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ULTRACAPACITOR POWERED IMPLANTABLE PULSE GENERATOR WITH
DEDICATED POWER SUPPLY

TECHNICAL FIELD

[0001] The following description relates to implantable pulse generators
(“IPG”"), and more particularly to an ultracapacitor powered |IPG with a dedicated
power supply for preserving data integrity.

BACKGROUND

[0002] Implantable pulse“generators (IPG) are devices that generate
electrical stimuli to deliver to body nerves and tissues for the therapy of various
biological disorders, such as pacemakers to treat cardiac arrhythmia, defibrillators to
treat cardiac fibrillation, cochlear stimulators to treat deafness, retinal stimulators to
treat blindness, muscle stimulators to produce coordinated limb movement, spinal
cord stimulators to treat chronic pain, cortical and deep brain stimulators to treat
motor and psychological disorders, and other neural stimulators to treat urinary
incontinence, sleep apnea, shoulder sublaxation, etc. The present invention may find
applicability in all such applications, although the description that follows will
generally focus on the use of the invention within a spinal cord stimulation system.

[0003] A spinal cord stimulation (SCS) system is a programmable
implantable pulse generating system used to treat chronic pain by providing
electrical stimulation pulses from an electrode array placed epidurally near a
patient's spine. SCS systems consist of several components, including implantable
and external components, surgical tools, and software.

[0004] Spinal cord stimulation is a well-accepted clinical method for
reducing pain in certain populations of patients. SCS systems typically include an
implantable pulse generator (IPG) or RF transmitter/receiver, insulated lead wires,
and electrodes connected to the leads. The system delivers electrical pulses to the
target nerves (e.qg., dorsal column fibers within the spinal cord) through the
electrodes implanted along the dura of the spinal cord. The leads exit the spinal
cord and are tunneled around the torso of the patient to a subcutaneous pocket
where the pulse generator/RF receiver is implanted.

[0005] Spinal cord and other stimulation systems are known in the art.

For example, in U.S. Pat. No. 3,646,940, there is disclosed an implantable electronic
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stimulator that provides timed sequenced electrical impulses to a plurality of
electrodes so that only one electrode has a voltage applied to it at any given time.
Thus, the electrical stimuli provided by the apparatus taught in the "940 patent
comprise sequential, or non-overlapping, stimuli.

[0006] In U.S. Pat. No. 3,724,467, an electrode implant is disclosed for
the neural stimulation of the spinal cord. A relatively thin and flexible strip of
physiologically inert plastic is provided with a plurality of electrodes formed thereon.
The electrodes are connected by leads to a RF receiver, which is also implanted and
controlled by an external controller. The implanted RF receiver has no power
storage means, and must be coupled to the external RF transmitter/controller in
order for neural stimulation to occur.

[0007] In U.S. Pat. No. 3,822,708, another type of electrical spinal cord
stimulating device is shown. The device has five aligned electrodes that are
positioned longitudinally on the spinal cord and transversely to the nerves entering
the spinal cord. Current pulses applied to the electrodes are said to block sensea
intractable pain, while allowing passage of other sensations. The stimulation pulses
applied to the electrodes are approximately 250 microseconds in width with a
repetition rate of from 5 to 200 pulses per second. A patient-operable switch allows
the patient to change which electrodes are activated, i.e., which electrodes receive
the current stimulus, so that the area between the activated electrodes on the spinal
cord can be adjusted, as required, to better block the pain.

[0008] The concern over how to power an |IPG has also been
addressed in various ways. For example, in U.S. Patent Number 4,408,607, a type
of capacitive energy source for an implanted medical device is disclosed. The power
supply has a rechargeable capacitor that is used as the principal power source. The
power source includes a lithium battery that is used as a second, or alternative,
power source. The lithium battery replaces the capacitor as a power source during
the charging period for the capacitor. This allows for continuous use of the device.

[0009] Regardless of past innovations, unique problems continue to be
associated with providing power to |PGs, mainly because it is necessary to provide
power to the device implanted below the skin. Commercial SCS systems are
powered by one of three sources; a primary battery, a rechargeable battery, or an

oscillating magnetic field (RF power). Since the device is subcutaneously implanted
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In a patient, either a bulky, external power source is used or an implanted power
source must support device operation for a reasonable period of time in order to
reduce further surgical trauma to the patient. RF powered devices suffer from poor
patient acceptance due to the requirement of wearing an external device at all times.

[0010] If a battery is used as the energy source, it must have a large
enough storage capacity to operate the device for a reasonable length of time. For
low-power devices (less than 100 .u.W) such as cardiac pacemakers, a primary
battery may operate for a reasonable length of time, often up fo ten years. However,
in many neural stimulation applications such as SCS, the power requirements are
considerably greater due to higher stimulation rates, pulse widths, or stimulation
thresholds. Powering these devices with conventional primary batteries would
require considerably larger capacity batteries to operate them for a reasonable
length of time (5 or more years), resulting in devices so large that they may be
difficult to implant or, at the very least, reduce patient comfort. Therefore, in order to
maintain a device size that is conducive to implantation, improved primary batteries
with significantly higher energy densities are needed. However, given the state of the
art in battery technology, the required energy density is not achievable at the present
time. |

[0011] For many neurostimulation applications, typical primary cells,
such as non-rechargeable lithium thionyl chioride batteries are used, but they suffer
from poor device lifetime causing the need for replacement surgeries. This means
that during a twenty-five year period of {ime, a patient may be exposed to us to ten
explant surgical procedures for the purpose of battery replacement. Not only is this
inconvenient and costly, but as a surgical procedure, it necessarily involves some
- risk of infection or other complications.

10012] One alternative power source is the secondary, or rechargeable
battery, where the energy in these batteries can be replenished by transcutaneously
recharging the batteries on a periodic basis. It is known in the art to use a
rechargeable battery within an implant device. See, e.g., U.S. Pat. No. 4,082,097,
entitled "Multimode Recharging System for Living Tissue Stimulators”, and U.S.

Pat. No. 6,208,894, entitled "System of Implantable Devices for Monitoring and/or
Affecting Body Parameters”, which patents are incorporated herein by reference.

The devices and methods taught in this patent and application, however, comprise
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specialized devices, e.g., microstimulators, or relate to specific applications, e.g.,
cardiac pacing, which impose unique requirements not applicable to many IPG
applications.

[0013] With the recent development of high capacity rechargeable
power sources, rechargeable implantable pulse generators are possible. Due to the
large energy density and the toxicity of the battery electrolyte, these batteries are
typically contained within a hermetically sealed titanium case.

[0014] Super capacitors have been proposed as a replacement option
for typical primary cell battery and RF power. One advantage of super capacitors Is -
that they can be recharged approximately 500 times more than a rechargeable
battery. This is a significant extension of lifespan over a rechargeable battery, and
would substantially reduce the number of surgical procedures required for replacing
batteries. Another advantage of super capacitors is their ability to be recharged very
quickly.

[0015] Super capacitor technology, however, has not advanced enough
to reduce super capacitors to a size that could be useful in an implanted IPG. The
size of a super capacitor that is able to hold a charge for a reasonable amount of
time—even for a twenty-four hour period—is too large to be integrated into an IPG
that can be implanted, for example, in an individual's head.

10016] In addition to the problem of applying an appropriate power
source to run an IPG for a reasonable length of time, another problem exists with
respect to powering IPGs. This problem relates to the loss of volatile memory, such
as programming data, whenever the device is discharged. For example, U.S. Patent
Number 5,591,217 describes an implantable stimulator powered by large capacitors
that can power the device for eight hours up to a few days. However, when the
power source is drained, all programming data is lost and would need to be reloaded
at each recharge cycle.

SUMMARY

[0017] The present inventors recognized a need for implantable
neurostimulation devices, systems and methods that use power sources with
significantly longer life spans and solve other known issues.

[0018] In one aspect, a stimulator includes an implantable pulse

generator comprising circuit elements, a first power source, such as an
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ultracapacitor, that provides operating power for the circuit elements of the pulse
generator. The pulse generator can also have a memory associated therewith, such
as a volatile memory for storing programming data. A second power source that has
higher voltage retention than the first power source can also be included. The
second power source can be dedicated to the volatile memory and can provide

operating power for the volatile memory.
[0019] In another aspect, a system for stimulating tissue includes an

implantable stimulator, a remote programmer unit, and a remote recharge
transmitter. The implantable stimulator includes a pulse generator, electronic
circuitry that performs a desired circuit function, a first power source, a volatile
memory for storing programming data, and a second power source that has higher
voltage retention than the first power source. The first power source can provide
operating power for the electronic circuitry, and the second power source can be
dedicated to the volatile memory and can provide operating power for the volatile
memory. The remote programmer unit transmits programming information to the
implantable stimulator, and the programming information is stored in the volatile
memory. The remote recharge transmitter transmits one or more sets of RF signals
to the stimulator to recharge the ultracapacitor and/or the second power source.
DESCRIPTION OF DRAWINGS

[0020] FIG. 1 illustrates a system for stimulating tissue.

[0021] FIG. 2A is a block diagram representing a system for stimulating
tissue in accordance with one embodiment.

[0022] FIG. 2B is a block diagram representing a system for stimulating
tissue in accordance with another embodiment.

[0023] FIG. 3 is a perspective view of an implantable pulse generator in
accordance with one embodiment.

[0024] FIG. 4 is a circuit diagram depicting a power circuit associated
with an implantable pulse generator in accordance with one embodiment.

[0025] FIG. 5 is a schematic diagram of an isolation circuit in
accordance with one embodiment.

[0026] |ike reference symbols in the various drawings indicate like

elements.
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DETAILED DESCRIPTION

[0027] At the outset, it is noted that the present invention may be used
with an implantable pulse generator (IPG), or similar electrical stimulator and/or
electrical sensor, that may be used as a component of numerous different types of
stimulation systems. The description that follows relates to use of the invention within
a spinal cord stimulation (SCS) system. However, it is to be understood that the
vention is not so limited. Rather, the invention may be used with any type of
implantable electrical circuitry that could benefit from deriving its operating power
from an ultracapacitor.

[0028] Further, while the invention is described In connection with its
use within an SCS system, it is noted that a complete description of the SCS system
is not provided herein. Rather, only those portions of the SCS system that relate
directly to the present invention are disclosed. A more complete description of an
SCS system may be found in U.S. Patent No. 6,516,227, which is incorporated
herein by reference in its entirety.

10029] Fig. 1 generally shows a system 100 for stimulating fissue.
System 100 can stimulate tissue directly to elicit a desired response. The desired
response can be inhibitory or excitatory. System 100 can deliver one or more of,
e.g., electrical stimuli, chemical stimuli, thermal stimuli, electromagnetic stimuli,
and/or mechanical stimuli to elicit the desired response in any of a number of
different settings. In one implementation, system 100 can be a spinal cord
stimulation system, such as that depicted in FIG. 3.

[0030] System 100 can include an implanted portion 105 and an
external (i.e., extracorporeal) portion 110. Implanted portion 105 is a device that Is
adapted for implantation in a body. For example, implanted portion 105 can include
a biocompatible housing adapted to reduce the immune response and/or cell
necrosis associated with the implantation of portion 105. Implanted portion 105 can
stimulate tissue using one or more stimuli for therapeutic, diagnostic, and/or
functional purposes. For example, implanted portion 105 can stimulate tissue by
electrically exciting the depolarization of a nerve and/or muscle tissue. As another
example, implanted portion 105 can stimulate tissue by delivering inhibitory chemical
stimuli. As yet another example, implanted portion 105 can deliver light or other

electromagnetic stimuli to stimulate photosensitive tissue. As discussed further
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below, implanted portion 105 can include one or more delivery elements to deliver
stimuli to tissue. The delivery elements can include, e.g., electrodes, drug delivery
elements, heaters, coolers, light sources, fiber optics, and/or mechanical elements
such as piezoelectric elements, balloons, MEMS devices, and the like.

[0031] In some implementations, implanted portion 105 can be
Implanted in a body using one or more surgical insertion tools tailored for the
Implantation of portion 105. Alternatively, implanted portion 105 can be implanted
using commercially available surgical equipment, such as hypodermic needies,
conventional surgical equipment, and endoscopic or laparoscopic devices.

10032] In some implementations, implanted portion 105 can operate
independently (i.e., as a solitary implanted device) or implanted portion 105 can
operate as part of an implanted system of devices whose activities are coordinated
to achieve therapeutic, diagnostic, and/or functional purposes.

[0033] In some implementations, implanted portion 105 can receive
data from one or more sensing devices (not shown) that respond to one or more
conditions of the body in which implanted portion 105 is implanted. Example sensing
devices include chemical sensors, electrodes, optical sensors, mechanical (e.g.,
motion, pressure) sensors, and temperature sensors. The received data can be
used, alone or in conjunction with data received from external devices and/or other
implanted devices, by implanted portion 105 in controlling the stimulation of tissue.

[0034] External (extracorporeal) portion 110 is a device for providing
user interaction with implanted portion 105. External portion 110 is generally situated
outside the body in which implanted portion 105 is implanted. External portion 110
can include a user interface 115, a data transceiver 120, a power transmitter 125, a
processor 130, and a memory 135. User interface 115, data transceiver 120, power
transmitter 125, processor 130, and memory 135 can be housed in a single housing
or in multiple housings. User interface 115, data transceiver 120, power transmitter
129, processor 130, and memory 135 can be linked for data communication and
control by one or more wired (e.g., wires, busses, optical fiber) or wireless (e.g.,
infrared, WiFi, radio frequency (RF)) data links.

[0035] User interface 115 can include one or more input/output devices

for Interacting with a user. For example, input/output devices can be mechanical,
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audio, and/or visual devices, including keypads, touch- and display-screens,
speakers, and data ports.

[0036] Data transceiver 120 communicates with implanted portion 105
over a data link 140. This communication can include both the transmission and
reception of data, including data that represents commands received from a user
over user interface 115 and data regarding the operational status and history of
implanted portion 105. For example, data that represents the boundaries on
stimulation parameters, the current operational settings of stimulation parameters,
and whether or not implanted portion 105 is currently stimulating tissue can be
communicated over data link 140.

[0037] Data transceiver 120 may thus include both a transmitter and a
receiver. Data transceiver 120 can be a wireless transceiver in that transceiver 120
communicates with implanted portion 105 without the use of a transdermal physical
link. For example, data transceiver 120 can communicate with implanted portion 105
using sound and/or electromagnetic radiation (e.qg., light or radio waves) that
propagates through a body to and from implanted portion 105.

[0038] Power transmitter 125 relays energy to implanted portion 105
over a power link 145. The energy relayed from transmitter 125 can be captured and
stored in implanted portion 105 and subsequently converted into one or more stimuli
for stimulating tissue. The relayed energy can include electrical energy, magnetic
energy, electromagnetic energy, and/or mechanical energy. Power transmitter 125
can be a wireless transmitter in that transmitter 125 relays energy to implanted
portion 105 without the use of a transdermal physical link.

[0039] Processor 130 Is a data processing device that performs
processing activities in accordance with logic established by a set of instructions.
The instruction can be embodied in hardware and/or software. For example, the
processor 130 can be a microprocessor, FPGA’s, ASIC’s, and/or a set of logic
elements arranged to embody the instructions.

[0040] The instructions performed by processor 130 can implement
operations associated with controlling the stimulation of tissue. These operations
can include the management of interactions with a user over user interface 115, the

communication of data with implanted portion 105 over data transceiver 120, and the
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relaying of energy to implanted portion 105 over power transmitter 125. These
operations can also include various processes described below.

[0041] Memory 135 is a storage device that can store instructions
and/or data for controlling the stimulation of tissue in machine-readable format.
Memory 135 can be accessed by one or more of user interface 115, data transceiver
120, power transmitter 125, and processor 130 to store and/or retrieve instructions
and/or data. Memory 135 can include a memory controller or other interface to
facilitate such exchanges of information.

[0042] One class of data that can be stored in memory 135 is a
stimulation parameter. A stimulation parameter characterizes the stimulation to be
delivered by implanted portion 105. A stimulation parameter can characterize the
stimulation to be delivered in a number of different ways. For example, a stimulation
parameter can be a particular value (e.g., “15”), a reference to another value (e.g.,
“15 more than a reference value”), and/or a reference to a memory location or other
discrete value (e.g., “the third element in the list [5, 10, 15, 20]"). Stimulation
parameter can be identified using the values themselves (e.g., “the stimulation
parameter is 5.0") or using comparisons (e.g., “the stimulation parameter is less than
5.0%).

[004.3] A stimulation parameter can characterize stimuli delivered by
Implanted portion 105 directly, or a stimulation parameter can characterize one or
more aspects of the operation of implanted portion 105 that impacts the delivered
stimuli. Examples of operational aspects that impact the delivered stimuli include the
setting or calibration of a timer circuit or the selection of a particular power supply or
stimulus delivery element (such as an electrode) when more that one is available.

[0044] Turning next to FIGs. 2A and 2B, block diagrams of systems for
stimulating tissue are shown. As shown in FIGs. 2A and 2B, the [PG 105 is
implanted under the patient's skin 278. The IPG 105 includes a replenishable power
source 180, such as an ultracapacitor. It is this ultracapacitor 180 that must be
replenished or recharged on a regular basis, or as needed, so that the IPG 105 can
carry out its intended function.

[0045] To that end, the recharging system of the present invention uses
the portable external refresh-recharge transmitter unit 208 to couple energy,

represented in FIGs. 2A and 2B by the wavy arrow 290, into the IPG's power source
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180. The portable external charger 208, in turn, obtains the energy 290 that it
couples into the power source 180 from its own power supply 210. The power
supply 210 can be a wall outlet supplying AC power or a power supply that supplies
DC power, such as a rechargeable battery or a regular battery. The refresh-
recharge transmitter unit 208 can include an ON/OFF switch (not shown), a low
battery light or LED (not shown), a "stimulator full” light or LED (not shown), a
recharge indicator 693, such as an audible alarm, speaker, vibrator, or LED, an RF
inductor power coil 279, and an antenna (not shown).

[0046] A power amplifier 275 can be included within portable external
refresh-recharge transmitter unit 208. The power amplifier enables the transfer of
energy from the power source 210 to the ultracapacitor 180. If the power source
supplies DC power, the circuitry 275 can include DC-to-AC conversion circuitry. The
circuitry can therefore covert DC power from the battery to an AC signal that may be
inductively coupled through external coil 279 in the transmitter unit 208 with another
coil 680 included within the IPG 105, as is known in the art. External coil 279
essentially emits RF waves establishing EMF wave fronts which are received by coll
680. Although specific embodiments of a transmitter unit 208 have been described
herein, other embodiments known in the art can also be used. For example, U.S.
Patent No. 6516227 (“227 patent”), which is incorporated herein by reference in its
entirety, describes external tfransmitters that can be used to recharge the IPG 105
described herein.

[0047] The external transmitter unit 208 can include a recharge
indicator 693 that operates in conjunction with a back telemetry receiver (not shown).
The back telemetry receiver receives signals from a back telemetry transmitter in the
IPG 105 (not shown), which provides information about the charge level of the
battery 185 and/or the ultracapacitor 180. Reference is made to the 227 patent for
further description of a back telemetry system that can be used to transmit data and
recharge information between the IPG 105 and the external transmitter 208. In
another embodiment, the recharge indicator works in conjunction with a timer in the
external transmitter (not shown). The timer controls the operation of the recharge
indicator 693. The timer can be set at a period of time sufficient for full recharge of
the battery 185 and/or the ultracapacitor 180. For example, if the ultracapacitor is

the only rechargeable power source in the IPG, the timer can be set at approximately

10
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ten seconds, which is sufficient time o recharge the ultracapacitor 180. After ten
seconds of recharging, the recharge indicator 693 may be activated to inform the
user that the ultracapacitor 180 is recharged.

[0048] From FIG. 2A, it is seen that the charging system consists of
external charger circuitry 208, used on an as-needed basis, and implantable circuitry
contained within the IPG 105. In the charger 208, the power source provides a
voltage source for the power amplifier 275 to drive the primary coll 279 at a resonant
frequency. The secondary coil 680, in the IPG 105, is tuned to the same resonant
frequency.

[0049] Upon receipt of an AC signal within the IPG 105, the inductor
coil 680 provides a voltage source, and protection diodes 686 are used to protect the
circuit elements from an overvoltage condition by keeping the voltage under a certain
level, e.g., 5V. A rectifier 682 converts the AC signal into a DC signal, which is used
to replenish the ultracapacitor 180 of the implant 105. The charge balance circuitry
794 consists of an operational amplifier (Op Amp) and four resistors. The charge
balance circuitry 794 maintains equal voltage across the two capacitors, resulting in
a balanced ultracapacitor stack, and prevents any capacitor from experiencing an
ultracapacitor-overvoltage condition. The layout of the charge balance circuitry 794
is shown in more detall in FIG. 4.

[0050] The power from the ultracapacitor 180 is used to power the
implant 105 aside from volatile memory 355 (as described below). For instance,
ultracapacitor 180 powers stimulation circuitry 799, which drives the stimulation
provided by the implant 105. Various types of stimulation circuitry known to those of
skill in the art can be used. For example, the 227 patent provides details of
stimulation circuitry, which are incorporated herein.

[0051] The implantable portion 105 further includes memory 300, which
can include several types of memory that can be used to provide the IPG 105 with
various operating features. For example, memory 300 can include non-volatile
memory 350 for storing, e.g., calibration data. Memory 350 can be read-only-
memory (ROM) programmed by the manufacturer of the system 100 or an
electrically erasable programmable read-only memory (EEPROM). Memory 300 can
also include volatile memory 355 that is programmable by a physician or clinician.

Memory 355 is only infrequently changed based on a reevaluation of the patient and
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treatment. Memory 355 can be a volatile memory including a random access
memory (RAM) such as static RAM (SRAM), dynamic RAM (DRAM), or the like.
Memory 300 can also include operating memory 360 that can communicate
efficiently with memory 350 and memory 355 via registers and stacks. Memory 360
can include CMOS logic, thin-film memories or flip flop registers.

[0052] Memory 300 is powered by both the ultracapacitor 180 and a
secondary power source 185. The ultracapacitor 180 powers memory 350 and 360,
while memory 355 is powered by the secondary power source 185. Thus, even in
the event that all power from the ultracapacitor 180 is drained before it is recharged,
the secondary power source 185 continues to power memory 355. In this way, the
volatile memory 355 is not lost, thus avoiding the need to reprogram the data.

[0053] Turning now to FIG. 4, a circuit diagram of one embodiment of a
recharge circuit of an IPG is shown. The circuit can include a voltage protection
component 686, a rectifier component 682, an ultracapacitor component 180, and a
charge balance component 794. As shown in FIG. 4, an inductor coil 680 receives
an AC signal and provides a voltage source for the IPG. The voltage protection
component 686 can include a pair of Zener diodes 686A to keep the voltage under a
certain level, e.g., 5V. |n other words, the diodes 686A prevent the output voltage
from exceeding a threshold value. One of the diodes 686A is forward biased, and
the other is reverse biased. One example of diodes that can be used are 5 Watt
Zener diodes available from Surmetic as part number 1N5333B. [n one
embodiment, if the voltage exceeds (3.9V + Vi) - 5.1V (i.e., approximately 5V), then
it is clipped at 5.1V or approximately 5V. The reciifier component 682 can include a
full-wave rectifier bridge to convert the AC signal into a DC signal in order to charge
the ultracapacitor 180. The rectifier bridge can include four diodes 682A. An
example of rectifiers than can be used are surface mounted Schottky power
rectifiers, sold as part number MBR130T1 or MBR130T3.

[0054] The ultracapacitor component 180 includes an ultracapacitive
power source. The ultracapacitive power source can be a high value, small size
capacitive energy device comprising a single capacitor or a plurality—two or more—
of serially connected capacitors 180A (as shown in FIG. 4) having a capacitive rating
of greater than 0.1 farad, greater than 1 farad, greater than 5 farads, greater than 8

farads or great than 10 farads and limited in volumetric size to less than 50 cubic
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centimeters, less than 30 cubic centimeters, less than 10 cubic centimeters, less
than 5 cubic centimeter, less than 1 cubic centimeter or less than 0.1 cubic
centimeter. In one embodiment, the ultracapacitor 180 can be a 2.5V, 10 Farad
ultracapacitor available from Maxwell Technologies under the trademark Boostcap
and part number PC10. The Boostcap PC10 has about a ten year life capability with
over 500,000 duty cycles. Itis hermetically sealed and has a low profile prismatic
shape.

[0053] The charge balance component 794 can include an operational
amplifier 794A coupled to four resistors 794B. The four resistors 7948 maintain
equal voltage across the two capacitors 180A that form the ultracapacitor 130.

[0056] The secondary power source 185 can be a battery than has
higher voltage retention than the ultracapacitor 180. For example, the ultracapacitor
180 may retain voltage for one day while the battery 185 may retain voltage for one
month. As another example, the ultracapacitor 180 may retain voltage for one month
while the battery 185 may retain voltage for 10 years. In one embodiment, the
secondary power source 185 can be a lithium battery, such as a Sanyo CR1220
lithium battery, which should have a voltage retention of greater than 10 years. In
another embodiment, the secondary power source is a rechargeable battery, such as
a rechargeable lithium battery. FIGs. 2A and 2B show secondary power source 185
as a battery. If the secondary power source 185 is a rechargeable battery, then a
second inductor coil 791 and second rectifier 792, as shown in FIG. 2B, are used to
transmit power to recharge the battery 185. The second inductor coil 791 receives
an AC signal from a second coil 280 in the external transmitter 208. Thus, the AC
signal received by the inductor coil 791 is separate from the AC signal received by
the inductor coil 680. The inductor coil 791 provides a voltage source, and rectifier
792 converts the AC signal into a DC signal, which is used to replenish the battery
185 of the implant 105.

[0057] As described above with respect to FIG. 2A, the stimulator 105
includes a recharge coil 680. As shown in FIG. 3, the recharge coil 680 may be
enclosed in its own case 681 that is made of a magnetically-transparent material
(e.g., PEEK®, ceramic, Hysol®, epoxy, silicone, or the like, alone or in combination),
or may be enclosed in the stimulator housing which may be made entirely of one or

more of those same magnetically-transparent materials, or may be enclosed in the
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header of implant 105, which may be made of one or more of those same
magnetically-transparent materials. Such use of magnetically-transparent material
limits heat-generating eddy currents induced In the stimulator 105 during recharging
by the external AC magnetic fields. Thus, the recharge rate does not need to be
artificially governed to avoid damage caused by excessive heat, reducing recharge
time for ultracapacitor 180 to less than a few seconds every twenty-four hours.

[0058] Fig. 3 provides an illustration of one example of implant 105.
The implant includes a housing 1000, and packaged within the housing is the battery
185, an ultracapacitor 180, and a recharge coil encased in case 681, all of which
have been described above. Lead connectors 1200 and hermetically sealed
electronics package 1100 are also included.

[0059] Fig. 5 shows the schematics of an exemplary CMOS DC
isolation circuit used to provide electrical isolation between the battery 185 and the
ultracapacitor 180. A CMOS device contains a p-type metal-oxide-semiconductor
(p-MOS) transistor and an n-type MOS (n-IVIOS) transistor to make up a
complementary-MOS (CMOS) circuit. The input to a CMOS circuit is typically to the
gate of the input MOS transistor, which exhibits a very high resistance. Therefore,
CMOS gates operate essentially with infinite DC impedance and prevent current flow
when no voltage is applied to the CMOS gate.

[0060] Specifically, the first diagram in Fig 5 depicts an electrical
isolation circuit between V2 and V1 utilizing two CMOS gates and a logic inverter
(“NOT” gate). When the voltage at V2 is high, the combination of CMOS gates and
the logic inverter ensures that the voltage at V1 remains high as well. On the other
hand, when the voltage at V2 is zero, the logic inverter will output a high voltage and
pull down the voltage at V1 to ground, resulting in zero voltage for both V1 and V2.
The second diagram in Fig. 5 depicts a similar circuit using CMOS gates and a logic
inverter to ensure that when V1 is high, V2 will also remain high and when V1 is
zero, V2 will also be zero. This circuitry ensures that only the battery 185 powers
memory 355. Also, this configuration provides an interface between two circuits at
two different voltages (the battery voltage changes very slowly while the
supercapacitor voltage fluctuates up and down) and allows the two circuits to

communicate while maintaining DC isolation.
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[0061] Other configurations of stimulator 105 are possible. For
example, stimulator 105 can deliver other stimuli such as one or more chemical
stimuli, thermal stimuli, electromagnetic stimuli, and/or mechanical stimuli.
Stimulator 105 can thus include other stimulus delivery elements.

[0062] In other implementations, stimulator 105 can be part of a
cochlear implant, a deep brain stimulator, a drug pump, a micro-drug pump, or any
other type of implantable stimulator configured to deliver electrical and/or other
stimuli. Example spinal cord stimulators include those described in U.S. Patent
Nos. 6,381,496, 6,553,263, and 6,516,227, the contents of all of which are
incorporated herein by reference. Example cochlear implants include those
described in U.S. Patent Nos. 6,219,580, 6,272,382, and 6,308,101, the contents of
all of which are incorporated herein by reference. Example deep brain stimulators
include those described in U.S. Patent No. 6,920,359, the contents of which are
incorporated herein by reference. Example drug pumps include those described In
U.S. Patent Nos. 3,731,681 and 4,781,893, the contents of which are incorporated
herein by reference. Example micro-drug pumps include those described in U.S.
Patent Application Publication Nos. 2002/0156462 A1 and 2004/0082908 A1, the
contents of which are incorporated herein by reference.

[0063] Other embodiments are within the scope of the following claims.
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WHAT IS CLAIMED IS:
1. A stimulator comprising:

an implantable pulse generator comprising circuit elements;

a first power source comprising an ultracapacitor that provides operating
power for the circuit elements of the pulse generator;

a volatile memory associated with the pulse generator for storing
programming data; and

a second power source that has higher voltage retention than the
ultracapacitor, wherein the second power source is dedicated to the volatile memory

and provides operating power for the volatile memory.

2. The stimulator of claim 1, wherein the ultracapacitor has a capacitive rating of
greater than 0.1 farad, and the second power source has higher voltage retention

than the ultracapacitor.

3. The stimulator of claim 1 wherein the circuit elements comprise charging
circuitry that includes an inductor coil, one or more protection diodes in electrical
communication with the inductor coil, and a rectifier circuit in electrical
communication with the one or more protection diodes, wherein said charging
circuitry receives power from an external source through the coil, protects the circuit
elements from an overvoltage condition with the one or more protection diodes,
rectifies the received power with the rectifier circuit, and directs said rectified power

to the ultracapacitor for the purpose of recharging the ultracapacitor.

4, The stimulator of claim 1, wherein the first power source is recharged with RF

waves received from an external recharge transmitter unit.

5. The stimulator of claim 1, wherein the second power source is recharged with

RF waves received from an external recharge transmitter unit.

0. The stimulator of claim 1, wherein the volatile memory comprises SRAM or
DRAM.
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7. The stimulator of claim 1, further comprising a recharge coil in electrical

communication with the ultracapacitor, wherein the recharge coil is enclosed within a

magnetically transparent material.

3. The stimulator of claim 7, further comprising one or more protection diodes in
electrical communication with the recharge coil and the first power source, wherein

the protection diodes prevent output voltage from exceeding a threshold vaiue.
9. The stimulator of claim 8, wherein the threshold value is about 5V.

10.  The stimulator of claim 1, further comprising a housing made of a

magnetically transparent material.

11.  The stimulator of claim 1, wherein the second power source comprises a

battery.

12.  The stimulator of claim 1, further comprising a nonvolatile memory and an
operating memory, and wherein the ultracapacitor provides operating power for the

nonvolatile memory and the operating memory.

13. A system for stimulating tissue comprising:
an implantable stimulator comprising:

a pulse generator comprising electronic circuitry that performs a

desired circuit function:

a first power source comprising an ultracapacitor that provides

operating power for said electronic circuitry;

a memory associated with the pulse generator comprising a volatile

memory for storing programming data; and
a second power source that has higher voltage retention than the first

power source, wherein the second power source Is dedicated to the volatile memory

and provides operating power for the volatile memory;
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a remote programmer unit that transmits programming information to the

implantable stimulator, wherein the programming information is stored in the volatile

memory; and
a remote recharge transmitter that transmits one or more sets of RF signals to

the stimulator.

14.  The system of claim 13, wherein the recharge transmitter transmits a first set

of RF signals to the stimulator, wherein the first set of RF signals recharges the

ultracapacitor.

15. The system of claim 14, wherein the recharge transmitter transmits a second
set of RF signals to the stimulator, wherein the second set of RF signals recharges

the second power source.

16.  The system of claim 13, further comprising a recharge coil electrically couplea
to the ultracapacitor, wherein the recharge coil is enclosed within a magnetically

transparent material.

17.  The system of claim 16, further comprising one or more protection diodes in

electrical communication with the recharge coil and the first power source, wherein

the protection diodes prevent output voltage from exceeding a threshold value.
18.  The system of claim 17, wherein the threshold value is about 5V.

19.  The system of claim 13, wherein the implantable stimulator is housed In a

magnetically transparent material

20. The system of claim 13, wherein the memory of the implantable stimulator
further comprises a nonvolatile memory and an operating memory, and wherein the

ultracapacitor provides operating power for the nonvolatile memory and the operating

memory.

21.  The system of claim 13, the volatile memory comprises SRAM or DRAM.
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22.  The system of claim 13, wherein the second power source comprises a
pattery.

23.  The system of claim 13, wherein the ultracapacitor has a capacitive rating of
greater than 0.1 farad, and the second power source has higher voltage retention

than the ultracapacitor.

24.  The system of claim 13, wherein the electronic circuitry further comprises
charging circuitry that includes an inductor coil, one or more protection diodes in
electrical communication with the inductor coil, and a rectifier circuit in electrical
communication with the one or more protection diodes, wherein said charging
circuitry receives power from an external source through the coil, protects the
electronic circuitry from an overvoltage condition with the one or more protection
diodes, rectifies the received power with the rectifier circuit, and directs said rectified

power to the ultracapacitor for the purpose of recharging the ultracapacitor.
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