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(57) ABSTRACT 

An external transmitter assembly for powering and control 
ling an implanted medical device, wherein a battery drives 
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first and Second power Supplies that energize a modulation 
circuit and an amplifier, respectively, to apply programmed 
current pulses to a transmitting antenna. The Second power 
Supply is output limited and couples through holdup capaci 
tors and a filter network to the amplifier, allowing momen 
tary high current operation without affecting oscillator or 
modulation portions of the circuit. The transmitting antenna 
has a diameter greater than that of the implanted receiving 
antenna, and is adhered to the skin of the patient over the 
implanted device and is tuned by a trimmer element to 
resonate at the resonant frequency of the receiver and 
enhance energy coupling between the two coils A local 
oscillator operating at high frequency is divided down to 
form a clock, and the pulse-defining modulation circuit 
includes an FPGA that controls pulse shape and timing 
regimens for a defined neurologic treatment. The two power 
Supplies have high Switching frequencies that are different 
from each other and from the main transmitter operating 
frequency to minimize aliasing effects between the units. In 
addition an auto power-down circuit connects the battery to 
the power Supplies. Upon user actuation of the main power 
Switch, that circuit connects power to boot the FPGA, which 
then provides a Switching enable gate Signal; the auto circuit 
disconnects the battery when the state of the FPGA signal 
indicates a treatment cycle is over. The auto power down 
circuit draws little power, thus assuring that battery life is 
unimpaired if the user forgets to turn off the transmitter, or 
leaves it in a shut down state for extended periods of time. 

LOWPOWER 
O5(ILLATOR 

20 MODULATION 
(OWIROL/FP6A 

CLASS-DAMPLIFTER 

INDUCTIVE 
LINK f00 

IMPLAWT 

  

    

    

  

  

  

  

  

  

    

    

  

    

  

  



Patent Application Publication Dec. 12, 2002 Sheet 1 of 6 US 2002/0188333 A1 

LOWAOWER 
O5(ILLATOR 

MODULATION 
(OWTROL/FPA 

20 AUTOPOWER 
DOWNCIOUTIRy 

LOW WOLTA6EAOWER 
SUPPLy 

WARIABLEMEDIUM 
VOLTA6EAOWERSUPPLy 
WITH LOAD PULSE 
ABSORPTTOW 

CLASS-DAMPLIFIER 

50 

INDUCTIVE 100 
FTe 1 LINK 

N 3b 
FETSWTICH 

RESET t TO POWER 
SUPPLy 

FT6... 2 

  

  

  

  

    

  

  

    

  

    

    

  

  

  



US 2002/0188333 A1 Patent Application Publication Dec. 12, 2002 Sheet 2 of 6 

Affffffff uc?¢/ bywny I1 #0. 

g | ºffi 

"- – – – – l– – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – –|XA? §§ 

4352/ 

  

  

  

  



US 2002/0188333 A1 Patent Application Publication Dec. 12, 2002 Sheet 3 of 6 

  

  

  

    

  

  

  

    

  

  

  

  

  

  

  



US 2002/0188333 A1 Patent Application Publication Dec. 12, 2002 Sheet 4 of 6 

uffy2012 

  

  

  





US 2002/0188333 A1 Patent Application Publication Dec. 12, 2002 Sheet 6 of 6 

HSV1/077 X 2010 |5084 QJ72|| 

(10097(8311 yº ZHO,000 º 

  

  

  

  



US 2002/0188333 A1 

EXTERNAL BATTERY POWER SOURCE FOR 
IMPLANTED MEDICAL DEVICES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. Not Applicable. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

0002) Not Applicable. 

BACKGROUND OF THE INVENTION 

0003. The present invention relates to medical devices 
that are implanted in a body and receive their operating 
energy from an external Source, e.g., a transmitter, without 
transdermal circuit conductors. It particularly relates to 
nerve Stimulation or conditioning devices in which Such 
external energy is received by an implanted receiving coil 
and applied to an implanted electrode. Such Systems are 
shown in U.S. Pat. Nos. 5,094,242; 5,211,175 and else 
where. 

0004. The device described in the aforesaid patents is 
shaped like a thumb tack and has a needle-like electrode 
Structure protruding from a disk-like cap. The cap contains 
a coil which operates as an energy-receiving antenna, and 
the coil is inductively energized by an external transmitter 
that applies an rf frequency Signal to a transmitting antenna 
located proximate to the implanted receiver and outside of 
the body. In that device, the external transmitter transmits at 
a frequency to which the internal coil is tuned, to enhance 
the efficiency of energy coupling through the skin and into 
the neural stimulation electrode. The two coils effectively 
act as windings of a transformer coupled by a magnetic field 
that is created by rf current flow in the external coil. 
0005 The nature of this coupling is relatively inefficient, 
and depends very much on the Spacing, position and shape 
of the respective coils. In general, the magnetic field created 
by a transmitting coil, and the coupling efficiency between 
two Such coils, requires them to be closely Spaced and well 
aligned or contiguous. It has been Suggested in U.S. Pat. No. 
5,891,183 that one or both of these coils may employ 
non-circular windings to enhance the magnetic coupling 
coefficient between the two coils and make the energy 
coupling efficiency leSS Sensitive to their relative position 
ing. For a Subcutaneous device Such as the device illustrated 
in U.S. Pat. No. 5,211,175, the receiving coil may reside in 
a relatively well-defined position at a shallow depth below 
the skin and it is therefore possible to position the external 
transmitter fairly close to and roughly in alignment with the 
receiver. However, coupling efficiency remains a Serious 
factor. If the contemplated neural Stimulation regimen 
requires continuous, repeated or relatively long-term appli 
cation of electrical Stimulation, and battery power is con 
templated for the external transmitter, overall efficiency of 
electrical usage as well as Stability of the power Source both 
become important concerns. 
0006. It would therefore be desirable to provide an exter 
nal transmitter assembly that is power efficient. 
0007. It would further be desirable to provide an external 
transmitter assembly that uniformly and dependably couples 
modulated power to a passive implanted receiver. 
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SUMMARY OF THE INVENTION 

0008 One or more of the foregoing or other desirable 
ends are achieved in accordance with the present invention 
by an external transmitter assembly for powering an 
implanted medical device, wherein a battery drives first and 
Second power Supplies that energize a modulation circuit 
and an amplifier, respectively, to drive an rf coupling 
antenna. The Second power Supply is output limited and 
couples through holdup capacitors to the amplifier, allowing 
momentary high current operation without affecting rf or 
pulse modulation portions of the circuit. The transmitting 
antenna has a diameter greater than that of the implanted 
receiving antenna, and is adhered to the Skin of a patient over 
the implanted device. The transmitting coil is preferably 
tuned with a Small variable circuit element to resonate at the 
resonant frequency of the implanted receiver to more effec 
tively couple energy between the two coils. A local oscillator 
operating at high frequency is divided down to form clock 
Signals for pulse generation, and three distinct high fre 
quency Signals provide Switching frequencies for the power 
Supplies and a precisely controlled rf transmitter operating 
frequency. A field programmable gate array (FPGA) pow 
ered by the first power Supply controls pulse shape and 
timing regimens for a defined neurologic treatment. By 
providing the two power Supplies with high Switching 
frequencies that are different from each other and from the 
main transmitter operating frequency, aliasing and power 
Stealing effects between the units are avoided. In addition, an 
auto power-down circuit connects the battery to the power 
supplies. That circuit connects battery power upon user 
actuation of a main power Switch, and disconnects the 
battery when the signal state of an FPGA signal enable line 
indicates a treatment cycle is over. The auto power-down 
circuit draws little power, thus assuring that battery life is 
unimpaired if the user forgets to turn off the transmitter, or 
leaves it in a shut down State for extended periods of time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009. These and other features of the invention will be 
understood from the description below, taken together with 
Figures illustrating embodiments and aspects thereof, 
wherein 

0010 FIG. 1 is a functional block diagram of an external 
transmitter of the invention; 

0011 FIG. 2 shows the auto power down circuit of the 
transmitter of FIG. 1; 

0012 FIG. 3 illustrates a preferred antenna of the exter 
nal transmitter; 

0013 FIG. 4 shows circuitry of the auto power down and 
low voltage power Supply portions of the embodiment of 
FIG. 1; 

0014 FIG. 5 shows circuitry of the medium voltage 
power supply and amplifier of the embodiment of FIG. 1; 

0.015 FIG. 5a illustrate overall connection of the afore 
Said circuits through a gate array in the embodiment of FIG. 
1; and 

0016 FIGS. 6a and 6b illustrate logic of various timing 
and pulse forming units defined by the FPGA. 
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DETAILED DESCRIPTION 

0017 FIG. 1 shows a functional block diagram of the 
external transmitter assembly 10 of the present invention 
which powers an implant 100. As shown, the transmitter 10 
employs a battery 1 which couples via an auto power down 
circuit 5 to the active elements of the transmitter. The auto 
power down circuit 5 may be initially actuated to turn on the 
device by a manually operated Switch thrown by the user, 
and it receives a further input from an FPGA20 indicative 
of the end of a treatment cycle, at which time it disconnects 
power independently of the present State of the user Switch. 
As further shown in FIG. 1, the battery powers a low voltage 
power Supply 25 and a variable medium Voltage power 
supply 30. The low voltage power supply powers the FPGA 
20, while the medium voltage supply 30 drives a class D 
amplifier 40. Amplifier 40 receives an input signal from the 
FPGA20 and amplifies it to produce a high powered signal 
which is applied to the external coil 50 for inductively 
coupling energy into the implant. Power Supply 30 is an 
output limited power Supply, and couples via hold up 
capacitors and an RC filter network (FIG. 3) to the amplifier 
40 allowing amplifier operation at high current pulse levels 
without impairing operation of the other elements which 
depend upon power from the Small battery Supply, which 
may, for example consist of two AA cells and have limited 
capacity. 

0.018 FIG. 2 schematically illustrates the construction of 
the auto power down circuit 5 of the transmitter 10. As 
shown, the battery 1 is connected via a manually operated 
Switch 2 to a reset generator 3a and to the power terminal of 
a FET switch 3b. The reset generator 3a generates a fixed 
reset pulse which through a logic gate 3c forces the FET 
Switch into an ON state. When the FET is on, the main low 
Voltage power Supply automatically starts functioning and 
drives the FPGA which runs through its boot cycle and 
provides an enable signal through a logic gate to force the 
FET to remain ON. Thus, if the FPGA does not begin 
operation within the fixed reset pulse period, the unit will 
again turn itself off. Once the FPGA has forced the FET ON 
it will remain on until the end of a treatment cycle at which 
time the FPGA turns OFF the FET through the logic gate, 
and the battery power to the unit is turned off. Thus, user 
actuation of the manual Switch 2 is required to turn the unit 
ON, while either an FPGA signal or a user Switch movement 
can turn the unit OFF. This assures that the unit cannot 
accidently turn itself ON when the user is not expecting it. 
In addition, as further described below, a battery life com 
parator also assures that the circuit operates even when the 
battery is starting to go dead. The overall circuit is designed 
to draw so little power that there will be negligible effect on 
battery life if the user leaves the unit in its shut down state 
for extended periods of time. 
0019 FIG. 3 illustrates in simplified form the preferred 
configuration of transmitting and receiving coils 50, 100. As 
shown, the implant 100 has a multi-winding coil which may 
for example have a diameter of approximately one centime 
ter. The transmitter coil 50, on the other hand, which is 
illustrated attached to or housed within a thin adhesive 
epidermal patch or box, has a diameter greater than that of 
the implanted coil 100. For example, for use with the one 
centimeter receiving coil, the coil 50 may have a diameter of 
1.5 to 2.5 centimeters, fifty to one hundred fifty percent 
greater than the diameter of the implanted coil, So that its 
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projected profile forms a band lying roughly Several milli 
meters outside the perimeter of the implanted receiving coil. 
This has the effect that the transmitter coil is sufficiently 
Small to provide a relatively high magnetic coupling field, 
while being Sufficiently large that it is readily positioned on 
the surface of the skin with the receiving coil 100 lying 
within its contour but proximate to the external coil wind 
ings. Slight shifting of their relative positions therefore 
enhances inductive coupling along a portion of the coil 
circumference to an extent comparable to its decrease in the 
complementary portion, with the result that coupling effi 
ciency remains both high and relatively constant, even when 
an eccentricity or misalignment of Several millimeters 
OCCS. 

0020. In a preferred embodiment of the external trans 
mitter, the circuit elements are configured to be ON and 
drawing power precisely during intervals of operation 
required for the functional application of treatment pulses to 
the vicinity of a nerve or nerve bundle. Thus, the user 
actuated Switch 2 (FIG. 2) connects the battery for the 
duration of the reset interval Set by the reset generator, and 
during this time the FET switch 3b connects the battery to 
the low voltage power supply 25 (FIGS. 1 and 4). The 
programmable gate array then proceeds to define Suitable 
nerve treatment pulse Sequences, which are amplified to 
drive the transmitter coil 50 and thus Supply relatively short 
Signals to the implanted nerve Stimulation electrode. One 
typical drive regiment involves a Stimulation pulse of dura 
tion 50-250 microseconds, applied ten or twenty times per 
Second, either for a few Seconds, Several minutes, or con 
tinuously. The medium voltage power Supply 30 is ON 
during pulse amplification for treatment regimens, at which 
time it powers the amplifier 40 to create energy pulses 
which, for application in the vicinity of the Sacral nerve for 
treating urinary incontinence as described in the aforesaid 
two United States patents, may, for example, apply pulses of 
200 microseconds duration at intervals of about 50 milli 
Seconds, either continuously, or for a defined number of 
times. Other programmed antenna excitation regimens may 
be provided as appropriate for different nerve treatments and 
other medical conditions. 

0021 FIGS. 4 and 5 illustrate circuit elements of the 
auto power-down circuitry, the power Supplies and the 
amplifier in greater detail. As shown in FIG. 4, the auto 
power-down circuitry include a battery check Section 6 
wherein a divider bridge 6a operative on the low voltage line 
produces threshold Voltages for comparison to the battery 
Supply to actuate indicator lights for displaying when the 
battery is low or ceases to be good. A “battery low” line 7a 
goes high below a threshold that represents a remaining 
battery life of approximately ten percent, while the “battery 
depleted” line 7b goes low when the voltage drops below a 
point where the battery voltage is too low to correctly power 
the device. These outputs connect to the FPGA/modulation 
control unit 20 (FIG. 5A) which in turn actuates an appro 
priate indicator LED. By way of example the battery low 
LED may be an amber LED while more extreme level of 
depletion may be indicated by blinking actuation, a Separate 
color LED or the like. As described further below, preferably 
a separate LED is illuminated to indicate when a treatment 
cycle is in progreSS. 

0022 FIG. 5 illustrates the output driver block including 
the variable medium voltage power supply 30 and the 
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amplifier section 40 of the external transmitter 10. In the 
power Supply, an intensity adjustment potentiometer 
together with a constant current Source adjusts the power 
output, while capacitors C30 and C31 between the input and 
ground, and capacitor C29 between the output and ground, 
stabilize and filter the Switching converter, U9. The ground 
connections of C29 to C31 are placed as close as possible to 
the grounded pin 4 of circuit element U9, with the other ends 
of capacitors C30 and C31 positioned as close as possible to 
the Voltage input pin 6 to enhance power limited Smooth 
operation when the amplifier presents a high draw. The 
filtering resistor, R26, together with C28 absorb large pulse 
currents. Amplifier 40 operates with parallel drive channels 
A and B, which as shown connect to a bridge at the output. 
The channels may be run separately by removing the FETs 
of the bridge and using simply jumpers R20, R22, or the full 
bridge may be employed by removing the jumpers. Ampli 
fier 40 is a class D amplifier, i.e., it operates by rapidly 
Switching the drive Voltage in accordance with the Signals 
provided at its input terminals and a high frequency Switch 
ing Signal Supply. AS shown in further detail in FIG. 6A, a 
two bit State controller Selects among the frequencies of 
7.2000, 7.3728 and 9.8304 megahertz as appropriate to 
generate the pulse duration and repetition frequencies and 
for the transmitter transmitter frequency Synthesis. AS noted 
above, applying potentials in the vicinity of Sacral region 
nerve ending, a protocol of high energy pulses of duration 
approximately 200 microSeconds is preferred and the gen 
eral provision of appropriate timing, timeout and enable 
signal is provided by the FPGA20 (FIG. 1) which controls 
and Synchronizes the various units described So far. 
0023 FIG. 5A illustrates the FPGA20 and representative 
pin connections in the prototype embodiment. A local oscil 
lator 21a provides a high frequency standard at 9.8304 
MHZ, additional oscillators may be provided for the Switch 
ing frequencies of the power Supplies, or the transmission 
and Switching frequencies may be Synthesized from the 
basic high frequency. Preferably, however, the three fre 
quencies are distinct, and the Switching frequencies of the 
power Supplies are all below the nominal transmission 
frequency, which may be, for example tuned to 5 MHz. In 
addition, the FPGA implements various software modules 
for creating a 10 KHZ pulse control clock, a 10 Hz clock for 
applications Such as treatment timeout or LED blinking 
control, and various timeout counters with periods of Several 
microSeconds to one hour for pulse, treatment or treatment 
regimen interval definition. In addition, the FPGA provides 
appropriate timing Signals for battery Sample and hold 
circuit to perform the Voltage tests necessary for the battery 
indicator lights and overall battery management. Preferably 
the battery Voltage is Synchronously Sampled just before the 
next current pulse; this helps assure that the Sampled Voltage 
is representative of the remaining battery life and is not 
artificially depressed by Sampling during a transient current 
pulse. Overall logic for these operations is illustrated Sche 
matically in FIGS. 6A and 6B. 
0024. Thus, the overall construction of the external trans 
mitter of the present invention involves a flexibly program 
mable control unit having low drive Voltage requirements 
and operating flexibly to first provide an auto power down 
and power management System, and Secondly, to define 
treatment pulses and Synchronize operation a current-limited 
driver power supply and Class D amplifier with the defined 
pulse regimen So as to effectively deliver power to a tuned 
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transmitter coil. This provides a programmed Sequence of 
treatment pulses for nerve Stimulation over an extended 
period of time using simple disposable batteries. 
0025 The invention being thus disclosed and described, 
variations and modifications of the invention, and adapta 
tions of its features and advantages will occur to those 
skilled in the art, and Such variations, modifications and 
adaptations are considered to be within the Spirit and Scope 
of the invention, as defined by the claims appended hereto 
and equivalents thereof. 
What is claimed is: 

1. A battery powered external power Source for powering 
an implanted medical device having a receiver coil, of the 
type that inductively couples energy to the receiver coil 
through the Skin of a patient, wherein the power Source 
includes 

a first battery operated power Supply and a Second battery 
operated power Supply 

an FPGA powered by the first battery operated power 
Supply 

a class D amplifier powered by the Second battery oper 
ated power Supply 

a local oscillator providing an input signal to the FPGA 
and 

an antenna driven by the class D amplifier to inductively 
couple energy to the receiver coil, 

wherein the FPGA produces a modulation controlled 
pulse of RF frequency energy as an input for amplifi 
cation by Said amplifier to drive the antenna. 

2. The battery powered external power Source of claim 1, 
wherein the class D amplifier is coupled via holdup capaci 
tors to the Second power Supply. 

3. The battery powered external power Source of claim 1, 
wherein the external antenna is sized to have a larger 
diameter than a receiver coil of the implanted medical 
device, and is tuned to resonate at the resonant frequency of 
the antenna of the receiver coil. 

4. The battery powered external power Source of claim 1, 
wherein Said first and Second power Supplies are Switching 
power Supplies having different Switching frequencies. 

5. The battery powered external power source of claim 1, 
wherein Said class D amplifier operates at a transmission 
frequency above Several megahertz. 

6. A battery powered external power Source for powering 
an implanted medical device having a receiver coil, of the 
type that inductively couples energy to the receiver coil 
through the Skin of a patient, wherein the power Source 
includes 

first means including a battery or battery pack for pro 
viding electrical power 

an FPGA powered by the first means 
a class D amplifier controlled by the FPGA, and 
a Switching power Supply for powering the class D 

amplifier 

wherein the FPGA controls the Switching power supply 
and class D amplifier to apply current pulses to an 
antenna for inductively coupling energy to the receiver 
coil in accordance with a desired pulse regimen. 
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7. The battery powered external power source of claim 6, 
wherein the first means includes an auto power-down circuit 
having a power line enabled by said FPGA for selectively 
drawing battery power during operation and conserving the 
battery upon completion of a pulse regimen, Such that only 
user operation can turn the power line ON, while either user 
operation or an FPGA generated Signal turns the power line 
OFF. 

8. The battery powered external power source of claim 6, 
wherein the first means includes a Switched power Supply 
having a first Switching frequency, and the Switching power 
Supply powering the amplifier has a Second Switching fre 
quency different from Said first frequency. 

9. The battery powered external power source of claim 6, 
wherein the antenna is tuned to a resonant frequency of 
about 5 MHz. 
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10. The battery powered external power source of claim 
8, wherein the antenna is tuned to a resonant frequency of 
about 5 MHz, and said first and second Switching frequen 
cies are lower than the resonant frequency. 

11. A battery-powered external power Source having a 
Signal generator coupled to a transmitting antenna for induc 
tively coupling an rf Signal to an implanted receiving coil of 
diameter d, and characterized in that the antenna has a 
diameter D Such that dsDs 7d. 

12. The battery-powered external power Source of claim 
11, further wherein the antenna is tuned to a resonant 
frequency of about 5 MHz. 


