V and 50 V. In some variations, the power source is a 30

mA*hr (e.g., 30 C, 3.7 V) source.



[0043] In some variations, the control circuit may be configured to provide an amplitude-modulated

carrier waveform having a trapezoidal envelope, wherein the carrier waveform comprises a pair of

repeating pulses.

[0044] In any of these apparatuses, energy may be accumulated from the battery and boosted in

voltage to provide the constant current pulsing for neuromodulation. For example, the switch may be a

switching transistor that is configured to generate a plurality of kick-up pulses feeding into an inductor

(e.g., accumulator). The inductor may be in communication with one of the electrodes of the pair of

electrodes. The control circuitry may also include smoothing circuitry to smooth the ripples from the

kick-up pulsing.

[0045] Described herein are wearable neuromodulator apparatuses (e.g., devices) that include: a

flexible substrate; a first electrode; a second electrode on the flexible substrate; a battery; a control

circuitry in communication with the first electrode and the second electrode; a circuit interrupt removably

coupled with the control circuitry, wherein the circuit interrupt is interposed between the battery and the

control circuitry so that removing the circuit interrupt powers the control circuitry, further wherein the

control circuitry is configured to deliver a predefined waveform between the first and second electrodes

after the circuit interrupt is removed, wherein the device weighs 20 g or less.

[0046] A wearable neuromodulator device may include a flexible substrate, a first electrode; a

second electrode on the flexible substrate; a battery; a control circuitry, wherein the control circuity has a

first mode of operation in which the battery is disengaged from the control circuity and a second mode of

operation in which the battery is engaged with the control circuitry, further wherein the control circuitry is

configured to deliver a predefined waveform between the first and second electrodes when the battery is

engaged with the control circuitry, wherein the waveform has a frequency of between 100 Hz and 15 KHz

and delivers a charge per phase of between 0.1-10 microCoulombs; and a circuit interrupt removably

coupled with the control circuitry and configured to switch the control circuitry from the first mode to the

second when the circuit interrupt is removed.

[0047] In any of the apparatuses described herein the circuit interrupt may be a pull tab, pull pin, etc.

and may be formed of a material that is electrically insulating and prevents electrical contact between the

battery and the control circuitry. For example, the pull tab or pin may interrupt the circuitry by holding

apart a biased contact that is released when the interrupt is pulled out, allowing the circuit to close and

power to be applied to the control circuit.

[0048] In any of these apparatuses, the first electrode may comprise a first adhesive hydrogel and the

second electrode may comprise a second adhesive hydrogel.

[0049] As mentioned above, any of these apparatuses may weight 20 g or less (e.g., 15 g or less, 10 g

or less, etc.) which may allow the device to be worn just by the adhesive properties of the standard

electrically conductive hydrogel without disrupting the electrical contact between the skin and the

hydrogel. Any of these apparatuses may have a maximum diameter of 10 cm or less (e.g., 9 cm or less, 8

cm or less, 7 cm or less, 6 cm or less, etc.), and an average or maximum thickness of 1 cm or less (e.g.,

0.8 cm or less, 0.7 cm or less, 0.6 cm or less, 0.5 cm or less, etc.).



[0050] As mentioned, any of these apparatuses may include a flexible cover wherein the battery and

control circuitry are between the flexible cover and the flexible substrate. The flexible cover may be a

fabric.

[0051] In any of these apparatuses, the control circuitry may be configured to generate and deliver

the pre-defined waveform between the first and second electrodes when the battery is engaged with the

control circuitry and an impedance between the first and second electrodes is within a pre-defined range

(e.g., indicating that the device is being worn on skin). The predefined waveform is configured to run for

25 minutes or less (e.g., 20 min or less, 15 min or less, 10 min or less, 5 min or less, between 3-25 min,

between 3-20 min, between 3-15 min, between 3-10 min, etc.).

[0052] As discussed above, in general, any of these apparatuses may not include any user inputs or

controls other than the circuit interrupt. Specifically, and of these apparatuses may not include a control

(e.g. knob, dial, button, slider, etc.) or input for adjusting the waveform. The waveform may be preloaded

into the apparatus.

[0053] As mentioned above, in any of these apparatuses, the waveform may have a frequency of

between about 100 Hz and 1.6 KHz; the waveform may have a charge per phase of between about 0.1-5

pC/phase; and the waveform may have a DC percentage of between 80-100%. In any of these

apparatuses and methods the waveform may have a current of between about 1 and 20 mA.

[0054] In any of these apparatuses, the circuit interrupt may be removable from the apparatus. For

example, the circuit interrupt may be a pull tab or pin that is removable from the apparatus after it is

removed from the packaging but before it is applied to the skin.

[0055] For example, a wearable neuromodulator device may include: a flexible substrate; a first

electrode on the flexible substrate; a second electrode on the flexible substrate; a battery; a control

circuitry, wherein the control circuity has a first mode of operation in which the battery is disengaged

from the control circuity and a second mode of operation in which the battery is engaged with the control

circuitry, further wherein the control circuitry is configured to deliver a pre-defined waveform between

the first and second electrodes when the battery is engaged with the control circuitry and an impedance

between the first and second electrodes is within a pre-defined range, wherein the waveform has a

frequency of between 100 Hz and 15 KHz and delivers a charge per phase of between 0.1-10

microCoulombs; and a pull tab removably coupled with the control circuitry and configured to switch the

control circuitry from the first mode to the second when the pull tab is pulled, wherein the device weighs

20 g or less.

[0056] A wearable neuromodulator device, the device comprising: a flexible substrate; a first

electrode on the flexible substrate; a second electrode on the flexible substrate; a battery; a control

circuitry, wherein the control circuity has a first mode of operation in which the battery is disengaged

from the control circuity and a second mode of operation in which the battery is engaged with the control

circuitry, further wherein the control circuitry is configured to deliver a pre-defined waveform between

the first and second electrodes when the battery is engaged with the control circuitry and an impedance

between the first and second electrodes is within a predefined range, wherein the waveform has a



frequency of between 100 Hz and 15 KHz and delivers a charge per phase of between 0.1-10

microCoulombs; a cover covering the flexible substrate so that the battery and control circuitry are

enclosed between the cover and the flexible substrate, wherein the thickness of the device between the

cover and the flexible substrate is less than 5 mm; and a pull tab removably coupled with the control

circuitry and configured to switch the control circuitry from the first mode to the second when the pull tab

is pulled, wherein the device has a principle diameter that is between 2 cm and 10 cm.

[0057] Any of these apparatuses (limited-number-of-use apparatuses) may be configured for two or

more uses. For example, a wearable neuromodulator device may include: a flexible substrate; a first

electrode and a second electrode on the flexible substrate; a first hydrogel layer in electrical

communication with the first electrode and a second hydrogel layer in electrical communication with the

second electrode; a third hydrogel layer in electrical communication with the first hydrogel layer; a

removable release layer, wherein the first hydrogel layer is separated from the third hydrogel layers by the

release layer; a battery; a control circuitry; and a circuit interrupt removably coupled with the control

circuitry, wherein the circuit interrupt is interposed between the battery and the control circuitry so that

removing the circuit interrupt powers the control circuitry, further wherein the control circuitry is

configured to deliver a first predefined waveform between the first and second electrodes after the circuit

interrupt is removed, and a second predefined waveform between the first and second electrodes after the

release layer is removed. As mentioned above, the release layer may be coupled to the control circuitry.

[0058] In any of these apparatuses, the control circuitry may be configured to deliver the first

predefined waveform between the first and second electrodes after the circuit interrupt is removed and an

impedance between the first and second electrodes is within a predefined range, and the second

predefined waveform between the first and second electrodes after the release layer is removed and the

impedance between the first and second electrodes is within the predefined range.

[0059] In some variations the first predefined waveform is the same as the second predefined

waveform. Alternatively, in some variations, the second predefined waveform has an intensity that is

between 5-50% lower than the first predefined waveform. The first predefined waveform may be

configured to run for between 4-25 minutes.

[0060] In any of these apparatuses, the control circuitry may be configured to stop delivering the first

or second predefined waveform if the impedance between the first and second electrode is outside of the

predefined range. Thus, the apparatus may be configured to periodically and/or continuously monitor the

impedance between the electrodes to confirm that the device is on the skin (e.g., every 1 ms, every 5 ms,

every 10 ms, every 20 ms, every 50 ms, every 100 ms, etc.).

[0061] The control circuitry may be configured so that the first predefined waveform and the second

predefined waveform each comprise a constant current and a variable voltage.

[0062] As mentioned above, the release layer may comprise a plurality of openings therethrough to

permit electrical contact between the first hydrogel and the third hydrogel. These openings may be shaped

(e.g., round, triangular, etc.) and may be oriented to assist in removing the release layer from an

underlying layer of hydrogel. The release layer may be an insulating material; in some variations the



release layer is instead an electrically conductive material (e.g., the release layer may be formed of an

electrical insulating material impregnated with conductive particles, etc.). Typically, the release layer

comprises a non-stick or low-stick material (e.g., a waxed material, etc.).

[0063] For example, a wearable neuromodulator device may include: a flexible substrate; a first

electrode and a second electrode on the flexible substrate; a first hydrogel layer in electrical

communication with the first electrode and a second hydrogel layer in electrical communication with the

second electrode; a third hydrogel layer in electrical communication with the first hydrogel layer; a fourth

hydrogel layer in electrical communication with the second hydrogel layer; a removable release layer,

wherein the first and second hydrogel layers are separated from the third and fourth hydrogel layers by

the release layer; a battery; a control circuitry; and a pull tab removably coupled with the control

circuitry, wherein the pull tab is interposed between the battery and the control circuitry so that removing

the pull tab powers the control circuitry, further wherein the control circuitry is configured to deliver a

first predefined waveform between the first and second electrodes after the pull tab is removed, and a

second predefined waveform between the first and second electrodes after the release layer is removed,

wherein the second predefined waveform has an intensity that is between 5-50% lower than the first

predefined waveform.

[0064] Any of these apparatuses may include a fabric cover material, as described above. For

example, a wearable neuromodulator device may include: a flexible substrate; a first electrode; a second

electrode on the flexible substrate; a battery; a control circuitry coupled to the first electrode and the

second electrode, wherein the control circuitry is configured to deliver a predefined waveform between

the first and second electrodes when the battery is powering the control circuitry; and an elastic cover

wherein the battery and control circuitry are between the cover and the flexible substrate, further wherein

the device weighs 20 g or less, has a maximum thickness of 7 mm or less, and a maximum diameter of 10

cm or less. The elastic cover may comprise an elastomeric fabric, e.g., an elastomeric cotton. The elastic

cover may comprise a nonwoven elastomeric material. In some variations the battery and control

circuitry are at least partially wrapped in the elastic cover.

[0065] The elastic cover may be secured over the flexible substrate, e.g., the elastic cover may be

adhesively secured to the flexible substrate. Any of these apparatuses may include a frame securing the

battery and the control circuitry, wherein the frame is covered by the elastic cover.

[0066] A wearable neuromodulator device may include: a flexible substrate; a first electrode on the

flexible substrate; a second electrode on the flexible substrate; a battery; a control circuitry coupled to the

first electrode and the second electrode, wherein the control circuitry is configured to deliver a predefined

waveform between the first and second electrodes when the battery is powering the control circuitry; and

an elastic cover comprising an elastomeric fabric that is adhesively secured to the flexible substrate

wherein the battery and control circuitry are at least partially wrapped in the cover. The device may

weighs 20 g or less, have a maximum thickness of 7 mm or less, and a maximum diameter of 10 cm or

less.



[0067] A wearable neuromodulator device may include: a flexible substrate; a first electrode that is

concentrically arranged around a second electrode, wherein the first and second electrodes are on the

flexible substrate; a battery; a control circuitry coupled to the first electrode and the second electrode,

wherein the control circuitry is configured to deliver a predefined waveform between the first and second

electrodes when the battery is powering the control circuitry; and an elastic cover attached to the flexible

substrate, wherein the battery and control circuitry are between the cover and the flexible substrate,

further wherein the device weighs 20 g or less.

[0068] The first electrode may completely surround the second electrode; in some variations the first

electrode surrounds more than 75% (e.g., 80%, 85%, 90%, etc.) of the second electrode, as described

above. The first electrode may be configured as a cathode and the second electrode may be configured as

an anode. The predefined waveform may be configured to run for 15 minutes or less.

[0069] A wearable neuromodulator device may include: a flexible substrate; a first electrode

comprising a first hydrogel; a second electrode comprising a second hydrogel, wherein the first electrode

is concentrically arranged around the second electrode, further wherein the first and second electrodes are

on the flexible substrate; a battery; a control circuitry coupled to the first electrode and the second

electrode, wherein the control circuitry is configured to deliver a predefined waveform between the first

and second electrodes when the battery is powering the control circuitry and an impedance between the

first and second electrodes is within a predefined range, further wherein the waveform has a frequency of

between 100 Hz and 15 KHz and delivers a charge per phase of between 0.1-10 microCoulombs; and an

elastic cover attached to the flexible substrate, wherein the battery and control circuitry are between the

cover and the flexible substrate, further wherein the device weighs 20 g or less.

[0070] Any of these methods and apparatuses may be configured to deliver a pendulum waveform,

as described above. For example, a wearable neuromodulator device may include: a flexible substrate; a

first electrode; a second electrode on the flexible substrate; a battery; a control circuitry coupled to the

first electrode and the second electrode, wherein the control circuitry is configured to deliver a predefined

waveform between the first and second electrodes when the battery is powering the control circuitry,

further wherein the predefined waveform has a frequency of between 100 Hz and 15 KHz, a duty cycle of

between 1% and 50% and a charge per phase of between 0.1-10 microCoulombs, further wherein the

waveform oscillates one or more of frequency, center amplitude or center duty cycle with an oscillation

frequency of between about 2-20 seconds; and a cover wherein the battery and control circuitry are

between the cover and the flexible substrate. The predefined waveform may be biphasic or monophasic.

[0071] A wearable neuromodulator device may include: a flexible substrate; a first electrode on the

flexible substrate; a second electrode on the flexible substrate; a battery; a control circuitry coupled to the

first electrode and the second electrode, wherein the control circuitry is configured to deliver a predefined

waveform between the first and second electrodes when the battery is powering the control circuitry,

further wherein the predefined waveform has a frequency of between 100 Hz and 2 KHz, a duty cycle of

between 1% and 50% and a charge per phase of between 0.4-4 microCoulombs, further wherein the

waveform oscillates one or more of frequency, center amplitude or center duty cycle with an oscillation



frequency of between about 2-20 seconds; and a cover wherein the battery and control circuitry are

between the cover and the flexible substrate.

[0072] Also described herein are methods of using any of the apparatuses described herein, including

methods of using them for one or more indications, such as to induce a energized state in the user, to

induce a relaxed state in the user, to improve a cognitive state (e.g., to enhance or improve memory), to

treat a disorder, including ADHD, neurogenic inflammation, autoimmune disorders such as psoriasis,

general anxiety disorders, sleep-related disorders (e.g. insomnia, etc.) and/or improving sleep (including

but not limited to increasing sleep duration, reducing sleep onset, etc.).

[0073] For example described herein are methods of operating or applying a neuromodulator

(neuromodulator) as described herein. A method may include: engaging a battery of a wearable

neuromodulator device with a control circuitry of the wearable neuromodulator device when a circuit

interrupt of a wearable neuromodulator device is removed; delivering a pre-defined waveform between a

first electrode and a second electrode when the battery is engaged with the control circuitry and an

impedance between the first and second electrodes is within a pre-defined range indicating that the device

is place on a skin surface; and stopping delivery of the pre-defined waveform when the impedance

between the first and second electrodes is outside of the pre-defined range or when the waveform is

complete. The method may include a method of inducing an energized cognitive state in the subject, a

method of enhancing the subject’s sympathetic nervous system, a method of relaxing the subject/inducing

relaxation, a method of enhancing cognition (e.g., memory), a method of treating a disorder such as

general anxiety disorder, ADHD, rheumatoid arthritis, psoriasis, a method of treating a sleep-related

disorder, etc.

[0074] Any of these methods may include removing the apparatus from a packaging (e.g., a foil

package), removing an adhesive backing over the hydrogel portion of the electrodes, and/or placing the

wearable neuromodulator device onto a subject’s skin. For example, placing the device on the subject’s

neck (e.g., on a central region of the subject’s neck, on a side of the subject’s neck/behind the subject’s

ear), or on the subject’s forehead. The device may be configured to be retained on the skin by just the

electrode hydrogel (without requiring any additional adhesive or securement such as a strap, etc.). For

example, the device may weigh 20 g or less, have a maximum diameter of 10 cm or less, and/or a

maximum thickness of 1 cm or less. Placing the device may comprises bending the device to fit the

subject’s skin, further wherein the device may include a flexible cover over a battery and the control

circuitry, so that the battery and control circuitry are between the flexible cover and a flexible substrate

holding the first electrode and the second electrode (e.g., the flexible cover may be a fabric, as described

above). The predefined waveform may be configured to run for 25 min or less (e.g., 20 minutes or less,

15 minutes or less, 10 minutes or less, 7 minutes or less or 5 minutes or less, 4 minutes or less etc.). As

mentioned, the device may not include any user inputs or controls other than the circuit interrupt. Any of

these methods may include removing the circuit interrupt from the device. Removing the device from the

skin may cause the device to go into a standby mode or a locked mode in which the waveform is not

applied.



[0075] For example, a method of inducing an energized state in a subject may include: placing a

wearable neuromodulator device onto the subject’s neck so that a first electrode and a second electrode

contact the subject’s skin, wherein the wearable neuromodulator device weights 20 g or less; engaging a

battery of the wearable neuromodulator device with a control circuitry of the wearable neuromodulator

device when a circuit interrupt of a wearable neuromodulator device is removed; delivering a pre-defined

waveform between the first and second electrodes when the battery is engaged with the control circuitry

and an impedance between the first and second electrodes is within a pre-defined range indicating that the

device is place on a skin surface, wherein the waveform has a frequency of between 100 Hz and 15 KHz

and delivers a charge per phase of between 0.1-5 microCoulombs; and automatically stopping delivery of

the pre-defined treatment plan when the impedance between the first and second electrodes is outside of

the pre-defined range or when the waveform is complete.

[0076] Any of these methods may include using pendulum waveforms. For example, a method may

include: placing a wearable neuromodulator device onto a subject’s skin; delivering a pre-defined

waveform between the first and second electrodes when an impedance between a first electrode and a

second electrode is within a pre-defined range indicating that the device is place on a skin surface,

wherein the waveform has a frequency of between 100 Hz and 15 KHz, a duty cycle of between 1% and

50% and a charge per phase of between 0.1-5 microCoulombs, further wherein the waveform oscillates

one or more of frequency, center amplitude or center duty cycle with an oscillation frequency of between

about 2-20 seconds; and automatically stopping delivery of the pre-defined treatment plan when the

impedance between the first and second electrodes is outside of the pre-defined range or when the

waveform is complete.

[0077] A method of inducing an energized state in a subject may include: placing a wearable

neuromodulator device onto the subject’s neck so that a first electrode and a second electrode contact the

subject’s skin; delivering a pre-defined waveform between the first and second electrodes when an

impedance between the first and second electrodes is within a pre-defined range indicating that the device

is place on a skin surface, wherein the waveform has a frequency of between 100 Hz and 15 KHz, a duty

cycle of between 1% and 50% and a charge per phase of between 0.1-5 microCoulombs, further wherein

the waveform oscillates one or more of frequency, center amplitude or center duty cycle with an

oscillation frequency of between about 2-20 seconds; and automatically stopping delivery of the pre

defined treatment plan when the impedance between the first and second electrodes is outside of the pre

defined range or when the waveform is complete.

[0078] A method of inducing a relaxed cognitive state in a subject may include: placing a wearable

neuromodulator device onto the subject’s neck so that a first electrode and a second electrode contact the

subject’s skin; delivering a pre-defined waveform between the first and second electrodes when an

impedance between the first and second electrodes is within a pre-defined range indicating that the device

is place on a skin surface, wherein the waveform has a frequency of between 1 KHz and 15 KHz, a duty

cycle of between 1% and 50% and a charge per phase of between 0.1-5 microCoulombs, further wherein

the waveform oscillates one or more of frequency, center amplitude or center duty cycle with an



oscillation frequency of between about 2-20 seconds; and automatically stopping delivery of the pre-

defined treatment plan when the impedance between the first and second electrodes is outside of the pre

defined range or when the waveform is complete.

[0079] A method of enhancing relaxation may include: placing a wearable neuromodulator onto a

back of a subject’s neck; removing a circuit interrupt of the wearable neuromodulator to engage a battery

of a wearable neuromodulator with a control circuitry of the wearable neuromodulator; delivering a pre

defined waveform between a first electrode and a second electrode when the battery is engaged with the

control circuitry and an impedance between the first and second electrodes is within a pre-defined range

indicating that the device is place on a skin surface, wherein the pre-defined waveform has charge per

phase of between 0.1-10 microCoulombs; and stopping delivery of the pre-defined waveform when the

impedance between the first and second electrodes is outside of the pre-defined range or when the

waveform is complete. Placing the wearable neuromodulator may comprise placing the device on central

region of the back of the subject’s neck. The pre-defined waveform may have a frequency of between 1

KHz and 18 KHz. The pre-defined waveform may have a charge per phase of between 0.1-1.2 C. The

pre-defined waveform may have a DC percentage of between 70-100%.

[0080] As mentioned, also described herein are techniques for enhancing sleep (reducing sleep

latency, increasing time asleep, etc.), as well as methods of treating certain auto-immune disorders such

as psoriasis. For example, described herein are method of enhancing sympathetic nervous system activity

to treat psoriasis, the method comprising: placing a wearable neuromodulator on a the subject having

psoriasis; removing a circuit interrupt of the wearable neuromodulator to engage a battery of a wearable

neuromodulator with a control circuitry of the wearable neuromodulator; reducing the subject’s psoriasis

by automatically delivering a pre-defined waveform between a first electrode and a second electrode

when the battery is engaged with the control circuitry and an impedance between the first and second

electrodes is within a pre-defined range indicating that the device is place on a skin surface, wherein the

pre-defined waveform has charge per phase of between 0.1-10 microCoulombs; and stopping delivery of

the pre-defined waveform when the impedance between the first and second electrodes is outside of the

pre-defined range or when the waveform is complete.

[0081] Also described herein are methods and apparatuses of enhancing or improving memory. Any

of the apparatuses and features described above may be adapted as described herein for enhancing

memory. For example, any of these apparatuses may include an additional electrode that may be

separately positioned relative to the first and second electrode. In particular the first and second electrode

of the body of the apparatus may be positioned over the subject’s temple (on the side of the forehead)

while the third electrode, e.g., cathode, may be positioned over the midline of the forehead. Thus the

apparatus may include an extension arm that is between about 1-4 inches (e.g., between about 1-3 inches,

between about 1-2.2 inches) from the edge of the concentric electrodes on the substrate. The extension

arm may be formed of the substrate, which may be a flexible material (e.g., a flexible polymer, fabric,

etc., as described herein). The control circuitry may apply the same pre-defined waveform to both the

first and second and third (or third and second) electrodes, in a synchronous manner.



[0082] For example, a method of enhancing cognition may include: placing a wearable

neuromodulator device weighing 20 g or less onto a subject’s head; delivering, from a processor within

the wearable device, a pre-defined waveform between a first electrode and a second electrode when an

impedance between the first electrode and the second electrode is within a pre-defined range indicating

that the device is on a skin surface, wherein the waveform has charge per phase of between 0.1-10

microCoulombs; and automatically stopping delivery of the pre-defined treatment plan when the

impedance between the first and second electrodes is outside of the pre-defined range or when the

waveform is complete.

[0083] As in any of the methods of use described herein, placing may comprise conforming the

wearable neuromodulator device to the subject’s head by allowing a flexible fabric cover over the

wearable device to stretch. Similarly, delivering may comprise automatically delivering the predefined

waveform without the subject operating a control or adjusting the predefined waveform. The method of

enhancing cognition may comprise enhancing memory. Placing may comprise placing the first and

second electrode over the subject’s temple and placing a third electrode in a middle portion of the

subject’s forehead. The first and second electrodes may be placed on the subject’s temple and forehead.

The waveform may comprises a frequency of between about 4-8 Hz.

[0084] For example, a method of enhancing cognition, including memory may include: placing a

wearable neuromodulator device weighing 20 g or less onto a subject’s temple and forehead;

automatically delivering, from a processor within the wearable device, a pre-defined waveform from a

first electrode on the subject’s temple and second electrode on the subject’s forehead, when an impedance

measured at either or both the first and second electrodes is within a pre-defined range indicating that the

device is on a skin surface, wherein the pre-defined waveform has charge per phase of between 0.1-10

microCoulombs and comprises a frequency of between about 4-8 Hz; and automatically stopping delivery

of the pre-defined treatment plan when the impedance is outside of the pre-defined range or when the

waveform is complete.

BRIEF DESCRIPTION OF THE DRAWINGS

[0085] The novel features of the invention are set forth with particularity in the claims that follow.

A better understanding of the features and advantages of the present invention will be obtained by

reference to the following detailed description that sets forth illustrative embodiments, in which the

principles of the invention are utilized, and the accompanying drawings of which:

[0086] FIG. 1 is one example of a limited-number-of-use, wearable neuromodulator (e.g.,

neuromodulator) having a flexible (e.g., woven) substrate including control circuitry and electrodes; the

cover is also formed of a flexible fabric.

[0087] FIGS. 2A-2B show another example of a limited-number-of-use wearable neuromodulator

configured to be worn behind a user’ s ear.

[0088] FIG. 3 is a table illustrating the relationship between gel pad thickness and distance to a

target nerve within the body.



[0089] FIGS. 4A-4B illustrate examples of electrodes (e.g., anode and cathode, primary and return)

including a gel pad region overlaying a plurality of current-distributing conductive fibers (e.g., stainless

steel fibers) between the substrate and the conductive gel pads.

[0090] FIG. 4C shows examples of electrode shapes that may be used, including for use with a

behind-the-ear (e.g., mastoid) electrode.

[0091] FIGS. 5A and 5B illustrate another example of a pair of electrodes (e.g., (e.g., anode and

cathode, primary and return) that may be used, e.g., as part of a limited-number-of-use, wearable

neuromodulator configured to be worn on a user’s neck.

[0092] FIG. 6A is an exemplary schematic section through a protective frame (e.g., housing) for a

control circuit and/or battery of a limited-number-of-use, wearable neuromodulator.

[0093] FIGS. 6B-6E illustrate examples of connections that between a conductor (e.g., conductive

yarn) and an electrical contact (pad) of a control circuit, including within a protective frame or housing.

[0094] FIG. 7 is an example of a schematic of another example of a limited-number-of-use, wearable

neuromodulator having a flexible (e.g., woven) substrate including control circuitry and electrodes. In

FIG. 7, the wearable neuromodulator may be worn on the back of the user’s neck.

[0095] FIGS. 8A-8F illustrate different layers of the exemplary apparatus shown in FIG. 7, showing

exemplary dimensions (which may be +/- 5%, 10%, 15%, etc.).

[0096] FIG. 9 illustrates one method of fabricating a limited-number-of-use, wearable

neuromodulator having a flexible (e.g., woven) substrate including control circuitry and electrodes such

as the one shown in FIG. 7.

[0097] FIG. 10A is an example of a fibrous material including one or more conductive filament(s)

that may be used as part of a limited-number-of-use, wearable neuromodulator having a flexible fibrous

(e.g., woven) substrate.

[0098] FIG. 10B is a schematic example of a woven material including both insulative strands and

conductive strands, interwoven.

[0099] FIG. 11 is an example of a woven material having an interwoven conductive filaments

making electrical contact with a bundle of conductive fibers (e.g., in a yarn or wire). In some variations

the conductive filaments from the bundle may be continuous with the interwoven conductive filaments in

the woven substrate.

[0100] FIG. 12 illustrates an example of a method of manufacturing a limited-number-of-use,

wearable neuromodulator having a flexible woven substrate. In FIG. 12, a plurality of adjacent wearable

devices are fabricated in a single layer that is then cut or otherwise divided into separate devices.

[0101] FIG. 13 illustrates one method of connecting a conductive yarn (e.g., including one or more

stainless steel filaments) to a flexible, e.g., woven, substrate.

[0102] FIG. 14 illustrates an example of a woven material (e.g., woven polymeric material) to which

a plurality of conductive filaments (e.g., stainless steel filaments) is coupled.



[0103] FIG. 15A is a sectional view through a portion of an electrode of a limited-number-of-use,

wearable neuromodulator having a flexible substrate.

[0104] FIG. 15B show an enlarged view through a section of a conductive yarn including stainless

steel fibers that may form part of an electrode, such as the one shown in FIG. 15A.

[0105] FIG. 16 is an example of a section through a limited-number-of-use, wearable

neuromodulator having a flexible woven substrate showing a control circuit (circuitry) within a protective

housing, electrical connections (e.g., via conductive yarns) to electrodes on the flexible substrate.

[0106] FIG. 17 schematically illustrates an example of a limited-number-of-use, wearable

neuromodulator having a flexible woven substrate in which a housing enclosing the control circuit also

forms a control (e.g., button) that may be actuated by the wearer/user.

[0107] FIG. 18 is a schematic illustration of another example of a limited-number-of-use, wearable

neuromodulator having a flexible woven substrate in which the housing holding the control circuit(s) is

sewn onto the substrate.

[0108] FIG. 19 is a schematic illustration of another example of a limited-number-of-use, wearable

neuromodulator having a flexible woven substrate in which the housing holding the control circuit(s) is

sewn onto the substrate via an electrically conductive yarn or filament that can make electrical connection

to one or more electrode(s).

[0109] FIG. 20 is a schematic illustration of another example of a limited-number-of-use, wearable

neuromodulator having a flexible substrate including a cover that may be a separate and/or different

fabric material (shown as a woven material in this example).

[0110] FIG. 2 1 is a schematic illustration of another example of a limited-number-of-use, wearable

neuromodulator having a flexible woven substrate including an elastomeric fabric cover (elastomer bag).

[0111] FIG. 22 illustrates an example of a woven stainless-steel that is both the connector to the

control circuitry and also extends radially outward to form a conductive mesh within the electrode

underneath a conductive gel pad.

[0112] FIG. 23 is another example of a limited-number-of-use, wearable neuromodulator having a

flexible woven substrate.

[0113] FIG. 24A is another example of a limited-number-of-use, wearable neuromodulator having a

flexible woven substrate configured to be worn behind the user’s ear.

[0114] FIG. 24B shows the device of FIG. 24A in the fully-assembled configuration, folded over

itself.

[0115] FIGS. 25A and 25B illustrate an example of a flexible fibrous substrate having a shape

memory wherein the flexible fibrous substrate is configured to return to a set shape after being folded or

bent. In FIG. 25A the apparatus is folded/bent, while in FIG. 25B the apparatus is shown returning to its

shape.

[0116] FIG. 26 illustrates one example of the relationship between current and voltage during the

application of energy by a limited-number-of-use, wearable neuromodulator as described herein.



[0117] FIG. 27 is an exemplary circuit diagram for one variation of a limited-number-of-use,

wearable neuromodulator as described herein.

[0118] FIG. 28 show and example of a voltage ramp for a boost converter of a limited-number-of-

use, wearable neuromodulator as described herein.

[0119] FIG. 29 is an exemplary circuit diagram for another variation of a limited-number-of-use

wearable neuromodulator as described herein.

[0120] FIG. 30A is a table illustrating exemplary descriptors for an amplitude-modulated carrier

waveform having a trapezoidal envelope, wherein the carrier waveform comprises a pair of repeating

pulses; these waveforms may be delivered by a limited-number-of-use wearable neuromodulator as

described herein.

[0121] FIG. 30B is a table (table 3) illustrating parameters for exemplary neuromodulation as

described herein.

[0122] FIGS. 31A-31H illustrate one example of a limited-number-of-use wearable neuromodulator

as described herein. FIG. 31A is a top view, FIG. 31B is a bottom view, FIG. 31C is a top perspective

view, FIG. 31D is a bottom perspective, FIG. 31E is a left side view, FIG. 31F is a front view, FIG. 31G

is a right side view, FIG. 31H is a left side view, and FIG. 311 is a back view.

[0123] FIGS. 32A-32H illustrate one example of a limited-number-of-use wearable neuromodulator

as described herein, having multiple layers of hydrogel and a release layer, configured to allow more than

one use. FIG. 32A is a top view, FIG. 32B is a bottom view, FIG. 32C is a top perspective view, FIG.

32D is a bottom perspective, FIG. 32E is a left side view, FIG. 32F is a front view, FIG. 32G is a right

side view, FIG. 32H is a left side view, and FIG. 321 is a back view.

[0124] FIGS. 33A and 33B illustrate one example of prototype of a limited-number-of-use

neuromodulator as described herein.

[0125] FIG. 34A is an exploded view of one variation of a limited-number-of-use neuromodulator as

described herein.

[0126] FIG. 34B is another example of an exploded view of the apparatus of FIG. 34A.

[0127] FIG. 34C is an example showing two layers of hydrogel separated by a release layer

[0128] FIGS. 35A and 35B illustrates one method of wrapping a fabric cover over a battery and

control circuitry.

[0129] FIG. 36 is an example of one variation of a limited-number-of-use neuromodulator apparatus

as described herein, including two layers of hydrogel separated by a release layer (shown without a fabric

cover).

[0130] FIG. 37A and 37B illustrate examples of a limited-use neuromodulators as described herein.

[0131] FIG. 38A is an exemplary method of using a limited-use neuromodulators as described

herein.

[0132] FIG. 38B illustrates the location of the application of a neuromodulator for inducing an

energized cognitive state.



[0133] FIG. 39A-39C illustrates one method of removing a used layer of hydrogel by pulling on a

release layer.

[0134] FIG. 39D illustrate an example of a neuromodulator and packaging (e.g., foil packet).

[0135] FIG. 40 is one example of a partial view of a neuromodulator including a pair of

concentrically arranged electrode (electrode trace and conductive and adhesive hydrogel, each connected

to a control circuitry).

[0136] FIG. 4 1 is an example of a release layer (configured as two separate release layers) for use

with a neuromodulator apparatus as described herein.

[0137] FIGS. 42-46 illustrate one method of forming a limited-number-of-use neuromodulator

apparatus with a pair of release layers. FIG. 42 shows placement of a first release layer on the second

(inner) electrode; FIGS. 43 and 44 show placement of the outer release layer on the first (outer) electrode

that is concentrically around the second electrode. FIG. 45 illustrates placement of a second gel layer for

the second (inner) electrode. FIG 46 shows placement of the second gel layer for the first (outer)

electrode.

[0138] FIG. 47 illustrates the example the assembled limited-number-of-use neuromodulator

apparatus assembled as shown in FIGS. 42-46. This variation includes multiple (e.g., 2) layers of

conductive gel; after the first use a layer of the gel may be removed, leaving the fresh under layer. In this

example, separate pull-tabs may remove the inner and outer gel regions after use; these may be combined

into a single release layer.

[0139] FIGS. 48 and 49 illustrate examples of pendulum waveforms that may be used with a strong

(FIG. 48) and mild (FIG. 49) stimulation waveforms.

[0140] FIG. 50 is another example of a limited-number-of use neuromodulator as described herein.

[0141] FIG. 51 is an example prototype of a neuromodulator formed of a woven material (in this

example a stainless steel yarn) having electrodes formed one a woven substrate.

[0142] FIG. 52A is an example of a test of a woven electrode similar to the variation shown in FIG.

51. FIG. 52B illustrates transmission of a test waveform using the prototype neuromodulator shown in

FIG. 52A.

[0143] FIG. 53 is a prototype of an alternative design of a neuromodulator similar to that shown in

FIG. 51, having electrodes formed one a woven substrate.

[0144] FIG. 54 is a prototype of an alternative design of a neuromodulator similar to that shown in

FIG. 51, having electrodes formed one a woven substrate.

[0145] FIG. 55 is another example of a prototype of an alternative design of a neuromodulator

having electrodes formed one a woven substrate, similar to that shown in FIG. 51.

[0146] FIGS. 56A-56B is one example of a neuromodulator similar to those described above (e.g., in

FIGS. 31A-31H and 32A-32H, configured to have a third electrode (e.g., cathode). FIG. 56A shows the

neuromodulator from the front (showing the fabric cover wrapping around and covering the battery and

control circuitry, while FIG. 56B shows the neuromodulator from the back, showing the electrodes

(including the hydrogel forming the electrodes).



[0147] FIG. 57 shows one example of a subject wearing a neuromodulator such as the one shown in

FIGS. 56A-56B for enhancing memory.

[0148] FIG. 58 illustrates the approximate placement of the electrodes over the target brain regions

for enhancing memory as described herein.

[0149] FIG. 59 illustrate brain regions corresponding to the application of electrical energy received

by the subject using the neuromodulator apparatus shown in FIG. 56A-56B and 57 when a waveform

configured for enhancing memory (e.g., having a frequency component between about 4-8 Hz) is applied.

DETAILED DESCRIPTION

[0150] The apparatuses described herein include limited-number-of-use neuromodulators that may

be comfortably worn on the skin of a user to non-invasively apply transdermal electrical stimulation

(TES). These apparatuses may be formed of a soft, compliant material, and may have a simplified user

interface, which may not include any buttons or controls; these apparatuses (e.g., devices and systems,

including neuromodulators) may be configured to run autonomously once applied. These apparatuses

may also include improved power management features.

[0151] For example, any of these apparatuses may be configured to provide neuromodulation by

applying a series of constant-current electrical pulses that change as a function of time to modulate the

neural activities. This weight, size, simplicity of use as well as the parameters of the constant current

pulses disclosed herein are specific to these apparatuses and may distinguish from other

neurostimulators/neuromodulators, including muscle stimulators or TENS devices.

[0152] A limited-number-of-use apparatus as disclosed here may comprise two or more conductive

gel (e.g. hydrogel) layers or pads that may form part of the electrodes, e.g., anode and cathode, and may

be characterized by particular parameters for neuromodulation using these apparatuses. Specifically, the

conductive gel pads used in any of the apparatuses described herein may be within a specific range of

thicknesses, surface areas, and shapes. These parameters have been determined (after numerous trials)

and are specific for the anatomy at the location of attachment.

[0153] In general, the apparatuses described herein may include a fabric material forming all or part

of the apparatus, including the cover, a substrate onto which the electrodes are formed and/or the

electrodes themselves. Thus, any of the apparatuses described herein may be self-contained, including a

substrate (including a polymeric and/or woven substrate, as described below), on which two or more

electrodes and/or gel pads connect via a flexible connector to control circuitry and a power source (e.g.,

battery) which may be attached to the body of the substrate or may ‘float,’ and be freely moveable

relative to the substrate. The control circuitry may be pre-configured to include the treatment waveform(s)

for applying a predetermined neuromodulation pattern. The entire structure may be flexible, and may be

applied to any appropriate region of the body, but particularly the head, neck, etc.

Woven substrates

[0154] In some, but not all, of the variations described herein the substrate may be a woven

substrate. For example, FIG. 1 illustrates a first example of a limited-number-of-use neuromodulator



apparatus. In FIG. 1, the substrate is a woven fabric 115 onto which all of the components of the system

have been added. For example, the limited-number-of-use neuromodulator 100 includes two gel pads

103, 119, each positioned over an electrode 121, 123, (or forming part of the electrode) and each

connected, via a flexible conductor (e.g., conductive trace 109, 117) to a control circuitry 113 and power

supply 111. In this example, the neuromodulator includes a control button 107 that may be used to turn

on/off the device and/or adjust the intensity and/or pause/stop the application of neuromodulation. As

will be described in greater detail below, in some variations no additional button or control is included.

[0155] Any appropriate knitted or woven substrate may be used. For example, the substrate may be

a blend conductive and insulating yarns of many varieties to enable the apparatus to be ‘knit to shape’.

As used herein, the term woven may be used generically to materials formed of one or more fibers or

group of fibers (e.g., cables, filaments, threads, yarns, etc.). A knitted material is typically formed of a

single strand (monofilament, poly-filament, etc.); other woven materials may be formed of multiple

strands.

[0156] The apparatus shown in FIG. 1 may be adapted for use to the head (e.g., between the region

behind the ear, such as the mastoid, and the neck, or behind the ear/mastoid and the temple. In use, the

apparatus may be applied to the skin with the first end (e.g., gel pad 103) applied to one region, such as

the mastoid region, and the second end (e.g., gel pad 119) applied to a second region, such as the neck

(e.g., midline of the back of the user’s neck) or in some variations, the temple. The substrate material

may be soft and flexible, permitting the apparatus to conform comfortably to the subject’s skin.

[0157] FIGS. 2A-2B illustrate another variation of an apparatus as described herein. In this

example, the apparatus is configured to be a limited-number-of-use device that can be worn behind the

user’s ear. FIGS. 2A shows an example of a printed device structure before folding (along the fold 205)

into a finished device. This configuration may be behind the ear (e.g. mastoid) and may provide an

“energy” (stimulating) effect in the user. In FIG. 2A, the oval gel pad 207 is configured to sit on top of a

bony structure behind the user’ s ear. The partially concentric reference electrode 209 may at the neck

around the bottom of the user’s ear when the apparatus is worn. In FIG. 2A, the apparatus is shown

unfolded; the substrate is flat, but may be folded (as shown in FIG. 2B) so that the gel pads 207, 209

above and electrically connected to the electrodes are on the back side of the substrate with the control

circuitry 2 11 on the opposite (back) side, and connected by conductive traces 214, 216. The device may

also include one (or more) inputs, e.g., buttons, dials, etc. FIG. 2B shows the device of FIG. 2A being

folded.

[0158] As used herein the term “electrode” may refer to both the gel and the electrical connector

and/or any other material forming the interface between the subject and the connection to the control

circuitry.

[0159] In any of the apparatuses described herein, the conductive gel pad that connects electrically to

the user’ s skin to apply neuromodulation may be configured within a range of dimensions that may be

optimized for neuromodulation. For example, in some variations, the thickness of the gel may be related

to the distance of the electrode (e.g., the outer surface of the gel) from the target nerve bundle, when the



electrode is worn. This may be equivalent to the distance from the skin surface to the target nerve bundle.

The applied electric field may be optimized to this gel thickness. For example, if the gel is too thin, the

electric field may stimulate more of the surface nerve to create a discomfort. If the gel is too thick, then

the field strength may be less than optimal at the neural bundle that we target.

[0160] The skin is not typically homogenous, but includes sweat glands that are very conductive

when wet, and patches of dead skin that are typically very non-conductive. In addition, air bubbles

sometimes are trapped between the gel and the skin. The air bubbles may cause local concentration of

electric field around them. Occasionally, the gel pad may be partially lifted from the skin due to

movements. Further, electric fields may concentrate on the gel pad’s boundary that remains attached to

the skin.

[0161] In any of the electrodes described herein, a resistive layer may be inserted between the

control circuitry output (e.g., the output of the PCBA) and the gel body to evenly distribute the electrical

current over the skin. This resistive layer may stop the current from concentrating on the sweat gland, and

may reduce the field concentration around air bubbles and dried skin.

[0162] In some applications, the applicants have found that this resistive layer can be a low cost

printed carbon film, or a plastic film impregnated with carbon particles. In other applications, a stainless

steel mesh, which is non-conductive until there is a high enough voltage to break down the surface oxide

layers, may be used. The temporarily high-resistance layer (e.g., the property of stainless steel’s surface

oxide) to cause the stainless steel to be non-conductive where there is a high resistance, such as air or

dead skin, may protect the area disrupted by these artifacts. Thus, in some variations a stainless steel

mesh may be preferably for both spreading the energy and protecting the user. In addition, the inherent

electrical resistance of very fine stainless fibers may also create a resistive layer effect similar to carbon

layers to prevent the local concentration of electrical current into sweat glands.

[0163] For example, FIG. 3 is a table (based on experimental data) summarizing the relationship

between gel thickness and the distance of the nerve to the skin. In general for nerve targets that are closer

to surface of the skin, a medium thickness gel (e.g., between about 0.5 mm and 1.2 mm) may be optimal.

For longer distances, a thicker gel (e.g., greater than 1 mm, greater than 1.2 mm, greater than 1.4 mm,

greater than 1.5 mm, greater than 1.7 mm, greater than 1.8 mm, greater than 2 mm, etc.) may be used.

[0164] In addition to the thickness, the location of the electrode gel pad may also be optimized. For

example, in any of the variations described herein, the neuromodulator may be positioned behind the

user’s ear. In any of the apparatuses described herein that are configured to be placed behind the ear, an

optimal configuration for the neuromodulation (e.g., electrode) behind the ear for inducing an energizing

(e.g., ‘energy’) effect may be having a thickness of, e.g., between about 0.030 inch to 0.040 inch (e.g.,

between about 0.7 mm and 1 mm). Alternatively, in some variations, the gel thickness optimal for

neuromodulation for inducing a relaxed neural effect from behind the user’s neck may be between about

0.050 inches to about 0.060 inches in thickness (e.g., about between about 1.2 mm and about 1.5 mm).

As shown in FIG. 3, thickens of the electrode (e.g., gel thickness) may depend on the distance to the

target nerve.



[0165] The shape of the gel may also be configured and/or adapted (e.g., optimized) to the

application. For example, FIG. 4A shows an example of an electrode, including a gel pad 407 that may

be used behind the ear and is configured as an oval; in this example the oval is approximately 0.70 inch to

1.0 inch in the major axis, and 0.60 inch to 0.80 inch in the minor axis. This shape may be optimized to

cover the bony protrusion behind the ear, which is a unique feature and an easy anatomical landmark for

user to recognize for application of the electrode. FIG. 4B illustrates an example of a shape of an

electrode (e.g., gel pad) for the return electrode.

[0166] Alternatively, the mastoid (e.g., behind the ear) electrode, including the gel, may be wedge

shaped, as shown in FIG. 4C. In this example, the wedge-shaped electrode (left) may including a slightly

tapered shape that may conform well to the region behind the user’ s ear. The dimensions shown in all of

these figures are examples only, and other dimensions may be used (e.g., +/- 10%, 20%, 30%, 40%, 50%,

60%, 70%, 80%, 90%, etc.).

[0167] In some variations, the apparatus includes an electrode having a gel that is configured,

including shaped, to fit on the back of the neck. For example, in some variations, the electrode is

configured to target the nerve bundle behind the neck and is configured as a rectangle (e.g., FIG. 5A or

5B), e.g., with rounded corners 0.9 inch to 1.2 inch in width, and 0.8 inch to 1.1 inch in height. In this

example, the top edge of this gel may be placed at the end of the hair line, where the neck has a natural

fold. This anatomical landmark may allow the user to target the proper nerve bundle.

[0168] In any of these apparatuses, the reference electrode may provide a return path for the neural

modulating electrical current. The shape of this electrode may affect the field distribution in the area

between the two electrodes. The apparatuses described herein may be configured to have a uniform

electric field at the target nerve bundle. For example, see FIGS. 4B and 5B. The apparatus may be

positioned on the subject so that the nerve bundle targeted for modulation is positioned between the

modulating electrode and the reference electrode. Therefore the distance between the two electrodes may

be controlled. For example, FIG. 4B is one example of a reference electrode shaped to optimize electric

field uniformity at the target neural bundle.

[0169] The applicants have found that it is surprisingly effective if the reference electrode is larger

than the neural modulating electrode; this configuration may provide greater comfort of the user,

minimizing the tingling sensation from the surface nerve that comes with the neuromodulation. For

example, the reference electrode may be between about 110% and 200% the size of the modulating

electrode (e.g., the electrode positioned in these examples, over the mastoid and/or on the neck); compare

FIG. 5A (showing the modulating electrode for the neck, which may provide a “calming”

neuromodulatory effect when a particular waveform is applied, as described herein) with FIG. 5B,

showing its reference electrode.

[0170] Any of the apparatuses and methods described herein may be configured to form self-

contained (e.g., limited-number-of-use) wearable neuromodulators that include printed conductive traces

and/or woven conductive traces between control circuitry and the (e.g., gel) electrodes. The apparatuses

described herein may be low-cost, and high-reliability. Any of these one-time use devices may achieve



very low cost fabrication by utilizing automation in the assembly of the device; the use of printed layers

and traces on a flexible substrate to conduct the neural-modulating waveforms generated at the control

circuitry (e.g., printed circuit board) assembly to the skin contacting gel electrodes.

[0171] For example, printed traces may mate to the control circuitry (e.g., PCBA) via a compression

force generated by dimples on the plastic housing forcing the printed traces against contact pads on the

circuitry. For example, FIG. 6A shows one example. In FIG. 6A, the conductive traces consists of

nanoparticles of silver that are dispersed in a binding medium, or alternately (and potentially lower cost),

carbon particles may be used instead of silver particles. The traces may be laid down using a silkscreen

process or an inkjet printing process. The ink may be formulated for flexibility so that it will not fracture

when the substrate bends.

[0172] In FIG. 6A, the apparatus includes a housing or enclosure 601 that at least partially encloses

the control circuitry 603 and may be connected to the flexible (e.g., woven) substrate 605. The

housing/enclosure in this example includes two parts that are connected (e.g., snapped, via friction fit,

welding, screw, etc.) so that the substrate 605 and conductive traces (which may be printed or otherwise

formed on the substrate, or may be separate from the substrate) are held between the parts of the

housing/enclosure so that it is both secured to the substrate and connected (via one or more connecting

pads electrical communication with the control circuitry 609. In FIG. 6A, the first (e.g., upper) portion of

the housing 601’ includes a detent, dimple, projection, tab, etc. that applies force to maintain a connection

between the conductive trace 611 and the circuitry 603. Thus, any of these apparatuses may include a

compression contact between the conductive traces and the control circuit (e.g., PCBA).

[0173] For example, FIGS. 6B-6D illustrate examples of methods for connecting a connector (e.g., a

stainless steel interwoven yarn in this example) to control circuitry. In FIG. 6B a compression lock

includes a crimp pin 621 that is used to crimp 629 the conductive yarn 623 to an electrical connector (e.g.,

solder tab 627) for a control circuit. FIGS. 6C-6D show examples in which a rivet 632 is used; in FIG.

6D the rivet is an open rivet 632’. In FIG. 6E, the connector may include an upper housing 641 and a

lower housing 642 that can be locked together to secure the conductive yarn 623 to the conductive pad of

the control circuit.

[0174] FIG. 7 is another example of a limited-number-of-use neuromodulator that is configured to be

worn behind the user’s neck. In FIG. 7, the apparatus has a generally hourglass shape with a first 701

(e.g., upper) electrode (gel electrode) and a second 703 (e.g., lower, or return) electrode. The example

shown in FIG. 7 includes exemplary dimensions. The control circuitry 707 in this example is connected

to the electrodes by connecting wires 705, 706. The control circuitry may be enclosed in a housing (e.g.,

enclosure) as illustrated in FIG. 6A. The apparatus in FIG. 7 is also configured as a limited-number-of-

use device and may be packaged in a sealed pack similar (e.g., limited-number-of-use packaging). The

device is self-contained, and includes a battery (not shown in FIG. 7) and a miniature control circuitry

(e.g., PCBA) that may contain the circuit necessary for neuromodulation. The device may be attached to

the user (by the user) behind the neck, with the larger electrode placed on the shoulder region (e.g., C4-



T3, e.g., C5-T1) and the small electrode on the back of the neck below the hair line (e.g., C1-C6, e.g. C2-

C4).

[0175] FIGS. 8A-8F show an example of a self-contained neck-worn apparatus, similar to that

shown in FIG. 6, having different layers or region also showing exemplary dimensions. In FIG. 8A the

substrate 803 (e.g., printed substrate) may include two or more contact regions 805, 807, e.g., formed by

printed silver, for high conductivity, which may be covered by a 3rd layer of carbon ink at the gel pads for

controlling its electrical resistance and distributing electrical current evenly to the skin even in the

presence of inhomogeneous structures. An additional printed layer (shown in FIG. 8B), may consist of an

electrically insulating dielectric 812 so as to keep the traces from exposing to the user. FIG. 8C shows an

example of a pattern of the conductive silver layer that may be used, while FIG. 8D shows an exemplary

pattern of the carbon layer that may be used. FIG. 8E illustrates an exemplary pattern for the dielectric

layer, while FIG. 8F is an example of the opposite side of the apparatus. In this example two rivets are

shown to bring the electrical connection to the other side of the substrate. Alternatively, a folding

technique such as disclosed above may be used to bring the conducting traces to the other side of the

apparatus, where the control circuitry (e.g., PCBA) resides.

[0176] The substrate and traces may be printed repeatedly on a large sheet then cut into individual

units for substantial cost reductions, as illustrated in FIG. 9, showing a printed substrate that is repeated

many times on a large sheet for mass reproduction. Printing many of these electrodes on a single sheet

may allow them to be cut apart and separated later, after reliably screening/printing them. As discussed

above, the substrate may be a paper, polymer or in some variations, a woven material (including braided,

knitted, etc.), and the electrode 905 may be printed for each apparatus 903 in a batch manner.

[0177] Any of the apparatuses described herein may use a mesh, such as a stainless steel mesh. In

particular, a mesh, such as a stainless steel mesh, may be used to spread the current in the electrodes. For

example, the Applicants have found that a stainless steel mesh made of very fine stainless steel fibers may

be an excellent way to distribute current for neuromodulation when used as a current spreading layer

placed between the control circuitry output and the electrode (e.g., gel layer) for skin coupling. For

example, FIG. 10A illustrates one example of a stainless steel yarn 1001 that is interwoven with a

polyester yarn 1003. The yarn 1003 in this example is electrically insulative. The stainless steel wire

mesh may spread the electrical current uniformly throughout the gel, while the gel conforms to

anatomical contours of the wearer for a better adhesion to the skin. FIG. 10B is a schematic illustration of

a mesh formed of a non-conductive polymer (e.g., a polyester yarn) and stainless steel wires.

[0178] The gel electrode may be held in intimate contact with the user’s skin, preventing stimulation

of surface neurons that may irritate and/or distract the user. This intimate contact may be achieved when

there is no rigid object around the electrode (such as connection snaps). Because of the stainless steel’s

mechanical properties, there is a memory in the mesh layer that may help it stay in a contact shape once

pressed against the anatomy. The shape retention may help the gel pad to stay in place and make more

intimate contact with the skin. In addition, the s steel is resistive to electrical current flow, so that the

mesh, along with the gel pad, may spread the electrical currently evenly over the surface of the skin. The



Applicants have found that a woven stainless mesh made of fine wires, e.g., 40 gauge or finer, inter

woven with a non-conducting fiber such as a polyester yarn may provide a combination of electrical

resistance, retention of shape, and mechanical flexibility / softness, and the ability to spread the electrical

current.

[0179] FIG. 11 illustrates another example of a contact including an insulative yarn combined with

stainless steel filament(s). In this example a bundle of stainless steel wires 1101 may be interwoven with

a polyester yarn 1103. A polyurethane adhesive may be used to hold a stainless steel bundle 1105 in

intimate contact with the mesh. Thus, FIG. 11 illustrates one method of forming an electrical contact

with a stainless-steel interwoven weave (fabric), by making electrical contact using a pigtail of stainless

steel fine wires adhered to the fabric (e.g., using a polyurethane).

[0180] For example, in some variations, a woven, insulating polymer fabric may be used as

substrate, and may include conductive fibers (e.g., stainless steel fibers in the yarn interwoven at periodic

locations). FIG. 12 illustrates an example of a method of manufacturing such apparatuses. In FIG. 12,

the stainless steel mesh is interwoven with the fabric yarn in regions 1202 (periodically repeating

regions). The non-electrode/nonconductive regions may be woven, but may lacking the conductive fibers

(e.g., stainless steel fibers). Once or more control circuits 1203 may be attached to the woven substrate,

either directly (e.g., using an adhesive) or through a housing (as shown in FIG. 6A, above). A gel (e.g.,

hydrogel) forming a gel pad 1207 as described herein may be electrically continuous with the regions of

the mesh including the conductive fiber 1201. The electrodes, including the gel pads, may be connected

via one or more wires, conductive traces, conducive yarns, etc. 1211 to the control electronics. The

connectors may be stitched, embroidered or otherwise attached to the woven substrate. In some

variations, the conductive trace is printed onto the woven substrate. These apparatuses may be fabricated

as sheets (illustrated in FIG. 12) that may be cut apart, as shown in FIG. 12. Any of these apparatuses

may also include a battery, e.g., conned to the control circuitry (including within or adjacent to any

housing/enclosure).

[0181] FIG. 13 illustrates another manufacturing technique, in which a stainless steel yarn 1301 is

embroidered onto the gel pad area 1305 of the substrate to form a current-spreading mesh that is

positioned under the gel pad.

[0182] FIG. 14 is another example of a substrate formed by a woven polymeric yarn or material

1401 into which fibers of conductive material (shown here as stainless wires) is woven. In FIG. 14, the

polymeric fibers are woven to form the substrate and specific, conductive regions, e.g., underlying the

electrode regions where the gel pads will be located, is interwoven with the conductive fibers (e.g.,

stainless steel fibers). For example, in FIG. 14, the stainless steel wire is, e.g., 100 gauge (e.g., 0.25 mil)

wire and the polymer weave is formed of a polyester fiber (e.g., 0.1 mil). The number of stainless steel

wires in the yarn may be approximately 30 (~30), and the yarn diameter may be approximately 14 mil .

The square grid weave shown has a pattern of approximately 40 mil center to center.

[0183] FIGS. 15A-15B illustrates an example of a woven substrate including conductive fibers in a

conductive yarn that may be used. FIG. 15A is a cross-sectional view of the first electrode region of an



apparatus, showing a conductive gel having an approximately 30 mil thickness over a woven

polyurethane substrate; underlying the conductive gel is a conductive yarn that if formed of a polyester

material into which a stainless steel wire (e.g., 0.25 mil) is interwoven. FIG. 15B shows an enlarged view

of the conductive yarn.

[0184] FIG. 16 is another example illustrating the use of the 3D woven substrate. In FIG. 16, the

substrate is a woven material (e.g., polyester) to which the circuitry may be attached in a housing 1605

enclosing control circuitry (PCBA) 1607. In this example, the electrodes are formed by stainless steel-

interwoven yarn 1609 that is stitched, woven or otherwise attached to the substrate and onto which a

conductive gel pad 1611 is formed. The electrodes 1603, 1603’ (formed by the conductive gel and

underlying stainless steel yarn) may be electrically connected to the control circuitry within the housing

by a conductor such as a stainless polyester yarn 1613, as shown in this example. In FIG. 16, the stainless

polyester yarn conductor is attached via an adhesive (e.g., polyurethane glue) 1613.

[0185] FIG. 17 schematically illustrates an alternative variation in which the housing enclosing the

control circuit also forms a control (e.g., button) that may be actuated by the wearer/user. In this

example, the housing 1705 is configured to be pushed to operate a control (e.g., button) and also supports

electrical contacts between the control circuitry 1707. The conductive trace/electrical connector 1715 is

connected to the control circuitry by a mechanical securement (shown as a dimple in this example) 1721

that also secures the housing to an extension (e.g., a ‘finger’) of the woven substrate 1701’. In this

example, the skin-contacting side of the substrate may make a single point of contact with the micro

switch 1731 and the woven substrate 1701. The skin-contacting electrodes 1703, 1703’ may be formed as

described herein.

[0186] FIGS. 18 and 19 illustrate alternative examples in which the housing is also configured as a

button connected to the control circuit. In FIG. 18, the button is a micro-switch 1831 that is mounted to

the control circuit(s) within the housing/enclosure and the housing is sewn or stitched to the substrate

(e.g., woven substrate) by a fiber (e.g., yarn 1833). In FIG. 19, the mount 1934 for the housing

(connecting the housing to the substrate) may also include one or more conductive contacts and may

make electrical contact between the electrode(s) and the control circuit(s) within the housing, e.g., via an

electrically conductive yarn 1933.

[0187] Any of the apparatuses described herein, with or without a woven substrate, may include a

cover or wrap (housing) enclosing all or part of the power source and control circuitry; this cover may be

formed of a different material than the substrate, and in particular may be a polymeric fabric. FIGS. 20

and 2 1 schematically illustrate alternative embodiments. In FIG. 20, in addition to the underlying

substrate, a fabric material 2041 may be positioned over the housing for the control circuitry (or just over

the control circuity if a housing is not included). This may cover and protect tee electronics. Although

any variation of the attachment of the control circuitry to the substrate may be used, a variation similar to

that shown in FIG. 18 is shown in this example. In FIG. 20 the cover fabric may be a woven material

(including the same or a different material as the substrate). For example, in FIG. 21, the cover is not a

woven material, but may be a polymeric material (e.g., a plastic) such as a plastic bag; the polymeric



cover may be part of the enclosure/housing for the control circuitry, as shown. The enclosure may

therefore by sewn or otherwise attached (e.g., adhesively attached) to the woven substrate.

[0188] In any of the variations described herein, the conductive yarn, may include a plurality of

conductive strands or fibers (e.g., of stainless steel). In some variations, these strands may be woven into

the mesh or weave of the electrode(s) of the apparatus by forming a pig-tail like connection in which the

various conductive fibers radiate outward. In some variations, the conductive fibers may radiate outward

from the conductive connector, which may be yarn including the stainless steel fibers that may connect

the electrode to the control circuitry. For example, FIG. 22 illustrates an example of a woven stainless-

steel yarn 2202 that is both the connector to the control circuitry (not shown) and that extends radially

outward to form a conductive mesh within the electrode underneath a conductive gel pad (not shown).

[0189] For example, FIG. 23 illustrates another example of a neuromodulator apparatus that is

configured for limited-number-of-use and includes a woven substrate (this example is configured to be

worn behind a user’s ear, in the mastoid region), in which a stainless steel mesh is used to form part of the

electrode(s).

[0190] FIG. 24A is another example, showing a different form factor, also configured to be worn

behind the user’s ear. In both examples, the control circuitry, battery, control input (e.g., button),

electrical connectors (e.g., conductive traces, wires, woven fibers, etc.) and electrodes) are all attached to

the woven substrate 2401. The substrate 2301, 2401 may be folded over to make the connection to the

subject. However, in FIG. 24A, the first and second electrodes (anode and cathode) are nearly adjacent to

each other, so that the center of each conductive gel pad of the electrode is only separated by each other

by less than about 3 inches (e.g., less than 2 inches, e.g., less than 1.5 inches, etc.). In FIG. 24A, the first

and second electrodes are separated from each other (on center) by about 1.25 inches.

[0191] Thus, a limited-number-of-use neuromodulator device configured to be worn on user’s skin

over the mastoid region, may include a flexible substrate 2401 (which may be any flexible materials

suitable for printed electronics such as Polyethylene terephthalate (PET), polyimides, polyurethanes,

polyethylene, polypropylene, etc.). The device may include a first electrode 2405 having a tapered profile

(e.g., approximately triangular, also in FIG. 4C, on the left, which may also be referred to as ‘wedge-

shaped’) on the flexible substrate. This first electrode may be at the narrow vertex of the device. As

already mentioned, the first electrode may include a first conductive gel pad (visible, outward-facing

portion). Although the first electrode is approximately triangular- or wedge-shaped, it has rounded edges;

in addition, the long sides of the profile of the electrode (e.g., the gel pad) may be bent or curved. In FIG.

24A, the bottom of the electrode is rounded. This shape may help distribute current and prevent

irritation.

[0192] The device shown in FIG. 24A also includes a second electrode 2407 on the flexible

substrate. The second electrode typically includes a second conductive gel pad. As mentioned, the center

of the first conductive gel pad is separated from a center of the second conductive gel pad by less than,

e.g., two inches. The second electrode (e.g., the gel pad) may have a different shape than the first

electrode (e.g., round, rounded, oval, etc.).



[0193] The exemplary device shown in FIG. 24A also includes a control circuit 2409 mounted on the

flexible substrate and a power source 2411 in electrical communication with the control circuit on the

flexible substrate. In general, the control circuit is configured to deliver a constant-current waveform

between the first and second electrodes. The control circuit may include hardware, software of firmware

that is configured (e.g., pre-programed, hardwired, etc.) to deliver an “energy” waveform that is designed

to evoke a feeling of energy in the user receiving the waveform from the device, when worn behind the

ear.

[0194] The substrate in FIG. 24A may be any appropriate flexible substrate, including (but not

limited to) fibrous, e.g., woven, substrates. In FIG. 24A, most or all of the elements (e.g., electrodes,

control circuit, battery, electrical connection (shown as electrical traces 2415, 2416) are on a first side of

the substrate, and the substrate is folded back on itself, so that the electrodes face the user (when worn)

and the control circuitry and power source face away from the subject. The connectors (e.g., electrical

traces) extend along the first side, over the hinge region 2432, and along the second side to the circuitry.

FIG. 24B shows the user-contacting side of the folded-over device. The device may be fixed (e.g.,

adhesively, stitched, welded, etc.) in this folded over configuration.

[0195] Although FIG. 24A-24B shows a specific embodiment, any of the features shown herein may

be used or adapted into any of the other embodiments described herein, and similarly, any of the

alternative features described herein may be included as part of a variations such as shown in FIGS. 24A-

24B. For example, the control circuit(s) may be housed in a housing (or enclosure) enclosing the control

circuit and coupling the control circuit to the substrate.

[0196] As mentioned, any appropriate substrate 2401 may be used, including a fibrous substrate

(e.g., a woven substrate). For example, the substrate may be a woven insulating material.

[0197] In some variations, the apparatus may include a control input 2409 that is electrically coupled

to the control circuit and configured to control one or more of: power (e.g., on/off and/or pause/resume)

and intensity (e.g., amplitude of the applied voltage) of the device. Alternatively, in any of these

variations the apparatus may not include a control input, and may instead autonomously function without

any control input. Thus, in some variations the control circuitry may automatically apply a waveform

after power is applied to the control circuitry, e.g., upon removal from the packaging and withdrawal of

any circuit interrupt. In some variations the apparatus may determine that or when the electrodes are in

contact with skin, e.g., based on impedance between the electrodes, and may automatically apply the

waveform only when skin contact is confirmed.

[0198] As shown in FIG. 24A and 24B, the outer surface area of the second electrode may be larger

than an outer surface area of the first electrode.

[0199] Any of the devices described herein may include a first plurality of conductive filaments

attached to the woven substrate. The plurality of conductive filaments may be configured to distribute

current within the first conductive gel pad. The plurality of conductive filaments may be stainless steel

filaments having a diameter, e.g., of 40 gauge or finer.



[0200] In FIG. 24A-24B, as in any of these examples, the thickness of the conductive gel pads may

be configured to optimize treatment (see, e.g., FIG. 3, above). For example, the first conductive gel pad

and the second conductive gel pad may each have a thickness of between about 0.030 inch to 0.040 inch

in FIG. 24A; this thickness may be specific to the use of the device for stimulation behind the user’s ear

(e.g., over the mastoid region).

[0201] In FIG. 24A, the substrate configured to be folded over itself so that the first and second

electrodes are on a first side and the control circuit is on a second side, as shown in FIG. 24B. Thus, the

final profile of the fully-assembled device is a tapered, e.g., wedge-shaped profile, as shown. This shape

may fit well behind the user’ s ear, over the mastoid.

[0202] Any of these device may also include one or more connectors, e.g., a first connector

electrically coupling the first electrode to the control circuit and a second connector electrically coupling

the second electrode to the control circuit. The connector may be any appropriate electrical connector

(e.g., a conductive yarn, a wire, a printed electrical trace, etc.). In FIG. 24A-24B the connector is an

electrical trace that is printed or otherwise adhered to the substrate. The first and second conductor are

shown each extending along a first side of the device, over an edge of the device (at the fold region 2432)

and along a second side of the device to connect to the control circuit.

[0203] The control circuity in any of these devices, including the variation shown in FIGS. 24A-

24B, may be configured to provide a waveform that has a therapeutic and/or neuromodulator effect. For

example, the control circuit may be configured to provide an amplitude-modulated carrier waveform

having a trapezoidal envelope, wherein the carrier waveform comprises a pair of repeating pulses. In

FIG. 24, the waveform may be adapted to provide an “energy” waveform (e.g., to induce an energized

mental state) similar to the waveform parameters shown in FIG. 30A and described in detail below.

[0204] In FIGS. 24A-24B, as in any of the apparatuses described herein, the control circuitry and

power source (e.g., battery) may be adapted to be a limited-number-of-use device, having a very high

electrical efficiency (e.g., greater than 75% efficient, greater than 80% efficient, greater than 85%

efficient, greater than 90% efficient, etc.) when converting the energy from the power source into

electrical output delivered to the user through the conductive gel pads.

[0205] For example, in FIG. 24A (or any of the apparatuses described herein), the power source may

comprise a battery having less than a 50 milliamp hour capacity (e.g., may be one or more alkaline

batteries in series having an instantaneous current output of less than 20 milliamps), and a maximum

voltage output for the device is between 10 V and 30 V, yet may provide electrical stimulation to the user

for more than 15 minutes (more than 20 minutes, more than 25 minutes, etc.) before being removed and

recycled/destroyed.

[0206] For example, a limited-number-of-use neuromodulator device, similar to the one shown in

FIGS. 24A-24B, may be configured to be worn on user’s skin over the mastoid region and may include: a

flexible substrate having a fabric cover in which the control circuitry and battery are held between the

substrate and the cover; a first electrode on the flexible substrate on the first side, the first electrode

comprising a first conductive gel pad; a second electrode on the flexible substrate on the second side, the



second electrode comprising a second conductive gel pad, wherein a center of the first conductive gel pad

is separated from a center of the second conductive gel pad by less than 1.5 inches. The electrodes may be

concentrically arranged as described below. The control circuit may be retained above the flexible

substrate on the second side of the substrate without being attached to the substrate, so that it may move

slightly as the apparatus is flexed. Similarly, the power source in communication with the control circuit

may be positioned above the flexible substrate. The control circuit is configured to deliver a constant-

current waveform between the first and second electrodes.

[0207] In general, the substrate, including in some variations a fibrous (e.g., woven) substrate, may

allow the device to resume a preset shape even if deformed (e.g., during handling, manufacture and/or

packaging). For example, a three-dimensional (3D) woven stainless yarn may help form the electrode

and may provide a spring force for the skin contact and may help the electrode conform better around

areas having a bony structure under the skin. This may also aid in the ability of the apparatus to bounce

back into functional shape after removing from a small packaging. FIGS. 25A-25B illustrate an example

of an apparatus having a paper or polymeric substrate that is not woven, showing bending/deformation of

the substrate. In this example, the substrate is a fibrous paper material (e.g., polyethylene terephthalate,

PET) formed of filaments with a soft filler between the fibers. This material (commercially referred to as

Tyvek) may be used in addition to or instead of the woven substrates described herein, and may include

many of the shape-memory properties of the woven materials. For example, in FIG. 25A, the apparatus

formed of the fibrous paper substrate is shown able to return to the original shape after being squeezed

into a small package.

Waveforms

[0208] In general, the neuromodulation apparatuses described herein may typically generate high

voltage (e.g., approximately 50 volts), constant current (e.g., of up to 25 milliamp) electrical pulses at

between 100 and 16.0 KHz frequency. In general the charge per phase of the waveform may be between

about 0.1 to 10 C per phase The circuit must may have a highly efficient to minimize the size of the

battery, and may be extremely low-cost to manufacture, and in particular, may consist of a small number

of components to keep the product light in weight and small. Delivering a constant current is desirable

given the variability in skin and tissue properties between individuals and between two use cases for the

same individual. However, constant voltage circuits with variable current can also be used in part of the

waveform.

[0209] These requirements may be achieved by the use of a highly efficient circuit that ut es

knowledge of the skin’s equivalent electrical circuit and the relationship between the constant current

electrical pulses and the output voltage. FIG. 26 illustrates one example of the relationship between

current 2601 and voltage 2603 during the on time of the pulse. A traditional waveform generator with

constant current capability may use a step-up power supply to bring the supply voltage from the battery

level (e.g., typically 3 volts) up to the 50 volts applied by using a step-up converter; it may then create a

constant-current source from the high voltage power supply, and then put in a switching circuit to



generate the pulses. The disadvantage of the traditional design is that circuit is complex and expensive,

and it takes up a lot of room. The traditional design also keeps the high voltage all the time, even when it

is not needed. The power efficiency is therefore relatively poor.

[0210] Described herein are control circuitry for applying neuromodulation (neuro-stimulation)

waveforms, which may be referred to as ensemble waveforms because they may apply a set of electrical

parameters between the electrodes of any of the devices described herein that are specifically configured

to result in a neuromodulator effect and/or therapeutic effect desired. For example, in some variations

the ensemble waveform(s) to be applied is/are programmed or encoded into the control circuitry as

software, firmware and/or hardware. The ensemble waveform(s) may be configured to induce a cognitive

effect in the subject, such as an energizing effect, a calming response, an improvement in memory, etc. In

some variations, the ensemble waveform(s) may be configured to induce an energizing response in the

user.

[0211] The control circuit(s) described here may be configured to provide a waveform having a

constant current pulse. Given the electrical model of the skin at a particular frequency, this constant

current pulse may translate into a voltage ramp of a specific shape. This transformation may map from

current pulse to voltage ramp and may be computed off-line, and then stored in the low cost micro

controller chip in the limited-number-of-use device.

[0212] This information may then be used in a pulse width modulation boost converter (or

alternately a pulse frequency boost converter) in which short bursts of energy are fed into a small

inductor. The inductor may provide a high voltage burst with the same energy as the input energy pulse.

[0213] In addition, the waveform may also be transformed off line to convert a desired voltage ramp

into a sequence of input pulses of various durations for the kick-up inductor. This mapped sequence of

pulse duration may then be stored in the low cost microcontroller, and then applied to the inductor

through a low cost switching transistor, so that the inductor will “kick up” the voltage to achieve a

specific ramp pattern as desired.

[0214] A combination of inductor and capacitor may be used to smooth out the voltage at the output

to get rid of the spikes coming from the pulse nature of the kick-up pulses.

[0215] The apparatuses may also include feedback control of the current pulse output. For example,

due to the variable electrode contact resistance, or the skin impedance reacting to modulation and

changing over time during a neuromodulation session, the neural modulating current may fluctuate. This

fluctuation is undesirable. An electrical current sensor, measuring the voltage drop on a resistor connected

in series with the output, may provide a monitor of the electrical current for a very low cost. This same

resistor, along with voltage measurement of the output, using Analog to Digital converters built into the

micro-controller, may also allow the monitoring of the impedance seen by the electrode pads.

[0216] Any of these apparatuses may also be configured for detection that the electrode pads are on

skin, and ready for applying neuromodulation. For example, when the impedance is low, indicating the

gel pads are on the user, the apparatus may detect this and may be configured to allow the



neuromodulation to start. To probe the impedance across the electrode pads, a small pulse output may be

generated by the microcontroller to apply to the electrodes for this purpose.

[0217] FIG. 27 is a circuitry schematic for one example of a limited-number-of-use apparatus as

described herein. In FIG. 27, the apparatus is configured for automatic regulation of electrical current.

The electrical current sensor in this example feeds back into a microcontroller so that when the current

goes down, the controller puts out more energy into the kick-up inductor so that the output stimulation

increases to compensate for the decreased current.

[0218] In any of these apparatuses, the switching transistor may be controlled by the microcontroller

to generate kick-up pulses. For example in FIG. 27, a Ql transistor may run a pulse width modulated

waveform at a pulse rate of about 1,000,000 Hz ( 1 MHz). The pulse width may range from 200 nano

seconds to 900 nano-seconds. This pulse may be applied to a miniature L l inductor. The size of the

inductor is inversely proportional to the frequency of the pulses. The 1 MHz frequency assures that we

can use a tiny inductor to keep product small and light weight. When Ql turns off after a pulse, energy in

inductor L l releases thru Dl. This pulse is directed to the skin through P10 (the anode). The current from

the skin returns through Pl 1 (cathode) goes thru R9 to return to Ll. Note that Q2 and Q5 amplifies the

micro-controller’s output to a large enough current to drive the switching transistor Q

[0219] The apparatuses described herein may provide step up boost converter filtering. The output

of the kick-up inductor may have ripples since the circuit uses short bursts of energy put into inductor L l

to kick up the voltage. The apparatuses described herein may include a special design in this filtering to

preserve energy and increase efficiency. For example, after rectifier D2, the components L2, C2, R4,

along with the capacitance on the skin, may perform filtering of the ripple. When filter inductor L2 is

sinking current (taking in current), voltage is going down in C If the voltage in C l goes negative, it may

take away energy. Instead, D6 is connected to reference node (Cl’s pin away from Ll), so that L2 can

take energy straight from the reference node, instead of drawing it from Cl when Cl holds negative

charge.

[0220] FIG. 28 illustrates simulation results showing the voltage ramp required of the boost

converter. Note that the shape of the ramp is different depending on the duration of the constant current

pulse, but is the same for different current levels. Horizontal axis is time, vertical axis is voltage at output

of boost converter.

[0221] In any of the variations described herein, a low cost battery that has limited instantaneous

current capability may be used. For example, a plurality of (e.g., four or more, five or more, etc.)

capacitors, such as C4, C7, C8, C14, C15, may be arranged in parallel to store the charge from a low

instantaneous current battery such as from an alkaline cell. These capacitors can be replaced by a super

capacitor which will have an even higher capacitance, though at a higher cost.

[0222] Any of these apparatuses may include a skin discharge circuit. For example,

neuromodulation may include a discharge of the electric charge cumulated on the skin after each neural-

modulating pulse. In one example, Q4, with a control line from the micro-controller, performs the skin

discharge function when it is turned on. Further, any of these apparatuses may include a safety protection



circuit. Although the battery may hold a very small amount of energy, and therefore the apparatus may be

inherently safe due to the limited energy available, it is important that the circuit does not over deliver the

current or voltage to the user. A zener diode D3 (e.g., a diode that conducts at the pre-set voltage limit)

may be used to shunt the energy away from the user when the output exceeds a pre-determined voltage

threshold, e.g., of 36 volts. When the tripping protection happens, in some variations Q3 and Ql 1 may

latch, and may send the fault signal to Q8 which performs shutdown of Q9, and the battery is cutoff from

the device for a total protection of the user.

[0223] Any of these apparatuses may also include neural-modulating current sensing. For example,

the sensing circuit (e.g., the microcontroller) may be configured not to disrupt the sensor so as to maintain

accuracy. For example, when the neural-modulating current goes thru Pl 1 to R9, a positive voltage may

be developed on Cl 1. Q6 and Q7 both conduct (current mirroring). The voltage drop across R9 may be

copied onto Rl. The signal may then be acquired by the micro-controller, and used to determine if the

current needs to be boosted or attenuated to maintain a stable current, and/or if the pads are attached to

the skin and/or if the pads came off the skin and the user should be made aware.

[0224] As mentioned, any of the apparatuses described herein may be configured to deliver a

waveform having therapeutic effects, including inducing a calming effect. The calming effect may be

induced using a waveform comprising a bi-polar pulse, e.g., a pulse of +ve and -ve current at different

times of the modulation. FIG. 29 illustrates schematics for one example of a control circuitry that may

provide a calming waveform. In FIG. 29, the schematics illustrate a circuit essentially similar to that of

FIG. 27, described above for generating a constant current pulse, but also includes a set of 4 transistors to

switch the polarity of the neural modulating pulse so that both positive and negative pulses are available

for the modulation. In this apparatus, the transistor switches are controlled by the micro-controller so that

polarities can be swapped at specific moments during the waveform.

[0225] For example, the variations shown in FIG. 29 includes a bridge circuit for reversal of output

polarity under microcontroller control. In this example, Q12 is the switch for the positive side of the

current pulse, with Q13 forming a current source driver to Q12. When Q12 turns on, the lower electrode

receives a +ve voltage (it becomes the anode). Q17 turns on at the same time, connecting the upper

electrode to -ve voltage. The output is called the B pulse. When the apparatus is ready to switch polarity,

Q16 is the switch for the negative side of the current pulse. It controls the lower rail of the neural

modulating current pulse. When Q16 is turned on, it connects the lower rail of the supply to the lower

electrode. Q14 connects the upper electrode to the +ve voltage. This is called the A pulse.

[0226] In summary, the A pulse (+ve current pulse from device) occurs when Q16 and Q14 turn on;

the B pulse (-ve current pulse from device) occurs when Q12 and Q17 turn on.

[0227] In any of these apparatuses efficient and low cost storage of the changing waveforms for

neuromodulation in the limited-number-of-use device may be achieved by including a microcontroller

and sufficient memory. For example, a micro-controller having 32 Kbyte of Flash memory may be used.

16 KB may be used for the main program and the remaining memory may be used for the storage of the

modulating waveform. Although in some variations the neural modulating waveform may be fairly



complex, a time-segment approach to represent the carrier waveform, needing only 4 parameters to fully

characterize & represent the base carrier waveform at any one time, may be used.

[0228] For example, the carrier waveform may be amplitude modulated to achieve the best effects

for neuromodulation, which may allow the storage of more than 800 (53 x 16) waveform transitions. The

amplitude modulating envelope for the neuromodulation may be a trapezoid, so that through an

adjustment of the trapezoid description, the modulation can be a) a triangular pattern, b) a ramping up saw

tooth modulation, c) a decaying saw tooth modulation, or d) a symmetrical or e) a non-symmetrical ramp

up and ramp down, f) the trapezoid modulation to start with a minimum amplitude that the neurons can

respond to.

[0229] For example, a complex waveform may be economically described by 13 numbers: pulse A

length; gap A length; pulse B length; gap B length; pulse A to start with this minimum amplitude, before

ramping up; pulse B to start with this minimum amplitude, before ramping up; duration of this minimum

amplitude. FIG. 30A is a table illustrating examples of some of these descriptors. For example, the

duration that the trapezoid will be ramping up is shown in FIG. 30. FIG. 30A shows 13 stored parameters

that may characterize an amplitude modulated waveform. In FIG. 30A, the list includes: pulse A to end

with this maximum amplitude, before ramping down; pulse B to end with this maximum amplitude,

before ramping down; the duration of this maximum amplitude; the duration of ramping down; the

duration in the cycle where there is no amplitude modulation.

[0230] In general, the apparatuses described herein may comprise limited-number-of-use

neuromodulator apparatuses configured to be worn on the user’s skin for neuromodulation (e.g., to create

an energizing or calming effect, a cognitive effect, such as improved memory, or a therapeutic purpose).

These apparatuses (e.g., devices, systems, etc.) may include control circuitry and may include, e.g.,

printed layered structure that can be die cut or laser cut to form the device. These apparatuses may

include a pair (or more) of electrodes that include a printed layered structure consisting of at least one

layer of a conductive film (such as carbon or silver). Alternately the conductive film can be replaced by a

stainless steel mesh. The printed layered structure may consist of a flexible substrate made of polymer

fibers, such as, for example, Tyvek (Polyethylene fiber paper), polyimides, polyurethanes, etc. ...

Alternately or additionally, the flexible substrate can be a woven material (e.g., woven of synthetic

fibers), and in some variations may be a knitted material.

[0231] Any of these apparatuses may include a printed circuit board assembly and a power source

attached to the layered structure; the control circuitry may be formed by the printed circuit board. The

printed circuit assembly may be capable of providing a constant electrical current pulse.

[0232] The conductive gel pad may be electrically connected to the controller circuit(s) (e.g., PCBA)

through a conductive film and/or the stainless steel mesh. In some variations, the stainless steel mesh

layer may be woven into the substrate in a way that maintains electrical isolation between two adjacent

pads in the weave. The stainless steel mesh layer may be embroidered onto the flexible substrate in a

pattern according to the anatomy of the target area. For example an oval inner electrode and a concentric

reference electrode surrounding the stimulating electrode.



[0233] In some variations, a conductive trace from the control circuitry (e.g., a printed circuit board

assembly) to the neuromodulation pads (e.g., electrode’s gel pads) may pass through a 300 to 360 degree

bend so that electrical connection is brought from one side of the flexible substrate to the other side. The

printed circuit board assembly may be housed in a housing (e.g., enclosure) such as a plastic enclosure

with connectors (e.g., mechanical connectors, such as dimples molded into the enclosure so that when a

printed trace is inserted into the enclosure, the dimple presses on the trace to push onto the printed circuit

assembly to make electrical contact). The substrate may be configured to include conductive fibers (e.g.,

made of a plastic polymer, or stainless steel) that may help the disposable device to retain its shape

against an anatomical feature that’ s not flat.

[0234] In some variations, the control circuitry may include a wireless, e.g., radio frequency, emitter

that identifies uniquely the device to a back end computer through the internet so that when the device is

activated, the user is charged for the service. Any appropriate wireless emitter can be a near field

communication device (NFC), or a blue tooth device, or a Wi-Fi radio working in conjunction with a

phone or a wrist watch or a router. Alternatively, in some variations the simplified device may not

provide output or receive input.

[0235] The control circuit(s) (e.g., control circuity assembly) may contain a switching device (a

transistor for example) switching on and off in a pattern that generates a DC voltage that changes

amplitude with time so that the current going through the user’s skin is a constant current pulse. The

control circuity may contain an energy storage device that stores the energy from a battery with limited

current output capability so that there is sufficient energy to generate a neural-modulating constant

current pulse before going back to a rest state to cumulate energy for the next pulse.

[0236] Any of these apparatuses may include a substrate that is woven or fibrous so that the substrate

will unfold once removed from a miniature packaging and ready for neuromodulation. If fibrous, the

fibers can be polymer strands, stainless steel strands, carbon fiber strands, or glass fiber strands. In some

variations, the substrate may be a woven material. The fibers may allow the user to squeeze the device

into a ball or other compact shapes for storage after use or between uses. The device will bounce back in

shape once taken out of the container.

[0237] In any of the apparatuses described herein, the electrode may include a gel pad; the gel pad

may contain an FDA approved chemical for cutaneous use to enhance the electrical conductivity of the

skin where the gel is in contact. For example, the chemical may include a fragrance or a legal stimulant

that embarks a sense of energy for the user. For example mild Capsicin or Menthol. The gel pad may be a

cotton pad infused with physiological saline or other solutes that goes into the skin through the electrical

current applied with the purpose of assisting neuromodulation.

[0238] In any of these variations, the substrate may include “bumps” at locations where the substrate

folds. The bumps may protect the printed-on conducting traces to limit the bending angle of the fold to

avoid trace damages at the fold.

[0239] In any of the apparatuses described herein, the apparatus may include a battery. The battery

may have less than about 80 milli-Amp hours in capacity due to the high efficiency of the circuit. For



example, the battery may be a lithium polymer battery or 2 lithium polymer batteries in series with

instantaneous current output capability less than 20 milliamps.

[0240] In any of these apparatuses, the control circuitry may have 10 or less components in the

constant current pulse generating circuit. The control circuitry may be a printed circuit assembly (PCBA)

that is about 1 cm x 1 cm in size (or smaller). The maximum voltage output of the device may be

between 10 volts and 50 volts (e.g., 20 V, 30V, 35V, 40V, 45V, etc.). The pulses going to the boost

inductor in the control circuitry may be shorter than 1 microsecond in duration. These pulses may

increase in duration monotonically during the delivery of a constant current pulse. A single resistor may

be connected in series to the output of the apparatus and may measure the neuromodulation current.

[0241] In any of these apparatuses, the electrode may include an Ag/AgCl layer. The thickness of

the Ag/AgCl layer may be dependent upon the maximum dosage to be applied by the apparatus. In some

variations, a change in color when Ag is exhausted may provide a feedback to the user that the dose was

delivered correctly. The thickness of plated silver may be less than 100 micron.

[0242] As mentioned, in some variations the substrates described herein may be flexible substrates,

including woven substrates. In addition, the flexible substrate may be fibrous (e.g., plastics, paper, etc.).

For example, a moldable pulp may be used to form a 3D shape to cover the electronics. Silver ink may be

printed on paper to facilitate drying and increase conductivity by spreading silver ink into paper. Folding

the substrate before a silver ink is fully hard may avoid cracking of a trace. Printing of an insulator may

limit folding radius to prevent cracking of traces during fold. Any of these apparatus may use a fibrous

material such as polyethylene fibers (e.g., Tyvek) as the substrate which may have a flexible material that

bounce back in shape.

[0243] In general, the apparatus may be extremely lightweight. For example, the apparatus may

have an overall weight of less than 1 oz., <l5g, <l0g, etc. The overall weight may be < 7 grams (e.g.,

battery lgram, PCBA 2 grams, substrate/paper 1 grams, gel 3 gram) for a fully enclosed apparatus, which

do not require a reusable connector between the gel pad and the control circuitry.

[0244] Any of the electrodes described herein may include a gel pad; the gel pad may be reasonably

thin, but may use a material such as a mesh of conductive fibers for resistance spreading of the current

evenly through the electrodes. This may be provided by, e.g., thin carbon traces. For example, isolated

islands of gel may contact carbon pads. Alternatively or additionally, carbon

[0245] Any of the apparatuses described herein may include a no controls (e.g., no buttons, etc.) and

no control interface. The apparatus may include an auto-off after some amount of time (e.g., 10 seconds,

20 seconds, 30 seconds, etc.) of inaction when device is off skin.

[0246] The control circuitry for any of the apparatuses described herein may be configured to

include a self-contained pulse generator; this pulse generator may use up to n transistors (where n is 3, 2

or 1) to generate the high voltage constant current pulses. The control circuitry may include a single

transistor for discharge. The control circuitry may include polarity reversal (for bi-phasic waveforms),

and may use up to 6 transistors.



[0247] The apparatuses described herein may include one or more integrated features. For example,

any of these apparatuses may include a silver trace, carbon ink to spread out current, silver on cathode to

replenish depleted Ag+ ion, and a gel pad. Any of these apparatuses may also or additionally include one

or more integrated on-skin detection and pads-off detection.

[0248] In general, the waveforms described herein may be used may be of any appropriate

complexity including, e.g., 3 or more segments, 2 or more segments, etc.). For example 4 or more

segments for biphasic waveforms may be used. The duration of (uninterrupted) stimulation by the

limited-number-of-use device may be any appropriate duration. For example, the duration may be a

stimulation length of, e.g., <15 minutes, < 10 minutes, < 5 minutes, < 3 minutes, etc. In general the

duration may 15 minutes or less (less than 25 minutes, less than 20 minutes, less than 17 minutes, less

than 15 minutes, less than 10 minutes, between 1 minute and 25 minutes, between 1 min and 20 minutes,

between 1 minute and 15 minutes, between 3 minutes and 15 minutes, etc.)

[0249] Any of the methods (including user interfaces) described herein may be implemented as

software, hardware or firmware, and may be described as a non-transitory computer-readable storage

medium storing a set of instructions capable of being executed by a processor (e.g., computer, tablet,

smartphone, etc.), that when executed by the processor causes the processor to control perform any of the

steps, including but not limited to: displaying, communicating with the user, analyzing, modifying

parameters (including timing, frequency, intensity, etc.), determining, alerting, or the like.

Waveform Charge per Phase

[0250] As mentioned above, in general, the methods and apparatuses described herein may be

configured to provide a change per phase, Q ( C per phase), where Q may be defined as:

Q = (1000/F)*(C)*(pDut)*(pDC)

[0251] where F is Frequency, C is current (mA), pDut is duty cycle percentage, and pDC is the DC

percentage. Examples of waveforms sown to be effective and their corresponding values for Q, F, C,

pDut an dpDC are shown in FIG. 30B (Table 3).

[0252] Examples of the energy patch (energizing) waveforms that may be used are in rows 8-14

(Base 450 Hz to Base 1500 Hz). These may be applied in a concentric electrode format (see FIGS. 33B

and 34A-34C, below) behind the ear within the examples described herein. The applied frequency regime

may lead to different sensations for the user; the energy regime is approximately the same across these

waveforms with between about 0.5 and 2 pC per phase (e.g., 0.5-3 pC/phase). In general, the waveforms

herein may be between about 0.1 to 10 pC per phase. FIG. 30B also shows examples of waveforms that

may be used to treat a disorder (such as psoriasis) as well as waveforms that may be used to evoke a

relaxed cognitive state.

Pendulum Waveforms

[0253] Any of the waveforms herein may be pendulum waveforms. A pendulum waveform ‘swings’

back and forth around a center frequency or center amplitude or center duty cycle. For example, in some

variations the frequency may be shifted (either continuously or as a step function) over a range of



frequencies; the shifts do not need to be symmetric either in their time or their extent. For example, a

pendulum cycle may take 2 to 20 seconds (e.g., between 5-11 second, about 8 seconds, etc.) for the full

cycle. Two examples are described herein: (1) See FIG. 48 (“extra strength” strong sensations) and (2)

see FIG. 49 (milder, smoother).

[0254] Pendulum waveforms may allow the waveforms to evoke a more reliable response from the

subject because, e.g., changing parameters in this time scale may prevent adaptation. In addition,

sweeping over a range may allow more users to experience an optimum spot in terms of sensation and

effect, even given people vary anatomically and biologically in that particular region with respect to nerve

anatomy/physiology and sensory responses.

Simplified Neuromodulator

[0255] FIGS. 31A-31F illustrate one example of a first variation of a neuromodulator apparatus

3100. In this first example, the device is substantially flat, and includes a flexible substrate 3103 to which

a pair of electrodes is attached. The first electrode includes a printed electrical contact in electrical

communication with a conductive gel (e.g., hydrogel) that is sufficiently adhesive to hold the apparatus

onto the skin until peeled off. An inner electrode 3107 also includes an electrical conductor in

communication with a hydrogel. The inner electrode may be concentrically surrounded (completely

surrounded, as shown in the example of FIGS. 31A-31H, or partially surrounded, as described below. In

FIGS. 31A-31D, the opposite side of the substrate include a fabric cover 3111 that may be adhesively

secure to the substrate and may be wrapped around and/or at least partially enclose the control circuity

and power source (within 3109). Thus the top of the exemplary device shown in FIGS. 31A-31H is an

elastomeric fabric material, which may include an elastomeric cotton, for example, an elastomeric nylon,

etc. FIGS. 31E-31H show side and front/back views of the apparatus of FIGS. 31A-31D. The

elastomeric fabric cover material 3111 may be secured over the top of the substrate 3105 and the hydrogel

electrodes 3105 may be attached to the bottom of the substrate, as shown in FIG. 31E. In this example

the battery and the circuitry are enclosed within a housing formed by the elastomeric fabric; a frame or

internal housing may hold the battery and control circuitry and may be wrapped with the elastomeric

material.

[0256] In FIG. 31A-31H, the neuromodulator apparatus configuration may have a polyurethane

substrate with silver forming the electrodes and traces. Axelgaard hydrogel may be applied to the

electrodes in a concentric pattern, as shown. A liner may protect the hydrogel until the apparatus is to be

used and applied. On top of the substrate, a battery, PCBA and a top cover made from elastomeric cotton

with an acrylic adhesive on the underside may be used. An optional foam layer may be included.

[0257] The apparatus of FIG. 3 1A may also include a circuit interrupt, such as a pull-tab that may be

removed to connect the battery to the control circuitry (not shown in FIGS. 31A-31H). Another example,

showing a pull tab (circuity interrupt) 3208 is included as shown in FIGS. 32A-32H. In FIG. 32A the

apparatus 3200 also includes a fabric (e.g., an elastomeric fabric) material cover 3211, wrapping an

enclosing 3209 the power source and control circuity (not visible). A pair of concentric electrodes



(including concentric hydrogel regions 3205, 3207) are attached on the flexible substrate 3203. However

in this example, as shown in FIGS. 32E-32H, a second hydrogel layer 3221, separated from the first

hydrogel layer 3207 by a release layer 3225, may be included. Thus, any of these device may be

configured two or more uses.

[0258] In general, these devices may include a circuit interrupt, such as a pull tab 3208, that is

removed to engage the battery and start the stimulation. The device typically will not apply energy to the

control circuitry the circuit interrupt is removed. Once remove, the apparatus will not apply a waveform

until it detects that the electrodes are in contact with skin (e.g., via electrical measurement, e.g.,

impedance, resistance, etc.).

[0259] FIGS. 33A-33B illustrate top and bottom views, respectively, of a prototype apparatus for

delivering neurostimulating waveforms as described herein. In FIG. 33A, the top of the device is covered

in an elastomeric cotton material that wraps around and encloses the control circuitry and battery. The

bottom shows the concentric electrodes (first electrode 3305 and second electrode 3307). This device is

light (<15 g) and very flexible.

[0260] FIG. 34A shows an exploded view of another variation of an apparatus, similar to that shown

in FIG. 32A-32H. The apparatus includes a thin and flexible substrate (e.g., urethane 3419, onto which

the electrodes 3416, 3418 and a connector trace 3420 have been printed. A pair of hydrogel regions,

including a first hydrogel layer 3421 and a second hydrogel layer 3425 are layered onto the substrate on

the bottom; the first and second hydrogel layers are separated by a release layer 3423. The release layer

in this example is formed of an electrically insulating material that allows electrical connection between

the hydrogel regions because of the cut-out openings over these regions, as shown. The electrodes are

connected via the flexible traces (formed of the substrate) 3420 to the control circuitry 3413. A pull tab

3417 is interposed between the control circuitry and the battery 3411 (a sleeve 3415 for the pull tab may

be included to allow it to slide freely out of the device when pulled). In this example, a frame 3405 and

spacers 3407, 3409 may be included to hold the battery and circuitry, though the frame, battery and

circuitry may be held between the cover 3401 and the substrate without being glued or attached onto the

substrate. One or more separators 3403 may be used. FIGS. 34B and 34D show additional exploded

views. For example, FIG. 34C shows the removable ‘first time’ or outer gel layer; the release layer may

be pulled (by pulling the release layer pull tab 3414) to remove the outer hydrogel layer(s) 3425, exposing

he inner layers. One or more components shown in the exploded views of FIGS. 34A-34C may be

omitted from some of the variations described herein. For example, the device may not include a release

liner and second hydrogel, a sleeve for the pull tab, a spacer, a frame, etc.

[0261] In FIG. 34B, the frame sub-assembly (e.g., frame 3405, spacers, etc.), battery 3411 and

control circuity 3413 are shown removed from the fabric cover 3401. The flexible traces may connect the

first 3416 and second 3418 electrodes on the substrate to the control circuity.

[0262] FIG. 34C shows the first hydrogel layer 3425 that includes a first hydrogel that forms part of

the first (concentrically arranged, outer) electrode and a second hydrogel that forms part of the second

(inner) electrode. A second hydrogel layer 3421 may include a third hydrogel that overlies the first



hydrogel and is in electrical contact through the release layer 3423, which includes openings (e.g., cut-out

regions) as shown. Similarly, a fourth hydrogel may overlay the second hydrogel of the second (inner)

electrode and may also connect electrically through the release layer. In this example the release layer is

formed of a fluorinated ethylene propylene (FED) film that has holes formed in it for electrical

conductivity. The release layer also includes a tab (release layer pull tab) that can be used to peel away

the release layer to remove the first (outer) hydrogel layer.

[0263] FIGS. 35A-35B illustrate one example of a method of wrapping an elastomeric fabric cover

over the battery and/or circuitry. In this example, the fabric material may include an adhesive on one side

(e.g., an acrylic adhesive) that can be used to wrap and secure the battery and/or control circuitry (and in

some variations, a frame holding one or both of these). The fabric cover may also be attached (e.g.,

adhesively) to the back side of the substrate. In FIG. 35A the cover material (adhesive elastomeric

material) 3501 is cut into a shape that allows it to wrap around the battery, frame, etc., as shown in FIG.

35B.

[0264] FIG. 36 shows another example of a neuromodulator apparatus in which the cover (e.g., in

some variations a fabric cover) is removed. In this example, the battery 3607, and control circuitry 3605

are exposed, above (but not attached onto) the substrate on which the electrodes are formed (not visible in

FIG. 36). In FIG. 36 a first circuit interrupt (pull tab 3615) is inserted under a clip 3631, preventing

electrical connection between the battery and the control circuitry. A second clip 3617 may hold a second

pull tab or pin 3617 that is connected to a release layer 3621 that may be removed (e.g., by pulling a pull

tab 3613) to remove the ‘used’ hydrogel and expose a second ‘clean’ hydrogel beneath. The electrodes

may make electrical connection by connecting through a flexible substrate onto which a conductive trace

connecting to the first and second electrodes are coupled to a clip or attachment 3641 on the control

circuit, as shown. Thus, the control circuity is connected via a flexile connection to the substrate and the

control circuit is also flexibly connected via two or more wires, to the power source (e.g., battery).

[0265] FIG. 36 shows another example of an apparatus in which the removal of the outer hydrogel

by removing the release layer may also pull a second tab that allows the second waveform to be applied

once skin contact is confirmed. This example also illustrates the circuit interrupt (pull tab) and is shown

without the elastomeric cover material. FIGS. 37A and 37B illustrate alternative variations of

neuromodulator apparatuses.

[0266] In FIG. 37A, the battery 3708 is arranged at an angle to the control circuity 3713 and a circuit

interrupt (pull tab 371 1) is interposed in a clip 3715 on the control circuitry, preventing the battery from

making electrical contact with the control circuitry until the circuit interrupt is removed, e.g., by pulling

the tap out. FIG. 37 shows an example of a bottom (skin-facing) surface 3722 of an apparatus, which

may include the hydrogel material forming the electrodes.

[0267] As mentioned above, the device may run for a preset time (e.g., 1-15 minutes, e.g., about 2, 3,

4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, etc. min), then stop. The device may then be removed and later r e

applied. In some variations the original hydrogel may be ‘reactivated’ for attachment by adding a few

drops of water to the hydrogel (bottom of electrode) and reapplied. Alternatively the outer hydrogel layer



may be removed. Once the apparatus detects skin contact, it may again applying a waveform, for a

second preset time. The waveform may be the same or different; if the hydrogel outer layer is removed,

the second waveform may be different (e.g., lower intensity) than the first waveform. The apparatus

generally include a battery that permits it to run for a preset time (e.g., max of 15 min. use 2x or 3x).

[0268] In use, any of the apparatuses described herein, for any intended purpose (e.g., to evoke an

energized state, to evoke a relaxed state, to enhance a cognitive function (e.g., memory, etc.), or to treat

an indication, e.g., an inflammatory indication such as psoriasis, etc.) the method may generally include

removing a circuit interrupt to allow the circuitry to detect skin contact, and applying electrical

stimulation in a predetermined waveform until the treatment is complete or the device is removed. FIG.

38A illustrates one example of this.

[0269] In FIG. 38A, the generic method may include activating, e.g., by pulling a tab (circuit

interrupt) from the side of the neurostimluator/neuromodulator (“patch”). Once in a standby mode, the

neuromodulator may be applied, e.g., to the neck (mastoid) 3401, or any other appropriate region of the

body. FIG. 38B illustrates one example of a method of applying the neurostimlator 3805 to the mastoid

region, e.g., behind the ear. For example, the neurostimluator/neuromodulator may be placed behind the

ear on frim muscle and pressed firmly in place, while avoiding hair. 3403.

[0270] Once applied, the device may be activated to deliver the pre-defined waveform. For

example, the apparatus may be active for waveform delivery time (e.g., 5 min, 7 min, 10 min, 12 min, 15

min, etc.). The device may be removed if the subject feels any discomfort or strong itching. If the device

is removed during application of waveform, it may restart a new stimulation period (e.g., 5 min) when

reapplied 3405. Once the waveform is complete, the device may be removed, as it will enter into a stop

mode, which may require a time delay and/or a second activation (e.g., pull tab, etc.) before it may delver

a second/subsequent dose 3507; optionally, the device may be re-used (in some variations, apply drops of

water to hydrogel and reapply; optionally remove outer hydrogel by removing release layer) 3509.

[0271] In variations in which a second (or subsequent) dose may be applied, the second or

subsequent dose may be different than the first dose. For example, in variations in which the initial or first

hydrogel layer is removed (e.g., by pulling off the outer hydrogel as shown in FIGS. 39A-39C, the second

or subsequent waveform may be adjusted so that the waveforms delivered are approximately equivalent;

thus, the intensity of the second waveform may be lower than the intensity of the first dose.

[0272] FIG. 39D illustrate an example of a neuromodulator 3906 and packaging (e.g., foil packet

3909). The apparatus may be sealed in the foil packet and removed by treating it open. To activate the

device, a pull tab may be removed and the device may be peeled form the backing and applied directly to

the skin.

[0273] The apparatuses herein may include multiple layers of gel (e.g., hydrogel) that may be

removed to expose a clean hydrogel for repeated use. For example, FIGS. 40-47 illustrate one exemplary

method of forming a neuromodulator apparatus having multiple layers of hydrogel. FIG. 40 is one

example of a partial view of a neuromodulator including a pair of concentrically arranged electrode

(electrode trace and conductive and adhesive hydrogel, each connected to a control circuitry). The first



gel layer 4001 is shown as an electrolyte on silver electrode. The conductive traces 4003 connect the

electrodes to the control circuitry 4509 and are flexible.

[0274] FIG. 4 1 is an example of a two-part release layer (configured as two separate release layers)

for use with a neuromodulator apparatus as described herein. In this example, an outer cover (e.g., an

elastomeric cover) is not yet included, and thus the control circuitry is exposed; the power source (e.g.,

battery) has also not yet been added. The release layer 4103 may be, for example, a hydrophobic film,

such as a wax paper or silicone film. Holes 4105 in the release layer may provide electrical conductivity

from the first hydrogel layer to the second gel layer.

[0275] In the example shown in FIGS. 40-47, the limited-number-of-use neuromodulator apparatus

with a pair of release layers (in some variations only a single release layer may be used, as shown in

FIGS. 34A and 34C, above). FIG. 42 shows placement of a first release layer on the second (inner)

electrode; FIGS. 43 and 44 show placement of the outer release layer on the first (outer) electrode that is

concentrically around the second electrode. The release layer may include a release layer pull tab 4303.

FIG. 45 illustrates placement of a second gel layer 4505 for the second (inner) electrode. The first gel

layer 4507 is visible through the holes in the release layer. FIG 46 shows placement of the second gel

layer 4611 for the first (outer) electrode.

[0276] FIG. 47 illustrates the example the assembled limited-number-of-use neuromodulator

apparatus assembled as shown in FIGS. 42-46. This variation includes multiple (e.g., 2) layers of

conductive gel; after the first use a layer of the gel may be removed, leaving the fresh under layer. In this

example, separate pull-tabs 4303, 4303’ may remove the inner and outer gel regions after use; these may

be combined into a single release layer.

[0277] FIGS. 48 and 49 illustrate examples of pendulum waveforms that may be used with a strong

(FIG. 48) and mild (FIG. 49) stimulation waveforms. FIG. 48 shown one example of an energizing

waveform that is configured to result in an energizing effect. As sown in FIG. 48, the parameters for the

pendulum waveform are shown. At each defined (pre-defined) point in time, the frequency, pulse

width%, and intensity are indicated. This waveform description may be encoded into firmware, software

of hardware for running off of the control circuity. Similarly, FIG. 49 shows another example of a

stimulation/neuromodulation waveform.

[0278] FIG. 50 is another example of a limited-number-of use neuromodulator as described herein.

In FIG. 50 the device includes a battery that is stacked directly onto the backing and the other layers

forming the apparatus. The dimensions and materials indicated are for illustration only; other dimensions

and materials may be used.

[0279] FIG. 51 is an example prototype of a neuromodulator formed of a woven material (in this

example a stainless steel yarn 5105) having electrodes formed one a woven substrate. A lead wire 5107 is

woven into the substrate, and the lead wire exits 5109 to connect to the control circuitry 5111 (e.g., PCB).

Similarly, FIG. 52A is an example of a test of a woven electrode similar to the variation shown in FIG.

51. The woven lead wire 5107 connects to a stimulation source, and to the woven electrode 5113. A test

electrode 5 115 is connected through the gel to the neural stimulation electrode. FIG. 52B illustrates



transmission of a test waveform using the prototype neuromodulator shown in FIG. 52A, showing a

waveform 5 117 picked up through coupling to the gel (shown having a full strength neural modulation

electric current comping from the 3D woven electrode).

[0280] FIG. 53 is a prototype of an alternative design of a neuromodulator similar to that shown in

FIG. 51, having electrodes formed one a woven substrate. In FIG. 53, the apparatus includes stainless

steel wire and the electrode, woven into the nylon substrate. This design may be highly efficient, since

the stainless wire is of very low resistance. The oxide layer on the stainless steel wire may provide a

resistance in the Z-direction (direction out of the paper) to distribute the current evenly. A miniature

control circuitry 5305 is pre-programed with a neural modulation waveform(s). The contiguous lead wire

may extend out of plane and connect to the control circuitry through the back side.

[0281] FIG. 54 is a prototype of an alternative design of a neuromodulator similar to that shown in

FIG. 51, having electrodes formed one a woven substrate. The density of the weave may be adjusted to

provide more conductivity where needed. In This example, a high density 5409 weave portion may

provide a central conductor to distribute electrical current to lateral branches for X, Y plane distribution

of electric current. A conductor is connect to the control circuity 5411 out of the plane of the back side of

the fabric.

[0282] FIG. 55 is another example of a prototype of an alternative design of a neuromodulator

having electrodes formed one a woven substrate, similar to that shown in FIG. 51. The woven lead wire

on the back side may be insulated by the fabric so that the user is not exposed to a voltage from the lead

wire. The control circuitry 5511 may be placed on the back side of the apparatus without any additional

routing of the lead wire to the back side. The woven lead wire 5507 may therefore be passed through the

fabric 5515 serving as an insulator (electric insulator).

[0283] In general, the methods and apparatuses described herein may be used with or as part of one

or more of: transdermal electric stimulation (“TES”), transcranial alternating current stimulation

(“tACS”), transcranial direct current stimulation (“tDCS”), cranial electrotherapy stimulation (“CES”),

transcranial random noise stimulation (“tRNS”), trigeminal nerve stimulation (“TNS”), and vagal nerve

stimulation (“VNS”), amongst other forms known to those skilled in the art.

Memory Enhancement

[0284] Any of the apparatuses described herein may be used for enhancing memory.

[0285] For example, FIGS. 56A-56B show one example of a neuromodulator similar to those

described above (e.g., in FIGS. 31A-31H and 32A-32H) that are configured to have a third electrode (e.g.,

cathode) and may be used for improving a subject’s cognitive state, and in particular, memory. For

example, FIG. 56A shows a front view of a neuromodulator apparatus 5600 (showing the fabric cover

wrapping around and covering the battery and control circuitry), while FIG. 56B shows the

neuromodulator from the back view, showing the electrodes (including the hydrogel forming the

electrodes).

[0286] The device may be worn by a subject and used to improve memory. The prototype apparatus

shown in FIGS. 56A-56B includes three electrodes in a center-surround, source-sink pattern, configured



as an anode 5605, first cathode 5607 and second cathode 5609. The device may be applied over E27/E29

(on the temples) and over E12 (midline of the forehead) as shown in FIG. 50. In this example, the

electrode at E27 is the anode (this is the center circle in the annular design of the apparatus), while the

electrode on E29 is the outer electrode (cathode) formed by the ring around the anode at E27. As shown

in FIG. 57, this concentric electrode is placed at the temple, creating the electric field on the lower middle

portion of the brain, as shown in FIG. 59. The third electrode, a cathode, is placed at the E12 position,

shown in FIG. 27 as the middle of the forehead. As shown in FIG. 59, the electrode at E12 creates the

field at the frontal lobe (left side of the brain) 5909 from the second cathode, and synchronized fields at

the temporal region 5911 from the first cathode. The waveform applied may include a theta-like wave

(e.g., frequency of between 4-8 Hz) that may force these two brain region to be synchronized thereby

enhancing the memory function of the brain. Two or more frequencies may be used for memory

enhancements: the theta-like waves (low frequency), and a higher frequency component corresponding to

Gamma waves.

[0287] When a feature or element is herein referred to as being "on" another feature or element, it

can be directly on the other feature or element or intervening features and/or elements may also be

present. In contrast, when a feature or element is referred to as being "directly on" another feature or

element, there are no intervening features or elements present. It will also be understood that, when a

feature or element is referred to as being "connected", "attached" or "coupled" to another feature or

element, it can be directly connected, attached or coupled to the other feature or element or intervening

features or elements may be present. In contrast, when a feature or element is referred to as being

"directly connected", "directly attached" or "directly coupled" to another feature or element, there are no

intervening features or elements present. Although described or shown with respect to one embodiment,

the features and elements so described or shown can apply to other embodiments. It will also be

appreciated by those of skill in the art that references to a structure or feature that is disposed "adjacent"

another feature may have portions that overlap or underlie the adjacent feature.

[0288] Terminology used herein is for the purpose of describing particular embodiments only and is

not intended to be limiting of the invention. For example, as used herein, the singular forms "a", "an" and

"the" are intended to include the plural forms as well, unless the context clearly indicates otherwise. It

will be further understood that the terms "comprises" and/or "comprising," when used in this

specification, specify the presence of stated features, steps, operations, elements, and/or components, but

do not preclude the presence or addition of one or more other features, steps, operations, elements,

components, and/or groups thereof. As used herein, the term "and/or" includes any and all combinations

of one or more of the associated listed items and may be abbreviated as "/".

[0289] Spatially relative terms, such as "under", "below", "lower", "over", "upper" and the like, may

be used herein for ease of description to describe one element or feature's relationship to another

element(s) or feature(s) as illustrated in the figures. It will be understood that the spatially relative terms

are intended to encompass different orientations of the device in use or operation in addition to the

orientation depicted in the figures. For example, if a device in the figures is inverted, elements described



as "under" or "beneath" other elements or features would then be oriented "over" the other elements or

features. Thus, the exemplary term "under" can encompass both an orientation of over and under. The

device may be otherwise oriented (rotated 90 degrees or at other orientations) and the spatially relative

descriptors used herein interpreted accordingly. Similarly, the terms "upwardly", "downwardly",

"vertical", "horizontal" and the like are used herein for the purpose of explanation only unless specifically

indicated otherwise.

[0290] Although the terms “first” and “second” may be used herein to describe various

features/elements (including steps), these features/elements should not be limited by these terms, unless

the context indicates otherwise. These terms may be used to distinguish one feature/element from another

feature/element. Thus, a first feature/element discussed below could be termed a second feature/element,

and similarly, a second feature/element discussed below could be termed a first feature/element without

departing from the teachings of the present invention.

[0291] Throughout this specification and the claims which follow, unless the context requires

otherwise, the word “comprise”, and variations such as “comprises” and “comprising” means various

components can be co-jointly employed in the methods and articles (e.g., compositions and apparatuses

including device and methods). For example, the term “comprising” will be understood to imply the

inclusion of any stated elements or steps but not the exclusion of any other elements or steps.

[0292] In general, any of the apparatuses and methods described herein should be understood to be

inclusive, but all or a sub-set of the components and/or steps may alternatively be exclusive, and may be

expressed as “consisting of’ or alternatively “consisting essentially of’ the various components, steps,

sub-components or sub-steps.

[0293] As used herein in the specification and claims, including as used in the examples and unless

otherwise expressly specified, all numbers may be read as if prefaced by the word "about" or

“approximately,” even if the term does not expressly appear. The phrase “about” or “approximately” may

be used when describing magnitude and/or position to indicate that the value and/or position described is

within a reasonable expected range of values and/or positions. For example, a numeric value may have a

value that is +/- 0.1% of the stated value (or range of values), +/- 1% of the stated value (or range of

values), +/- 2% of the stated value (or range of values), +/- 5% of the stated value (or range of values), +/-

10% of the stated value (or range of values), etc. Any numerical values given herein should also be

understood to include about or approximately that value, unless the context indicates otherwise. For

example, if the value "10" is disclosed, then "about 10" is also disclosed. Any numerical range recited

herein is intended to include all sub-ranges subsumed therein. It is also understood that when a value is

disclosed that "less than or equal to" the value, "greater than or equal to the value" and possible ranges

between values are also disclosed, as appropriately understood by the skilled artisan. For example, if the

value "X" is disclosed the "less than or equal to X " as well as "greater than or equal to X " (e.g., where X

is a numerical value) is also disclosed. It is also understood that the throughout the application, data is

provided in a number of different formats, and that this data, represents endpoints and starting points, and

ranges for any combination of the data points. For example, if a particular data point “10” and a particular



data point “15” are disclosed, it is understood that greater than, greater than or equal to, less than, less

than or equal to, and equal to 10 and 15 are considered disclosed as well as between 10 and 15. It is also

understood that each unit between two particular units are also disclosed. For example, if 10 and 15 are

disclosed, then 11, 12, 13, and 14 are also disclosed.

[0294] Although various illustrative embodiments are described above, any of a number of changes

may be made to various embodiments without departing from the scope of the invention as described by

the claims. For example, the order in which various described method steps are performed may often be

changed in alternative embodiments, and in other alternative embodiments one or more method steps may

be skipped altogether. Optional features of various device and system embodiments may be included in

some embodiments and not in others. Therefore, the foregoing description is provided primarily for

exemplary purposes and should not be interpreted to limit the scope of the invention as it is set forth in

the claims.

[0295] The examples and illustrations included herein show, by way of illustration and not of

limitation, specific embodiments in which the subject matter may be practiced. As mentioned, other

embodiments may be utilized and derived there from, such that structural and logical substitutions and

changes may be made without departing from the scope of this disclosure. Such embodiments of the

inventive subject matter may be referred to herein individually or collectively by the term “invention”

merely for convenience and without intending to voluntarily limit the scope of this application to any

single invention or inventive concept, if more than one is, in fact, disclosed. Thus, although specific

embodiments have been illustrated and described herein, any arrangement calculated to achieve the same

purpose may be substituted for the specific embodiments shown. This disclosure is intended to cover any

and all adaptations or variations of various embodiments. Combinations of the above embodiments, and

other embodiments not specifically described herein, will be apparent to those of skill in the art upon

reviewing the above description.



CLAIMS

What is claimed is:

1. A wearable neuromodulator device, the device comprising:

a flexible substrate;

a first electrode;

a second electrode on the flexible substrate;

a battery;

a control circuitry coupled to the first electrode and the second electrode, wherein the control

circuitry is configured to deliver a predefined waveform between the first and second electrodes

when the battery is powering the control circuitry; and

an elastic cover wherein the battery and control circuitry are between the cover and the

flexible substrate, further wherein the device weighs 20 g or less, has a maximum thickness of 7

mm or less, and a maximum diameter of 10 cm or less.

2 . The device of claim 1, wherein the elastic cover comprises an elastomeric fabric.

3. The device of claim 1, wherein the elastic cover comprises an elastomeric cotton.

4 . The device of claim 1, wherein the elastic cover comprise a nonwoven elastomeric material.

5. The device of claim 1, wherein the battery and control circuitry are at least partially wrapped in

the elastic cover.

6. The device of claim 1, wherein the elastic cover is secured over the flexible substrate.

7 . The device of claim 1, wherein the elastic cover is adhesively secured to the flexible substrate.

8. The device of claim 1, further comprising a frame securing the battery and the control circuitry,

wherein the frame is covered by the elastic cover.

9. The device of claim 1, wherein the first electrode further comprises a first hydrogel and the

second electrode further comprises a second hydrogel.

10. The device of claim 1, wherein the waveform has a frequency of between 100 Hz and 15 KHz

and delivers a charge per phase of between 0.1-10 microCoulombs.

11. The device of claim 1, wherein the predefined waveform is configured to run for 15 minutes or

less.

12. A wearable neuromodulator device, the device comprising:



a flexible substrate;

a first electrode on the flexible substrate;

a second electrode on the flexible substrate;

a battery;

a control circuitry coupled to the first electrode and the second electrode, wherein the control

circuitry is configured to deliver a predefined waveform between the first and second electrodes

when the battery is powering the control circuitry; and

an elastic cover comprising an elastomeric fabric that is adhesively secured to the flexible

substrate wherein the battery and control circuitry are at least partially wrapped in the cover.

13. The device of claim 12, further wherein the device weighs 20 g or less, has a maximum thickness

of 7 mm or less, and a maximum diameter of 10 cm or less.

14. The device of claim 12, wherein the elastic cover comprises an elastomeric cotton.

15. The device of claim 12, wherein the elastic cover comprise a nonwoven elastomeric material.

16. The device of claim 12, further comprising a frame securing the battery and the control circuitry,

wherein the frame is covered by the elastic cover.

17. The device of claim 12, wherein the first electrode further comprises a first hydrogel and the

second electrode further comprises a second hydrogel.

18. The device of claim 12, wherein the waveform has a frequency of between 100 Hz and 15 KHz

and delivers a charge per phase of between 0.1-10 microCoulombs.

19. The device of claim 12, wherein the predefined waveform is configured to run for 15 minutes or

less.

20. A wearable neuromodulator device, the device comprising:

a flexible substrate;

a first electrode;

a second electrode on the flexible substrate;

a battery;

a control circuitry in communication with the first electrode and the second electrode;

a circuit interrupt removably coupled with the control circuitry, wherein the circuit interrupt

is interposed between the battery and the control circuitry so that removing the circuit interrupt

powers the control circuitry,

further wherein the control circuitry is configured to deliver a predefined waveform between

the first and second electrodes after the circuit interrupt is removed,



wherein the device weighs 20 g or less.

21. A wearable neuromodulator device, the device comprising:

a flexible substrate;

a first electrode;

a second electrode on the flexible substrate;

a battery;

a control circuitry, wherein the control circuity has a first mode of operation in which the

battery is disengaged from the control circuity and a second mode of operation in which the

battery is engaged with the control circuitry, further wherein the control circuitry is configured to

deliver a predefined waveform between the first and second electrodes when the battery is

engaged with the control circuitry, wherein the waveform has a frequency of between 100 Hz and

15 KHz and delivers a charge per phase of between 0.1-10 microCoulombs; and

a circuit interrupt removably coupled with the control circuitry and configured to switch the

control circuitry from the first mode to the second when the circuit interrupt is removed.

22. The device of claim 21, wherein the circuit interrupt comprises a pull tab.

23. The device of claim 21, wherein the first electrode comprises a first adhesive hydrogel and the

second electrode comprise a second adhesive hydrogel.

24. The device of claim 21, wherein the device weighs 20 g or less.

25. The device of claim 21, wherein the device has a maximum diameter of 10 cm or less.

26. The device of claim 21, wherein the device has a maximum thickness of 1 cm or less.

27. The device of claim 21, further comprising a flexible cover wherein the battery and control

circuitry are between the flexible cover and the flexible substrate.

28. The device of claim 27, wherein the cover comprises a fabric.

29. The device of claim 21, wherein the control circuitry is configured to generate and deliver the

pre-defined waveform between the first and second electrodes when the battery is engaged with

the control circuitry and an impedance between the first and second electrodes is within a pre

defined range.

30. The device of claim 21, wherein the predefined waveform is configured to run for 15 minutes or

less.

31. The device of claim 21, wherein the device does not include any user inputs or controls other than

the circuit interrupt.



32. The device of claim 21, wherein the waveform has a frequency of between 100 Hz and 1.6 KHz.

33. The device of claim 21, wherein the waveform has a charge per phase of between 0.1-5

microCoulombs.

34. The device of claim 21, wherein the waveform has a current between 1 and 20 mA.

35. The device of claim 21, wherein the waveform has DC percentage of between 80-100%.

36. The device of claim 21, wherein the first electrode is concentrically arranged around the second

electrode on the flexible substrate.

37. The device of claim 21, wherein the circuit interrupt is removable from the device.

38. A wearable neuromodulator device, the device comprising:

a flexible substrate;

a first electrode on the flexible substrate;

a second electrode on the flexible substrate;

a battery;

a control circuitry, wherein the control circuity has a first mode of operation in which the

battery is disengaged from the control circuity and a second mode of operation in which the

battery is engaged with the control circuitry, further wherein the control circuitry is configured to

deliver a pre-defined waveform between the first and second electrodes when the battery is

engaged with the control circuitry and an impedance between the first and second electrodes is

within a pre-defined range, wherein the waveform has a frequency of between 100 Hz and 15

KHz and delivers a charge per phase of between 0.1-10 microCoulombs; and

a pull tab removably coupled with the control circuitry and configured to switch the control

circuitry from the first mode to the second when the pull tab is pulled,

wherein the device weighs 20 g or less.

39. A wearable neuromodulator device, the device comprising:

a flexible substrate;

a first electrode on the flexible substrate;

a second electrode on the flexible substrate;

a battery;

a control circuitry, wherein the control circuity has a first mode of operation in which the

battery is disengaged from the control circuity and a second mode of operation in which the

battery is engaged with the control circuitry, further wherein the control circuitry is configured to

deliver a pre-defined waveform between the first and second electrodes when the battery is

engaged with the control circuitry and an impedance between the first and second electrodes is



within a predefined range, wherein the waveform has a frequency of between 100 Hz and 15 KHz

and delivers a charge per phase of between 0.1-10 microCoulombs;

a cover covering the flexible substrate so that the battery and control circuitry are enclosed

between the cover and the flexible substrate, wherein the thickness of the device between the

cover and the flexible substrate is less than 5 mm; and

a pull tab removably coupled with the control circuitry and configured to switch the control

circuitry from the first mode to the second when the pull tab is pulled,

wherein the device has a principle diameter that is between 2 cm and 10 cm.

40. A wearable neuromodulator device, the device comprising:

a flexible substrate;

a first electrode and a second electrode on the flexible substrate;

a first hydrogel layer in electrical communication with the first electrode and a second

hydrogel layer in electrical communication with the second electrode;

a third hydrogel layer in electrical communication with the first hydrogel layer;

a removable release layer, wherein the first hydrogel layer is separated from the third

hydrogel layers by the release layer;

a battery;

a control circuitry; and

a circuit interrupt removably coupled with the control circuitry, wherein the circuit interrupt

is interposed between the battery and the control circuitry so that removing the circuit interrupt

powers the control circuitry,

further wherein the control circuitry is configured to deliver a first predefined waveform

between the first and second electrodes after the circuit interrupt is removed, and a second

predefined waveform between the first and second electrodes after the release layer is removed.

41. A wearable neuromodulator device, the device comprising:

a flexible substrate;

a first electrode and a second electrode on the flexible substrate;

a first hydrogel layer in electrical communication with the first electrode and a second

hydrogel layer in electrical communication with the second electrode;

a third hydrogel layer in electrical communication with the first hydrogel layer;

a fourth hydrogel layer in electrical communication with the second hydrogel layer;

a removable release layer, wherein the first and second hydrogel layers are separated from the

third and fourth hydrogel layers by the release layer;

a battery;

a control circuitry; and



a pull tab removably coupled with the control circuitry, wherein the pull tab is interposed

between the battery and the control circuitry so that removing the pull tab powers the control

circuitry,

further wherein the control circuitry is configured to deliver a first predefined waveform

between the first and second electrodes after the pull tab is removed, and a second predefined

waveform between the first and second electrodes after the release layer is removed, wherein the

second predefined waveform has an intensity that is between 5-50% lower than the first

predefined waveform.

42. A wearable neuromodulator device, the device comprising:

a flexible substrate;

a first electrode that is concentrically arranged around a second electrode, wherein the first

and second electrodes are on the flexible substrate;

a battery;

a control circuitry coupled to the first electrode and the second electrode, wherein the control

circuitry is configured to deliver a predefined waveform between the first and second electrodes

when the battery is powering the control circuitry; and

an elastic cover attached to the flexible substrate, wherein the battery and control circuitry are

between the cover and the flexible substrate, further wherein the device weighs 20 g or less.

43 . A wearable neuromodulator device, the device comprising:

a flexible substrate;

a first electrode comprising a first hydrogel;

a second electrode comprising a second hydrogel, wherein the first electrode is concentrically

arranged around the second electrode, further wherein the first and second electrodes are on the

flexible substrate;

a battery;

a control circuitry coupled to the first electrode and the second electrode, wherein the control

circuitry is configured to deliver a predefined waveform between the first and second electrodes

when the battery is powering the control circuitry and an impedance between the first and second

electrodes is within a predefined range, further wherein the waveform has a frequency of between

100 Hz and 15 KHz and delivers a charge per phase of between 0.1-10 microCoulombs; and

an elastic cover attached to the flexible substrate, wherein the battery and control circuitry are

between the cover and the flexible substrate, further wherein the device weighs 20 g or less.

44. A wearable neuromodulator device, the device comprising:

a flexible substrate;

a first electrode;



a second electrode on the flexible substrate;

a battery;

a control circuitry coupled to the first electrode and the second electrode, wherein the control

circuitry is configured to deliver a predefined waveform between the first and second electrodes

when the battery is powering the control circuitry, further wherein the predefined waveform has a

frequency of between 100 Hz and 15 KHz, a duty cycle of between 1% and 50% and a charge per

phase of between 0.1-10 microCoulombs, further wherein the waveform oscillates one or more of

frequency, center amplitude or center duty cycle with an oscillation frequency of between about

2-20 seconds; and

a cover wherein the battery and control circuitry are between the cover and the flexible

substrate.

45. A wearable neuromodulator device, the device comprising:

a flexible substrate;

a first electrode on the flexible substrate;

a second electrode on the flexible substrate;

a battery;

a control circuitry coupled to the first electrode and the second electrode, wherein the control

circuitry is configured to deliver a predefined waveform between the first and second electrodes

when the battery is powering the control circuitry, further wherein the predefined waveform has a

frequency of between 100 Hz and 2 KHz, a duty cycle of between 1% and 50% and a charge per

phase of between 0.4-4 microCoulombs, further wherein the waveform oscillates one or more of

frequency, center amplitude or center duty cycle with an oscillation frequency of between about

2-20 seconds; and

a cover wherein the battery and control circuitry are between the cover and the flexible

substrate.
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