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CHAIR PAD CHARGING AND COMMUNICATION 
SYSTEM FOR A BATTERYPOWERED 

MICROSTIMULATOR 

0001. The present application claims the benefit of U.S. 
Provisional Application Serial No. 60/392,475, filed Jun. 28, 
2002, which application is incorporated herein by reference 
in its entirety. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to stimulation sys 
tems and, more particularly, Systems for transcutaneously 
charging and communicating with a body-implanted Stimu 
lator having a rechargeable battery. 
0.003 Radio-frequency powered implantable stimulators 
and battery powered, implantable microStimulators are 
described in the art. See, for instance, U.S. Pat. Nos. 
5,193,539 (“Implantable Microstimulator); 5,193,540 
(“Structure and Method of Manufacture of an Implantable 
Microstimulator”); 5,312,439 (“Implantable Device Having 
an Electrolytic Storage Electrode’); 6,185,452 (“Battery 
Powered Patient Implantable Device"); 6,164.284 and 
6,208,894 (both titled “System of Implantable Device for 
Monitoring and/or Affecting Body Parameters”). The 539, 
540, 439, 452, 284, and 894 patents are incorporated 
herein by reference in their entireties. 
0004 Microstimulators to prevent or treat various disor 
derS associated with prolonged inactivity, confinement or 
immobilization of one or more muscles are taught, e.g., in 
U.S. Pat. Nos. 6,061,596 (“Method for Conditioning Pelvis 
Musculature Using an Implanted Microstimulator'); 6,051, 
017 (“Implantable Microstimulator and Systems Employing 
the Same"); 6,175,764 ("Implantable Microstimulator Sys 
tem for Producing Repeatable Patterns of Electrical Stimu 
lation'); 6,181,965 (“Implantable Microstimulator System 
for Prevention of Disorders”); 6,185,455 (“Methods of 
Reducing the Incidence of Medical Complications. Using 
Implantable Microstimulators”); and 6,214,032 (“System 
for Implanting a Microstimulator”). The 596, '017, 764, 
965, 455, and 032 patents are incorporated herein by 
reference in their entireties. 

0005 Implantable stimulators having rechargeable bat 
teries have specific requirements. In general once a Stimu 
lator is implanted within a patient's body, it is intended to 
Stay there permanently. When a rechargeable battery is used 
to power an implantable Stimulator, there must be a trans 
cutaneous means to recharge the rechargeable battery in the 
Stimulator without explanting the Stimulator. In addition, 
there must also be a means to communicate with the 
Stimulator after it has been implanted in order to transmit 
and receive control Signals from and to the Stimulator, as 
well as to transfer data from and to the Stimulator. An 
important technical issue is how a rechargeable battery in an 
implanted Stimulator may be revived when the rechargeable 
battery is completely depleted, i.e., to Zero Volts. 
0006 A specific form of an implantable stimulator is a 
microStimulator. MicroStimulators present advantages over 
conventionally sized Stimulators in that microStimulators are 
more easily implanted, with less Surgical trauma. Advanta 
geously, microStimulators may be injected through a large 
bore needle or placed via a Small incision in the skin. In 
addition, microStimulators may be implanted in locations 
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that do not offer enough Space to contain larger, conven 
tional-sized Stimulators and their associated extension leads. 

0007 One application that is particularly Suited for using 
a microStimulator is the treatment of urinary urge inconti 
nence. The BIONR) microstimulator (Advanced Bionics(R) 
Corporation, Sylmar, Calif.) is currently being used in 
patients to treaturinary urge incontinence by Stimulating the 
pudendal nerve. In prior art implantable Systems for treating 
incontinence, a conventional-size Stimulator is attached to a 
lead having an electrode or electrodes on the distal lead tip. 
The lead, having a Substantial length, can be tunneled to the 
target nerve deep inside the body, while the conventional 
sized Stimulator can remain implanted just beneath the 
Surface of the skin. Because the conventional Stimulator is 
intended to be placed just below the surface of the skin, the 
technical requirements for designing a telemetry communi 
cation System using Such a conventional Stimulator is, rela 
tively Speaking, easier to accomplish. Moreover, because the 
conventional-sized Stimulator is in a comparatively large 
housing, Such a stimulator can contain a primary, one-time 
only-use battery and thus, no recharging is required. 
0008 An implantable microstimulator, in contrast, gen 
erally does not use an extension lead, as the electrodes are 
often placed directly on the body of the microstimulator. 
Because the electrodes are placed on the body of the 
microStimulator, it must usually be placed very close to the 
target tissue (usually a nerve) being stimulated. In the case 
of the urinary incontinence application, therefore, the micro 
Stimulator is implanted deep inside the body near the puden 
dal nerve and not, as in the case with conventional stimu 
lators, just below the Surface of the skin. In addition, when 
a microStimulator is used, the Small housing puts the use of 
Space at even a greater premium and effectively prohibits the 
use of a primary battery and, instead, necessitates the use of 
a rechargeable battery. 
0009 Thus, the technical challenges presented by a 
microStimulator that is implanted deep in the body are 
highly complex because (a) the microstimulator uses a 
rechargeable battery and (b) the microstimulator can be 
implanted more deeply and at variable depth within the body 
than a conventional Stimulator. The variability of implanta 
tion depth can be problematic because the components that 
are used to charge the battery and communicate with the 
Stimulator must accommodate this variability. Consequently, 
the technical requirements needed to fulfill the dual opera 
tions of transcutaneously recharging a battery and commu 
nicating with an implantable microStimulator are more 
daunting than using a conventional implantable Stimulator, 
which merely requires near-distance telemetry communica 
tion and no charging circuitry. There are additional technical 
challenges to overcome when a microStimulator is placed 
deep in the body, for instance, in the lower part of the torSo, 
as is the case for the urinary incontinence application. In 
particular, the external device configuration or configura 
tions must be determined which can best recharge the battery 
in the microStimulator and communicate with the micro 
Stimulator. This set of technical requirements presents 
unique challenges in designing a charging and communica 
tion System which the present novel invention addresses. 

SUMMARY OF THE INVENTION 

0010. The present invention addresses the above and 
other needs by providing an external charging and commu 
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nication System that can be used with a deeply implanted 
Stimulator or microStimulator having a rechargeable battery. 
0011. In accordance with one aspect of the invention, 
there is provided a charging and communication System that 
includes a chair pad (for sitting on) and a base station. The 
chair pad may include an antenna/charging coil for induc 
tively charging the rechargeable battery and a booster coil 
for recharging the rechargeable battery when it has been 
inadvertently depleted to Zero volts. The recharging from a 
base of Zero volts is hereinafter termed “Zero volt recovery” 
or “ZVR.” A polyimide film Substrate with copper traces is 
used as a grounded coil shield to cover the booster coil and 
antenna/charging coil in order to reduce the capacitively 
coupled currents to a patient and to prevent the occurrence 
of electric Shock. 

0012. The booster coil and antenna/charging coil may be 
designed for charging and communications functions with a 
microstimulator that is implanted between 12 to 15 centi 
meters deep in the body with up to a 30 off-axis misalign 
ment from the microStimulator with the charging field. 
Inductive charging may be accomplished, for example, 
using a preferred frequency of 127 KHZ: 
0013 In addition, the antenna/charging coil may be used 
for communication with the Stimulator either employing 
frequency shift keying (FSK) or on-off keying (OOK) 
communication. FSK is akin to frequency modulated (FM) 
radio signals in that a radio frequency Signal is conveyed 
through frequency modulation of a carrier Signal. OOK may 
be compared to amplitude modulated (AM) radio signals in 
that the amplitude of a Signal is modulated. However, unlike 
true AM signals, OOK communication permits only two 
amplitude levels: on or off, which amplitudes can convey the 
binary numbers 1 or 0. Data transfer with OOK communi 
cation is slow and therefore it is generally used only as a 
back-up when FSK communication is not available. 
0.014 When the antenna/charging coil is used for FSK 
telemetry communication, it is necessary to tweak the band 
width of the coil circuit to flatten or “dampen' the frequency 
response in order to broaden the bandwidth. This may be 
accomplished by connecting a damping resistor in parallel to 
the charging coil or by other circuit means. The damping 
resistor or other circuit means may be included in the base 
Station. 

0.015 The chair pad may contain a chair pad printed 
circuit board (PCB). The chair pad PCB may contain a 
temperature Sensor Such as a thermocouple to Sense the 
temperature of the PCB and to Send a Signal to microcon 
troller to cut off power to the antenna/charging coil. The 
chair pad PCB may also contain a tuning circuitry for the 
antenna/charging coil to impedance match the charging coil 
with the amplifier in the base Station and, Similarly, the chair 
pad PCB may contain a tuning circuitry for the booster coil 
to impedance match the driving amplifier for the booster 
coil. Such impedance matching (tuning) is necessary to 
optimize the transfer of power from the base Station ampli 
fier to the coils and to reduce exceSS heat dissipation from 
the coils and, hence, from the chair pad, which exceSS heat 
would be undesirable. In addition, the impedance matching 
also contributes to reducing Voltages and currents that are 
1000 Volts and 4.5 Amperes, respectively in the base station, 
to a Safer 0.5 Amperes and 25 Volts in the antenna/charging 
coil, located in the chair pad. Thus, although in one embodi 
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ment of the present invention, the coils and amplifier may all 
be contained in a Single, external interface device, the use of 
a separate base and external interface device (the chair pad) 
advantageously promotes a safer charging/communication 
System, by isolating the higher Voltages and currents to the 
base Station only. 
0016. The PCB may also contain protection circuits that 
include a temperature Sensor and/or booster coil voltage 
Sensing. The temperature Sensor may be used to Sense PCB 
temperature and when a predetermined temperature is 
reached, and automatic shut-off circuit may disconnect the 
power to the booster coil or antenna/charging coil to prevent 
overheating. Similarly, a Voltage (or current) Sensor may be 
used to Sense the current and Voltage in the booster or 
antenna/charging coils to calculate power dissipation and cut 
off power if it exceeds a predetermined trigger level. Such 
temperature and power monitoring features are desirable in 
the System, Since the coils and circuitry are all contained in 
a coil assembly and encapsulated in a polyurethane foam 
housing, Such that the circuitry cannot be directly accessed. 
0017. The base station is connectable via a chair pad 
cable to the chair pad. The base station is powered by an AC 
adapter. The base Station may contain a microcontroller that 
can interface with visual displays such as LED and LCD 
displays mounted on the base Station or with an audio alarm. 
The audio speaker may be used to produce Sounds or tones 
to indicate when charging is complete or, alternatively, as a 
Signal for other significant events. The microcontroller can 
be electrically connected to a coil driver amplifier, which 
microcontroller also controls the Zero volt recovery charging 
and FSK and OOK communications. The base station con 
tains a power converter Section for generating Several dif 
ferent values of D.C. Voltages to Supply power to the 
antenna/charging coil, the booster coil, the chair pad PCB, as 
well as circuitry in the base Station. 
0018. The amplifier circuitry is provided in the base 
station in which a lower value +3.3 VDC is used in most 
cases, Such as during charging, but is temporarily and briefly 
Switchable to a +4.5 VDC during telemetry reception. 
Advantageously, this amplifier design reduces power con 
Sumption and thereby reduces the heat generated in the base 
Station and also reduces Switching regulator noise. A vari 
able output +7 to +20 VDC power supply can be produced 
from the base Station, which variable power may be con 
tinuously adjusted during inductive charging to prevent 
overheating. 
0019. It is thus a feature of the present invention to 
provide a charging and communication System that can be 
used both to charge the battery in the Stimulator and to 
communicate with a stimulator implanted at a depth of 
between about 10 to 15 centimeters, while the stimulator is 
positioned up to 30 off-axis relative to the inductive charg 
ing or RF telemetry field. 
0020. It is a further feature of the invention to provide 
impedance matching of the primary antenna/charging and 
booster coils with the driving amplifiers and also to adjust 
for misalignment of the primary coil with the Secondary coil 
in the microStimulator to reduce heat dissipation in the base 
Station and chair pad and to maximize power transfer. 
0021. It is another feature to include a zero-volt battery 
recovery System that can revive and recharge a battery that 
is fully depleted to zero-volts. 
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0022. It is yet a further feature of the present system to 
provide fail-safe features to Sense currents or Voltages in the 
antenna/charging coil and booster coil or to directly Sense 
temperatures on the chair pad PCB or on the base station 
PCB to automatically trigger power shut down to a coil to 
prevent overheating. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 The above and other aspects, features and advan 
tages of the present invention will be more apparent from the 
following more particular description thereof, presented in 
conjunction with the following drawings wherein: 
0024 FIG. 1 is a block diagram of an exemplary micro 
Stimulator System, including an implantable microStimulator 
and various external components for charging the recharge 
able battery in the microStimulator and communicating with 
the microStimulator; 

0025 FIG.2 (2-1; 2-2) is a view of a system that includes 
a base Station and a chair pad, which System is used to 
charge the battery in the microStimulator and to communi 
cate with the microStimulator; 
0.026 FIG. 3A is a simplified schematic diagram repre 
Senting the electrical circuitry in the chair pad, including a 
printed circuit board; 
0027 FIG. 3B is a mechanical representation of the 
exterior of the chair pad with a chair pad cable; 
0028 FIG. 4A is a view of the coil assembly in the chair 
pad; 
0029 FIG. 4B is an exploded view of the coil assembly 
of FIG. 4A; 
0030 FIG. 5 is a block diagram of the power converter 
and shut down circuitry Sections contained in the base 
Station; and 
0.031 FIG. 6 is a block diagram of power supply drivers 
for the antenna/charging coil and booster coil contained in 
the base Station. 

0.032 Corresponding reference characters indicate corre 
sponding components throughout the Several views of the 
drawings. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0033. The following description is of the best mode 
presently contemplated for carrying out the invention. This 
description is not to be taken in a limiting Sense, but is made 
merely for the purpose of describing the general principles 
of the invention. The scope of the invention should be 
determined with reference to the claims. 

0034. A fully assembled battery-powered microstimula 
tor may operate independently, or in a coordinated manner 
with other implanted devices, or with external devices. For 
the purpose of describing the present invention, an exem 
plary microstimulator, the battery-powered BIONOR micro 
stimulator (Advanced Bionics(R Corporation, Sylmar, 
Calif.), will be referred to interchangeably as a “microstimu 
lator. 

0035. The microstimulator is a pulse generator which 
includes a rechargeable battery. The battery is recharged, as 
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required, from an external battery charging System, typically 
through an inductive link. The microStimulator is preferably 
a Substantially cylindrical shape and at least portions of it are 
hermetically Sealed. The microStimulator may include elec 
tronic circuitry that allow it to generate Stimulus pulses that 
are applied to a patient through electrodes. 
0036) The microstimulator circuitry, battery capacity, 
cycle life, hermeticity and longevity preferably provide 
implant operation for at least five years at typical Settings. 
Battery control circuitry protects the battery from overcharg 
ing, operates the implant in a safe mode upon battery 
depletion and avoids any potentially endangering failure 
modes, with a Zero tolerance for unsafe failure or operational 
modes. The microStimulator accepts programming only 
from compatible programming devices. 
0037. The publications and patents listed in the table 
below, which are all incorporated herein by reference, 
describe various uses of the implantable microStimulator for 
the purpose of treating various neurological conditions: 

Application/Patent? Filing/Publication 
Publication No. Date Title 

U.S. Pat. No. Issued Method for Conditioning Pelvic 
6,061,596 May 9, 2000 Musculature Using an Implanted 

Microstimulator 
U.S. Pat. No. Issued Structure and Method of 
5,193,540 Mar. 16, 1993 Manufacture of an Implantable 

Microstimulator 
PCT Publication Published Implantable Stimulator System 
WOOO/O1320 Jan. 13, 2000 and Method for Treatment of 

Urinary Incontinence 
PCT Publication Published System and Method for Con 
WO 97/18857 May 29, 1997 ditioning Pelvic Musculature 

Using an Implanted 
Microstimulator 

0038 FIG. 1 shows an exemplary, implantable, micro 
Stimulator System which includes internal and external com 
ponents, as well as Surgical components. Internal compo 
nents 10' are implanted in the target tissue area of the patient 
and external components 20 are used to recharge and com 
municate with the internal components. The components 
shown in FIG. 1 represent, as a whole, an implantable 
BIONR) microstimulator system 100 (also known as a 
Battery-Powered BION or “BPB”). As shown in FIG. 1, the 
various components may be Subdivided into three broad 
categories: (1) implantable components 10", (2) external 
components 20, and (3) Surgical components 30. 
0039. The microstimulator 10 includes a case 12; 
rechargeable battery 16, microStimulator electronic Subas 
sembly 14, which includes microstimulator coil 18 and a 
Stimulating capacitor, CsIIM, 15; indifferent/reference elec 
trode 24, and an active/stimulating electrode 22. 
0040. The external components 20 include a charging 
system 39, which consists of a chair pad 32 and a base 
station 50; a remote control 40; and a clinician's program 
mer 60. The chair pad 32 has an antenna/charging coil 34 
which is electrically connectable to the base station 50 with 
extension 36 (or, alternatively, a chair pad cable) and com 
municates with the microStimulator electronic Subassembly 
14 with a bidirectional telemetry link 48. The base station 50 
has an external, medical grade AC adapter which receives 
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wall AC power 52 through an extension 54. The remote 
control 40 can Send and receive communication from and to 
the base station 50 through an Infrared Data Association or 
IrDA interface 42. (IrDA is a standard for transmitting data 
via infrared light.) The remote control 40 also communicates 
with the clinician's programmer 60 through an IrDA inter 
face 44 and communicates with the microStimulator elec 
tronic Subassembly 14 with an RF telemetry antenna 46 
through the bidirectional telemetry link 48". The clinicians 
programmer 60 may also communicate with the microStimu 
lator electronic Subassembly 14 through the bidirectional 
telemetry link 48". The base station 50 also communicates 
with the clinician's programmer 60 through an IrDA inter 
face 45. The bidirectional telemetry link 48 is also known as 
the FSK (Frequency Shift Key) telemetry link, or RF telem 
etry link. In addition, the charging System 39 has a forward 
telemetry link 38 which is also known as OOK-PWM 
(On/Off Keying-Pulse Width Modulation), or inductive 
telemetry link. 

0041. The Surgical components 30 illustrated in FIG. 1 
include the BPB implant tools 62 and an external neuro 
stimulator 64. The implantable BPB microstimulator 10 is 
inserted through the patient's tissue through the use of 
appropriate Surgical tools and, in particular, through the use 
of tunneling tools, as are known in the art or as are Specially 
developed for purposes of implantable BPB stimulation 
Systems. 

0.042 FIG. 2 (2-1; 2-2) shows, in accordance with the 
present invention, a block diagram of a base Station 50 and 
chair pad 32 charging and communication System. The base 
Station is connected to the chair pad via a chair pad cable 
414. 

0043. The base station/chair pad system is used to carry 
out four operations: (a) transcutaneously charging the 
rechargeable battery within the body implanted BPB stimu 
lator using inductive coupling (b) transcutaneously provid 
ing recovery to the rechargeable battery in the BPB stimu 
lator when the battery has been depleted down to zero volts, 
i.e., Zero volt recovery (ZVR) (c) transcutaneously commu 
nicating with the BPB stimulator using frequency shift 
keying (FSK) and (d) transcutaneously communicating with 
the BPB stimulator using on-off keying (OOK). 
0044) The difference between operations (a) and (b) is 
that, in case (b), the rechargeable battery has been depleted 
down to Zero Volts. In that case, normal recharging will not 
work and it is necessary to use the ZVR procedure. 

0.045. In order to enable the various operations, the chair 
pad 32, as shown in FIG. 2-2, has two coils: (a) an 
antenna/charging coil- 34 and (b) a booster coil 419. The 
antenna/charging coil 34 is used for inductively charging the 
rechargeable battery in the Stimulator and also for perform 
ing forward and backward FSK or forward OOK telemetry 
communication with the stimulator. The booster coil 419 is 
used to perform the ZVR procedure. The chair pad 32 further 
includes a coil shield 417 over the antenna/charging coil 34 
and booster coil 419. Also included in the chair pad 32 is a 
chair pad printed circuit board (PCB) 416. 
0046 Referring to FIG. 2-1, an external AC adapter 400 

is used to power the Base Station 50. The base station 
includes a battery backup 403 and a microcontroller 402 
which can control the real-time clock (RTC) 409 and user 
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interface displayS. Such as user buttons/keys, LCD display(s), 
LED display(s) or an audio alarm. The audio alarm may be 
used to indicate when charging is complete or the alarm may 
be use as an Signal indicator for other significant System 
events or modes. The microcontroller 402 is also connected 
to a coil driver amplifier 408 which controls the ZVR 
charging via connection 412 and the chair pad cable 414. In 
addition, the microcontroller 402 controls another coil driver 
406 for controlling forward FSK and OOK telemetry com 
munication and charging via connection 413 which is further 
connected to the chair pad cable 414. Through the same 
connection 413, reverse RF telemetry signals are received 
and amplified by telemetry receiver 407. These signals are 
then processed by the microcontroller 402. The microcon 
troller can communicate with an external clinician program 
mer 410 (or remote control) via an IrDA converter 405. The 
microcontroller may also receive data from various Sensors 
via connection 411, which Sensors may be located on the 
chair pad PCB 416. For instance, one type of sensor is a 
temperature Sensor or a thermocouple. 
0047 FIG. 3A shows, in accordance with the present 
invention, a diagrammatic representation of the chair pad, 
electrical architecture. The representation shows the follow 
ing chair pad components: a PCB board 416, the charging 
coil 34, the booster coil 419, and coil shield 417. The printed 
circuit board (PCB) 416 carries most of the chair pad 
electronics including a temperature Sensor 418. The tem 
perature Sensor is used to ensure that the exterior Surface of 
the chair pad 32 (shown in FIG.3B) is at 41° C. or less. The 
interior of the chair pad may, however, vary in temperature 
ranging from 0 to 65 C. 
0048 All of the electronic components in the chair pad 
are contained on the chair pad PCB 416, with the exception 
of the antenna/charging coil 34, the booster coil 419 and coil 
shield 417. To ensure against electrical short circuit from 
moisture and liquids, the chair pad housing 633 (shown in 
FIG. 3B) contains all of the chair pad electrical components 
including the charging coil, the booster coil, and the chair 
pad PCB. 
0049 FIG. 3B shows, in accordance with the present 
invention, an illustration of the Outer shape of the chair pad 
32, which is approximately rectangular. The recharge coil 
assembly 427 (shown in FIG. 4A) contains the antenna/ 
charging coil, the booster coil and a coil Shield, which are all 
fully encapsulated in polyurethane foam housing 633 of 
chair pad 32. Because the coils are fully encapsulated by the 
foam housing 633, there are no acceSS test points to Verify 
that current is flowing in the charging and booster coils. The 
polyurethane foam housing provides a number of functions. 
For instance, the polyurethane foam housing 633 is UV 
resistant and flame retardant and forms a Outer skin to keep 
Water and dust from the recharge coil assembly electronics. 
The foam housing also insulates the user from heat gener 
ated by the embedded electrical components in the chair pad 
and prevents the Surface temperatures exterior to the poly 
urethane housing 633 (and the chair pad Surface) from 
exceeding allowable Surface temperatures. Further, the poly 
urethane housing protects the chair pad components from 
Shock and Vibration and contributes, in Some measure with 
the outer padding, to provide a comfortable and compliant 
Sitting Surface. The chair pad housing 633 and electronics 
are preferably designed to meet a target chair pad Surface 
temperature (including an outer padding around the chair 
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pad foam housing 633) that is less than about 41° C., without 
employing forced air-cooling or ventilation holes. 
0050 Padding may be placed around the polyurethane 
foam housing, which padding may be fabricated from a 
washable fabric or batting Sewn together in a loose quilting 
format and be from about 0.75 inches to 1.00 inches in 
thickness in an uncompressed State. An exterior chair pad 
slipcover (not shown) may go over the padding. The slip 
cover may be constructed from a durable, washable uphol 
Stery grade fabric and should provide a relatively comfort 
able Surface to sit on for extended periods of time, for 
instance, up to Several hours. An opening in the slipcover 
should permit the cable to exit allow insertion of additional 
or replacement padding, when needed. Thus, although the 
foam housing, as shown in FIG. 3B, and coil assembly 
inside is, for the Sake of Simplicity, referred to herein as the 
“chair pad,” it is emphasized that the actual “chair pad' used 
by a patient will usually include the extra padding and the 
Slip cover. 
0051. The chair pad cable, 420 which is preferably longer 
than 150 cm, extends from the chair pad 32 and can be 
connected to the base Station. The end of the cable can have 
a 24 pin male connector 423. The chair pad cable 420 can be 
molded into the polyurethane foam housing 633 to provide 
strain relief to the cable at the point of extension from the 
foam housing 633. In one embodiment, the chair pad may 
have dimensions which are about or smaller than 50 cm by 
50 cm by 15 cm and weigh less than 5 kilograms. These are 
preferred dimensions and weight for the chair pad that work 
well for the average patient, although other pad shapes and 
dimensions may also work. 
0.052 In use, the chair pad 32 may be placed on a chair 
and a patient, who has an implantable BPB microstimulator, 
can sit on the chair pad between about 15 minutes to half an 
hour a day to recharge the battery in the microStimulator. 
Generally, however, 15 minutes of charging may be Suffi 
cient. 

0053 FIG. 4A shows a mechanical illustration of a 
recharge coil assembly 427 with chair pad cable 420 having 
connector 423. 

0054 FIG. 4B shows a more detailed, exploded view of 
the components of the recharge coil assembly shown in FIG. 
4A contained in the chair pad. The various components of 
the recharge coil assembly 427 include a cover 421 that may 
be made from injection molded polypropylene, a chair pad 
cable assembly 420 that links the chair pad to the base 
station, a coil spool 424, a shield flex circuit 425 (“coil 
shield”) and a nest 426. Another coil shield 417 is used with 
shield 425 to “sandwich' the coil spool 424. The antenna/ 
charging coil and booster coils are both contained in the coil 
spool 424 that is preferably made from injection molded 
polypropylene. Polypropylene is used for its low cost and 
excellent resistance to deformation under repetitive StreSS 
conditions. 

0.055 The nest 426 is constructed from an injection 
molded housing made from a polycarbonate-acrylonitrile 
butadiene styrene (PC/ABS) alloy. The nest is used to house 
the chair pad FR4 PCB assembly 422. Because it is neces 
sary to minimize mechanical deflections of the PCB 422 to 
avoid damaging or loosening any of the circuit components, 
the nest 426 must be constructed of high Strength and 
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Stiffness material to withstand compression/flexion loading 
of the recharge coil assembly 427. The box shape of the nest 
426 enhances its stiffness. The PCB 422 is preferably at least 
about 0.093 inches thick to enhance its stiffness. In the 
complete coil assembly 427, the PCB is located between the 
nest 426 and the complementary rectangular portion of the 
cover 421. 

0056. The cover 421 is used to position the nest 426 and 
the spool 424 relative to each other. The assembled coil 
spool 424, cover 421 and nest 426 protect the coil spool 424 
and the coils from being damaged by external objects that 
might penetrate through the polyurethane foam housing. 

0057 The coil shield flex circuit assemblies 417 and 425 
(“coil shields') consist of polyimide film Substrate with 
copper traces placed on one side and pressure Sensitive 
adhesive on the opposite side. The coil shields 417 and 425 
are preferably used to reduce the capacitively coupled 
currents to the patient and minimize the possibility of 
electric Shock. The coil shields are grounded to provide a 
low impedance pathway to ground for the capacitively 
coupled currents generated in the antenna/charger coil and 
the booster coil, which operate at high Voltages and frequen 
cies. The coil shields 417 and 425 therefore reduce the 
leakage currents that can be induced in the patient during 
charging, telemetry and ZVR operations. 

0.058. The flexible chair pad cable 420 with connector 
423 may be permanently attached to the chair pad, with the 
connector 423 placed distal end of the cable. The base 
Station housing can have a complementary female receptacle 
for connection to the chair pad. The chair pad cable con 
nector 423 can also contain a loop back connection that is 
used to immediately indicate whether the chair pad is 
connected to the base Station. 

0059 Through the connector 423 and chair pad cable 
420, the base Station can directly access the chair pad 
temperature Sensor, the current Sensing resistor of the charg 
ing coil, the Voltage Sensing circuitry of the booster coil, the 
relay for the FSK antenna operation of the charging coil, the 
chair pad connector feedback loop, chair pad cable shield 
and chair pad coil shield. In addition, the connector provides 
indirect access, through the particular tuning circuitries, to 
the charging coil and booster coil. 
0060. The chair pad cable 420 is shielded and may 
contain six twisted conductor pairs. In a preferred embodi 
ment, five conductor pairs may be 26 AWG copper stranded 
construction containing 65 strands of 44 AWG tinned copper 
wire while the remaining conductor pair may be 24 AWG 
copper Stranded construction containing 105 Strands of 44 
AWG tinned copper wires. The cable can be shielded with 
a circumferential braid of 40 AWG tinned copper strands 
with 90% minimum coverage. The cable jacket insulation 
may be a thermoplastic elastomer (TPE). 
0061. In the recharge coil assembly 427, the dimensions 
of the charging coil contained within the assembly may be 
optimized to deliver inductive coupled power to a micro 
Stimulator that is implanted deep in body tissue, for 
example, at an implant depth of between 12 to 15 centime 
ters and using a preferred frequency of about 127 KHZ. To 
achieve these targets, the charging coil 34 preferably has 24 
turns of multi-stranded Litz wire wrapped around the 200 
mm inside diameter coil spool ("recharge coil spool”). The 
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resulting diameter of charging coil is about 10 to 12 centi 
meters. The quality or Q of the resonant circuit is preferably 
about 160. 

0062 Referring to FIG. 2 (2-1; 2-2), in operation, the 
chair pad may be used to charge the rechargeable battery in 
the implanted Stimulator. For normal microStimulator bat 
tery charging, i.e., where the rechargeable microStimulator 
battery has not be depleted down to Zero volts, the base 
station 50 may power the charging coil 34 inside the chair 
pad 32, which generates a magnetic field and thereby 
inductively recharges the battery in the microStimulator. 
0.063) To implement forward and reverse radio-fre 
quency, FSK telemetry communication with the microStimu 
lator, the charging coil 34 is used as an RF antenna. AS an 
emergency back-up, forward OOK telemetry is also pro 
Vided wherein the charging coil also operates as an antenna. 
The data transfer rate with OOK, however, occurs at a much 
lower rate than with FSK communication because, with 
OOK, the information is carried by on-off amplitude modu 
lation. 

0.064 Referring to FIG. 3A, in accordance with the 
present invention, the charging coil 34 can be used to 
generate a magnetic field of Sufficient Strength to inductively 
charge the microStimulator battery at a carrier frequency of 
127 KHZ. The maximum magnetic flux required along the 
microStimulator axis to achieve battery recharging at a rate 
of C/2 (half the maximum charge) is estimated to be 1.61 
Gauss (rms) at 127 KHZ. To achieve a recharging rate of C/8, 
the magnetic flux required is about 0.4 Gauss (rms). To 
achieve Satisfactory charging at a microStimulator implant 
depth of between 10-15 centimeters inside a patient’s body, 
the charging coil may be driven with a 4.25 Ampere (rms) 
current. The resulting magnetic flux of 0.93 Gauss (rms) can 
be produced at a point 15 cm vertically from the center plane 
of the charging coil, 5 cm radially away from its axis 
(maximum charging distance) and up to a 30 off-axis 
misalignment along the microStimulator, which magnetic 
flux can Satisfactorily recharge the battery in the implanted 
microStimulator at the target charging distance. When a 4.25 
Ampere (rms) current is applied to the charging coil, this can 
generate a magnetic flux of 1.81 Gauss (rms) at a point 10 
cm vertically away from the center plane of the charging coil 
and 5 cm radially away from charging coil axis with up to 
a 30 off-axis misalignment. The resulting field can recharge 
the battery in approximately 2 hours. 
0065. The antenna/charging coil 34 may also be used for 
forward OOK telemetry, employing a narrow bandwidth 
around 333 Hz. When the antenna/charging coil is used, 
however, as an FSK antenna, it is necessary to increase the 
bandwidth. Bandwidth can be increased by connecting a 
damping resistor 420 (as shown in FIG. 3A) in parallel to 
the charging coil 34. By using the charging coil for RF and 
OOK telemetry communication, the base Station can com 
municate with an implanted microStimulator. During Such 
communication, the microStimulator with its internal coil 
may be centered at distances of 15 cm away from the chair 
pad charging coil. 
0.066 An important function of the charging/communi 
cation System is the ability to recover the microStimulator 
when the rechargeable battery is completely dead. During 
such zero-volt recovery (ZVR), the microstimulator is 
defaulted to a depletion mode. A short duration, high ampli 
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tude magnetic field at a frequency of approximately 1.2 
MHz is delivered to the microstimulator in order to set the 
microStimulator charging circuitry into a regular charging 
mode. The chair pad contains a booster coil 419 which is 
used to generate the short duration (less than 1 Sec) magnetic 
field in the 1.2 MHZ range. 

0067. In the event, however, that the microstimulator 
battery Voltage should drop to a complete depletion level or 
“Zero volt” mode, the microstimulator circuitry that controls 
the charging frequency will default to a State that causes the 
resonant frequency of the microStimulator circuitry and 
receiver coil to shift to about 1.2 MHZ which is the Zero Volt 
Recovery (ZVR) frequency. Before normal charging of the 
microStimulator battery can begin, the base Station tempo 
rarily operates in ZVR mode. In this ZVR mode, the booster 
coil is driven at the ZVR frequency (1.2 MHz), which resets 
the battery charging circuitry in the microStimulator to 127 
KHZ, by activating the front-end Switches of the micro 
Stimulator Setting the microStimulator to a trickle charge 
mode. 

0068. The booster coil 419 may have 6 turns of multi 
Stranded Litz wire in 2 layers of 3 turns each, wrapped 
around the charging coil inside the coil spool 424. The Litz 
wire used in the booster coil 419 can be the same kind used 
for the charging coil 34. The minimum magnetic flux 
required along the microStimulator longitudinal axis for 
ZVR is estimated to be 175 mGauss (rms) at 1.22 MHz. 
0069 Driving the booster coil at 2.9 Amperes (rms) can 
produce a magnetic flux of 175 mGauss (rms) at a point 15 
cm vertically from the center plane of the booster coil, 5 cm 
radially away from the booster coil axis (the maximum ZVR 
distance) with up to 300 of axis misalignment relative to the 
microstimulator. This satisfies the ZVR distance between the 
chair pad and microStimulator. The chairpad can operate in 
this mode for more than 1 Second. 

0070. As shown in FIG. 3A, the chair pad PCB 416 
contains the circuitry required to interface with the coils 34, 
419 and coil shield 417 and with the base. Station which 
provides the power to drive the coils via the chair pad cable. 
The PCB 416 may contain the following circuits: tempera 
ture Sensor 418 for the chair pad, a tuning circuitry for the 
charging coil, a tuning circuitry for the booster coil, a 
frequency damping System for the FSK telemetry antenna, a 
current Sensing circuitry for the charging coil and a Voltage 
sensing circuitry for the booster coil. Additionally, the PCB 
may contain electroStatic discharge (ESD) protection cir 
cuits 471, 472, 473 and 474 that are only active when 
electroStatic discharge is present. 
0071 Temperature sensing of the chair pad PCB is 
accomplished by employing a Sensor Such as an IC mounted 
thermocouple 418 to sense PCB temperatures in a range of 
between about 0 to 100° C. The temperature sensor 418 can 
monitor temperatures inside the PCB cavity that is, formed 
by the nest and cover. The base station is directly linked to 
this temperature Sensor (Temp Out) through the chair pad 
cable. (Temp VCC indicates the VDC voltage supplied to 
the temperature Sensor.) 
0072. As shown in FIG. 3A, the tuning components for 
the charging coil are placed on the chair pad PCB 416. The 
tuning components consist of two capacitors, a parallel 
capacitor (Cp-tune) 421 and a series capacitor (Cs-tune) 422 
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relative to the charging coil 34. These tuning capacitors are 
medical-grade, high Voltage capacitors rated to operate 
above 1000 Volts (rms) and 4.25 Amperes (rms) at 127 KHZ. 
These capacitorS resonate the antenna/charging coil 34 at 
127 KHZ +/-6 KHZ, when the coil is operated during battery 
charging, FSK telemetry or OOK telemetry. In addition to 
tuning the charging coil, the tuning capacitor circuitry 
provides an impedance matching network of 50 Ohms to the 
base Station amplifier, when the coil is operated in inductive 
charging mode, thereby improving the efficiency of power 
transfer. In addition the impedance matching networks also 
contribute to reducing the Voltage and current present in the 
charging coil to Safer levels of 25 Volts at 0.5 Amperes, as 
compared to in the base station, where 1000 Volts at 4.5 
Amperes are Seen. In this way, the use of a separate base 
Station and external interface device, in this instance the 
chair pad, contributes to a safer System, Since higher Volt 
ages and currents are isolated to the Separate base Station. 
0.073 Similarly, tuning components for the booster coil 
are placed on the chair pad PCB. The tuning components 
consist of two capacitors, a parallel capacitor (Cp-tune) 423 
and a series capacitor (Cs-tune) 424, relative to the booster 
coil 419. The tuning capacitors are preferably medical 
grade, high Voltage capacitors rated to operate above 400 
Volts (rms) and 3 Amperes (rms) at 1.2 MHz. These capaci 
tors resonate the booster coil 419 at 1.2 MHZ +/-0.1 MHz, 
when the coil is operated during ZVR. In addition to tuning 
the booster coil, the tuning capacitor circuitry provides an 
impedance matching network of 50 Ohms to the base station 
amplifier. 
0.074. A damping system is required to broaden the 
available bandwidth, when the antenna/charging coil 34 
operates as an FSK telemetry antenna. To accomplish this, 
a 2 KOhm damping resistor 420 may be connected in 
parallel to the charging coil 34 using a relay Switch 431 rated 
for 2 Amperes. When the damping resistor 420 is connected 
in the charging coil circuit, the bandwidth of the charging 
coil circuit is increased to 12.37 KHZ. The base station has 
direct control of the relay switch 431 and closes the circuit 
only during FSK telemetry operations. When the relay 
Switch 431 is "open,” the chair pad is in the charging mode. 
0075 Because there is no outside electrical access points 
to the charging coil or the booster coil, the System has means 
for measuring the coil currents or voltage (and, hence, the 
power) in the charging coil 34. In the charging mode, the 
current in the charging coil 34 is measured using the Voltage 
across a 0.01 Ohm current sensing resistor 432 that is 
connected in Series with the charging coil 34. The Voltage 
across this resistor 432 is directly readable by the base 
Station through the chair pad cable connector. 
0.076 The voltage across the booster coil 419 is measured 
using a resistor Voltage divider and rectifier circuit shown in 
FIG. 3A comprising diodes 436, 437 and resistors 434 and 
433. The output Signal of this Voltage Sensing circuitry is 
directly readable by the base station via the chair pad cable 
connector (at BCOIL V). 
0077 FIG. 5 depicts, in accordance with the present 
invention, a block diagram of the analog Section of the 
battery charger in the base Station, which includes three 
Subsections, a power converter section 600, a shut-down 
circuit section 610 and an audio section 660. The shut-down 
circuitry represented by block 602 uses a comparator cir 
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cuitry that is designed to trigger when a measured parameter 
(such as predetermined temperature level) exceeds 10%. A 
thermocouple 611 may be used as a temperature Sensor. The 
audio circuitry section 660 employs a speaker 661 that can 
emit an audible tone or Sound to signal a Significant System 
event Such as the end of charging. 

0078. In a preferred embodiment, the power converter 
section 600 generates several D.C. voltages from an input 
+24VDC supplied by an external AC adapter. The +24VDC 
input Supply Voltage passes through a power Switch and 
through a 50 VDC, 2 ampere slow-blow type fuse 601. All 
charging electronics in the base Station are connected after 
this slow blow fuse. The AC adapter voltage following the 
fuse 601 may be monitored by software such that when the 
voltage rises or falls 20% above or below the nominal +24 
VDC, it is sensed by the over voltage/current shut-down 
comparators shown as block 602, thereby shutting down the 
coil driver amplifiers and power Supply. The power con 
verter section 600 generates a +3.3. VDC for the digital 
section of the battery charger, a +12 VDC for the analog 
Section of the charger and telemetry analog Sections (from 
linear regulator 606), and a high power variable output that 
ranges from +7 to +20 VDC for the coil driver power supply 
from variable output power source 612. 
0079. In order to minimize power consumption and 
reduce generation of heat, a Switching regulator is preferably 
used for the digital circuitry. However, during communica 
tion with the microStimulator, the Switching frequency may 
interfere with the telemetry reception on the telemetry PCB 
in the base station. Because of this, a +6.0 VDC is generated 
by a 200 KHZ switching regulator 603 followed by a linear 
regulator 604 which produces +3.3 VDC. A parallel linear 
regulator 605 produces a +4.5 VDC which output is OR 
connected with the +6.0 VDC output. Linear regulator 605 
is normally shut off when there is no communication. During 
normal operation, when there is no communication, both 
regulators are turned on. Since the Switching regulator 603 
voltage of +6.0 VDC is higher than the linear regulator 605 
of the +4.5 VDC, the +6.0 VDC output provides most of the 
power, thereby providing more power more efficiently. Dur 
ing communication with the Stimulator, which may occur 
once every minute, the +6.0 VDC Switching regulator is 
turned off, allowing the +4.5 VDC linear regulator to pro 
vide power momentarily during the communication interval, 
which interval is typically less than a few seconds. This 
provides a less efficient, but a lower noise power generation 
during communication. Any loSS of power efficiency during 
communication is not critical Since it is only for a short 
duration. 

0080 Because the chair pad may not be located in exactly 
the Same placement relative to the microStimulator during 
each inductive charging, the base Station charging circuitry 
may be designed to automatically tune the charging circuit 
in order maximize power to the charging coil. This is 
accomplished by (a) maximizing the current in the charging 
coil and (b) maximizing the efficiency of the charging coil 
amplifier-within the base station section 600 by tuning the 
frequency. 

0081. The efficiency of an amplifier is defined as output 
power divided by input power. Input power to the amplifier 
is measured by the product of the input Supply Voltage 
multiplied by the input Supply current. Both the input Supply 
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Voltage and input Supply current can be measured. The 
current to the charging coil may be measured by measuring 
a current Sampling resistor that is placed in Series with the 
charging coil. Since the current through, the Sampling resis 
tor is measured and known, the power dissipated by the 
charging coil can be obtained from the relation: power 
equals the Square of the input current multiplied by the 
known coil resistor value. The tuning frequency may be 
Software controlled. 

0082 During inductive charging of the rechargeable bat 
tery, it may be necessary to reduce the charge field Strength 
caused by induced eddy currents in the Stimulator case to 
prevent overheating. To accomplish this, the variable output 
power Supply 612 may be used. In the example shown, a +7 
to +20 VDC may be selectable in 100 step increments. 

0.083 FIG. 6 shows, in accordance with the present 
invention, a block diagram of the battery charger PCB 
analog Section for the coil drivers located in the base Station. 
A charging coil driver is required to provide forward and 
reverse FSK telemetry to the microstimulator within a 
carrier frequency, preferable in the range of 121 to 133 KHZ, 
and a modulating Signal frequency range of +/-4 KHZ. To 
obtain FSK telemetry, an amplifier in the base station must 
drive the antenna/charging coil via connection 638. To 
increase the bandwidth, the Q of the charging coil and 
amplifier filter inductance is reduced to approximately about 
10. During FSK communication (both transmit and receive), 
a software-controlled Switch relay 431 is used to connect a 
damping resistor 420 in parallel to the charging coil and the 
amplifier inductor 636. Reverse FSK telemetry is also 
received via the damped charging coil 636. The receiver on 
the telemetry PCB connector 640 interfaces with a 50 Ohm 
impedance matching network 635. 

0084. For OOK operation, the battery charger is required 
to amplitude modulate the charge field at a maximum rate of 
166 beats per Second. This can be implemented by enabling 
and disabling the amplifier at the required data rate. Because 
the amplifier is impedance matched with the chair pad coil 
while the amplifier is active, power can be efficiently trans 
ferred to the coil. However, when the amplifier is turned off, 
the impedance matching is poor and can result in a Sub 
optimal power transfer out of the coil and a slow fall time. 
To improve the data transfer rate of the amplifier when the 
amplifier is turned off, the impedance matching network 635 
is Switched on using a transistor at the input of the class E 
network 637. This restores the 50 Ohm impedance matching 
between the amplifier network and charging coil while the 
amplifier is off and produces maximum power transfer out of 
the coil at an increased data rate. While the amplifier is 
turned on, the OOK network is Switched out of the Class E 
network and is not operational during that time. 

0085. The booster coil amplifier is required to drive the 
chair pad booster coil via connection 641 with sufficient 
power to re-initialize the battery charger tuning circuitry in 
the stimulator to 127 KHZ during ZVR, while the charging 
coil in the chair pad is at a maximum vertical Separation 
distance of 15 cm from the microstimulator with a maximum 
horizontal offset from the center axis of the booster coil of 
5 cm. The estimated power to the coil necessary to achieve 
re-initialization is approximately 11.25 Watts at 1.2 MHz. 
The booster coil amplifier may be designed to drive the 
booster coil with a maximum power of 20 Watts at 1.2 MHz. 
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The booster coil amplifier power can be adjusted using the 
same variable DC/DC converter used for the charging coil 
amplifier. 
0086) Automatic tuning (impedance matching) is used to 
maximize the efficiency and power to the booster coil in the 
Same manner as used for the charging coil. A 50 Ohm 
impedance matching network 634 may be used in the 
booster coil amplifier circuit that is placed Serial to a class 
E amplifier network 642. The identical method that is used 
to measure input power to the charging coil amplifier is also 
used for the booster coil amplifier. The booster coil voltage 
is measured using a simple Voltage divider and rectifier 
circuit in the chair pad. This Voltage is monitored and used 
to calculate output power to the booster coil. 
0087. It can be appreciated that the charger and commu 
nications System comprising the chair pad and base Station 
have been discussed in the context of charging and com 
municating with a microStimulator Such as a BPB micro 
Stimulator. However, Such a charging and communication 
System may be employed with any implanted Stimulator that 
is larger in size, than a microStimulator. In general, a BPB 
microStimulator does not exceed a maximum lengthwise 
dimension of about 3.5 cm and has a width that is appre 
ciably Smaller, e.g., less than about 5 mm. 
0088. Furthermore, the charging and communication sys 
tem of the present invention may also be adapted for use for 
other external device configurations. For example, instead of 
a chair pad, the electronic components may be used in an 
external charging/communications device (an "external 
interface” device) that is to be placed over other parts of the 
body, Such as the back, over a limb, Such as an arm or leg, 
or over the Surface of the head. When used for the head, the 
chair pad may, instead, be configured and used as a pillow. 
The general concepts employed and components used inside 
the chair pad may be readily be adapted for use in a pillow 
or other external charging/communications device. 
0089. In yet a further embodiment of the present inven 
tion, the external charging/communications component may 
integrate those components included in the chair pad, e.g., 
the booster coil, the antenna/charging coil and chair pad 
PCB with components that are in the base station, such as the 
power converter, Shut-off Safety circuitry and the microcon 
troller, thereby eliminating a separate base Station device in 
the System. 

0090 While the invention herein disclosed has been 
described by means of Specific embodiments and applica 
tions thereof, numerous modifications and variations could 
be made thereto by those skilled in the art without departing 
from the scope of the invention set forth in the claims. 
What is claimed is: 

1. A System for recharging and communicating with a 
body implanted Stimulator having a rechargeable battery 
comprising: 

a chair pad; 
a base Station that is electrically connectable to the chair 

pad; and 
an antenna/charging coil that is used to inductively charge 

the rechargeable battery with the implanted Stimulator 
and to transcutaneously communicate with the Stimu 
lator, 
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wherein the antenna/charging coil is placed inside the 
chair pad. 

2. The System of claim 1, further comprising: 
circuitry for accomplishing forward and backward fre 

quency shift keying (FSK) telemetry with the 
implanted Stimulator, 

wherein the antenna/charging coil is configured and 
dimensioned to enable FSK telemetry. 

3. The System of claim 2, further comprising: 

circuitry for accomplishing forward on-off keying (OOK) 
telemetry with the implanted Stimulator using the 
antenna/charging coil. 

4. The System of claim 1, further comprising: 
a current measuring circuitry for determining power con 

Sumption in the antenna/charging coil. 
5. The system of claim 4, further comprising: 

an automatic power shut-off circuitry for automatically 
shutting off power to the antenna/charging coil when 
the power consumption through the antenna/charging 
coil exceeds a predetermined level. 

5. The system of claim 1, further comprising: 

a printed circuit board (PCB) contained in the chair pad; 
and 

a Sensing circuitry for Sensing temperature included on 
the PCB. 

6. The System of claim 5, further comprising: 

an automatic power shut-off circuitry for automatically 
shutting off power to the antenna/charging coil when 
the Sensed temperature through the antenna/charging 
coil exceeds a predetermined level. 

7. The system of claim 1, further comprising: 

a booster coil inside the chair pad that is used for Zero-volt 
battery recovery (ZVR). 

8. The system of claim 7, wherein the booster coil has 
about 6 turns of multi-stranded Litz wire in 2 layers of 3 
turns each, wrapped around a coil Spool. 

9. The system of claim 7, further comprising: 
a power Sensing circuitry for determining power con 

Sumption in the booster coil; and 
an automatic power shut-off circuitry for automatically 

shutting off power to the booster coil when the power 
consumption through the booster coil exceeds a prede 
termined power level. 

10. The system of claim 7, further comprising: 

a printed circuit board (PCB) contained in the chair pad; 
a Sensing circuitry for Sensing temperature included on 

the PCB; and 

an automatic power shut-off circuitry for automatically 
shutting off power to the booster coil when the sensed 
temperature through the booster coil exceeds a prede 
termined power level. 

11. The System of claim 1, wherein the antenna/charging 
coil has about 24 turns of multi-Stranded Litz wire wrapped 
around a 200 mm inside diameter coil spool. 
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12. The system of claim 1, wherein the chair pad is further 
comprised of 

a compliant chair pad housing made of polyurethane 
foam; 

a chair pad printed circuit board (PCB); and 
a coil assembly housing which contains a booster coil, the 

antenna/charging coil and the chair pad PCB, 
wherein the polyurethane foam housing encapsulates the 

coil assembly housing. 
13. The system of claim 12, wherein the chair pad is 

further comprised of: 
padding that Surrounds the polyurethane foam housing, 

and 

an exterior slipcover that Surrounds the padding. 
14. The System of claim 1, further comprising: 
a booster coil that is placed in a coil assembly with the 

antenna/charger coil, wherein the booster coil and 
antenna coil are wound over a Spool coil in a configu 
ration to present at least one Substantially flat Side; and 

a coil shield which is grounded and which shield is placed 
as part of the coil assembly to Substantially cover the 
antenna/charger coil and the booster coil, 

wherein the coil assembly is fully encapsulated in a-hous 
ing, which housing is contained within the chair pad. 

15. The System of claim 14, wherein the housing is 
polyurethane foam and has approximate dimensions that are 
about or smaller than 50 cm by 50 cm by 15 cm thick. 

16. The System of claim 1, further comprising: 

a chair pad cable that connects the chair pad to the base 
Station; and 

detection circuitry for automatically detecting disconnec 
tion of the chair pad cable from the chair pad. 

17. The system of claim 9, wherein the base station 
includes: 

a Speaker for generating an audible Sound to Signal a 
Significant System event. 

18. The system of claim 1, further comprising: 

a booster coil for use in Zero volt battery recovery (ZVR); 
and 

first and Second impedance matching networks, 

wherein a first amplifier power Supply to the antenna/ 
charging coil is impedance matched with the first 
impedance matching network; and 

wherein a Second amplifier power Supply to the booster 
coil is impedance matched with the Second impedance 
matching network. 

19. The system of claim 18, wherein the first impedance 
matching network is a 50 Ohm matching network and the 
Second impedance matching network is a 50 Ohm matching 
network. 

20. The system of claim 1, wherein the implantable 
Stimulator is a microStimulator having a maximum length 
wise dimension of about 3.5 centimeters and a maximum 
width of about 5 millimeters. 
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21. The System of claim 1, further comprising: 
a Sensor for detecting power levels in the antenna/charg 

ing coil, and 
a variable output power Supply that automatically adjusts 
downwards when the power levels detected by the 
Sensor detects power levels that exceed a predeter 
mined levels, 

wherein the variable output power Supply is contained 
within the base station. 

22. The system of claim 21, wherein the variable output 
power supply ranges from between about +7 to +20 VDC. 

23. The system of claim 1, wherein all voltages and 
currents inside the chair pad are below about 4.5 Amperes 
and below about 25 Volts. 

24. A System for communicating and recharging an 
implantable Stimulator comprising: 

an external interface device; 
an antenna/charging coil, and 

a booster coil, wherein the antenna/charging coil and the 
booster coil are contained within the external device; 

wherein the antenna/charging coil is configured to facili 
tate radio-frequency telemetry communication with the 
implanted Stimulator; and 

wherein the booster coil is configured for use in Zero-volt 
recovery operation for reviving a completely depleted 
rechargeable battery in the Stimulator. 

25. The system of claim 24, wherein the external interface 
device is Selected from group consisting of a pillow, a 
cushion for resting the back against, and a chair pad for 
Sitting on. 

26. The system of claim 24, wherein the stimulator is a 
BPB microstimulator. 

27. The system of claim 24, further comprising: 

circuitry for accomplishing forward and backward fre 
quency shift keying (FSK) telemetry with the 
implanted Stimulator, 

wherein the antenna/charging coil is configured and 
dimensioned to enable FSK telemetry. 

28. The system of claim 24, further comprising: 

circuitry for accomplishing forward on-off keying (OOK) 
telemetry with the implanted stimulator with the 
antenna/charging coil. 

29. The system of claim 24, further comprising: 
a current measuring circuitry for determining power con 

Sumption in the antenna/charging coil; and 

an automatic power shut-off circuitry for automatically 
shutting off power to the antenna/charging coil when 
the power consumption through the antenna/charging 
coil exceeds a predetermined power level. 

30. The system of claim 24, further comprising: 

a printed circuit board (PCB) contained in the external 
interface device; 

a Sensing circuitry included on the PCB for Sensing 
temperature; and 
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an automatic power shut-off circuitry for automatically 
shutting off power to the antenna/charging coil when 
the Sensed temperature exceeds a predetermined level. 

31. The system of claim 24, wherein the booster coil is 
made from multi-Stranded Litz wire, wrapped around a coil 
Spool. 

32. The System of claim 24, wherein the antenna/charging 
coil is made from multi-Stranded Litz wire. 

33. The system of claim 24, further comprising: 

a coil shield which is grounded and which shield is placed 
as part of a coil assembly to Substantially cover the 
antenna/charger coil and the booster coil, 

wherein the booster coil that is placed in the coil assembly 
with the antenna/charger coil, wherein the booster coil 
and antenna coil are wound over a coil spool in a 
configuration to present at least one Substantially flat 
Side, and 

wherein the coil assembly is fully encapsulated in a 
polyurethane housing, which housing is contained 
within the external interface device. 

34. The system of claim 24, further comprising: 

a base Station; 

a connection extension cable that connects the external 
interface device to the base Station; and 

detection circuitry for automatically detecting disconnec 
tion of the extension cable from the external interface 
device. 

35. The system of claim 24, further comprising: 

first and Second impedance matching networks, 

wherein a first amplifier power Supply to the antenna/ 
charging coil is impedance matched with the first 
impedance matching network; and 

wherein a Second amplifier power Supply to the booster 
coil is impedance matched with the Second impedance 
matching network. 

36. The system of claim 24, further comprising: 

a Sensor for detecting power levels in the antenna/charg 
ing coil, and 

a variable output power Supply that automatically adjusts 
downwards when the power levels detected by the 
Sensor detects a power level that exceeds a predeter 
mined level, 

wherein the variable output power Supply is contained 
within the base station. 

37. The system of claim 36, wherein the variable output 
power Supply used by the antenna/charging coil ranges from 
between about +7 to +25 VDC. 

38. The system of claim 24, further comprising: 

circuit means, located in the base Station, for reducing all 
Voltages and currents inside the external interface 
device to below about 4.5 Amperes and below about 25 
VDC. 
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39. The system of claim 24, wherein the tuning frequency 
for inductive battery charging is 127 KHZ. 

40. A System for communicating and recharging an 
implantable Stimulator having a rechargeable battery, the 
System comprising: 

an external interface device; 
an antenna/charging coil contained in the external inter 

face device, which antenna/charging coil is used for 
radio-frequency communication with the Stimulator; 
and 

a charging circuit for inductively recharging the recharge 
able battery, wherein the charging circuit is capable of 
recharging the battery in the Stimulator which is 
implanted in a patient's body up to an implant depth of 
about 15 centimeters. 

41. The system of claim 40, further comprising: 
a booster coil for implementing Zero volt recovery (ZVR) 

for the rechargeable battery in the Stimulator, 
wherein the rechargeable battery is of a type that can be 

revived even after the battery has been depleted down 
to zero volts. 

42. The system of claim 40, further comprising: 
a base Station; and 
circuit means for converting Supply Voltages and currents 

in the base Station to levels of Voltages and currents in 
the external interface device that are about or below 0.5 
amperes and 25 VDC. 
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43. A method of communicating with and recharging an 
implantable Stimulator having a rechargeable battery, the 
method comprising: 

(a) providing an antenna/charging coil; 

(b) providing a booster coil; 

(c) positioning the antenna/charge coil and the booster 
coil near a patient's skin over the implanted Stimulator; 
and 

(d) determining whether the rechargeable battery is in the 
following condition (1) completely depleted to Zero 
volts or (2) needs recharging, but is not at Zero Volts, 

wherein if case (1) applies, performing the steps: 

(e) applying a 1.2 MHZ through the booster coil in order 
to reset the Stimulator recharging circuitry to accept 
127 KHZ; 

(f) turning off the power to the booster coil; and 

(g) applying power to the antenna/charge coil to com 
mence trickle charging of the rechargeable battery, 

wherein if case is (2) applies, performing step (g) directly, 
without performing Steps (e) and (f). 


