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(57) Abstract: The disclosed invention varies the width of the energy pulses with constant frequency and constant amplitude to
regulate the amount of energy transferred from an energy transmitting device placed outside a patient to an energy receiver inside
the patient. The pulse width is achieved with a modulation technique, PWMT, to control the amount of energy transferred from the
external energy transmitting coil in the system to the implanted receiver. The PWMT is used to digitally vary the amount of power
from the power amplifier that drives the transmitting coil. Compared to previous analog systems a PWM system is a great deal more
efficient and can easily be controlled from a digital domain system such as a microprocessor.
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ENERGY TRANSFER CONTROL ADAPTED TO A MEDICAL DEVICE SYSTEM

TECHNICAL FIELD

[0001] The present invention relates generally to a method and system for supplying
wireless energy to a medical device implanted in a patient. In particular, the invention is
concerned with controlling the amount of energy transferred from an energy transmitting

device placed outside the patient to an energy receiver inside the patient.

BACKGROUND

[0002] Medical devices designed to be implanted in a patient's body are ‘typically
operated by means of electrical power. Such medical devices include electrical and
mechanical stimulators, motors, pumps, etc, which are designed to support or stimulate
various body functions. Electrical power can be supplied to such an implanted medical
device frofn a Ifkewise implanted battery or from an external energy transmitter-that can
supply any nééded amount of electrical power intermittently or continuously without

requiring repeated surgical operations.

[0003] An external energy transmitter can transfer wireless energy to an implanted
internal energy receiver located inside the patient and connected to the medical device
for supplying received energy thereto. So-called TET (Transcutaneous Energy Transfer)
devices are known that can transfer wireless energy in this manner. Thereby, no leads
or the like penetrating the skin need to be used for connecting the medical device _to an

external energy source, such as a battery.

[0004] A TET device typically comprises an external energy source, in ‘this
application part of an external energy transmitter, including a primary coil adapted to
inductivély transfer any amount of wireless energy, by inducing voltage in a-secondary
coil of an internal energy receiver which is implanted preferably just beneath the skin of
a patient. The highest transfer efficiency is obtained when the primary coil is positioned
close to the skin adjacent to and in alignment with the secondary coil, i.e. when a

symmetry axis of the primary coil is parallel to that of the secondary coil.
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[0005]  Typically, the amount of energy required to operate an implanted medical
device may vary over time de'pending on the operational characteristics of the device.
For example, the device may be designed to switch on and off at certain intervals, or
otherwise change its behavior, in order to provide a suitable electrical or mechanical
stimulation, or the like. Such operational variations will naturally result in corresponding
variations with respect to the amount of required energy.

[0006] Furthermore, the position of the external energy source relative to the .
implanted internal energy‘receiver is a factor that affects the efficiency of the energy
transfer, which highly depends on the distance and relative angle between the source
and the receiver. For example, when primary and secondary coils are used, changes in
coil spacing result in a corresponding variation of the induced voltage. During operation
of the medical device, the patiént’s movements will typically change the relative spacing
of the external source and the internal receiver arbitrarily such that the transfer efficiency

greatly varies.

[0007] If the transfer efficiency becomes low, the amount of energy supplied to the
medical device may be insufficient for operating the device properly, so that its action
must be momentarily stopped, naturally disturbing the intended medical effect of the

device.

[0008] On the other hand, the energy supplied to the medical device may also
increase drastically, if the relative positions of the external source and the internal
receiver change in a way that unintentionally increases the transfer efficiency. This
situation can cause severe problems since the implant cannot “consume” the suddenly
very high amount of supplied energy. Unused excessive energy must be absorbed in
some way, resulting in the generation of heat, which is highly undesirable. Hence, if
excessive energy is transferred from the external energy source to the internal energy
receiver, the temperature of the implant will increase, which may damage . the
surrounding tissue or otherwise have a negative effect on the body functions. It is
generally considered that the temperature in the body should not increase more than
three degrees to avoid such problems. Therefore a very efficient transfer system is

needed.
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[0009] It is thus highly desirable to always supply the right amount of energy to an
implanted medical device, in order to ensure proper operation and/or to avoid increased
temperature. Various methods are known for controliing the amount of transferred
energy in response to different conditions in the receiving implant. However, the
presently available soiutions for controlling the wireless transfer of energy to implanted

medical devices are lacking in precision in this respect.

[0010] For example, US 5,995,874 discloses a TET system in which the amount of
transmitted energy from a primary coil is controlled in response to an indication of
measured characteristics of a secondary coil, such as load current and voltage. The
transmitted energy can be controlled by varying the current and voltage in the primary
coil, transmission frequency or coil dimensions. In particular, a change is effected in the
saturation point of the magnetic field between the coils, in order to adjust the power
transfer efﬁciency. However, it is not likely that this solution will work well in practice,
since a saturation point in the human tissue would not occur, given the magnetic field
levels that are possible to use. Moreover, if the energy transmission must be increased
considerably, e.g. to compensate for losses due to variations in alignment and/or
spacing between the coils, the relatively high radiation generated may be damaging or

unhealthy or unpieasant to the patient, as is well known.

[0011]  An effective solution is thus needed for accurately controlling the amount of
transferred energy to an implanted medical device to ensure proper operation thereof.

Moreover, excessive energy transfer resulting in raised temperature at the medical

~device, and/or power surges should be avoided, in order to avoid tissue damages and

other unhealthy or unpleasant consequences for the patient.

SUMMARY OF THE INVENTION

[0012] The disclosed invention instead varies the width of the energy pulses with
constant frequency -and constant amplitude. The pulse width is achieved - with a
modulation technique, (hereafter PWMT) (in the preferred embodiment many times per -

second), to control the amount of energy transferred from the external energy
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transmitting coil in the system to the implanted receiver. The PWMT is used to digitally
vary the amount of power from the power amplifier that drives the transmitting coil.
Compared to previous analog systems a PWM system is a great deal more efficient and

can easily be controlled from a digital domain system such as a microprocessor.

[0013] There are several different ways to achieve the PWMT to control the amount
of output energy from the power ampilifier to the transmitting coil. Generally modulation
of the pulse width may be created with a system that controls the power using a '
continuous square wave pulse signal with a constant frequency where the duty cycle of
the pulses are varied or a system that controls power using a continuous square wave
pulse train signal with both constant frequency and a constant puise width ahd thereby
adjusting the duty cycie width of the train of pulses. These two basic techniques as well
as most modifications of them can be used to control the output power of the

transmitting coil.

[0014] The transmission of wirelessv energy from the external energy transmitting
device may be controlled by applying to the external energy transmitting device
electrical pulses from a first electric circﬁit to transmit the wireless energy, the electrical
pulses having leading and trailing edges, varying the lengths of first time intervals
between successive leading and trailing edges of the electrical puilses and/or the lengths
of second time intervals between successive trailing and leading edges of the electrical
pulses, and transmitting wireless energy, the transmitted energy generated from the
electrical pulses having a varied power, the varying of the power depending on the
lengths of the first and/or second time intervals. |

[0015] Thus is provided a method of transmitting wireless energy from an external
energy transmitting device placed externally to a human body to an internal energy
receiver placed internally in the human body, the method comprising: applying to the
external transmitti.ng device: electrical pulses from a first electric circuit to transmit the
wireless energy, the electrical pulses having leading and trailing edges, varying the .
lengths of first time intervals between successive leading and trailing edges of the
electrical pulses and/or the lengths of second time intervals between successive trailing
and leading edges of the electrical pulses, and transmitting wireless energy, the
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transmitted energy generated from the electrical pulses having a varied power, the

varying of the power depending on the lengths of the first and/or second time intervals.

[0016] Also is provided an apparatus adapted to transmit wireless energy from an
external energy transmittihg' device placed externally to a human body to an internal
energy receiver placed internally in the human body, the apparatus comprising, a first
electric circuit to supply electrical pulses to the external transmitting device, said

. electrical pulses having leading and trailing edges, said transmitting device adapted to

supply wireless energy, wherein the electrical circuit being adapted to vary the lengths of
first time inter\)als between successive leading and trailing edges of the electrical pulses
and/or the lengths of second time intervals between successive trailing and leading
edges of the electrical pulses, and wherein the transmitted wireless energy, generated
from the electrical pulses having a varied power, the power depending on the lengths of

the first and/or second time intervals.

[0017] The method and apparatus may be implemented according to different

embodiments and features as follows.

[0018] In that case, the frequency of the electrical pulses may be substantially
constant when varying the first and/or second time intervais. When applying electrical
pulses, the electrical pulses may remain unchanged, except for varying the first and/or
second time intervals. The amplitude of the electrical pulses may be substantially
constant when varying the first and/or second time intervals. Further, .the electrical
pulses may be varied by only varying the lengths of first time intervals between
successive leading and trailing edges of the electrical pulses.

[0019] A train of two or more electrical pulses may be supplied in a row, wherein
when applying the train of pulses, the train having a first electrical pulse at the start of
the pulse train and having a second electrical pulse at the end of the pulse train, two or
more pulse trains may be supplied in a row, wherein the lengths of the second time

' intérvals between successive trailing edge of the second electrical pulse in a first pulse

train and leading edge of the first electrical pulse of a second pulse train are varied.

[0020] When applying the electrical pulses, the electfical puises may have a
substantially constant current and a substantially constant voltage. Further, the electrical
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pulses may also have a substantially constant frequency. The electrical pulses within a

- pulse train may likewise have a substantially constant frequency.

[0021] When applying electrical pulses to the external energy transmitting device,
the electrical pulses may generate an electromagnetic field over the external energy
source, the electromagnetic field being varied by varying the first and second j;tim(e"
intervals, and the electromagnetic field may induce electrical pulses in the internal
energy receiver, the induced pulses carrying energy transmitted to the internal energy
receiver. The wireless energy is then transmitted in a substantially purely inductive way

from the external energy transmitting device to the internal energy receiver.

[0022] The electrical pulses may be released from the first electrical circuit with such
a frequency and/or time period between leading édges of the consecutive pulses, so
that when the lengths of the first and/or second time intervals are varied, the resulting
transmitted energy are varied. When applying the electrical pulses, the electrical pulses

may have a substantially constant frequency.

[0023] The circuit formed by the first electric circuit and the external energy
transmitting device may have a first characteristic time period or first time constant, and
when effectively varying the transmitted energy, such frequency time period may be in
the range of the first characteristic time period or time constant or shorter.

[0024] Iit should be understood that all the embodiments described above mainly as
a method could be used both as an apparatus adapted to perform everything described

above and also as a method performing the different tasks described above.

Energy feed back system to be used with the invention

[0025] In a preferred embodiment, the wireless energy is transmitted from an .
external energy trahsmitting device located outside the patient and is received by ari‘
internal energy receiver located inside the patient; the internal energy receiver being -
connected td the medical d_eviée for diréctly or indirectly supplying received éne_rgy
thereto. An energy balance is determined betweén the energy received by the internal
energy receiver énd the energy used for the medical device. the transmission of wireless
energy from the external energy source is then controlled based on the determined -

energy balance.
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[0026] An apparatus adapted to control .or a method for controlling is also provided
for controlling transmission of wireless energy supplied to an electrically operable
medical device implanted in a patient. The apparatus is adapted to transmit the wireless
energy from an externai energy transmitting device located outside the patient which is
received by an internal energy receiver located inside the patient, the internal energy
receiver being connected to the medical device for diréctly or indirectly- supplying
received energy thereto. The apparatus is further adapted to determine an energy
balance between the energy received by the internal energy receiver and the energy
used for the medical device, and control the transmission of wireless energy from the
external energy source, based on the determined energy balance. The method:
comprising the steps of transmitting the wireless ‘energy from an external energy
transmitting device located outside the patient which is received by an internal energy
receiver located inside the patient, the internal energy receiver being connected to the
medical device for directly or indirectly supplying received energy thereto. The method is
determining an energy balance between the energy received by the internal energy
receiver and the energy used for the medical device, and control the transmission of
wireless energy from the external energy source, based on the determined energy

balance.

[0027] The method controling and the apparatus adapted to control may be

implemehted according to different embodiments and features as follows:

[0028] The wireless energy may be transmitted inductively from a primary coil in the
externél energy source to a secondary coil in the internal energy receiver. A change in
the energy balance may be detected to control the transmission of wireless energy
based on the detected. energy balance change. A difference may also be detected
between energy received by the internal energy receiver and energy used for the
medical device, to control the transmission of wireless energy based on the detected
energy difference. ' '

[0029] When controlling the energy transmission, the amount of transmitted wireless

energy may be decreased if the detected energy balance change implies that the energy
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balance is increasing, or vice versa. The decrease/increase of energy transmission may

further correspond to a detected change rate.

[0030] The amount of transmitted wireless energy may further be decreased if the '
detected energy difference implies that the received energy is greater than the used
energy, or vice versa. The decreasefincrease of energy transmission may then
correspond to the magnitude of the detected energy difference.

[0031] As mentioned above, the energy used for the medical device may be
consumed to operate the medical device, and/or stored in at least one energy storage

device of the medical device.

[0032] In one alternative, substantially all energy used for the medical device is
consumed (e.g. by the consuming part 200a of FIGURE 2) to operate the medical
device. In that case, the energy may be consumed after being stabilized in at least one

energy stabilizing unit of the medical device.

[0033] In another alternative, substantially all energy used for the medical device is
stored in the at least one energy storage device. In yet another alternative, the energy
used for the medical device is partly consumed to operate the medical device and partly

stored in the at least one energy storage device.

[0034] The energy received by the internal energy receiver may be stabilized by a

capacitor, before the energy is supplied directly or indirectly to the medical device.

[0035] The difference between the total amount of energy received by the internal
energy receiver and the total amount of consumed and/or stored energy may be directly
or indirectly measured over time, and the energy balance can then be determined based

on a detected change in the total amount difference.

[0036] The energy received by the internal energy receiver may further be
accumulated and stabilized in an energy stabilizing unit, before the energy is supplied to
the medical device. In that case, the energy balance may be determined based on a
detected change followed over time in the amount of consumed and/or stored energy. -

Further, the change in the amount of consumed and/or stored energy may be detected

by determining over time the derivative of a measured electrical parameter related to the
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amount of consumed and/or stored energy, where the derivative at a first given moment
is corresponding to the rate of the change at the first given moment, wherein the rate of
change includes the direction and speed of the change. The derivative may further be

determined based on a detected rate of change of the electrical parameter.

[0037] The energy received by the internal energy receiver may be supplied to the -
medical device with at least one constant voltage, wherein the constant voltage is

ccreated by a constant voltage circuitry. In that case, the energy may be supplied with at

least two different voltages, including the at least one constant voltage.

[0038] The energy received by the internal energyy receiver may also be supplied to
the medical device with at least one constant current, wherein the constant current is
created by a constant current circuitry. In that case, the energy may be supplied with at
least two different currents including the at ieast one constant current.

[0039] The 'energy balance may also be determined based on a detected difference
between the total amount of energy received by the internal energy receiver and the .
total amount of consumed and/or stored energy, the detected difference being related to
the integral over time of at least one measured electrical parameter related to the energy
balance. In that case, values of the electrical parameter may be plotted over time as a
graph in a parameter-time diagram, and the integral can be determined from the size of
the area beneath the plotted graph. The integral of the electrical parameter may relate to
the energy b.alance as an accumulated difference between the total amount of energy
received by the internal energy receiver and the total amount of consumed and/or stored

energy.

[0040]' The energy storage device in the medical device may include at least one of:
a rechargeable battery, an accumulator or a capacitor. The energy stabilizing unit may
include at least one of: an accumulator, a capacitor or a semiconductor adapted to

stabilize the received energy.

[0041] When the energy received by the mternal energy receiver is accumulated and

stabilized in an energy stablllzmg unit before energy is supplied to the medical dewce ,
and/or energy storage device, the energy may be supplled to the medical device and/or

energy storage device with at least one constant voltage, as maintained by a constant
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voltage circuitry: In that case, the medical device and energy storage device may be
supplied with two different voltages, wherein at least one voltage is constant, maintained

by the constant voltage circuitry.

[0042] Alternétively; when the energy received by the internal energy receiver is
accumulated and stabilized in an energy stabilizing unit before energy is supplied to the
medical device and/or energy storage device, the energy may be supplied to the
medical device and/or energy storage device with at least one constant current, as
maintained by a constant current circuitry. In that case, the medical device and energy
storage device may be supplied with two different currents wherein at least one current

is constant, maintained by the constant current circuitry.

[0043] The wireless energy may be initially transmitted according to a predetermined
energy consumption plus storage rate. In that case, the transmiésion of wireless energy
may be turned off when a predetermined total amount of energy has been transmitted.
The energy received by the internal energy receiver may then also be accumulated and
stabilized in an energy stabilizing unit before being consumed to operate the medical
device and/or stored in the energy storage device until a predetermined total amount of
energy has been consumed and/or stored.

[0044] Further, the wireless energy may be first transmitted with the predetermined
energy rate, and then transmitted based on the energy balance which can be
determined by detecting the total amount of accumuiated energy in the energy
stabilizing unit. Alternatively, the energy balance can be determined by detecting a
change in the current amount of accumulated energy in the energy stabilizing unit. In yet
another alternative, the energy balance, can be determined by detecting the direction
and rate of change in the current amount of accumulated energy in the energy .

stabilizing unit.

.[0045] The transmission of wireless energy may be controlled such that an energy

reception rate in the internal energy receiver corresponds to the energy consumption
and/or storage rate. In that case, the transmission of wireless energy may be turned off
when a predetermined total amount of energy has been consumed.
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. [0046] The energy received by the internal energy receiver may be first accumulated

and stabilized in an energy stabilizing unit, and then consumed or stored by the medical
device until a predetermined total amount of energy has been consumed. In that case,
the energy balance may be determined based on a detected total amount of
accumulated energy in the energy stabilizing unit. Alternatively, the energy balance may
be determined by detecting a change in the current amount of accumulated energy in
the energy stabilizing unit. In yet another alternative, the energy balance may be
determined by detecting the direction and rate of change in the current amount of

accumulated energy in the energy stabilizing unit.

One embodiment of an apparatus or method to be used with the energy control system '

[0047]  An apparatus adapted to perform or a method for controlling the flow of fluids
and/or other bodily matter in lumens formed by tissue walls of bodily organs are
provided so as to at least substantially or even completely eliminate the injured tissue
wall problems that have resulted from implanted prior art devices that constrict such

bodily organs.

[0048] - In accordance with one embodiment of the present invention, there is
provided an apparatus or method wherein the apparatus comprises an implantable
constriction device for gently constricting a portion of the tissue wall to influence the flow
in the lumen, a stimulation device for stimulating the wall portion of the tissue wall, and a
control device for controlling the stimulation device to stimulate the wall portion as the
constriction device constricts the wall portion to cause contraction of the wall portion to
further influence the flow in the lumen.

[0049] This embodiment provides an advantageous combination of constriction and
stimulation devices, which results in a two-stage influence on the flow of fluids and/or
other bodily matter in the lumen of a bodily organ. Thus, the constriction device may
gently constrict the tissue wall by applying a relatively weak force against the wall
portion, and the stimulation device may stimulate the constricted wall portion to achieve
the desired final influence on the flow in the lumen. The phrase “gently constricting a
portion of the tissue wall” is to be understood as constricting the wall portion without

substantially hampering the blood circulation in the tissue wall.
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[0050] Preferably, the stimulation device is adapted to stimulate different areas of
the wall portion as the constriction device constricts the wall portion, and the control

device controls the stimulation device to intermittently and individually stimulate the

~areas of the wall portion. This intermittent and individual stimulation of different areas of

the wall portion of the organ allows tissue of the wall portion to maintain substantially
normal blood circulation during the operation of the apparatus of the invention.

[0051] The combination of the constriction and stimulation devices enables
application of the apparatus or method of the invention at any place on any kind of
bodily organs, in particular, but not limited to, tubular bodily organs, which is a significant
advance in the art, as compared with prior stimulation devices that are confined to

electric stimulation of malfunctioning sphincters.

[0052] In some applications using the present invention, there will be daily
adjustments of an implanted constriction device. Therefore, in a preferred embodiment
of the invention, the constriction device is adjustable to enable adjustment of the
constriction of the wall portion as desired, wherein the control device controls the
constriction device to adjust the constriction of the wall portion. The control device may
control the constriction and stimulation devices independently of each other, and
simultaneously. Optionally, the control device may control the stimulation device to
stimulate, or to not stimulate the wall portion while the control device controls the

constriction device to change the constriction of the wall portion.

[0053] Initially, the constriction device may be calibrated by using the control device
to control the stimulation device to stimulate the wall portion, while controlling the
constriction device to adjust the constriction of the wall portion until the desired

restriction of the flow in the lumen is obtained.

Flow restriction

[0054] = The apparatus or method of the above described embodiment is well suited
for restricting the flow of fluids and/or other bodily matter in the lumen of a bodily organ.
Thus, in a principal efnbodi’ment of the invention, the constriction device is adapted to -
constrict the wall portion to at least restrict the flow in the lumen, and the control device

controls the stimulation device to cause contraction of the constricted wall portion, so
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that the flow in the lumen is at least further restricted. Specifically, the constriction
device is adapted to constrict the wall portion to a constricted state in which the blood
circulation in the constricted wall portion is substantially unrestricted and the flow in the
lumen is at least restricted, and the control device controls the stimulation device to
cause contraction of the wall portion, so that the flow in the lumen is at least further
restricted when the wall portion is kept by the constriction device in the constricted state.

[0055] The constriction and stimulation devices may be controlled to constrict and
stimulate, respectively, to an extent that depends on the flow restriction that is desired to
be achieved in a specific application of the apparatus of the invention. Thus, in
accordance with a first flow restriction option, the control device controls the constriction
device to constrict the wall portion, such that flow in the lumen is restricted or stopped,
and controls the stimulation device to stimulate the constricted wall portion to cause
contraction thereof, such that flow in the lumen is further restricted or more safely
stopped. More precisely, the control device may control the stimulation device in a first
mode to stimulate the constricted wall portion to further restrict or stop the flow in the
lumen and to: a) control the stimulation device in a second mode to cease the
stimulation of the wall portion to increase the flow in the lumen; or b) control the
stimulation and constriction devices in the second mode to cease the stimulation of the

wall portion and release the wall portion to restore the flow in the lumen.

Movement of fluid and/or other bodily matter in lumen

[0056] . In one embodiment the constriction device is adapted to constrict the wall
portion to restrict or vary the flow in the lumen, and the control device controls the
stimulation device to progressively stimulate the constricted wall portion, in the
downstream or upstream direction of the lumen, to cause progressive contraction of the
wall portion to move the fluid and/or other bodily matter in the lumen.

Stimulation

[0057] The control device may control the stimulation device to stimulate one or
more of the ‘areas of the wall portion at a time, for example by sequentially stimulating
the different areas. Furthermore, the control device may control the stimulation device to
cyclically propagate the stimulation of the areas along the wall portion, preferably in
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accordance with a determined stimulation pattern. To achieve the desired reaction of the
tissue wall during the stimulation thereof, the control device may control the stimulation

device to, preferably cyclically, vary the intensity of the stimulation of the wall portion.

[0058] In a preferred embodiment of the invention, the control device controls the
stimulation device to intermittently stimulate the areas of the wall portion with pulses that
preferably form pulse trains. At least a first area and a second area of the areas of the
wall portion may be repeatedly stimulated with a first puise train and a second pulse
train, respectively, such that the first and second pulse trains over time are shifted
relative to each other. For example, the first area may be stimulated with the first pulse
train, while the second area is not stimulated with said second pulse train, and vice
versa. Alternatively, the first and second pulse trains may be shifted relative to each

other, such that the first and second pulse trains at least partially overlap each other.

[0059] The pulse trains can be configured in many different ways. Thus, the control
device may control the stimulation device to vary the amplitudes of the pulses of the
pulse trains, the duty cycle of the individual pulses of each pulse train, the width of each
pulse of the pulse trains, the iength of each pulse train, the repetition frequency of the
pulses of the pulse trains, the repetition frequency of the pulse trains, the number of
pulses of each pulse train, and/or the off time periods between the pulse trains. Several

pulse trains of different configurations may be employed to achieve the desired effect.

[0060] In case the control device controls the stimulation device to vary the off time
periods. between pulse trains that stimulate the respective area of the wall portion, it is
also possible to control each off time period between pulse trains to last long enough to
restore substantially normal blood circulation in the area when the latter is not stimulated

during the off time periods. .

[0061] An electric stimulation device suitably comprises at least one, preferably a
plurality of electrical elements, such as electrodes, for engaging and stimulating the wall
portion with electric pulses. Optionally, the electrical elements may be placed in a fixed
orientation relative to ohe another. The control device controls the electric stimulation
device to electrically energize the elevctricall eléments, one at a time, or groups of

electrical elements at a time. Preferably, the control device controls the electric
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stimulation device to cyclically energize each element with electric pulses. Optionally,.
the control device may control the stimulation device to energize the electrical elements,
such that the electrical elements are energized one at a time in sequence, or such that a
number or groups of the electrical elements are energized at the same time. Also,
groups of electrical elements may be sequentially energized, either randomly or in

accordance with a predetermined pattern.

[0062] The electrical elements may form any pattern of electrical elements.
Preferably, the electrical elements form an elongate pattern of electrical elements,
wherein the electrical elements are applicable on the patient's wall of the organ, such
that the elongate pattern of electrical elements extends lengthwise along the wall of the
organ, and the elements abut the respective areas of the wall portion. The elongate
pattern of electrical elements may include one or more rows of electrical elements
extending lengthwise along the wall of the organ. Each row of electrical elements may
form a straight, helical or zig-zag path of electrical elements, or any form of path. The
control device may control the stimulation device to successively energize the electrical
elements longitudinally along the elongate pattern of electrical elements in a direction

opposite to, or in the same direction as that of, the flow in the patient’s lumen.

[0063] In accordance with a preferred embodiment of the invention, the electrical
elements form a plurality of groups of elements, wherein the groups form a series of
groups extending along the patient’s organ in the flow direction in the patient's lumen.
The electrical elements of each group of electrical elements may form a path of
elements extending at least in part around the p"at.ient’s organ. In a first alternative, th'e
electrical elements of each group of electrical elements may form more than two paths
of elements extending on different sides of the patient’s organ, preferably substantially
transverse td the flow direction in the patient’s Iumeh. The control device may control the
stimulation device to energize the groups of electrical elements in the series of groups in
random, or in accordance with a predetermined pattern. Alternatively, the control device
may control the stimulation- device to successively énergize the groups of electrical
elements in the series of grodps' ih a direction opposite to, or in the same direction as
that of, the flow in the pafient’s iumen, or in both said directions starting from a position

substantially at the center of the constrictéd wall portion. For example, groups of
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energized electrical elements may form advancing waves of energized electrical’
elements, as described above; that is, the control device may control the stimulation
device to energize the groups of electrical elements, such that energizéd electrical
elements form two waves of .energized electrical elements that simultaneously advance
from the center of the constricted wall portion in two opposite directions towards both
ends of the elongate pattern of electrical elements.

Mechanical operation

[0064] Where the operation device mechanically operates the constriction device of
the constriction/stimulation unit, it may be non-inflatable. Furthermore, the operation
device may comprise a servo system, which may include a gearbox. The term “servo
system” encompassés the normal definition of a servo mechanism, i.e., an automatic
device that controls large amounts of power by means of very small amounts of power,
but may alternatively or additionally encompass the definition of a mechanism that
transfers a weak force acting on a moving element having a long stroke into a strong
force acting on another moving element having a short stroke. Preferably, the operation
device operates the constriction device in a non-magnetic and/or non-manual manner. A

motor may be operatively connected to the operation device. The operation device may

be operable to perform at least one reversible function and the motor may be capable of

reversing the function.

Hydraulic Operation

[0065] Where the operation device hydraulically operates the constriction device of
the constriction/stimulation unit, it includes hydraulic means for adjustin'g the constriction

device.

[0066] in an embodiment of the invention, the hydraulic means comprises a reservoir
and an expandable/contractible cavity in the constriction device, wherein the operation
device distributes hydraulic fluid from the reservoir to expand the cavity, and distributes
h'ydraulic' fluid from the cavity to the reservoir to contract the cévity. The cavity may be
defined by a balloon of the constriction device that abuts the tissue wall portion of the
patient's organ, so that the patient’s wall portion is constricted upon expansion of the

cavity and released upon contraction of the cavity.
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[0067] Alternatively, the cavity may be defined by a bellows that displaces a
relatively large contraction element of the constriction device, for example a large
balloon that abuts the wall portion, so that the patient’'s wall portion is constricted upon -
contraction of the bellows and released upon expansion of the bellows. Thus, a
relatively small addition of hydraulic fluid to the bellows causes a relatively large
increase in the constriction of the wall portion. Such a bellows may also be replaced by

a suitably designed piston/cylinder mechanism.

[0068] Where the hydraulic means comprises a cavity in the constriction device, the

apparatus of the invention can be designed in accordance with the options listed below.

[0069] 1) The reservoir comprises first and second wall portions, and the operation
device di'splaces the first and second wall portions relative to each other to change the
volume of the reservoir, such that fluid is distributed from the reservoir to the cavity, or
from the cavity to the reservoir. 1a) The first and second wall portions of the reservoir
are displaceable relative to each other by at least one of a magnetic device, a hydraulic
device or an electric control device. 2) The apparatus comprises a fluid conduit between
the reservoir and the cavity, wherein the reservoir forms part of the conduit. The conduit
and reservoir and apparatus are devoid of any non-return \)alve. The reservoir forms a
fluid chamber with a variable volume, and distributes fluid from the chamber to the cavity
by a reduction in the volume of the chamber and withdraws fluid from the cavity by an
expansion of the volume of the chamber. The apparatus further comprises a motor for

driving the reservoir, comprising a movable wall of the reservoir for changing the volume

~ of the chamber.

[0070] In a special embodiment of the invention, the operation device comprises a
reverse servo operatively connected to the hydraulic means. The term “reverse servo” is
to be understood as a mechanism that transfers a strong force acting on a moving
elemént having a short stroke into a weak force acting on another mdving element
having a Iohg strbke; i.e., the reverse functidn of a norméi servo mechanism. Thus,
minor changes in the amdunt of fluid in a smaller reservoir cou]d be transferred by the
reverse servo into'majof changes in the amount of fluid in a larger reservoir. The reverse
servo is parti.cula"rly suited for manual operation thereof.
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. Design of control device

[0071] The control device sUitably controls the constriction/stimulation unit from
outside the p'atient’s body. Preferably, the control device is operable by the patient. For
examplé, the control device may comprise a manually operable switch for switching on
and off the constriction/stimulation unit, wherein the switch is adapted for subcutaneous
implantation in the patient to be manually or magnetically operated from outside the
patient's body. Alternatively, the control device may comprise a hand-held wireless
remote control, which is conveniently operable by the patient to switch on and off the
constriction/stimulation unit. The wireless remote control may also be designed for
application on the patient’s body like a wristwatch. Such a wristwatch type of remote
control may emit a control signal that follows the patient's body to implanted signal

responsive means of the apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS
[0072] The present invention will now be described in more detail and with reference ‘
to the accompanying drawings, in which: |

[0073] FIGURE 1 is a schematic block diagram illustrating an arrangement for

supplying an accurate amount of energy to an electrically operable medical device.

[0074] FIGURE 2 is a more detailed block diagram of an apparatus for controlling
transmission _of wireless energy supplied to an electrically operable medical device

implanted in a patient.

[0075] FIGURE 3a is a block diagram of an arrangement for transmitting energy

wirelessly to an implant in a human body.

[0076] FIGURES 3b-3i are block diagrams of alternative arrangements for
transmitting energy wirelessly to an implant in a human body.

[0077] FIGURE 4a is a diagram showing an example of pulses to be modified.
[0078] FIGURE 4b is a diagram showing an example of a pulse train to be modified. -

[0079] FIGURE 5a is a circuit diagram showing the triangle wave generator.
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[0080] FIGURE 5b‘and 5b"" is a circuit diagram showing one embodiment of a
PWMT amplifier.

[0081] FIGURES 5c-5] are graphs showing different waveforms of signals in the
triangle wave generator and the PWMT amplifier.

[0082] FIGURE 6a is a circuit diagram showing another embodiment of a PWMT

amplifier.

[0083] FIGURES 6b-6f are graphs showing different waveforms of signals in the
PWMT amplifier of the second embodiment.

[0084] FIGURE 7a is a circuit diagram showing an embodiment of a receiving end
circuit in a TET-system.

[0085] FIGURES 7b-7j are graphs showing different waveforms of signals in the
PWMT amplifier of the second embodiment.

[0086] FIGURE 8a is a circuit diagram showing further another embodiment of a

PWMT amplifier, where the energy is transferred by ultrasonic waves.

[0087] FIGURE 8b’and 8b"" is a circuit diagram showing further another embodiment
of a PWMT amplifier.

[0088] FIGURES 8c-d are graphs showing different waveforms of signals in the
PWMT amplifier of the ultrasonic embodiment.

[0089] FIGURES 9a-9e schematically illustrate different states of operation of a

general embodiment of an apparatus used with the present invention.

[0090] FIGURES 9f-9h illustrate different states of operation of a modification of the

general embodiment.

[0091] FIGURES 9i-9k illustrate an alternative mode of operation of the modification
of the general embodiment.

[0092] FIGURE 10 is a longitudinal cross-section of a preferred embodiment of the

apparatus including a constriction device and an electric stimulation device.

[0093] FIGURE 11 is a cross-section along line llI-1ll in FIGURE 10.

RECTIFIED SHEET (RULE 91)
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[0094] FIGURE 12 is the same cross-section shown in FIGURE 11, but with the

apparatus in a different state of operation.

[0095] Fig. 13 is a schematic circuit diagram illustrating a proposed design of an
apparatus for controlling transmission of wireless energy, according to a possible

implementation example.

[0096] | Fig's 14-22 are diagrams illustrating various measurements obtained when
implementing the inventive method and apparatus according to the circuit diagram of
Fig. 13.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0097] Briefly described, wireless energy is transmitted from an external energy
transmitting device located outside a patient and is received by an internal energy
receiver located inside the patient. The internal energy receiver is connected to an
electrically operable medical device implanted in the patient, for directly or indirectly
supplying received energy to the medical device. An energy balance is determined
between the energy received by the internal energy receiver and the energy used for the
medical device, and the transmission of wireless energy is then controlled based on the
determined energy balance. The energy balance thus provides an accurate indication of
the correct amount of energy needed, which is sufficient to operate the medical device

properly, but without causing undue temperature rise.

[0098] In FIGURE 1, an arrangement is schematically illustrated for supplying an-
accurate amount of energy to an electrically operable medical device 100 implanted in a
patient, whose skin is indicated by a vertical line S separating the interior “Int” of the

patient from the exterior “Ext”. The medical device 100 is connected to an internal

| energy receiver 102, likewise located inside the patient, preferably just beneath the skin

S. Generally speaking, the energy receiver 102 may be placed in the abdomen, thorax,
muscle fascia (e.g. in the abdominal wall), subcutaneously, or at any other suitable
location. The energy receiver 102 is adapted to receive wireless energy E transmitted
from an external energy source 104 located outside the skin S in the vicinity of the

energy receiver 102.
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[0099] As is well-known. in the art, the wireless energy E may generally be -
transferred by means of any suitable TET device, such as a device including a primary
coil arranged in the energy source 104 and an adjacent secondary coil arranged in the
energy receiver 102. When an electric current ié fed through the primary coil, energy in
the form of a voltage is induced in the secondary coil which can be used to operate a
medical device, e.g. after storing the incoming energy in an energy storing device or
accumulator, such as a. battery or a capacitor. However, the present invention is
generally not limited to any particular energy transfer technique, TET devices or energy

storing devices. Any kind of wireless energy may be used.

[00100] The amount of transferred energy can be regulated by means of an external
control unit 106 controlling the energy source 104 based on the determined energy
balance, as described above. In order to transfer the correct amount of energy, the
energy balance can be determined by means of an internal control unit 108 connected
to the medical device 100. The control unit 108 may thus be arranged to receive various
measurements obtained by suitable sensors or the like, not shown, measuring certain
characteristics of the medical device 100, somehow feflecting the required amount of
energy needed for proper operation of the medical device 100. Moreover, the current
condition of the patient may also be detected by means of suitable measuring devices or
sensors, in order to provide parameters reflecting the patient’s condition. Hence, such
characteristics and/or parameters may be related to the current state of the medical

device 100, such as power consumption, operational mode and temperature, as well as

“ the patient’s condition reflected by, e.g., body temperature, blood pressure, heartbeats

and breathing.

[00101] Furthermore, an energy storing device or accumulator, not shown here, may
also be connected to the energy receiver 102 for accumulating received energy for later

use by the medical device 100. Alterhatively or additionally, characteristics of such an

'energy storing device, also reflecting the required amount of energy, may be measured

as well. The energy storing device may be a battery, and the measured characteristics
may be related to the current state of the battery, such as voltage, temperature, etc. In
order to provide sufficient voltage and current to the medical device 100, and also to

avoid excessive heating, it is clearly understood that the battery should be charged
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optimally by receiving a correct amount of energy from the energy receiver 102, i.e. not
too little or too much. The energy storing device may also be a capacitor with

corresponding characteristics.

[00102] For example, battery characteristics may be measured on a regular basis to
determine the current state of the battery, which then may be stored as state information
in a suitable storage means in the internal control unit 108. Thus, whenever new
measurements are made, the stored battery state information can be updated
accordingly. In this way, the state of the battery can be “calibrated” by transferring a

correct amount of energy, so as to maintain the battery in an optimal condition.

[00103] Thus, the internal control unit 108 is adapted to determine the energy balance
or the currently required amount of energy, (either energy per time unit or accumulated
energy) based on measurements made by the above-mentioned sensors or measuring
devices on the medical device 100, or the patient, or an energy storing device if used, or
any combination thereof. The internal control unit 108 is further connected to an internal
signal transmitter 110, arranged to transmit a control signal reflecting the determined
required amount of energy, to an external signal receiver 112 connected to the external
control unit 106. The amount of energy tra.nsmitted from the energy source 104 may
then be regulated in response to the received control signal.

[00104] Alternatively, sensor measurements can be transmitted directly to the
external control unit 106 wherein the energy balance or the currently required amount of
energy can be determined by the external control unit 106, thus integrating the above-
described function of the internal control unit 108 in the external control unit 106. In that
case, the internal control unit 108 can be omitted and the sensor measurements are
supplied directly to the signal transmitter 110 which sends the measurements over to the
receiver 112 and the external control unit 106. The energy balance and the currently
required amount of energy can then be determined by the external control unit 106

based on those sensor measurements.

[00105] However, it is |mportant to understand that this energy feed back system is so
much more efficient than the oId systems because it is not sending feed back related to

any specific parameter instead it is the real use of energy that is compared to the
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received energy, either the amount of energy received and used, the energy difference,
or the energy receiving rate compared to the energy rate used by the medical implant.
The implant may use the energy either for consumption or for storing energy in any
energy storage deVice. All the different parameters discussed above would only be used
if relevant and needed and only as a tool for determining the real energy balance.
However, such parameters may pay an important rule for other actions taken internally

by the medical device.

[00106] The internal signal transmitter 110 and the external signal receiver 112 may
be implemented as separate units using suitable signal transfer means, such as radio,
IR (Infrared) or ultrasonic signals. Alternatively, the signal transmitter 110 and the signal
receiver 112 may be integrated in the internal energy receiver 102 and the energy
source 104, respectively, so as to convey control signals in a reverse direction relative to
the energy transfer, basically using the same transmission technique. Such a signal may

be frequency, phase or amplitude modulated.

[00107] To conclude, the energy supply arrangement illustrated in FIGURE 1 may
operate basically in the following manner. The energy balance is first determined by the
internal control unit 108. A control signal S reflecting the required amount of energy is
also created by the internal control unit 108, and the control signal S is transmitted from
the signal transmitter 110 to the signal receiver 112. Alternatively, the energy balance
can be determined by the external control unit 106 instead depending on the
implementation, as mentioned above. In that case, the control signal S may carry

measurement results from various sensors. The amount of energy emitted from the

| energy source 104 can then be regulated by the external control unit 106, based on the

determined energy balance, e.g. in response to the received control signal S. This -
process may be repeated intermittently at certain intervals during ongoing energy
transfer, or may be executed on a more or less continuous basis during the energy

transfer.

[00108] The amount of transferred energy can generally be regulated by using a
PWMT in the energy source 104, such as Voltage, current, amplitude, wave frequency

and pulse characteristics.’
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[00109] FIGURE 2. illustrates different embodiments for how received energy can be
supplied to and used by a medical device 200. Similar to the example of FIGURE 1, an
internal energy receiver 202 receives wireless energy E from an external energy source
204 which is controlled by a transmission control unit 206. The internal energy receiver -
202 may comprise a constant voltage circuit, indicated as a dashed box “constant V" in
the figure, for supplying energy at constant voltage to the medical device 200. The
ihternal energy receiver 202 may further comprise a constant current circuit, indicated as
a dashed box “constant C” in the figure, for supplying energy at constant current to the

medical device 200.

[00110] The medical device 200 comprises an energy consuming part 200a which
may be a motor, pump, restriction device, or any other medical appliance that requires
energy for its electrical operation. The medical device 200 may further comprise an
energy storage device 200b for storing energy supplied from the internal energy receiver
202. Thus, the supplied energy may be directly consumed by the .energy consuming
part 200a or stored by the energy storage device 200b, or the supplied energy may be
partly consumed and partly stored. The medical device 200 may further comprise an
energy stabilizing unit 200c for stabilizing the energy supplied from the internal energy
receiver 202. Thus, the energy may be supplied in a fluctuating manner such that it may

be necessary to stabilize the energy before consumed or stored.

[00111] The energy supplied from the internal energy receiver 202 may further be
accumulated and/or stabilized by a separate energy stabilizing unit 208 located outside
the medical device 200, before being consumed and/or stored by the medical device
200. Alternatively, the energy stabilizing unit 208 may be integrated in the internal
energy receiver 202. In either case, the en,erg'y stabilizing unit-208 may comprise a

constant voltage circuit and/or a constant current circuit.

[00112] The energy supplied from the internal energy receiver 202 may. further be

accumulated and/or stabilized by a separate energy stabilizing unit 208 located outside

~ the medical device 200, before being consumed and/or stored by the medical device

200. Alternatively, the energy stabilizing unit 208 may be integrated in the internal
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energy receiver 202. In either case, the energy stabilizing unit 208 may comprise a

constant voltage circuit and/or a constant current circuit.

[00113] FIGURE 3a shows a first embodiment of an arrangement for transmitting
energy wirelessly to an implant. The arrangement comprises an internal energy receiver
302 and an external energy source 304. Further, the internal energy receiver 302
comprises an internal receiving element 302a. The external energy source comprises a
first electric circuit 304a; which comprises a pulse generator 304b and a pulse start and
end control unit 304 c; and an external transmitting element 304d.

[00114] FIGURE 3b shows a second embodiment of an arrangement for transmitting
energy wirelessly to an implant. The arrangement comprises an internal energy receiver
402 and an external energy source 404. Further, the internal energy receiver 402
comprises an internal receiving coil 402a. The external energy source comprises a first
electric circuit 404a; which comprises a pulse generator 404b and a pulse length and
interval control unit 404c; and an external transmitting coil 404d.

[00115] FIGURE 3c shows a third embodiment of an arrangement for transmitting
energy wirelessly to an implant. The arrangement comprises an internal energy receiver
502 and an external energy source 504. Further, the internal energy receiver 502
comprises a receiving circuitry 502a and an internal receiving coil 502b.

[00116] FIGURE 3d shows a fourth embodiment of an arrangement for transmitting
energy wirelessly to an implant. The arrangement comprises an internal energy receiver
602 and an external energy source 604. Further, the external energy source 604
comprises a pulse length and interval control unit 604a, a pulse generator 604b, and an

external transmitting element 604c.

[00117] FIGURE 3e shows a fifth embodiment of an arrangement for transmitting
energy wirelessly to an implant. The arrangement comprises an internal energy receiver
702 and an external energy source 704. Further, the internal energy receiver 702

comprises a receiving circuitry 702a and an internal receiving element 702b.

[00118] FIGURE 3f shows a sixth embodiment of an arrangement for transmitting -
energy wirelessly to an implant. The arrangement comprises an internal energy receiver

802 and an external energy source 804. Further, the external energy source 804
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comprises a pulse length and interval control unit 804a, a pulse generator 804b, and an

external transmitting element 804c.

[00119] FIGURE 3g shows a seventh embodiment of an arrangement for transmitting

“energy wirelessly to an implant. The arrangement comprises an internal energy receiver

902 and an external energy source 904. Further, the external energy source 904
comprises a pulse length and interval control unit 904a, a pulse generator 904b, and an
external transmitting element 904c. Furthermore, the internal energy receiver 902
comprises a receiving circuitry 902a and an internal receiving element 902b.

[00120] FIGURE 3h shows an eight embodiment of an arrangement for transmitting

energy wirelessly to an implant. The arrangement comprises an internal energy receiver

1002 and an external energy source 1004. Further, the external energy source 1004

comprises a time constant control unit 1004a, a pulse generator 1004b, and an external

transmitting element 1004c.

[00121] FIGURE 3i shows a ninth embodiment of an arrangement for transmitting
energy wirelessly to an implant. The arrangement comprises an internal energy receiver
1102 and an external energy source 1104. Further, the internal energy receiver 1102
comprises a receiving circuitry 1102a, an internal receiving element 1102b, and a time
constant control unit 1102c. ‘

[00122] FIGURE 4a shows an exampie of transmitted pulses, according to a first
embodiment of the present invention. The pulses'have a constant frequency and
amplitude. However, the relation between the times t1 and t2 varies.

[00123] FIGURE 4b shows another example of transmitted pulses, according to a
second embodiment of the present invention. During the time t1 a train of. pulses is
transmitted, and during the time {2 no pulses are transmitted. The pulses have a
constant frequency and amplitude. However, the relation between the times t1 and t2
varies. FIGURES 5a and 5b show a solution with a circuit employing a continuous
square wave pulse signal with a constant frequency where the duty cycle of each pulse
is varied. In this type of solution the width of the output pulses from the' PWMT ampilifier
is linearly regulated by the input signaql Voltage. The analog output from the PWMT

amplifier is depending on the ampilification factor of the circuit.
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[00124] This type of amplifier can output any frequency within its frequency range
from DC to the bandwidth of the output filter of the amplifier, the energy output to the
load is a replica of the input voltage and not fixed to any particular frequency. However,
in this example the PWMT amplifier is used at 25 kHz, the same frequency as used in
the previous example. The input signal to the amplifier is a 25 kHz sine wave and the
output supplies a parallel resonance circuit tuned to 25 kHz. The coil in the parallel

resonant circuit is the transmitting coil.

[00125] The output power from the amplifier to the transmitting coil can be regulated
Iihearly by adjusting the amplitude of the input sine wave signal which is different from
the later discussed solution where the power regulation occurred by switching the power

very quickly on and off.

[00126] FIGURE 5a shows the triangle wave generator circuit which output is
connected as an input in FIGURE 5b of the PWMT ampilifier. In FIGURES 5a and 5b the
symbols Y1, Y2, Y3 and so on symbolize test points within the circuit. References to the
test points are found on the graphs in the figures. The components in the circuit
diagrams and their respective values are values that work in this particular
implementation which of course is only one of an infinite number of possible design

solutions.

[00127] FIGURE 5b’and 5b™" shows a circuit diagram containing most of the PWMT
amplifier, in the lower left corner there is the LF input which is the input for the 25 kHz
sine wave that should be amplified. The LF-input there is the triangle wave input
emanéting from the Triangle schematic. To the right in the middle in the Core schematic
there is a transmission coil, L7, connected to the differential outputs, positive and
negative output, of the PWMT-amplifier. The transmission coil L7 is in series with the
series loss resistance R1 of the wire in the coil and in parallel with C1 that is the tuning
capacitor to tune the transmitting coil to the sending frequency, which in this particular
case is 25 kHz.

[00128] The amplification factor of the PWMT ampilifier is about 70.

[00129] The PWMT amplifier circuit starts out in the triangle schematic. This

schematic contains the triangle wave generator of the PWMT amplifier. The triangle

RECTIFIED SHEET (RULE 91)
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wave generator is the heart of the circuit and the final precision of the amplifier is greatly
influenced by the quality of the triangle wave.

[00130'] V2 and V8 in the Triangle schematic are the power supplies for the
operatibnal amplifier with a +/-15V supply voltage. The V1 and V2 power supplies
generate supply voltages for the X1 and X2 comparators that are configured so that the
outputs from the comparators are centered on ground  potential.

Figure 5c shows the output voltage from the X1 comparator, Y1, together with the

feedback signal Y2 to the same comparator.

[00131] The X1 comparator compares the Y2 input signal with ground. If it is higher
than ground the output is at high level and if lower it is at low level. There is a small
amount of positive feed back from the comparator output to the positive input as can be
seen in the Y2 trace in the diagram. When the output switches from high to low the Y2
trace level is pulled to a higher level by the output feedback than it had right at the
moment when the output started to change. The feed back works in the same way when
switching from high to low, the only difference being that the input is pulled down to a
lower level instead of being pulled high. The feedback creates a hysteresis in the
comparator circuit that together with the slowly increasing and decreasing output of the
X1x amplifier form the core of an oscillating circuit, oscillating at 250 kHz.

[00132] The output of X1, Y1, is connected to the input of X1x via the current
determining resistor R2x.' The operational amplifier always tries to keep its inputs at the
same level and when a positive current is put into R2x by the comparator X1 the output
of the operational amplifier X1x has to supply the exact same amount of current through

the capacitor C1x in order to keep the voltage differential between its inputs at zero.

[00133] When the comparator input to X1x is at a high level the current flowing into
R2x is also flowing through C1x.

[00134] FIGURE 5d shows the current through C1x, iy3x, and the output voltage from
the X1x operational amplifier y2x. As long as the current flowing through C1x is perfectly
constant the output of the amplifier X1x is increasing or decreasing in a perfectly linear

fashion.
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[00135] The linearity of the current flowing through C1x can be studied in FIGURE 5e.
It shows a magnified view of the positive part of the current iy3x through the capacitor
C1x. The current is. at approximately 5.49mA and it is changing extremely little as the
output voltage, y2x, changes over time. The vertical resolution in the diagram is 50uA
per division and the current is not changing more than. maximum 5uA apart from during
the initial piece of the trace where some ringing is seen that is due to the finite
bandwidth of the operational amplifier. The 5uA change of the total current of 5.49mA

translates to a nonlinearity of less than 0.09% in the output triangle wave form.

[00136] To achieve this linearity level some further tricks has to be applied in the
circuit. A small part of the output wave form y2x is feed back via C3 and R1x to the
operational amplifiers positive input. This positive feed back is used to remove the
amplifiers finite amplification factor from the equation and to compensate for the leakage
current flowing through the DC feed back resistor R4x. By applying he correct amount of

positive feedback it is possible to almost perfectly balance these factors.

[00137] FIGURE 5f shows how the positive feedback signal y9 changes as the output
voltage y2x from the amplifier changes over time. The y9 trace is not at a constant level
as it would have been if the input was simply connected to ground, it is changing over
time to compensate for the leakage current and the finite amplification factor of the
operational amplifier as the output voltage y2x changes. The diagram also shows the
negative input signal level y8 into the amplifier. '

[00138] The ringing in the output wave form y2x and the current iy3x at the points
where the output voltage changes from positive siope to negative or from negative to
positive is due to the bandwidth limit of the operational amplifier. A friangle wave circuit
needs an infinite bandwidth amplifier to be perfectly linear since the frequencies heeded

for a perfect transition from positive to negative slope are infinite.

[00139] Such a circuit does of course not exist but there are a trick implemented in
the circuit that' improves the situation. The oUtpu_t of the_ comparator X2 changes when
ever the output of X1 changes. The output from the comparator X2 is used to boost the
output current and bandwidth of the operational amplifier X1x during slope switches. The

outpuf voltage of X2, y4 in FIGURE 5g, is coupled to the operational ampilifier output via



10

15

20

25

30

WO 2009/070086 PCT/SE2008/000665

30

the high pass filtering components R2 and C2. The boost provided by X2 linearizes the -

triangle wave and decreases the ringing in the output waveform, y2x in the diagram.

[00140] The output from the Triangle circuit, 250 kHz Triangle wave output, is feed in
to the Core circuit at the bottom left as the 250 kHz Triangle wave input. The triangle
wave signal is connected to the comparator X17 that compares the triangle wave input
signal with the lower frequency analog input signal fed into the comparator from the LF-

input.

[00141] FIGURE 5 h shows the relation ships between the 250 kHz triangle wave
input signal y24, the 25 kHz sine wave input on LF-input y25 and the y23 output voltage
from the X17 comparator. The y24 and y25 voltages have the same vertical scale in the
diagram. It can be seen that when the y24 triangle voltage is at a higher level than the
LF-input signal y25 the output of the comparator y23 is at a high level and consequently

when the triangle wave is lower than the LF signal the output is at a low level.

[00142] By studying the comparator output signal y23 it becomes clear that the signal
is a PWMT signal with the base switching frequency of 250 kHz which controlled by the
frequency of the triangie wave. The amount of high or low level of the digital output
signal from the comparator, y23, correlates to the signal level of the LF-input signal,
although it in this case actually corresponds to the inverted LF-input level. This
extremely simple circuit actually does all the translation from a linear input signal to a
high precision PWMT signal just by comparing the LF-signal level with a very linear

triangle wave.

[00143] To perhaps even more clearly show the correlation between the input signal
level and the PWMT output signal from the comparator X17 FIGURE 5&i displays both
the positive and negative oLItput PWMT wave forms from the X17 comparator together

with the LF-input signal.

[00144] When the LF-input signal is at a higher level the positive output y30 from the

comparator stays at a high level increasingly more as the LF-input signal reaches higher

"and higher levels and in the same manner the output stays incfeasingly more at a low

level as the signal level decreases. The y23 output from the X17 comparator is the

inverse of the y30 output as can be clearly seen in the diagram.
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[00145] The positive and negative outputs from the X17 comparator is then fed to two
buffering circuits, X2 and X11, to decrease the output impedance of the two signals

before they are input to the puise delaying circuits in the amplifier.

[00146] From here on the behavior of the circuit handling the positive part of the
PWMT signal in the upper part of the schematic is exactly the same as the lower circuit
handling the negative part of the PWMT signal. For simplicity only the lower part of the

circuit handling the negative PWMT signal is discussed.

[00147] FIGURE 5j shows the output from the timing circuit made up of the two
comparators X15 and X16 together with the discrete components surrounding them in
the schematics. The purpose of the timing circuit is to delay the turn on signal to one of
the MosFets compared to the turn off signal to the other. Normally MosFets exhibit a .
slightly longer turn off delay time compared to the turn on delay. Due to this behavior
there is a risk in a switching application such as this that if the turn on and off signals
arrive at the same time to both the upper and the lower MosFets in the output stage
there will be a current spike going through them during the transition period when one
turns on just slightly before the other turns off. This is of course not desirable since it

among other non beneficial effects radically decreases the efficiency of the circuit.

[00148] The timing circuit generates a turn on delay for both the upper and lower
MosFets. For the lower MosFets the capacitor C12, resistor R31 and diode X12 for an
asymmetrical delay that only delays the turn on flank in the éignal and not the turn off
flank. At turn off the capacitor C12 is rapidly charged by the low output impedance of the
driving comparator X2 through the diode X12 to the comparator X16 threshold level and
the output is switched momentarily as the input switches. At turn on the diode blocks the
voltage and the C12 capacitor is charged at a siower pace through the resistor R31

creating a delay of the output transition compared to the input transition.

[00149] FIGURE 5j shows the relationship between the two voltages coming out. of
the timing circuif. The y19 trace shows the signal to the upper MosFet and the y20 trace
the signal to the lower MosFet. The horizontal resolution in the diagram is 50ns per
division. To. understand the diagram it is important to know that the y20 trace has .an

inverted function compared to the y19 trace. When y20 .is high the lower MosFet is
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turned. off and when it is low it is turned on. This is due to the inverting function of the
MosFet drivers X13 and X14 and the fact that the upper MosFet is a' P channel device

that also, once more, inverts the signal causing the y19 trace to be correct and the y20

trace to be inverted if one consider it to be normal that when the signal level is high the

MosFet is on.

[00150] In the diagram it is then clear that the y20 signal is turning the lower MosFet
off about 25ns before the y19 signal is turning the upper MosFet on and in the same
manner the upper MosFet is tuned off by the y19 signal about 25ns before the lower

MosFet is turned on by the y20 signal.

[00151] FIGURE 5k shows the input voltages to the upper and lower MosFets
respectively. The upper MosFets driving voltage is the y14 trace and the lower MosFets

drivihg voltage is the y16 trace.

[00152] Both output signals from the MosFet drivers X13 and X14 are AC coupled
before they are connected to the MosFets. This is beneficial for both the lower and the
upper MosFets. The AC coupling of the signal to the lower MosFet changes the signal
levels so that the output swing from the driver, which is chénging between 0 and 15 volts
at the output, swings between -0.7 and 14.3 volts at the gate of the MosFet. The
negative swing is beneficial because it gives a somewhat greater margin to unwanted
turn on of the MosFet during output voltage transition from low to high level. The MosFet -
typically starts to conduct when the gate source voltage is more than 1.5V. If the gate
source voltage at off state is lowered from 0V to -0.7V this increases the safety margin

for unwanted turn on from 1.5V to 2.2V which is an improvement of about 45%.

[001 53] One of the benefits of the AC coupling of the upper MosFet is the same as for
the lower one, creating a higher safety margin for unwanted turn on of the MosFet
during high to low output voltage transitions. The other advantage of the AC coupling is
that there is no need for a high voltage driver to the upper MosFet since the AC coupling
automatically places the gate voltage range from 0.7 V above supply voltage to 14.3.V.
below. supply voltage. This is demonstrated by the y14 trace in FIGURE 5k that change
from 90.7 V at high level down to 75.7 V at low level with a supply voltage of 90 V
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creating a gate to source voltage for the upper MosFet that changes between 0.7 V at

high level and.down to -14.3 V at low level.

[00154] FIGURE 5l shows the relatidnéhip between the output voltage y13 from the
MosFets and the gate drive voltages y14 and ‘y16. The importance of thé above
discussed safety margin for unwanted turn on of the MosFets is clearly shown by the
hump in the y16 trace at the beginning of the low voltage part for the trace in the
diagram coinciding with the low to high transition for the output voltage y13. What is
happening is that the gate drain stray capacitor in the lower MosFet pulls the gate
voltage to a higher level when the drain voltage rapidly increases forcing the MosFet
gate driver X13 to deliver current to the gate to keep it at a low voltage level. Due to the
fact that the output irﬁpedance of the driver is not ideally zero ohms but a few ohms
make the gate voltage increase during this period to a level about 1 V above ground.
Without the additional 0.7 V safety margin this could have caused the lower MosFet to
turn on and conduct current at a time when this would have been highly undesirable.
The same behavior can be studied in the y14 trace when the output voltage y13
changes from high to low where the drain gate stray capacitance pulls down the level of

y14 to about one volt below the supply voltage.

[00155] The diagram also displays the currents through the MosFets, iy8 and iy21,
and the output current iy26 going through the output filtering coil L2. The PWMT square
wave output y13 from the MosFets is filtered by the output filter formed by L2 and C7.
The filter removes the high switching frequency and leaves the amplified low frequency
signal théf resembles the LF-input signal to the amplifier amplified to a level about 70

times the LF-input level.

[00156] The positive amplifier output is an inverted version of the Negative amplifier
output, if the positive output is at +10 V the negative is at ;10 V. The load, the
transmitting coil L7 and paraliel resonance circuit formed together with C1, is connected
between the positive and negative amplifier outputs. When there is no input signal to the

amplifier both the outputs stays at half the supply voltage level creating an output level |
of 0 V. If the input signal is positive the positive voltage is above half supply voltage .and

the negative below creating a positive output voltage from the amplifier and if the input
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voltage is negative the positive output is below half supply voltage and the negative

above creating a negative output voltage from the ampilifier.

[OOi 57] The significant advantage of the PWMT approach of the first implementation
circuit is that the power losses in the PWMT amplifier compared to a standard linear
design is radically decreased. At the same time the circuit exhibits the same behavior as
a linear design, it has a constant ampilification factor and it amplifies an input signal from
DC to about 25 kHz by this factor. The output bandwidth of the ampilifier is limited by the .

-switching frequency and the upper cut off frequency of the output filter. The cut of

frequency of the output filter has to be low enough to avoid having significant amounts of
the switching frequency on the ampilifier output. To incréase the bandwidth of the
amplifier it is therefore necessary to increase the switching frequency. The upper limit of
the switching frequency is set by the stray capacitances in the MosFets and their turn on
and off delays. Large power MosFets have longer delays and higher stray capacitances
making higher switching at frequencies increasingly difficult. The in this design chosen
frequency of 250 kHz could be increased slightly but at the price of increased switching

losses and thereby degraded efficiency.

[00158] FIGURE 6a shows another embodiment of a PWMT system. The energy
transfer control technique in this case uses a modified PWMT approach that switches a
continuous pulse train off during several pulse periods and then on again for several
pulse periods. The advantage of this technique is that it is easily controlled by a
standard microprocessor and it does not unnecessarily burden the microprocessor with
a large workload for the reguiation task. The switching of the system can be made rather
slow, in the millisecond range. This is of course a large advantage since it is possible to
have the processor do other things in the system and it is also possible to use a less
powerful and therefore cheaper microprocessor.

[00159] In FIGURE 6a the symbols Y1, Y3, Y4 and so on symbolize test points within
the circuit. References to the test points are found on the _graphs in the diagrams
following later in the text. The components in the diagram and their respective values
are values that work»in this particular implementation which of course is only one of an

infinite number of possible design solutions. -
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[00160] In FIGURE 6a L1 is the transmitting coil. R1 is the series loss resistance in
the wire in the coil and C1 is the tuning capacitor to tune the transmitting coil to the

sending frequency, which in this particular case is 25 kHz.

[00161] The PWMT input signal is a logic input signal from a microprocessor or some

other suitable control logic. The PWMT input signal switches power to the transmitting

coil on and off many times per second. Whenever the input is at a logic low level power

is transmitted and when it is at logic high level the transmission is switched off.

[00162] The V1 and V4 components in the circuit are power supplies. The voltage of
V1 is 100V and it powers the power amplifier that energizes the transmitting coil. The
voltage of V4 is 5V and it powers the analog and logic circuits in the schematic. The
symbols Y1, Y3, Y4 and so on symbolize testvpoints within the circuit. References to the
test points are found on the graphs in the diagrams following later in the text. The
components in the diagram and their respective values are values that work in this
particular implementation which of course is only one of an infinite number of possible

design solutions.

[00163] FIGURE 6b shows different voltages in the circuit surrounding the comparator
X10 at startup when the transmitting voltage Y1 is tuned on. The turn on point is in the

middle of the diagram where the voltage Y1 starts to decrease from 100V to about 20V.

[00164] The resistors R4 and R3 form a voltage divider that divides the voltage, Y1,
over the transmitting coil L1. This voltage, Y4, is fed into the positive input of the X10
comparator and is presented in the FIGURE 6b by graph 3. The Schottky diodes X4 and
X5 in combination with the capacitor C2 and resistor R2 are used to make the voltage
Y5 lag behind the Y4 voltage. When the Y4 voltage increases the Y5 voltage will be one
diode voltage below Y4 and the current through the diode X5 will charge the capacitor
C2. When tl‘1e voltage Y4 starts to decrease the Y5 voltage will remain higher than the
Y4 voltage because of the charge stored in C2. In this way the Y5 voltage will always be
higher than Y4 if the Y4 voltage is dropping and it will be lower then Y4 if the Y4 voltage
is rising. By feeding these voltagés to the X10 comparator pbsitive and negative inputs
respectively the output voltage from the comparator, Y3, will be an indication on whether

the voltage Y1 over the transmitting coil is rising or falling. If the Y1 voltage is raising the
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Y3 voltage. is at a logic high level and if the Y1 voltage is falling the Y3 voltage is at a
logic low level. This is shown in FIGURE 6c.

[00165] FIGURE 6c shows the voltages around the comparator X1 when the output
voltage from X10, Y3, is changing due to a changing voltage at Y1 as seen in the

diagram to the right of the center point of the diagram. -

[00166] FIGURE 6d shows four graphs, and is described below. The X10 circuit is
used to generate a single pulse output with constant length upon changes of the Y3
voltage from logic high to logic low level, meaning that each time Y1 changes from
positive going to negative a negative pulse voltage, Y6, is generated. The negative input
of X10, Y8, is held at a constant level of about 3.5V by the resistor divider R8 and RO.
This constant voltagé is compared to the Y7 voltage. The Y7 voltage is pulied iow by the
high to low level transition of the Y3 voltage and it is returning to a high level in a pace
determined by the charging of capacitor C3 through resistor R7. The diode X6 is merely
in the circuit to prevent voltages higher than the supply voltage at Y7 when the Y3
voltage changes from a low to high level. The capacitor C3 is in this case discharged
through the diode X6.

[00167] The voltages in the circuit around X3 are shown in FIGURE 6e. The voltages
are shown from an initial power up of the circuit and for duration of 500 microseconds.
At T=0 the voltage Y10 starts to increase when the capacitor C4 is charged through
resistor R11. When the Y10 voltage reaches the same level as the Y12 voltage the
output voltage of X3, Y11, changes from a high to a low logic level. This.change in Y11,
make the Y12 voltage level drop and the Y10 voltage starts to decrease because of the
discharging of capacitor C4 through resistor R11. Again, when the Y10 voltage reaches
the same level as the Y12 voltage the Y11 voltage changes from a low logic level to a )
high logic level. The output voltage, Y3, from the X3 circuit is a continuous pulse train

with a frequency of 25 kHz.

[00168] FIGURE 6f shows the voltages in the X3 circuit when the Y1 voltage deviates

" from zero. In the left part of the diagram the voltages Y10, Y11 and Y12 are the same as

in FIGURE 6f after the initial startup phase. At once, when the Y1 voltage starts to
change, the Y10 voltage is pulled low trough the diode X2 by the changing Y3 voltage
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generated by X3. This makes the continuous pulse train output, Y11, from X3 stop. As
long as Y3 becomes low at times due to the changing Y1 voltage the Y10 voltage is
never returned to a level as high as the Y12 voltage and thus the output voltage Y11 will

always stay at a logic high level as long as the Y1 voltage is changing.

[00169] In the circuit the power transistor X9 is either turned completely on by the
drive voltage from X7 or turned compietely off. The input signal to X7 is either changing
or constant depending on the logic level of the PWMT input signal. If the PWMT input
signal is at logic high level the output of A2A is always high making the output of X7
always low causing fhe power transistor X9 to be turned off. In this mode there is no
drive power to the transmitting coil and no energy is transmitted to the receiving coil. if
the PWMT input signal is at a logic low level the output of A2A is free to change
according to the changes of the signal coming from A1A. The output signal from A1A
can change when the Y6 voltage is at a logic high level, which it is at startup before the

Y1 signal starts to change in level.

[00170] Initially, when the circuit is started, there is no voltage change in Y1 and
therefore the Y6 voltage is constantly at a high logic level. To make the Y1 voltage
change a startup signal is required. This startup signal is fetched from the continuous
pulse train Y11. When the Y11 signal has started the Y1 signal the Y11 signal is
stopped and help at a high logic level by the presence of the Y3 signal and the Y& signal
starts to generate the output pulses from A1A ultimately driving the power transistor X9.
The Y6 voltage pulses is in this case driving the L1 transmitting coil at a pace
determined by the tuning frequency of the transmitting coil L1 and the capacitor C1. This
startup behavior is show in FIGURE 6f.

[00171] FIGURE 7a shows a diagram of an electronic circuit in the receiving end of
the TET transmission system. The energy pickup coil, L1, receives power transmitted
from the sending coil, also termed L1 in the PWMT amplifier diagram. The circuit and
the diagram are included to iIIu‘straté the effect of the regulation of the transmitted power
from the PWMT amplifier.

[00172] The receiving coil L1 together with the diodes D1x to D4x charges the

. capacitor C6 that creates a first smoothing filter for the received AC energy signal. The
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diode D3 prevents capacitor C1 from discharging into C6 when power is not supplied
from the receiving coil L1. The resistors R5 and R10 are only used for current
measurement purposes and have no other effect in the circuit due to their low resistance
of 1 mohm. The capacitor C1 is the main energy storage of the circuit. It supplies power

to the load resistor LOAD and the varying current source load I1.

[00173] FIGURE 7b shows four graphs. The total load current drawn from C1 by
resistor LOAD and current source |1 varies over time beginning at 40mA and changing
to 4mA after 256mS as shown in the diagram by graph 4, 1Y10. Y5 in the diagram shows
the voltage over C1, the current supplied to C1 is shown by iy12 and finally the voltage
over the receiving coil L1 is displayed by the graph y1.

[00174] The voltage over C1, Y5, drops as long as the load current is 40mA. When
the load current decreases to 4mA the voltage becomes stable, indicating that the
average current supplied by L1, iy12, to C1 is 4mA. The pulses picked up by the
receiving coil are very short with about 2% duty cycle meaning that the power received
from the PWMT ampilifier is only supplied during 2% of the total PWMT period of 5ms.
The 2% duty cycle apparently provides enough power for a 4mA load but is not enough
for the 40mA load since the voltage over C1 is at a constant level when 4mA is drawn
from it by the load. FIGURE 7c shows a detailed view of the voltage over the receiving
coil L1 and the PWMT amplifiers modulation signal, PWMT input signal in the PWMT

amplifier diagram, in this case with 2% duty cycle.

[00175] FIGURE 7d shows an even greater detail of the voltage over the receiving
coil L1 and the PWMT amplifiers modulation signal. In the diagram it can be observed
that the voltage over the L1 receiving coil exhibits a long slowly decreasing ringing after
the PWMT amplifier has been turned off. This behavior is due to the energy stored in the
resonance circuit on the transmitting side of the system formed by the transmitting coil
L1 and the capacitor C1 in the PWMT amplifier diagram. When the PWMT ampilifier is
turned off the transmitting resonance circuit still transmits using the energy stored in the
parallel resonance circuit itself. Even if the PWMT amplifiers PWMT input signal has a
2% duty cycle the resulting transmitted signal seems to equal about 4% duty cycle due

to this stored energy.
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[00176] In order to supply enough power and curren»t during the 40mA consumption.
period for the voltage over C1 to stay constant the PWMT duty cycie has to be
increased to 40%. FIGURE 7e shows the voltages and currents that are present in the
circuit with a 40% duty cycle. The voltage over C1, Y5, is now constant during the initial
period up to 25ms and then starts to increase when the load current is decreased to
4mA.

[00177] FIGURE 7f shows a detailed view of the voltage over the receiving coil L1
and the PWMT amplifiers modulation signal, PWMT input signal, with the 40% duty

cycle.

[00178] In the particularly detailed FIGURE 7g it can be observed that the ringing
from the energy stored in the transmitting parallel resonance circuit now contributes
much less to the total signal over L1 with a 40% duty cycle compared to the 2% duty

cycle case.

[00179] According to FIGURE 7h, by increasing the PWMT duty cycle to 80% it is
possible to supply even more power to the receiving coil and circuit. The power
consumption now has to be increased to 80mA to be able to balance the current
supplied by L1. During the first 25ms the voltage over C1, Y5, stays at the same level
and it rapidly starts to increase when the current load is decreased to 4mA.

[00180] The FIGURES 7i-7j shows the detailed views of the voltage over the receiving
coil L1 and the PWMT amplifiers modulation signal with the 80% duty cycle. FIGURE 8a

shows a solution with a circuit employing a continuous square wave pulse signal with a

~ constant base frequency where the duty cycle of each pulse is varied. The output

voltage from the PWMT amplifier is linearly regulated by the input voltage.- The mean
digital output voltage from the PWMT émpliﬁer is the same as the analog input voltage

multiplied with the amplification factor of the circuit.

[00181] This type of arhpliﬁer can output ény frequency within its'frequency range
from DC to about one third of the constant base fréquency, the output to the load is a
digital replica of the input voltage and not fixed to any particular frequency. However, in
this ekamplé the PWMT ampilifier is used with an input signal frequency of 25 kHz. The
input signal to the ampliﬂerA is a 25 kHz sine wave and the output supplies the Piezo
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crystal and tuning circuit tuned to 25 kHz with a digital replica of the analog input signal.

The crystal, X4 in the core schematic below, is the transmitting element.

[00182] The output power from the amplifier to the transmitting crystal can be
regulated by adjusting the amplitude of the input sine wave signal.

[00183] FIGURE 8a shows the triangle wave generator circuit which output is
connected as an input in FIGURE 8b’and 8b"" of the PWMT amplifier. In figures 8a and
8b’and 8b"" the symbols Y1, Y2, Y3 and.so on symbolize test points within the circuit.
References to the test points are found on the graphs in the diagrams following later in
the text. The components in the circuit diagrams and their respective values are values
that work in this particular implementation which of course is only one of an infinite

number of possible design solutions.

[00184] FIGURE 8a shows a circuit diagram containing most of the PWMT amplifier,
in the lower left corner there is the LF input which is the input for the 25 kHz sine wave
that should be amplified into a digital output signal. The LF-input there is the triangle
wave input emanating from the Triangle schematic. To the right in the middle in the Core
schematic there is the transmitting crystal, X4, connected to the differential digital
outputs, positive and negative output, of the PWMT-amplifier. The transmitting crystal
X4 is in series with its associated tuning circuit components tuned to the sending
frequency, which in this particular case is 25 kHz. FIGURES 8c-8d displays the
relationship between the input and the output signal of the PWM amplifier, in figure 8c
Y25 is the input signal and Y2 is the positive digital output signal from the amplifier and
in figure 8d Y13 is the negative digital output from the amplifier.

[00185] FIGURES 9a-9¢ schematically illustrate different states of operation of a
generally designed apparatus used with the present invention, when the apparatus is
applied on a wall portion of a bodily organ designated BO. The apparatus includes a
constriction device and a stimulation device, which are designated CSD, and a control
device designated CD for controlling the constriction and stimulation devices CSD.
FIGURE 9a shows the apparatus in an inactivation state, in which the constriction
device does not constrict the organ BO and the stimulation device does not stimulate the

organ BO. FIGURE 9b shows the apparatus in a constriction state, in which the control

RECTIFIED SHEET (RULE 91)
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device CD controls the constriction device to gently constrict the wall portion of the .
organ BO to a constricted state, in which the blood circulation in the constricted wall
portion is substantially unrestricted and the flow in the lumen of the wall portion is
restricted. FIGURE 9¢ shows the apparatus in a stimulation state, in which the control
device CD controls the stimulation device to stimulate different areas of the constricted
wall portion, so that almost the entire wall portion of the organ BO contracts (thickens)

and closes the lumen.

[00186] FIGURES 9d and 9e show how the stimulation of the constricted wall portion
can be cyclically varied between a first stimulation mode, in which the left area of the
wall portion (see FIGURE 9d) is stimulated, while the right area of the wall portion is not
stimulated, and a second stimulation mode, in which the right area of the wall portion
(see FIGURE 9e) is stimulated, while the left area of the wall portion is not stimulated, in

order to maintain over time satisfactory blood circulation in the constricted wall portion.

[00187] It should be noted that the stimulation modes shown in FIGURES 9d and 9e
only constitute a principle example of how the constricted wall portion of the organ BO
may be stimulated. Thus, more than two different areas of the constricted wall portion
may be simultaneously stimulated in cycles or successively stimulated. Also, groups of
different areas of the constricted wall portion may be successively stirhulated.

[00188] FIGURES 9f-9h illustrate different states of operation of a modification of the
general embodiment shown in FIGURES 9a-9e, wherein the constriction and stimulation
devices CSD include several separate constriction/stimulation elements, here three
elements CSDE1, CSDE2 and CSDE3. FIGURE 9f shows how the element CSDE1 in a
first state of operation is activated to both constrict and stimulate the organ BO, so that
the lumen of the organ BO is closed, whereas the other two elements CSDE2 and
CSDE3 are inactivated. FIGURE 9g shows how the element CSDE2 in a second
foliowing state of operation is activated, so that the lumen of the organ BO is closed,
whereas the ofher two elements CSDE1 and CSDES3 are inactivated. FIGURE Sh shows
how the element CSDE3 in a following third state of operation is activated, so that the -
Iumen of the organ BO is closed, whereas the cher two elements CSDE1 and CSDE2

are inactivated. By shifting between the first, second and third states of operation, either
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randomly or in accordance with a predetermined sequence, different portions of the .
organ can by temporarily constricted and stimulated while maintaining the lumen of the
organ closed, whereby the risk of injuring the organ is minimized. It is also possible to
activate the elements CSDE1-CSDE3 successively along the lumen of the organ to

move fluids and/or other bodily matter in the lumen.

[00189] FIGURES 9i-9k illustrate an alternative mode of operation of the modification
of the general embodiment. Thus, FIGURE 9i shows how the element CSDE1 in a first
state of operation is activated to both constrict and stimulate the organ BO, so that the
iumen of the organ BO is closed, whereas the other two elements CSDE2 and CSDE3
are activated to constrict but hot stimulate the organ BO, so that the lumen of the organ
BO is not completely closed where the elements CSDE2 and CSDE3 engage the organ
BO. FIGURE 9j shows how the element CSDE2 in a second following state of operation
is activated to both constrict and stimulate the organ BO, so that the lumen of the organ
BO is closed, whereas the other two elements CSDE1 and CSDE3 are activated to
constrict but not stimulate the organ BO, so that the lumen of the organ BO is not
completely closed where the elements CSDE1 and CSDE3 engage the organ BO.
FIGURE 9k shows how the element CSDES3 in a following third state of operation is
activated to both constrict and stimulate the organ BO, so that the lumen of the organ
BO is closed, whereas the other two elements CSDE1 and CSDE2 are activated to
constrict but not stimulate the organ BO, so that the lumen of the organ BO is not
completely closed where the elements CSDE1 and CSDE2 engage the organ BO. By
shifting between the first, second and third states of operation, either randomly or in
accordance with a predetermined sequence, different portions of the organ can by
temporarily stimulated while maintaining the lumen of the organ closed, whereby the risk
of injuring the organ is reduced. It is' also possible to activate the stimulation of the
elements CSDE1-CSDE3 successively along the lumen of the organ BO to move fluids

and/or other bodily matter in the lumen.

[00190] FIGURES 10-12 s_how basic components of an embodiment of the apparatus
according to the invention for controlling a flow of fluid and/or other bodily matter in a
lumen formed by a tissue wall of a patient's organ. The apparatus comprises a tubular

housing 1 with open ends, a constriction device 2 arranged in the housing 1, a
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stimulation device 3 integrated in the constriction device 2, and a control device 4
(indicated in FIGURE 12) for controlling the constriction and stimulation devices 2 and 3.
The constriction device 2 has two elongate clamping elements 5, 6, which are radially
movable in the tubular housing 1 towards and away from each other between retracted
positions, see FIGURE 11, and clamping positions, see FIGURE 12. The stimulation
device 3 includes a multiplicity of electrical elements 7 positioned on the clamping
elements 5, 6, so that the electrical elements 7 on one of the clamping elements 5, 6
face the electrical elements 7 on the other clamping element. Thus, in this embodiment
the constriction and stimulation devices form a constriction/stimulation unit, in which the
constriction and stimulation devices are integrated in a single piece.

[00191] The constriction and stimulation devices may also be separate from each
other. In this case, a structure may be provided for holding the electrical elements 7 in a
fixed orientation relative to one another. Alternatively, the electrical elements 7 may
include electrodes that are separately attached to the wall portion of the patient’s organ.

[00192] The schematic Fig. 3 shows a circuit diagram of one of the proposed designs
of the invented apparatus for controliing transmission of wireless energy, or energy
balance control system. The schematic shows the energy balance measuring circuit that
has an output signal centered on 2.5V and that is proportional to the energy imbalance.
A signél level at 2.5V means that energy balance exists, if the level drops below 2.5V
energy is drawn from the power source in the implant and if the level rises above 2.5V
energy is charged into the power source. The output signal from the circuit is typically
feed to an A/D converter an.d converted into a digital format. The digital information can
then be sent to the external transmitter allowing it to adjust the level of the transmitted
power. Another possibility is to have a completely analog system that uses comparators
comparing the energy balance level with certain maximum and minimum thresholds
sending information to an external transmitter if the balance drifts out of the max/min

window.

[00193] The schematic Fig. 13 shows a circuit impleméntation for a system that
transfers power to the implant from outside of the body using inductive energy transfer

with feedback control. An inductive energy transfer system typically uses an external



10

15

20

25

30

WO 2009/070086 PCT/SE2008/000665
44

transmitting coil and an internal receiving coil. The receiving coil, L1, is included in the

schematic Fig. 13; the transmitting parts of the system are excluded.

[00194] The implementation of the general concept of energy balance and the way
the information is transmitted to the external energy transmitter can of course be
implemented in numerous different ways. The schematic Fig. 13 and the above
described method of evaluating and transmitting the information should only be

regarded as examples of how to implemént the control system.
Circuit details

[00195] In the schematic Fig. 13 the symbols Y1, Y2, Y3 and so on symbolize test
points within the circuit. References to the test points are found on the graphs in the
diagrams following later in the text. The components in the diagram and their respective
values are values that work in this particular implementation which of course is only one

of an infinite number of possible design solutions.

[00196] Energy to power the circuit is received by the energy receiving coil L1. Energy
to the implant is transmitted in this particular case at a frequency of 25 kHz. The energy
balance output signal is present at test point Y1.

[00197] The diagram in Fig. 14 shows the voltage, Y7x, over the receiving coil L1 and
the input power, Y9, received by the coil from the external transmitter. The power graph,
Y9, is normalized and varies between 0-1 where 1 signifies maximum power and O no
power; hence Y9 does not show the absolute value of the received power level. The
power test point Y9 is not present in the schematic, it is an amplitude modulation signal
on the transmitter signal power. In the diagram it can be seen that the Y7x voltage over

the receiving coil L1 increases as the power from the external transmitter increases.

~ When the Y7x voltage reaches the level where actual charging of the power source, C1,

in the implant commences the Y7x level increases at a much slower rate as the input

power is increased because of the load that the power source impart on the receiving

coil.

[00198] The receiving coil L1 is connected to a rectifying bridge with four Schottky
diodes, D1x — D4x. The output voltage from the bridge, Y7, is shown in the diagram of
Fig. 15. The capacitor C6 absorbs the high frequency charging currents from the bridge
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and together with the Schottky diode D3 prevents fhe 25 kHz energy transmission
frequency from entering into the rest of the circuit. This is beneficial since the energy
balance of the system is measured as the voltage across R1, which with out the C6-D3
combination would contain high level of 25 kHz alternating charge current. The power
source in the implant is the capacitor C1. The capacitor C3 .is a high frequency
decoupling capacitor. The resistor named LOAD is the fictive load of the power source in
the implant. The voltage over the power source, Y5, is also shown in the diagram of Fig.
15 together with the power graph Y9.

[00199] The voltage Y3 in the diagram of Fig. 16 is a stabilized voltage at a'bout 4.8V
used to power the operational amplifier X1. The Y3 voltage is stabilized by a fairly
standard linear voltage regulator consisting of the MosFet X2, zenerdiode DS, capacitor
C4 and resistor R3. The capacitor C2 is a high frequency decoupling capacitor. In the
diégram of Fig. 16 the input voltage to the regulator is seen as Y5 and the output voltage
is Y3.

[00200] The X1 operational amplifier is used to amplify the energy balance signal
together with R6 and R7 that set the gain of the amplifier circuit to 10 times. The input
signals to the circuit are shown in the diagram of Fig. 17. Y4 is fixed at a more or less
constant Iével of approximately 2.74V by the zener diode D1. The voltage Y4 is shunted
and high frequency filtered by the capacitor C5. A part of the DC voltage at Y4 is
coupled into the Y2 voltage by the resistor R8 in order to center the Y1 output voltage at
2.5V when energy is balanced. The voltage Y2 is basically the same voltage as the
voltage, Y6, over R1, only slightly high frequency filtered by R9 and C7 and shifted in
DC level by the current going through R8. To compare Y6 and Y2 look in the diagram of
Fig. 17.

[00201] The energy balance output signal of the circuit, Y1 in the diagram of Fig. 18,
also closely 'corresponds to the Y6 voltagé. The Y1 voltage is an ampilified, 10 times,

and DC shifted to center around 2.5V instead of OV version of the Y6 voltage. The

_ higher signal level at Y1 and the DC center point around 2.5V is much easier to interface

to for the circuits connected to the energy balance output signal.
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[00202] The diagram of Fig. 19 shows the relationship between the energy balance
signal Y1 and the actual voltage over the power source of the implant. The energy
balance signal is the derivative of the voltage level over the power source, Y5. When the
energy balance signal, Y1, is negative relative to 2.5V the voltage level, Y5, drops off
and when the energy balance signal is positive relative to 2.5V the Y5 voltage increases.
The more negative or positive relative to 2.5V the energy balance signal Y1 is the more

rapidly the Y5 voltage over the power source increases or decreases.

[00203] The diagram of Fig. 20, of another circuit condition, perhaps even more
clearly shows how the energy balance signal corresponds to the derivative of the Y5
voltage over the power source. The traces shows a situation where the energy put into

the power source is held at a constant ievel and the load is varied between 5mA and

30mA in four discrete steps. During the first 25ms the load is 30mA, the following 25ms

it is 5mA then followed by the same 30mA and 5mA sequence. When the Y5 voltage
over the power source decreases at a constant level due to the 30mA load the derivative
level is at a constant level below 2.5V and when the Y5 voltage increases the derivative

voltage is positive at a constant level.

[00204] The two diagrams of Fig. 21 show the relation ship between the energy
balance signal Y1 and the energy imbalance in the circuit in a complex situation where
both the load is varied and the amount of power put into the implant is varied. The two
traces in the first diagram of Fig. 21 shows the charging current into the power source
and the load current. The charging current is represented by the 1Y12 trace and the load
current is the 1Y10 trace. The second diagram of Fig. 21 shows the Y1 voltage
generated by the altering currents shown in the first diagram. When the amount of
stored energy in the power source is changed due to the energy imbalance the

derivative signal Y1 rapidly responds to the imbalance as shown in the diagram.

[00205] In a system where the ehergy balance signal is used as a feedback signal to
an external power transmitter, enablihg it to regulate the transmitted power according to
the energy imbalance, it is possible fo maintain an optimal energy balance and to keep
the efficiency at maximum. The diagram of Fig. 22 shows the charging current into the

power source and the load current, the charging current are represented by the [Y12
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trace and the load current is the Y10 trace, as well as the voltage level over the power

source, Y5, and the energy balance signal Y1 in such a system. It can clearly be seen
that this system rapidly responds to any load current changes by increasing the charging
current. Only a small spike in the energy balance signal can be seen right at the edges
where the load is rapidly changed due to the finite bandwidth of the feedback loop. Apart
from those small spikes the energy is kept in perfect balance. ‘

[00206] By the described eXampIes above it is clear that the modified PWMT
approach that switches a continuous pulse train off during several pulse periods and
then on again for several pulse periods is capable of adjusting the amount of power
supplied to a receiving circuit over a quite broad range of loads. With a duty cycle
variation between 2% and 80% it is possible to obtain energy balance with loads varying
from 4mA to 80mA. In this particular case the PWMT duty cycle closely corresponds to
the foad in the system, a 80mA load needs 80% duty cycle for energy balance and a
40mA load needs 40%. The only divergence from this almost perfectly linear transfer
function is the 2% duty cycle that balances the 4mA load. The reason for this irregularity
is that the 2% duty cycle actually produces a 4% duty cycle voltage over the receiving
coil due to the previously discussed energy storage in the fransmitting parallel

resohance circuit.

[00207] As mentioned in connection with FIGURE 1, suitable sensors may be used
for measuring certain characteristics of the medical device and/or detecting the current
condition of the patient, somehow reflecting the required amount of energy needed for
proper operation of the medical device. Thus, electrical and/or physical parameters of
the medical device and/or physical parameters of the patient may be determined, and
the energy can then be transmitted with a transmission rate which is determined based
on the parameters. Further, the transmission of wireless energy may be controlled such

that the total amount of transmitted energy is based on said parameters.

[00208] It should be understood that all the different embodiments described herein

may be used both as methods and with an apparatus adapted to achieve the above. .

- [00209] It should also be noted that FIGURES 1-22 illustrate some possible but non-

limiting implementation options regarding how the various shown functional components
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and elements can be arranged and connected to each other. However, the skilled
person will readily appreciate that-many variations and modifications can be made within

the scope of the present invention.
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CLAIMS

1. A method of transmitting wireless energy from an external energy transmitting
device placed externally to a human body to an internal energy receiver placed internaliy

in the human body, the method comprising:

— applying to the external transmitting device electrical pulses from a first electric circui

“to transmit the wireless energy, the electrical pulses having leading and trailing edges,

— varying the lengths of first time intervals between successive leading and trailing
edges of the electrical pulses and/or the lengths of second time intervals betweer

successive trailing and leading edges of the electrical pulses, and

— transmitting wireless energy, the transmitted energy generated from the electrica
pulses having a varied power, the varying of the power depending on the lengths of the

first and/or second time intervals.

2. The method according to claim 1, wherein in varying the first and/or seconc

time intervals the frequency of the electrical pulses is not varied.

3. The method according to claim 1, wherein in the step of applying electrica
pulses, the electrical pulses remain unchanged except varying the first and/or seconc

time intervals.

4. The method according to claim 1, wherein in varying the first and/or seconc

time intervals the amplitudes of the elecirical pulses are not varied.

5. The method according to claim 1, wherein in the step of applying electrica
pulses, the electrical pulses are varied by only varying the lengths of first time intervals

between successive leading and trailing edges of the electrical pulses.

6. The method according to claim 1, supplying a train of two or more electrica

‘pulses in a row, wherein in the step of applying the train of pulses, said train having :

first electrical pulse at the start of the pulse train and having a second electrical pulse a

the end of the pulse train, and
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— supplying two or more pulse trains in a row, wherein the lengths of the second time
intervals between successive trailing edge of the second electrical pulse in a first pulse
train and leading edge of the first electrical pulse of a second pulse train are varied.

7. The method according to claim 1, wherein in the step of applying electrical

pulses, the electrical pulses have a substantially constant current and a .constant

voltage.

8. The method according to claim 5 or 6, wherein in the step of applying
electrical pulses, the -electrical pulses have a substantially constant current and a

constant voltage.

9. The method according to claim 1, wherein in the step of applying electrical
pulses, the electrical pulses have a substantially constant frequency.

10. The method according to claim 5, wherein in the step of applying electrical

pulses, the electrical pulses have a substantially constant frequency.

11. The method according to claim 6, wherein in the step of applying electrical
pulses, the electrical pulses within the pulse trains have a substantially constant

frequency.
12. The method according—to claim 5 or 6, wherein

— in the step of applying electrical pulses to the external energy transmitting device, the
electrical pulses cause a electromagnetic field over the external energy transmitting
device, the electromagnetic field being varied by the -varying of said first and second

fime intervals, .and

- — inducing by the electromagnetic field electrical pulses in a receiver, the induced

pulses carrying energy transmitted to the receiver.

13. The method according to claim 12, wherein the wireless energy is in a

substantially ‘purely inductive way transmitted from the external energy transmitting

" device to the receiver.

14. The method according to claim 5 or 6, wherein the electrical pulses are

released from the first electrical circuit with such a frequency and/or time period between
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leading edges of the consecutive pulses, so that when the lengths of the first and/or

second time intervals are varied, the resulting transmitted energy are varied.

15. The method according to claim 14, wherein in the step of applying electrical
pulses, the electrical pulses have a substantially constant frequency.

16. The method according to claim 5 or 6, wherein the circuit formed by the first
electric circuit and the external energy transmitting device has a first characteristic time
period or first time constant, and in the step of effectively varying the transmitted energy,
such frequency time period is in the range of the first characteristic time period or time
constant or shorter.

17. The method according to claim 16, wherein the lengths of the first and/or the
second time intervals are varied only within a range that includes the first characteristic
time period or the first time constant or that is located relatively close to the first
characteristic time period or the first time constant, compared to the magnitude of the

first characteristic time period or the first time constant.

18. The method according to claim 16, wherein, when the lengths of the first time

intervals are reduced, the energy transmission over the first coil is reduced.

19. The method according to claim 16, wherein, when the lengths of the second
time intervals are reduced, the resulting energy transmission over the first coil is

increased.

20. The method according to claim 5, wherein a medical device, comprising said
internal energy recei\)er, is sending feed back information affécting said energy
transmitting device, the transmitted energy having varied power depending on the
lengths of the first and/or second time intervals, being varied depending on ‘said feed

back information, and

— controlling the transmission of wireless energy supplied to the medical device, the
internal energy receiver supplying direct and/or indirect received energy thereto, the -
method comprising the steps of:

- determining an energy balance between the"'energy received by the internal energy -

receiver and the enérgy used for the medical device, and
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— controlling -the transmission of wireless energy from the external energy transmitting

device, based on the determined energy balance,

- having varied power depending on the lengths of the first and/or second time

intervais.

21. The method according to claim 20, wherein the wireless energy is transmitted
inductively from a primary coil in the external energy transmitting device to a secondary

coil in the internal energy receiver.

22. The method according to claim 20, wherein a change in said energy balance
is detected, and the transmission of wireless energy is controlled based on said

detected energy balance change.

23. The method according to claim 20, wherein a difference is detected between
energy received by said internal energy receiver and energy used for the medical
device, and the transmission of wireless energy is controlled based on said detected

energy difference.

24, The method according to claim 22, wherein the amount of transmitted
wireless energy is decreased if the detected energy balance change implies that the
energy balance is increasing, or is increased if the detected energy balance change

implies that the energy balance is decreasing.

25. The method according to claim 24, wherein the decreasefincrease of energy

transmission corresponds to a detected change rate.

26. The method according to claim 23, wherein the amount of transmitted
wireless energy is decreased if the detected energy difference implies that the received
energy is greater than the used energy, or is increased if the detected energy difference

implies that the received energy is less than the used energy.

27. The method according to claim 26, wherein the decrease/increase of energy

transmission corresponds to the magnitude of said detected enérgy.differenc:e.

28. The method according td claim 6, wherein a medical device, compfising said
internal energy receiver, is sending feed back information affecting said energy
transmitting devibe, the transmitted energy having varied power depending on the



10

15

20

- 25

WO 2009/070086 PCT/SE2008/000665
53

lengths of the first and/or second time intervals, being varied depending on said feed

back information, and

- controlling the transmission of wireless energy supplied to the medical device, the
internal energy receiver supplying direct and/or indirect received energy thereto, the

method comprising the steps of:

— determining an energy balance between.the energy received by the internal energy

réceiver and the energy used for the medical device, and

— controlling the transmission of wireless energy from the external energy transmitting

device, based on the determined energy balance,

- having varied power depending on the Iéngths of the first and/or second time

intervals.

29. The method according to claim 28, wherein the wireless energy is transmitted
inductively from a primary coil in the external energy transmitting device to a secondary

coil in the internal energy receiver.

30. The method according to claim 28, wherein a change in said energy balance
is detected, and the transmission of wireless energy is controlled based on said

detected energy balance change.

31. The method according to claim 28, wherein a difference is detected between
energy received by said internal energy receiver and energy used for the medical
device, and the transmission of wireless energy is controlled based on said detected

energy difference.

32. The method according to claim 30, wherein the amount of transmitted
wireless energy is decreased if the detected energy balance change implies that the
energy balance is increasing, or is increased if the detected energy balance change

implies that the energy balance is decreasing.

33. The method according to claim 32, wherein the decrease/increase of ehergy :

transmission corresponds to a detected change rate.
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34. The method according to claim 31, wherein the amount of transmitted
wireless energy is decreased if the detected energy difference implies that the received
energy is greater than the used energy, or is increased if the detected energy difference

implies that the received energy is less than the used energy.

35. The method according to claim 34, wherein the decrease/increase of energy

transmission corresponds to the magnitude of said detected energy difference.

36. The method according to anyone of claims 22 or 23 or 30 or 31, wherein the

energy used for the medical device is consumed to operate the medical device, and/or

‘stored in at least one energy storage device of the medical device.

37. The method according to claim 36, wherein substantially all energy used for

the medical device is consumed to operate the medical device.

38. The method according to claim 37, wherein the energy is consumed after

being stabilized in at least one energy stabilizing unit of the medical device.

39. ‘The method according to claim 36, wherein substantially all energy used for

the medical device is stored in said at least one energy storage device.

40. The method according to claim 36, wherein the energy used for the medical
device is partly consumed to operate the medical device and partly stored in said at

least one energy storage device.

41. The method according to claim 36, wherein the energy received by the
internal energy receiver is stabilized by a capacitor, before the energy is supplied-

directly or indirectly to the medical device.

42. The method according to claim 36, wherein the difference between the total
amount of energy received by the internal energy receiver and the total amount of
consumed and/or stored energy is directly or indirectly measured over time, and the
energy balance is determined based on a detected change in said total amount

difference.

43. The method according to claim 36, wherein the energy received by the
internal energy receiver is accumulated and stabilized in a stabilizing unit, before the

energy is supplied to the medical device.
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44, The method according to claim 43, wherein the energy balance is determined
based on a detected change followed over time in the amount of consumed and/or

stored energy.

45. The method according to claim 44, wherein the change in the amount of
consumed and/or stored energy is detected by determining over time the derivative of a
measured electrical parameter related to said amount of consumed and/or stored
energy, the derivative at a first given moment is corresponding to the rate of the change
at the first given moment, wherein the rate of change includes the direction and speed of

the change.

46. The method according to claim 45, wherein said derivative is determined

based on a detected rate of change of the electrical parameter.

47. The method according to claim 36, wherein the energy received by the
internal energy receiver is supplied to the medical device with at least one constant

voltage , wherein the constant voltage is created by a constant voltage circuitry.

48. The method according to claim 47, wherein the energy is supplied with at
least two different voltages, including the at least one constant voltage.

49. The method according to claim 36, wherein the energy received by the
internal energy receiver is supplied to the medical device with at least one constant
current , wherein the constant current is created by a constant current circuitry.

50. The method according to claim 49, wherein the energy is supplied with at

least two different currents including said the at least one constant current.

51. The method according to claim 36, wherein the energy balance is determined
based on a detected difference between the total amount of energS/ received by the

internal energy receiving device and the total amount of consumed and/or stored energy

~ said detected difference being related to the integral over time of at least one measured

electrical parameter related to said energy balance.

52. The method according to claim 51, wherein values- of said electrical
parameter are plotted over time as a graph in a parameter-time diagram, and said

integral is determined from the size of the area beneath the plotted graph.
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53. . The method according to claim 51, wherein said integral of the electrical
parameter relates to the energy balance as an accumulated difference between the total
amount of energy received by said internal energy receiver and the total amount of
consumed and/or stored energy. '

54. The method according to claim 45, wherein the energy storage dgvice' -
includes at least one of: rechargeable battery, an accumulator or a capacitor.

55. The method according to claim 43, wherein said stabilizing unit may be at
least one of: an accumulator, a capacitor or a semiconductor adapted to stabilize the

received energy.

56. The method according to claim 36, wherein the energy received by said
internal energy receiver is accumulated and stabilized in a stabilizing unit before
supplying energy to the medical device and/or energy storage device, wherein the
energy is supplied to the medical device and/or energy storage device with at least one

constant voltage, as maintained by a constant voltage circuitry.

57. The method according to claim 36, wherein the medical device and energy
storage device is supplied with two different voltages, wherein at least one voltage is

constant, maintained by said constant voltage circuitry.

. 58. The method according to claim 36, wherein energy received by said internal

energy receiver is accumulated and stabilized in a stabilizing unit before supplying
energy to the medical device and/or energy storage device, wherein energy is supplied
to the medical device and/or energy storage device with at least one constant current,
as maintained by a constant current circuitry.

59. The method according to claim 38, wherein the medical device and energy
storage device is supplied with two different currents wherein at least one current is
constant, maintained by said constant current circuitry

60. The method according to claim 36, wherein electrical and/or physidal
parameters of the medical device and/or physical parameters of the patient are
determined, and the energy is stored in the energy storage device with a storing rate

* which is determined based on said parameters.
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61. The ‘method according to claim 36, the energy storage device comprising a

first storage unit and a second storage device, wherein

— the energy received by the internal energy :receiver is first stored in the first storage

device, and

— the energy is then supplied from the first storage device to the second storage device

at a later stage.

62. The method according to claim 61, wherein the first storage device is adapted
to be charged at a higher energy rate than the second energy storage device enabling a

faster charging.

63. The method according to claim 62, wherein the first storage device is adapted

to be able to charge more often, having a larger life-time in terms of charging events.

64. The method according to claim 62, wherein the first energy storage device
comprising one or more capacitor(s).

65. The method according to claim 5, wherein, in the step of receiving, the
transmitted wireless energy is received by a second electric circuit, the transmitted

wireless energy received as received pulses having leading and trailing edges,

— by said varying of the first time intervals, the length of third time intervals between

successive leading and trailing edges, of the received pulses being varied,

- the varying of the lengths of the third time intervals causing, the received energy

being varied.

66. The method according to claim 6, wherein the receiver includes a second
electric circuit, the second electric circuit receiving the transmitted wireless energy as
received pulse trains having trailing and leading edges, the second electric circuit
adapted so that '

— by the first electric circuit varying the second time intervals, the length of fourth time
intervals between successive trailing and leading edges, of the received pulse trains
being varied, and '
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~ the varying of the lengths of the fourth time intervals causing, the received energy

being varied.

67. A method of transmitting wireless energy from a first electric circuit placed
externally to a human body to a receiver, placed internally in the human body, the

method comprising:

— producing in the first electric circuit electrical pulses to transmit the wireiess energy,

the electrical pulses having leading and trailing edges,

- varying the lengths of first time intervals between successive leading and ftrailing

edges of the electrical pulses to vary the transmitted wireless energy, and

— receiving the transmitted wireless energy by a second electric circuit included in the

receiver,

— by said varying of the first time intervals, the length of third time intervals between

successive leading and trailing edges, of the received pulses being varied,

- the varying of the lengths of the third time intervals when the lengths of the first time

intervals are varied, the received energy being varied.

68. A method of transmitting wireless energy from a first electric circuit placed
externally to a human body to a receiver, placed internally in the human body, the

method comprising:

— producing in the first electric circuit electrical pulse trains to transmit the wireless

energy, the electrical pulse trains having trailing and leading edges,

- varying the lengths of second time intervals between successive trailing and leading

edges of the electrical pulse trains to vary the transmitted wireless energy, and

- receiving the transmitted wireless energy by a second electric circuit included in the

receiver,

- by said varying of the second time intefvals, the length of fourth time intervals

between successive trailing and leading edges, of the received pulse trains being varied,
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- the varying of the lengths of the fourth time intervals, when the lengths of the second

time intervals are varied, the received energy being varied.

69. The method according to claim 1, wherein the circuit formed by the first
electric circuit and the external transmitting device has a first characteristic time period
or a first time constant and the first and second time intervals have lengths in the range
of, in particular lengths that are in the magnitude of order of or are shorter than, the first
characteristic time period or the first time constant, and ‘the relationship or proportion
between the lengths of the first and second time intervals is varied, whereby, by the

varying, a varying power is transmitted.

70. The method according to claim 69, wherein said relationship or proportion is

. varied according to a sinusoidal.

71. . The method according to claim 1, wherein the circuit formed by the first
electric circuit and the external transmitting device has a first characteristic time period
or a first time constant and the Iengths of both the first and second time intervals are in
the range of the first characteristic time period or the first time constant, one of the first
and second time intervals having a constant length and the lengths of the other one of

the first and second time intervals being varied.

72. The method according to claim 71, wherein the lengths of said other one of
the first and second time intervals are longer than the constant length of said .one of the

first and second time intervals.

73. The method according to claim 71, wherein the lengths of said other one of
the first and second time intervals are varied according to a sinusoidal.

74. The method according to claim 1, wherein the circuit formed by the first
electric circuit and the external transmitting device has a first characteristic time period

or a first time constant, so that

— for first for first and second time intervals having iengths that are relatively Iong

compared to the first characteristic time perlod or the first tlme constant, and

— for first time intervals having lengths that are relatively long compared to the first

characteristic time period or the first time constant and second time intervals having
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adapted lengths shorter than the lengths of the first time ihtervals, in particular adapted

lengths that are in the range of, particularly are in the magnitude of order of or are

shorter than, the first characteristic time period or the first time constant,

— for second time intervals having lengths that are relatively long compared to the first

characteristic time period or the first time constant and first time intervals having adapted

lengths shorter than the lengths of the first characteristic time period or the first time

intervals, in particular adapted lengths that are in the range of, particularly are in the

magnitude of order of or are shorter than, the first characteristic time period or the first

time constant, or

— and second time intervals both having adapted lengths, in particular adapted lengths

that are in the range of, particularly are in the magnitude of order of or are shorter than,

the first characteristic time period or the first time constant,

— by varying the lengths of the first and/or second time intervals in the range from

lengths relatively long compared to the first characteristic time period or the first time

constant to shorter lengths, a varying power is transmitted.

75.

The method according to claim 74, wherein smaller iengths of the first time

intervals give a lower transmitted power.

76.

The method according to claim 74, wherein greater lengths of the second

time intervals give a lower transmitted power.

77.

The method according to claim 1, further comprising:

— receiving by the first electric circuit external to the human body wirelessly transmitted

feedback information from the receiver internal to the human body, the wireless

feedback information being related td the level of the power of the transmitted wireless

energy as received by the receiver, and

— varying the first and second time intervals to vary the transmitted wireless energy in

response to said feedback information.

78.

The method according to claim 1, wherein
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- in the powering step, the electrical puises have a substantially constant frequency

and a substantially constant amplitude, and
— in the varying step, the width of the electrical pulses are varied.
79. " The method according to claim 78, further comprising the steps of:

— receiving by the first electric circuit external to the human body wirelessly transmitted
feedback information from the receiver internal to the human body, the wireless
feedback information being related to the level of the power of the transmitted wireless

energy as received by the receiver, and

— varying the width of the electrical pulses to vary the transmitted wireless energy in

response to said feedback information.

80. The method according to claim 1, wherein, in the step of receiving, the
transmitted wireless energy is received by a second electric circuit having a second time
constant, the transmitted wireless energy received as received pulses having leading

and trailing edges,

- by said varying of the first time intervals and/or of the second time intervals, the
iength of third time intervals between successive leading and trailing edges and/or of
fourth time intervals between successive trailing and leading edges, respectively, of the

received pulses being varied,

— the varying of the lengths of the third and/or of the fourth time intervals being only in
the range of the second time constant, so that when the lengths of the first and/or
second time intervals are varied, the received energy are varied.

81. The method accordi'ng to claim 80, wherein the varying of the lengths of the
third and/or of the fourth time intervals is only within a range that includes the second
time constant or that is located relatively close to the second time constant, compared to

the magnitude of the second time constant.

82. The method according to claim 1, wherein, in the step of receiving, the
transmitted wireless energy is received by a second electric circuit having a second time

constant, as received'pulses having leading and trailing edges,
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— by said varying of the first-time intervals and/or of the second time intervals, the
length of third time intervals between successive leading and trailing edges and/or of
fourth time intervals between successive trailing and ieading edges, respectively, of the
received pulses being varied, so that

— for third and fourth time intervals of the received pulses having lengths that are
relatively long compared to second time constant, the received pulses have third
heights, amplitudes or intensities,

— for third time intervals having lengths that are relatively long compared to the second
time constant and fourth time intervals having adapted lengths shorter than the lengths
of the third time intervals, in particular adapted lengths that are in the range of,
particularly are in the magnitude of order of or are shorter than,-the second time
constant, ‘

— for fourth time intervals having Iengtﬁs that are relatively long compared to the second

time constant and third time intervals having adapted lengths shorter than the lengths of

the fourth time intervals, in particular adapted lengths that are in the range of,
particularly are in the magnitude of order of or are shorter than, the second time

constant, or

— for third and fourth time intervals both having adapted lengths, in particular adapted
lengths that are in the range of, particularly are in the magnitude of order of or are
shorter than, the second time constant,

— the received pulses having fourth heights, amplitudés or intensities different from the

third heights, amplitudes or intensities,

— whereby, by the varying of the lengths of the third and/or of second time intervals in
the range from lengths relatively long compared to the second time constant to shorter

lengths, a varying power is received.

83. The method according to claim 82, wherein smaller lengths of the third time

intervals give a lower transmitted power.
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84. The method according to claim 82, wherein greater lengths of the fourth time
intervals give a lower transmitted power.
85. The method according to claim 1, wherein in the step of receiving, the

transmitted wireless energy is received by a second coil included in a second electric

circuit in the receiver.

86. An apparatus for wirelessly transmitting energy into a human body including
— a first coil placed externally to the human body,
— a receiver placed internally in the human body,

— a first electric circuit c_onnected to power the first coil with electrical pulses to transmit
the wireless energy, the electrical pulses having leading and trailing edges, the first
electric circuit adapted to vary first time intervals between successive leading and trailing
edges and/or second time intervals between successive trailing and leading edges of
the electrical pulses to vary the power of the transmitted wireless energy, the receiver
receiving the transmitted wireless energy having a varied power.

87. The apparatus of claim 86, wherein the first electric circuit and the first coil
are adapted to transmit the wireless energy is in a substantially purely inductive way

from the first coil to the receiver.

88. The apparatus of claim 86, wherein the first electric circuit is adapted to

provide the electrical pulses as voltage pulses.

89. The apparatus of claim 86, wherein the first electric circuit is adapted to
provide the electrical pulses as pulses having a substantially constant height, amplitude

or intensity.

90. The apparatus of claim 86, wherein the first electric circuit is adapted to

provide the electrical pulses as pulses having a substantially constant frequency.

91. The apparatus of claim 86, wherein the first electric circuit is adapted to vary
the first and second time intervals for the electrical voltage pulses, the voltage over the
first coil inducing pulses in the receiver, the induced pulses carrying energy transferred

to the receiver.



10

15

20

25

WO 2009/070086 PCT/SE2008/000665
64

92. . The apparatus of claim 86, wherein
— the first electric circuit has a time constant, and

— the first electric circuit is adapted to vary the first and second time intervals only in the

‘range of the first time constant, so that when the lengths of the first and/or second time

intervals are varied, the transmitted power over the first coil are varied.

g3. The apparatus of claim 92, wherein the first electric circuit is adapted to
provide the electrical pulses varying the lengths of the first and/or the second time
intervals only within a range that includes the first time constant or that is located
relatively close to the first time constant, compared: to the magnitude of the first time

constant.

94, The apparatus of claim 92, wherein the first electric circuit is adapted to
provide the electrical pulses so that when the lengths of the first time intervals are

reduced, the transmitted power over the first coil is reduced.

95. The apparatus of claim 92, wherein the first electric circuit is adapted to
provide the electrical pulses so that when the lengths of the second time intervals are

reduced, the resulting voltage over the first coil is increased.

96. The apparatus of claim 86, wherein
— the first electric circuit has a time constant, and

— the first electric circuit is adapted to provide the electrical pulses varying the first and
second time intervals to have lengths in the range of, in particular lengths that are in the
magnitude of order of or are shorter than, the first time constant, and the relationship or
proportion between the lengths of the first and second time intervals is varied, whereby,

by the varying, a varying power is transmitted.

97. The apparatus of claim 96, wherein the first electric circuit is adapted to
provide the electrical pulses so that said relationship or proportion is varied according fo

a sinusoidal..
98. ~ The apparatus of claim 86, wherein

— the first electric circuit has a time constant, and
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— the first electric circuit is adapted to provide the electrical pulses so that the lengths of
both the first and second time intervals are in the range of the first time constant, one of
the first and second time intervals having a constant length and the lengths of the other

one of the first and second time intervals being varied.

99. The apparatus of claim 98, wherein the first electric circuit is adapted to
provide the electrical pulses so that the lengths of said other one of the first and second
time intervals are longer than the constant length of said one of the first and second time

intervals.

100. The apparatus of claim 98, wherein the first electric circuit is adapted to
provide the electrical pulses so that the lengths of said other one of the first and second

time intervals are varied according to a sinusoidal.

101. The apparatus of claim 86, wherein

- the first electric circuit has a time constant, and

— the first electric circuit is adapted to provide the electrical pulses so that

— for first and second time intervals having lengths that are relatively long compared to

the first time constant, and

— for first time intervals having lengths that are relatively long compared to the first time
constant and second time intervals having adapted lengths shorter than the lengths of
the first time intervals, in particular adapted lengths that are in the range of, particularly

are in the magnitude of order of or are shorter than, the first time constant,

- for second time intervals having lengths that are relatively long compared to the first
time constant and first time intervals having adapted lengths shorter than the lengths of
the first time intervals, in particular adapted lengths that are in the range of, particularly

are in the magnitude of order of or are shorter than, the first time constant, or

— for first and secohd time intervals both having adapted lengths, in particular adapted

lengths that are in the range of, particularly are in the magnitude of order of or are

shorter than, the first time constant,
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— by varying the lengths of the first and/or second time intervals in the range from
lengths relatively long compared to said time constant to shorter lengths, a varying

power is transmitted.

102. The apparatus of claim 101, wherein the first electric circuit is adapted to
provide the electrical pulses so that shorter lengths of the first time intervals give a lower

transmitted power.

103. The apparatus of claim 101, wherein the first électric circuit is adapted to
provide the electrical pulses so that greater lengths of the second time intervals give a

lower transmitted power.
104. The apparatus of claim 86, wherein

— the first electric circuit includes a receiving portion or receiving terminal for receiving
feedback information transmitted from the receiver, the wireless feedback information
related to the level of the power of the transmitted wireless energy as received by the

receiver, and

— the first electric circuit is adapted to vary the first and second time intervals to vary the

transmitted power in response to said feedback information.
105. The apparatus of claim 86, wherein the first electric circuit

— is adapted to power the first coil with electrical pulses having a substantially constant

frequency and a substantially constant amplitude, and

- — is adapted to vary the width of the electrical pulses.

106.  The apparatus of claim 105, wherein

— the first electric circuit includes a receiving portion or receiving terminal for receiving
feedback information transmitted from the receiver, the wireless feedback information
related to the level of the power of the transmitted wireless energy as received by the

receiver, and

— the first electric circuit is adapted to vary the lengths of the first and second time

intervals to vary the transmitted power in response to said feedback information.
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107.  The apparatus of claim 86, wherein the receiver includes a second electric
circuit having a second time constant, the second electric circuit receiving the
transmitted wireless energy as received pulses having leading and trailing edges, the

second electric circuit and the second time constant adapted so that

— by the first electric circuit varying the first time intervals and/or the second time
intervals, the length of third time intervals between successive leading and trailing edges
and/or of fourth time intervals between successive trailing and leading edges,

respectively, of the received pulses is varied, and

— the varying of the lengths of the third and/or of the fourth time intervals is only in the
range of the second time constant, so that when the lengths of the first and/or second
time intervals are varied, the heights, amplitudes or intensities of the received pulses are

varied.

108. The apparatus of claim 107, wherein the first and second electric circuits and
the second time constant are adapted so that the varying of the lengths of the third
and/or of the fourth time intervals is only within a range that includes the second time
constant or that is located relatively close to the second time constant, compared to the

magnitude of the second time constant.

109. “The apparatus of claim 86, wherein the receiver includes a second electric
circuit having a second time constant, the second electric circuit recéiving the
transmitted wireless energy as received pulses having leading and trailing edges, the
second electric circuit and the second time constant adapted so that by the first electric
varying the first time intervals and/or the second time intervals, the length of third time .
intervals between successive leading and trailing edges and/or of fourth time intervals
between successive trailing and leading edges, respectively, of the received pulses is

varied, so that

— for third and fourth time intervals of the received pulses having lengths that are
relatively long compared to second time constant, the received pulses have third

heights, amplitudes or intensities,
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— for third time intervals having lengths that are relatively long compared to the sebond
time constant and fourth time intervals having adapted lengths shorter than the lengths
of the third time intervals, in particular adapted lengths that are in the range of,
particularly are in the magnitude of order of or are shorter than, the second time

constant,

— for fourth time intervals having lengths that aré relatively long compared to the second

" time constant and third time intervals having adapted lengths shorter than the lengths of

the fourth time intervals, in particular adapted lengths that are in the range of,
particularly are in the magnitude of order of or are shorter than, the second time

constant, or

- for third and fourth time intervals both having adapted lengths, in particular adapted
lengths that are in the range of, particularly are in the magnitude of order of or are

shorter than, the second time constant,

— the received pulses have fourth heights, amplitudes or intensities different from the

third heights, amplitudes or intensities,

— whereby, by the varying of the lengths of the third and/or of second time intervals in
the range from lengths relatively long compared to the second time constant to shorter

lengths, a varying power is received by the receiver.

110. The apparatus of claim 109, wherein the second electric circuit and the
second time constant are adapted so that shorter lengths of the third time intervals give

a lower transmitted power.

111. The apparatus of claim 109, wherein the second electric circuit and the
second time constant are adapted so that greater lengths of the fourth time intervals

give a lower transmitted power.

112. The apparatus of claim 86, wherein the receiver includes a second electric

circuit, the second electric circuit comprising a second coil receiving the transmitted

~wireless energy.
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113. A method of transmitting wireless energy from a first electric circuit having a
first time constant and placed externally to a human body to a receiver, placed internally

in the human body, the method comprising:

- producing in the first electric circuit electrical pulses to transmit the wireless energy,

the electrical pulses having leading and trailing edges,

- varying the lengths of first time intervals between successive leading and trailing
edges and/or the lengths of second time intervals between successive trailing and
leading edges of the electrical pulses only in the range of the first time constant, so that
when the lengths of the first and/or second time intervals are varied,‘the transmitted -

wireless energy are varied, and
— receiving by the receiver the transmitted wireless energy having a varied power.
114. An apparatus for wirelessly transmitting energy into a human body including

— a first electric circuit having a first time constant and placed externally to the human

body, and
— a receiver placed internally in the human body,

— the first electric circuit provided to produce electrical puises to transmit the wireless

energy, the electrical pulses having leading and trailing edges,

— the first electric circuit adapted to vary the lengths of first time intervals between
successive leading and trailing edges and/or the lengths of second time intervals
between successive trailing and leading edges of the electricél pulses only in the range
of the first time constant, so that when the lengths of the first and/or second time

intervals are varied, the transmitted wireless energy are varied, and

— the receiver adapted to receive the resulting pulses holding the transmitted wireless

energy having a varied power.

115. A method of transmitting wireless energy from a first electric circuit placed
externally to a human body to a receiver, placed internally in the human body, the

method comprising:
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- producing in the first electric circuit electrical pulses to transmit the wireless energy,

the electrical pulses having leading and trailing edges,

— varying the lengths of first time intervals between successive leading and trailing
edges and/or the lengths of second time intervals between successive trailing and
leading edges of the electrical pulses to vary the transmitted wireless energy, and

— receiving the transmitted wireless energy by a second electric circuit included in the

receiver, the second electric circuit having a second time constant,

— by said varying of the first time intervals and/or of the second time intervals, the
length of third time intervals between successive leading and trailing edges and/or of
fourth time intervals between successive trailing and leading edges, respectively, of the

received pulses being varied,

- the varying of the lengths of the third and/or of the fourth time intervals being only in
the range of the second time constant, so that when the lengths of the first and/or

second time intervals are varied, the received energy are varied.
116. An apparatus for wirelessl;} transmitting energy into a human body including
- a first electric circuit placed externally to the human body, and

- a receiver placed internally in the human body, the receiver including a second

electric circuit having a second time constant,

— the first electric circuit provided to produce electrical pulses to transmit the wireless

energy, the electrical pulses having leading and trailing edges,

— the first electric circuit adapted to vary the lengths of first time intervals between
successive leading and trailing edges and/or the iengths of second time intervals
between successive trailing and leading edges of the electrical pulses to produce

varying transmitted wireless energy,
— the second electric circuit receiving the transmitted wireless energy,

— the first and second electric circuit and the second time constant adapted so that
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— by said varying of the first time intervals and/or of the second time intervals, the
length of third time intervals between successive leading and trailing edges and/or of
fourth time intervals between successive trailing and leading edges, respectively, of the

received pulses are varied, and

— the varying of the lengths of the third and/or of the fourth time intervals are only in the
range of the second time constant, so that when the lengths of the first and/or second

time intervals are varied, the received energy are varied.

117. A method of transmitting wireless energy from a first electric circuit having a
first time constant and placed externally to a human body to a receiver, placed internally

in the human body, the method comprising:

— producing in the first electric circuit electrical pulses to transmit the wireless energy,
— varying the fifst time constant to vary the transmitted wireless energy, and

— receiving by the receiver the transmitted wireless energy having a varied power.
118. An apparatus for wirelessly transmitting energy into a human body including

— a first electric circuit having a first time constant and placed externally to the human

body, and
- a receiver placed internally in the human body,

— the first electric circuit provided to produce electrical pulses to transmit the wireless

energy,

— the first electric circuit including a first time constant control device adapted to vary

the first time constant to vary the transmitted wireless energy, and

- the receiver adapted to receive the transmitted wireless energy having a varied

power.

119. A method of transmitting wireless energy from a first electric circuit and
placed externally to a human body to a receiver, placed internally in the human body,

the method comprising:

- producing in the first electric circuit electrical pulses to transmit the wireless energy,
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- receiving as received pulses the transmitted wireless energy having a varied power

by a second electric circuit having a second time constant and included in the receiver,

- varying the second time constant to make the received transmitted wireless energy

varied.
120. An apparatus for wirelessly transmitting energy into a human body including
- a first electric circuit and placed externally to the human body, and

— areceiver placed internally in the human body,

- — the first electric circuit provided to produce electrical pulses to transmit the wireless

energy,

— the receiver including a second electric circuit adapted to receive the transmitted
wireless energy as received pulses, the second electric circuit having a second time

constant,

— the second electric circuit inciuding a second time constant control device adapted to

vary the second time constant to make the received wireless energy varied.

121. The method according to claim 1, comprising a medical device, using the
wireless energy for controlling a flow of fluid and/or other bodily matter in a lumen

formed by a tissue wall of a patient’s organ, the method comprising:

— gently constricting at least one portion of the tissue wall to influence the flow in the

lumen, and

— stimulating the constricted wall portion to cause contraction of the wall portion to

further influence the flow in the lumen.

122. The apparatus according to claim 1, comprising a medical device adapted to
control a flow of fluid and/or other bodily matter in a lumen formed by a tissue wall of a

patient's organ, the apparatus comprising:

- an implantable constriction device for gently constricting at least one portion of the

tissue wall to influence the flow in the lumen,

— a stimulation device for stimulating the wall portion of the tissue wall, and
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- a control device for controlling said stimulation device to stimulate the wall portion, as -

said constriction device constricts the wall portion, to cause contraction of the wall

. portion to further influence the flow in the lumen.

123. An apparatus adapted to transmit wireless energy from an external energy
transmitting device placed externally to a human body to an internal energy receiver

placed internally in the human body, the apparatus comprising,

a first electric circuit to supply electrical pulses to the external transmitting device, said
electrical pulses having leading and trailing edges, said transmitting device adapted to

supply wireless energy, wherein

the electrical circuit being adapted to vary the lengths of first time intervals between
successive leading and trailing edges of the electrical pulses and/or the lengths of
second time intervals between successive trailing and leading edges of the electrical

pulses, and wherein

the transmitted wireless energy, generated from the electrical pulses having a varied
power, the power depending on the lengths of the first and/or second time intervals.

124. The apparatus of claim 123, wherein the electrical circuit is adapted to keep
the frequency of the electrical pulses substantial constant when the first and/or second

time intervals are varied.

125. The apparatus of claim 123, wherein when applying electrical pulses, the
electrical pulses remain unchanged, except for varying the first and/or second time
intervals.

126. The apparatus of claim 123, wherein the electrical circuit is adapted to keep
the amplitude of the electrical pulses substantial constant when the first and/or second

time intervals are varied.

127. The apparatus of claim 123, further adapted to, whén applying electrical
pulses, the electrical pulses are varied by only varying the lengths of first time intervals,
between successive leading and trailing edges of the electrical pulses.

128. The apparatus of claim 123, further adapted to:



10

15

20

25

WO 2009/070086 PCT/SE2008/000665

74

- supply a train of two or more electrical pulses in a row, wherein when applying the train
of pulses, said train having a first electrical pulse at the start of the pulse train and
having a second electrical pulse at the end of the pulse train, and

- supply two or more pulse trains in a row, wherein the lengths of the second time
intervals between successive trailing edge of the second electrical pulse in a first pulse
train and leading edge of the first electrical pulse of a second pulse train are varied.

129. The apparatus of claim 123, wherein the electrical pulses have a substantially

constant current and a constant voltage.

130. The apparatus of claim 127 or 128, wherein the electrical pulses have a
substantially constant current and a constant voltage.

131. The apparafus of claim 123, wherein in the step of applying electrical pulses,

the electrical pulses have a substantially constant frequency.

132. The apparatus of claim 127, wherein the electrical pulses have a substantially

constant frequency.

133. The apparatus of claim 128, wherein the electrical pulses within the pulse

trains have a substantially constant frequency.

134. The apparatus of claim 127 or 128, adapted to, when applying electrical
pulses to the external energy transmitting device, the electrical pulses cause a
electromagnetic field over the external energy transmitting device, the electromagnetic

field being varied by the varying of said first and second time intervals, and

— adapted to induce by the electromagnetic field electrical pulses in a receiver, the

induced pulses carrying energy transmitted to the receiver.

135. The apparatus of claim 134, further adapted to transmit the wireless energy in

a substantially purely inductive way from the external energy source to the receiver.

136. The apparatus of claim 127 or 128, further adapted to release the electrical
pulses from the first electrical circuit with such a frequency and/or time period between
leading edges of the consecutive pulses, so that when the lengths of the first and/or

second time intervals are varied, the resulting transmitted energy are varied.
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137. The apparatus of claim 136, wherein the electrical pulses have a substantially
constant frequency.
138. The apparatus of claim 127 or 128, wherein the circuit formed by the first

electric circuit and the external energy transmitting device has a first characteristic time
period or first time constant, and adapted to effectively vary the transmitted energy, such
frequency time period is in the range of the first characteristic time period or time

constant or shorter.

139. The apparatus of claim 138, wherein the lengths of the first and/or the second
time intervals are varied only within a range that includes the first characteristic time
period or the first time constant or that is located relatively close to the first characteristic

time period or the first time constant, compared to the magnitude of the first -

characteristic time period or the first time constant.

140. The apparatus of claim 138, wherein the apparatus is adapted to when the
lengths of the first time intervals are reduced, reduce the energy transmission over the

first coil.

141. The apparatus of claim 138, wherein, when the lengths of the second time

intervals are reduced, the resulting energy transmission over the first coil is increased.

142. The apparatus of claim 127, for controlling transmission of wireless energy
supplied to an electrically operable medical device when implanted in a patient, the
apparatus being adapted to transmit said wireless energy from an external energy
source located outside the patient, which is received by an internal_energy receiver

located inside the patient,

the internal energy receiver being connected to the medical device for directly or

indirectly supplying received energy thereto, the apparatus being further adapted to:

— determine an energy balance between the energy received by the internal energy

receiver and the energy used for the medlcal device, and

— control the transmission of wireless energy from the external energy transmitting

device, based on the determined energy balance,
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— have varied power depending on the lengths of the first and/or second time intervals.

143. The apparatus according to claim 142, further adapted to transmit the
wireless energy inductively from a primary coil in the external energy transmitting device
to a secondary coil in the internal energy receiver.

144. The apparatus according to claim 142, further adapted to detect a change in
said energy balance, and control the transmission of wireless energy based on said
detected energy balance change.

145. The.apparatus acco}ding to claim 142, further adapted to detect a difference
between energy received by said internal energy receiver and energy used for the
medical device, and the transmission of wireless energy is controlled based on said-
detected energy difference.

146. The apparatus according to claim 144, further adapted to decrease the
amount of transmitted wireless energy if the detected energy balance change implies
that the energy balance is increasing, or vice versa.

147. The apparatus according to claim 146, wherein the decrease/increase of

energy transmission corresponds to a detected change rate.

148. The apparatus according to claim 145, further adapted to decrease the
amount of transmitted wireless energy if the detected energy difference implies that-the
received energy is greater than the used enérgy, or vice versa.

149. The apparatus according to claim 148, wherein the decrease/increase of
energy transmission corresponds to the magnitude of said detected energy difference.

150. The apparatus of claim 128, for controlling transmission of wireless energy
supplied to an electrically operable medical device when implanted in a patient, the
apparatus being adapted to transmit said wireless energy from an external energy
source located outside the patient, which is received by an internal energy receiver

located inside the patient,

the internal energy receiver being connected to the medical device for directly or

indirectly supplying received energy thereto, the apparatus being further adapted to:
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— determine an energy balance between the energy received by the internal energy

receiver and the energy used for the medical device, and

— control the transmission of wireless energy from the external energy transmitting

device, based on the determined energy balance,
— have varied power depending on the lengths of the first and/or second time intervals.

151. The épparatus according to claim 150, further adapted to transmit the
wireless energy inductively from a primary coil in the external energy transmitting device
to a secondary coil in the internal energy receiver.

152. The apparatus according to claim 150, further adapted to detect a change in
said energy balahce, and control the transmission of wireless energy based on said
detected energy balance change.

153. The apparatus according to claim 150, further adapted to detect a difference
between energy received by said internal energy receiver and energy used for the
medical device, and the transmission of wireless energy is controlled based on said
detected energy difference.

154. The apparatus according to claim 152, further adapted to decrease the
amount of transmitted wireless energy if the detected energy balance change implies
that the energy balance is increasing, or vice versa.

1565. The apparatus according to claim 154, wherein the decrease/increase of

energy transmission corresponds to a detected change rate.

156. The apparatus according to claim 153, further adapted to decrease the
amount of transmitted wireless energy if the detected energy difference implies that the

received energy is greater than the used energy, or vice versa.

157. The apparétus according to claim 156, wherein the decreasefincrease of

energy transmission corresponds to the magnitude of said detected energy difference.

1568. The apparatus according to anyone of claims 144 or 145 or 152 or 153,

further 'adapt'ed to consume the energy used for the medical device to operéte the
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»
medical device, and/or store the energy in at least one energy storage device of the

medical device.

159. The apparatus according to claim 158, further adapted to consume

substantially all energy used for the medical device to operate the medical device.

160. The apparatus according to claim 159, further adapted to consume the

energy after being stabilized in at least one energy stabilizing unit of the medical device.

161. The apparatus according to claim 158, further adapted to store substantially

all energy used for the medical device in said at least one energy storage device.

162. The apparatus according to claim 158, further adapted to partly consume the
enérgy used for the medical device to operate the medical device and partly store the

energy in said at least one energy stdrage device.

163. The apparatus according to claim 158, further comprising a capacitor for
stabilizing the energy received by the internal energy receiver, before the energy is
supplied directly or indirectly to the medical device.

164. The apparatus according to claim 158, further adapted to directly or indirectly
measure over time the difference between the total amount of energy received by the
internal energy receiver and the total amount of consumed and/or stored energy, and
determine the energy balance based on a detected change in said total amount

difference.

165. The apparatus according to claim 158, further adapted to accumulate and
stabilize the energy received by the internal energy receiver in an energy stabilizing unit, -

before the energy is supplied to the medical device.

166. The apparatus according to claim 165, further adapted to determine the

energy balance based on a detected change followed over time in the amount of

“consumed and/or stored energy.

167. The apparatus according to claim 166, further adapted to detect the change
in the amount of consumed and/or stored energy by determining over time the derivative
of a measured electrical parameter related to said amount of consumed and/or stored

energy, the derivative at a first given moment corresponding to the rate of the change at
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the first given moment, wherein the rate of change includes the direction and speed of
the change.

168. The apparatus according to claim 167, further adapted to determine said
derivative based on a detected rate of change of the electrical parameter.

169. The apparatus according to claim 158, further adapted to supply the energy
received by the internal energy receiver to the medical device with at least one constant
voltage, wherein the constant voltage is created by a constant voltage circuitry.

170. The apparatus according to claim 169, further adapted to supply the energy

with at least two different voltages, including the at least one constant voltage.

171. The apparatus according to claim 158, furthér adapted to supply the energy -
received by the internal energy receiver to the medical device with at ieast one constant

current, wherein the constant current is created by a constant current circuitry.

172. The apparatus according to claim 171, further adapted to supply the energy
with at least two different currents including said at least one constant current.

173. The apparatus according to claim 158, further adapted to determine the
energy balance based on a detected difference between the total amount of energy
received by the internal energy receiver and the total amount of consumed and/or étored
energy, said detected difference being related to the integral over time of at least one

measured electrical parameter related to said energy balance.

174. The apparatus according to claim 173, further adapted to plot values of said
electrical parameter over time as a graph in a parameter-time diagram, and determine
said integral from the size of the area beneath the plotted graph.

175. The apparatus according to claim 173, wherein said integral of the electrical
parameter relates to the energy balance as an accumulated difference between the total
amount of energy received by said internal energy receiver and the total amount of

consumed and/or stored energy.

176. The apparatué according to claim 167, wherein the energy storage device

includes at least one of: rechargeable battery, an accumulator or a capacitor.
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177. The apparatus according to claim 165, wherein said stabilizing unit includes
at least one of: an accumulator, a capacitor or a semiconductor adapted to stabilize the

received energy.

178. The apparatus according to claim 158, further adapted to accumulate and

stabilize the energy received by said internal energy receiver in an energy stabilizing unit -

" before supplying energy to the medicai device and/or energy storage device, and supply

the energy to the medical device and/or energy storage device with at least one
constant voltage, as maintained by a constant voltage circuitry.

179. . The apparatus according to claim 158, adapted to supply the medical device
and energy storage device with at ieast two different voltages, wherein at least one

voltage is constant, maintained by said constant voltage circuitry.

180. The apparatus acéording to claim 158, comprising a stabilizing unit, wherein
energy received by said internal energy receiver is accumulated and stabilized in said
stabilizing unit before supplying energy to the medical device and/or energy storage
device, wherein energy is supplied to the medical device and/or energy storage device
with at least one constant current, as maintained by a constant current circuitry.

181. The apparatus according to claim 160, adapted to supply the medical device
and energy storage device with at least two different currents wherein at least one

current is constant, maintained by said constant current circuitry

182. The apparatus according to claim 158, adapted to determine electrical and/or
physical parameters of the ‘medical device and/or physical parameters of the patient,

and the energy is stored in the energy storage device with a storing rate which is

‘determined based on said parameters.

183. The apparatus according to claim 158, the energy storage device compnsnng

a first storage unlt and a second storage device, is adapted to:

- store the energy received by the internal energy receiver in the first storage device,

and

— supply the energy from the first storage device to the second storage device at alater

stage.
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184. The apparatus according to claim 183, wherein the first storage device is
adapted to be charged at a higher energy rate than the second energy storage device

enabling a faster charging.

185. The apparatus according to claim 184, wherein the first storage device is
adapted to be able to charge more often, having a larger life-time in terms of charging

events.

186. The apparatus according to claim 184, wherein the first energy storage

device comprising one or more capacitor(s).

187. The apparatus of claim 127, adapted to when receiving the transmitted
wireless energy to a second eleciric circuit, the transmitted wireless energy received as

received pulses having leading and trailing edges, said apparatus being adapted to:

- by said varying of the first time intervals, the length of third time intervals between

successive leading and trailing edges, of the received pulses being varied,

— the varying of the lengths of the third time intervals causing, the received energy

being varied.

188. The apparatus of claim 128, wherein the receiver includes a second electric
circuit, the second electric circuit receiving the transmitted wireless energy as received

pulse trains having trailing and leading edges, the second electric circuit adapted so that

— by the first electric circuit varying the second time intervals, the length of fourth time
intervals between successive trailing and leading edges, of the received pulse trains

being varied, and

- the varying of the lengths of the fourth time intervals causing, the received energy

being varied.

189. The apparatus ‘according to claim 122, wherein said constriction device is
adapted to constrict the wall portion to a constricted state in which the blood circulation .
in the constricted wall portion is substantialiy unrestricted and the flow in the lumen is at

least restricted, and said control device controls said stimulation device'to cause
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contraction of the wall portion, so that the flow in the lumen is at least further restricted

when the wall portion is kept by said constriction device in the constricted state.

190. The apparatus acéording to claim 122, wherein said control device controls
said constriction device to adjust the constriction of the patient’s wall portion.

191. - The apparatus according to claim 190, wherein said control device controls
said constriction and stimulation devices independently of each other.

192. The apparatus according to claim 191, wherein said control device

simultaneously controls said constriction device and said stimulation device.

193. The apparatus according to claim 191, wherein said control device is adapted
to calibrate said constriction device by controlling said stimulation device to stimulate the
wall portion while controlling said constriction device to adjust the constriction of the wall

portion until the desired restriction of the flow in the lumen is obtained.

194. The apparatus according to claim 190, wherein said control device controls
said stimulation device to adjust the intensity of the stimulation of the wall portion in

response to a sensed physical parameter of the patient.

195. The apparatus according to claim 190, wherein said control device controls
said stimulation device to adjust the intensity of the stimulation of the wall portion in
response to a sensed functional parameter of the apparatus.

196. The apparatus according to claim 194, wherein said control device controls
said stimulation device to increase the intensity of the stimulation of the wall portion,
such that the flow in the lumen remains stopped when a pressure increase occurs in the

lumen.

197. The apparatus according to claim 122, wherein said control device controls
said constriction device and/or said stimulation device from outside the patient’'s body.

198. The apparatus according to claim 197, wherein said control device is

operable by the patient.

199. The apparatus according to claim 198, wherein said control device comprises -
a manually operable switch for switching on and off said constriction device and/or
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stimulation device, said switch being adapted for subcutaneous implantation in the

patient to be manually operated from outside the patient’s body.

200. The apparatus according to claim 198, wherein said control device comprises
a hand-held wireless remote control operable by the patient to control said constriction

device and/or stimulation device.

201. The apparatus according to claim 122, wherein said control device controls
said stimulation device to stimulate one or more different areas of the wall portion at a

time.

202. The apparatus according to claim 201, wherein said control device controls
said stimulation device to shift.over time the stimulation from one area to another.

203. The apparatus according to claim 202, wherein said control device controls
said stimulation device to cyclically propagate the stimulation of the areas along the wall

portion in the same or opposite direction of the flow in the patient’s lumen.
204. The method according to claim 121, wherein said constriction device is

— constricting the wall portion to a constricted state in which the blood circulation in the
constricted wall portion is substantially unrestricted and the flow in the lumen is at least

restricted, and said control device

— controlling said stimulation device to cause contraction of the wall portion, so that the
flow in the lumen is at least further restricted when the wall portion is kept by said

constriction device in the constricted state.

205. The method accofding to claim 121, wherein said control device is

- controlling said constriction device to adjust the constriction of the patient's wall

portion.

206. - The method according to claim 205, wherein said control device is controlling

said constriction and stimulation devices independently of each other.

207. The method according to claim 206, wherein said control device

simultaneously is controlling said constriction device and said stimulation device.
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208. ‘The method according to claim 206, wherein said control device is calibrating
said constriction device by controlling said stimulation device to stimulate the wall
portion while controlling said constriction device, adjusting the constriction of the wall
portion until the desired restriction of the flow in the lumen is obtained.

209. The method according to claim 205, wherein said control device is controlling
said stimulation device, adjusting the intensity of the stimulation of the wall portion in

response to a sensed physical parameter of the patient.

210. The method according to claim 205, wherein said control device is controlling
said stimulation device, adjusting the intensity of the stimulation of the wall portion in
response to a sensed functional parameter of the apparatus.

211. The method according to claim 209, wherein said control device is controlling
said stimulation device, increasing the intensity of the stimulation of the wall portion,
such that the flow in the lumen remains stopped when a pressure increase occurs in the

lumen.

212. The method according to claim 121, wherein said control device is controlling

said constriction device and/or said stimulation device from outside the patient’s body.

213. The method according to claim 212, wherein said control device is operated

by the patient.

214. The method according to claim 213, wherein said control device comprises a
manually operable switch for switching on and off said constriction device and/or
stimulation device, said switch being adapted for subcutaneous implantation in the

patient to be manually opérated from outside the patient’s body.

215. The method according to claim 213, wherein said control device comprises a
hand-held wireless remote control operated by the patient, controlling said constriction

device and/or stimulation device. -

216. The method according to claim 121, wherein said control device controls said

stimulation device, stimulating one or more different areas of the wall portion at a time.

217. The method according to claim 216, wherein said control device controls said

stimulation device, shifting over time the stimulation from one area to another.
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218. The method according to claim 217, wherein said control device controls said
stimulation device to cyclically propagating the stimulation of the areas along the wall
portion in the same or opposite direction of the flow in the patient’s lumen.

219. An apparatus of transmitting wireless energy from a first electric circuit placed
externally to a human body to a receiver, placed internally in the human body, the

apparatus adapted to:

— produce in the first electric circuit electrical pulses to transmit the wireless energy, the

electrical pulses having leading and trailing edges,

— vary the lengths of first time intervals between successive leading and trailing edges

of the electrical pulses to vary the transmitted wireless energy, and

— receive the transmitted wireless energy by a second electric circuit included in the

receiver,

— by said varying of the first time intervals, the length of third time intervals between

successive leading and trailing edges, of the received pulses being varied,

— the varying of the lengths of the third time intervals when the lengths of the first time

intervals are varied, the received energy being varied.

220. The method according to claim 20, wherein the medical device is an
apparatus for controlling a flow of fluid and/or other bodily matter in a lumen formed by a

tissue wall of a patient's organ, the apparatus comprising:

- an implantable constriction device for gently constricting at least one portion of the

tissue wall to influence the flow in the lumen,
- a stimulation device for stirﬁulating the wall portion of the tissue wall, and

— a control device for controlling said stimulation device to stimulate the wall portion, as -
said constriction device constricts the wall portion, to cause contraction of the wall

portion to further influence the flow in the lumen.

221.  The method according to claim 28, wherein the medical device is an
apparatus for controlling a flow of fluid and/or other bodily matterin a lumen formed-by a

tissue wall of a patient's organ, the apparatus comprising:
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— an implantable constriction device for gently conétricting at least one portion of the

tissue wall to influence the flow in the lumen,
— a stimulation device for stimulating the wall por_‘tioh of the tissue wall, and

— a control device for controlling said stimulation device to stimulate the wall portion, as -
said constriction device constricts the wall porﬁon, to cause contraction of the wall
portion to further influence the flow in the lumen.

222. The method according to claim 121, wherein the medical device is an
apparatus for controlling a flow of fluid and/or other bodily matter in a lumen formed by a

-tissue wall of a patient's organ, the apparatus comprising:

— an implantable constriétion device for gently constficting at least one portion of the

tissue wall to influence the flow in the lumen,
— a stimulation device for stimulating the wall portion of the tissue wall, and

— a control device for controlling said stimulation device to stimulate the wall portion, as
said constriction device constricts the wall portion, to cause contraction of the wall
portion to further influence the flow in the lumen.

- 223. The method according to claim 122, wherein the medical device is an

apparatus for controlling a flow of fluid and/or other bodily matter in a lumen formed by a

tissue wall of a patient's organ, the apparatus comprising:

- an implantable constriction device for gently constricting at least one bortion ‘of the

tissue wall to influence the flow in the lumen,
— a stimulation device for stimulating the wall portion of the tissue wall, and

a control device for controliing said stimulation device to stimulate the wall portion, as
said constriction device constricts the wall portion, to cause contraction of the wall
portion to further influence the flow in the lumen.



WO 2009/070086 PCT/SE2008/000665
100
1
1106
)
-~
108
Fig.2
202 Int Extv 504
208 \ ‘ \
\ Internal Energy
Stabilising Receive External Energy
Unit Fosmemeens T T Source
: + Constant: :Constant :
l V.ot C
0 I PP S S SR
1 | ]
: : :
: * E Transmission
' .
: T~ Stab111s1ng p : Control Unit
200a, | ¢ . 200 ¢
w ' Unit | ]
: 206

Consuming
Part

|Storage |
Device )
200D

\ 200 Apparatus

SUBSTITUTE SHEET (RULE 26)



WO 2009/070086 PCT/SE2008/000665

2/49
Fig. 3a
304a 304d Human
z body
 First electric i Receiver
i circuit ! B
Pulse Pulse ! Extern. | -=7t-— | Intern.
startand| | i transm. § receiv.
d [19enerator|: _--\C
en | ; element| -2]7 lelement
control | Y
304c 304b 302a 302

SUBSTITUTE SHEET (RULE 26)



WO 2009/070086 PCT/SE2008/000665

3/49
Fig. 3b
404a . 404d Human
z Time constant 1, body
: First electric : Receiver
i circuit i .
Pulse b
Iengt _____ Pulse || Ext. ZZI&:Z Int.
_an generatot(! coil | -1 || coil
interval ; g
control ; ~~4-
. T a?ﬂ T /\ i e /
404c 404b 404 402a 402
Fig. 3c Human 502
body )
Receiver (
Time constant T
Pulse g
transmitter Z::§Zi Int. Receiving
pulselength [ - | |coil circuity
and interval | 2] _
U, T g
/l |
\ \
504 502b 502a

SUBSTITUTE SHEET (RULE 26)



WO 2009/070086 PCT/SE2008/000665

4/49
Fig. 3d
Ti Human
ime constant T, - Ty, Tj body
Pulse <t
Iengt _____ Pulse Extern ZZI§: Pulse
interva element| -]
control L
T and T -
604a 604b 604 604c 602
Fig. 3e Human 702
- body ]
Receiver
Time constant 1 - Ty, T;
Pulse T , o
transmitter, | ---1--|| Intern. Receiving
pulse interval| [=217|| receiv. circuity
LT, T ~-i--||element
/ | /\ |
\ \
704 702b 702a

SUBSTITUTE SHEET (RULE 26)



WO 2009/070086 PCT/SE2008/000665

5/49
Fig. 3f
_ Human
Time constant 1, - T;, T; body
Receiver
Pulse g
Iengt _____ Pulse Extern Z:L
_an generator transm.| 71
interval element| >---
control N
T and T -F
804a 804b 804 804c 802
Fig. 3g Human 702
body /
Receiver

Time constant T, - Ty, T;

Z:EZZ Intern. Receiving
1| receiv. circuity
~~4--||element

/L ) I

\ \

702b 702a

SUBSTITUTE SHEET (RULE 26)




PCT/SE2008/000665

ez06 qz06
\, \
[ 1 _\
IETITETE]
A1NDJD YAEREY
IV INERE}N "UI1u|

6/49

\

\

1
\

1
\

1
\

1
\

1

| I T T NS N O e A |
\

et L4 T 7 T 7

1
\

1
1

1
/)

[
\

>%08 qr06
JUSWIQID
‘wisuell Jojelauab
u191x3 as|nd

L Y S VA VA N VR YU Y W W Y
AV N Y T T W W W W WA Y

L

!
\

eY06

1 pueh
joJu0d
|eAta1Ul
pue
[SIVET
as|nd

'L 11~ 51 3uelsuod swil|

SEVNEREY

WO 2009/070086

06

Apoq
uewnH

bg *014

111> 91 jueisuod swi]

SUBSTITUTE SHEET (RULE 26)



WO 2009/070086 PCT/SE2008/000665

7/49
1004a Fig. 3h
N
, Human
Control of time constant 1, / body
Pulse Extern Ziiij Pulse
generator transm. | -—-{-- | TECEIVEr
element| .-
1004b 1004 1004c 1002
Fig. 3i
Human 1102c 1102
body ) /
Receiver /

Control of time constant T,

Pulse Ziigj Intern. Receiving
transmitter| -= "1 || receiv. circuity
|- ||element
/ 1 /\ |
\ \
1104 1102b 1102a

SUBSTITUTE SHEET (RULE 26)



WO 2009/070086

8/49

Fig.4a

PCT/SE2008/000665

Applied pulses —

t1

t2

Applied pulses

Fig.4b

t1

t2

SUBSTITUTE SHEET (RULE 26)




PCT/SE2008/000665

WO 2009/070086

9/49

o_mw 06€ ]
4 2y S1|OA -
——wW < u_v "
+— \ANA—
y A0l |sy|oA
0y N A 0Ly
WN__ oLy v_wm cEI
| TV < |Auu>
dozz ugL 00l SHOA | OLOGXYIN T~ EAL TAY
indino Gu_.. € XY f 6A X
)
anem a|buen| >—! AN~ Auu> -t A an
ZHI0ST *)0) | .o vsveay T 0% A 7
XLX - 0LOBXVINTN
4!
A LX
xm>W S}OA
t | LA
uol )\
X1D S
3001 8A
x._wm_

eg'b14

SUBSTITUTE SHEET (RULE 26)



PCT/SE2008/000665

WO 2009/070086

indino

Jayldwe HH
annebay A
wez W Joeypeded/[10d pauny
Y, INDJID UOISSIWISURI | dd
nSETLnTLE >0 (peoj Jaylidwy) ]
DT 218 zzA 59 44 33 | DD 99 vY
9LV6.XZ9 : : :
Te | ,
cmmm AL dev | %
o owm__ 9] SHT A < EuH 8A O #AO LA
Z AL +| + o+
< o ]._\_ 14 . <
S | u =55 o2 le | 2T swon ||| 99 =4t
upl nil @9~ nt 61 A/_Z_ /A - Lzy 6EA
9OT O] ™ v Hmx AEI d
1/...8 NS>0 133
ZA 8 [4 N XU IMOLSYE |5 1€LD
. * \<<5I.3mm b u a S cZX _.1_\ —_
indino . mu_ W_ _ A | ov__h
Jayidwe ommmu_m_m_ _M.IBN 9l quXA
SAIMSO 0cX eV A i
1}1s0d =X S MOLSYE
NI = X
€l ] o
nee |
, m._m wm 2l
9LV6/XZ8

d

95614

SUBSTITUTE SHEET (RULE 26)



PCT/SE2008/000665

WO 2009/070086

Indul aAema|buell] ZH) 0SZ SIHOA PZA >—

9LV6/XZ8 INdul-47 S}OA GZA >———
€d T
¥ £
A Al =
ﬂmr.umvw 8Ly S1|OA d/y S1|OA = M
QoL - 4 P oz ZI0T 6A T
614 pe| | OE | >—<_
>—e WVl.A A/ mu_0>
8TA a) So|< a £ZA
prd X7 m Al N €
“ ny > S |Tq sg| led mmm_wv | of &
DT RS Ly 10~ ee]| 5 " pgi:
u/y U np¢€ N N[ . ldegg
O3 | B 6 X > MOZSYal<e  TLLD SHOA Ol 8l
H Zl LL Nl Q ) A zLX|m 0EA <N
. < NN £ |n S1|OA e 5¢ A gt
o nee o ANAV— %
I om>m 4 AR W_ BLA 7 AL < =
= n /L‘ >
— | 0gs64Ml P_LI__FI& " ve B 9Ty M 13
€X mu— HW.A/_ o SR o i oo_w. Alg
6 NS MF A = MO7SYS SIS 0€Y 42%
pLA| ™ A X SeY
use 31 S}|OA m
8A /mm/ 0,
9LY6/XZY
% I I
5D 44 a9 Vv

.95 b4

i3 aa >>

SUBSTITUTE SHEET (RULE 26)



WO 2009/070086 PCT/SE2008/000665

12/49
Fig.5c
Myl By2
6.00 1.00 J N
7, \ \
£ 4.00 0 ®
> 2 /
= 2.00 > 1.00 o
— c-1.
> o
R ~ (R s s - —— O
© > ' : E i :
a 0 -200 : : : ;
:L ...... .E TR S -
2200  -3.00
210u  230u  250u  27.0u  29.0u
time in seconds
Fig.5d
M iy3x Q) y2x
200  8.00m
£ 100 400m
S “
c cd /
o 0 r>r<) 8_ 0 @
> >E \
) (1]
(@)
& -1.00  -4.00m
— D
200 -8.00m

17.0u 21.0u 25.0u 29.0u 33.0u

time in seconds
SUBSTITUTE SHEET (RULE 26)



WO 2009/070086 PCT/SE2008/000665

13/49
Fig.5e
Q) iy3x J
5.69m
w)
v
Q
g 559m
-
(1]
£ 549m \ Ao i
X
A
= 5.39m @
Ke)
(a T
5.29m
|
2440u  24.8u 25.2u 25.6u 26.0u
time in seconds
Fig.5f
@y2x Qy8 @y9
3.50 40.0m
W
* 250m 20.0m
S ﬁ
c o 2 @‘
£ 2= [
S 150 R0 -— e
w S IS, el
> > C W/‘*W b
= |
o
L 500m  -20.0m
et %__
/
500m  -40.0m | =T

2240u  2240u  2240u  2240u 22.40u

time in seconds
SUBSTITUTE SHEET (RULE 26)



PCT/SE2008/000665

WO 2009/070086

14/49

Fig.5g

@ y4

(D y2x

3.00

4.00

0

o
o
$1JOA Ul XZA

o -
o

<

$}OA Ul A 110]d

2.00

-8.00

-1.00

-12.0

25.0u 27.0u 29.0u

23.0u

21.0u

time in seconds

Fig.5h

My24 Dy25 B)y23

b x = T
o o o o o
S S S S
< ™M ~ —
| S1JOA Ul £TA
& 8§ ° 8§ &8
N - - o

S1j0A Ul Gz A 110|d

250u 260u 270u 280u

240u



WO 2009/070086 PCT/SE2008/000665

15/49
Fig.5i

®y30 @y23 y25

2.00 8.00 12.0

N ,\

v R 7TV
2100 100 8001 PN LN
5 5 i M,W i W
E’ 0 E 0 E4.oo | U.urw “Lv— UﬂJ ‘U\F LC;)
~ S5 m I | (T HEENANE
5 o0 a0 > oL PO I T I LI
L2.100 -4.00 0 ~ IR - \
Q. vy vy \
\\/1 \\/! \\_3
200 -800 -4.00 S
260u  280u  300u  320u  340u
time in seconds
Fig.5j
My20 @ y19
4.00
I I
I I
2 3,00 : !
S ! !
— C - | i
O o 200 ! )
('l ; I I
S i :
Y 1.00 : |
] 1
0 | QN HO®
12990u  130.00u  130.10u  130.20u  130.30u

time in seconds
SUBSTITUTE SHEET (RULE 26)



WO 2009/070086 PCT/SE2008/000665

16/49
Fig.5k
My14 Qyl16

400  90.0 r ﬁ
2300 800
S Z || i ! | L_fD
c S
\© 200 £700
> <t 4
+ >
2100 60.0 F
al

0 500 . J« ‘ 0

244y 248u 252u 256U 260u
time in seconds

SUBSTITUTE SHEET (RULE 26)



PCT/SE2008/000665

WO 2009/070086

17/49

SPUOD3S Ul dWi}
NG'99L NE99L NL'99L NE'S9L NLSIL

..... ot
PE-----d “even ... ! T 0
9 /...\ / r
Y =
©---1— = rt=={0oL &
VAL L _LNA <
u 9 N
b i —.
: ' 00>
. 1 :
Om A E
N ..... I.I\.T“ _._ rllllc.omm
LIVt el el et ~a_ D
wn
@ — oov
P ———
129 9thi(©) 8hi(y) €lA(® 9k@D vIAQ
|15°b14

0°0v-

(&)
S
s1joAul €14

008

0cl

0slL-

o
Q
at

A

o

Q

[Va)
S){OA Ul 91

0sl

0°s¢

0bL-
001~
N
(0))
=
00'9-
3
©
@
00Z- @
00'C

0's9

0'sL

o o
& R
syjoA ul9LA [10]d

SOl

SUBSTITUTE SHEET (RULE 26)



PCT/SE2008/000665

WO 2009/070086

18/49

LLA >—1

ALY
Ew

L9947
X
SSA V_N.NW
induliymd ovN%A_ €y
ZEOVYL PPA AAA ¢
paddojs = | J1607 Ve tA> 3001 A
—_ e
Bbuiuunia = g 31607 QO
Jeubis indul WMd Ny = *
doot .
) =
] Bawl
4l
. MOLSYE
.ﬁ X
¥2T —F—
A0LS M00LS Y001 Sugpg= 64 LA dogo €A \
€IS PLUS LIES 3o 9A Y ( “ K1
7] L] B worsva
1. L i & <=
DA ZIA SOSVPE DA E6LNT NN
- . ~] 0LX A
ot | N viy el = ﬁ , , SA
€X OLAA M == J0LS 0L Wv_?
%01 A ST 8A ms Y
4ty MOZSVE =
8 o
egby

SUBSTITUTE SHEET (RULE 26)



PCT/SE2008/000665

WO 2009/070086

19/49

SPuUO3as Ul swiy

wso'L weo'l wio'L N/86 nZ96
i@ﬂ%@ - ‘ 4// N
.ﬂ, ] \w... / ] ..
N Jlmsay
A v..&\ e
AN 4
| e ] AN
| i R
) I
| __

U® Lk® @ L0

q9'bi4

00L-

00l

00¢

00¢

s}joA ul LA

0Tl
09'l&
un
00C S
<
o'z S
P o

08¢

00'L- T
=1
00l =
<
ooe W
-}
00'S .m.
-t
00L ©»

SUBSTITUTE SHEET (RULE 26)



PCT/SE2008/000665

WO 2009/070086

20/49

SPU0I3S Ul Wi}
woz'L wol'L woo'L no06 noos

001

-

- =

-»‘—“

-
- -

x
—
[ 4
(@]

-
L3
| -
-l

-
-

T I A L el ot Ll =L LT PR R Y T

o
=
S}joA ul LA

LI .

-

- -
L

-
e =
-

-u‘-ﬂ-q-

-
.o
o o
-t
-
]_-"‘
&~
- N,

o
o
o~

K@ A0

29614

00°'L-
00°L
00t
00'S
00

S} oA ul ¢4 10|d

SUBSTITUTE SHEET (RULE 26)



SPUOD3S Ul Wi}

PCT/SE2008/000665

QIS

21/49

Wiy’ wge’L W e L wog'L woc'l

\/ \/ > 006s- 051 0s¢e-
©
/ Al / VAl / S el O

..... s ey o g g g N g f e g e a . g a o o OOM..’A Omm. Om _‘l
7 i |z Wz i vz RS
| I I i 1 00t = 0555 woos O
- —— < . - o) =)
LA N A NV TN AN TN F 0/ O ogcr S
2 0 7 Y 0 D 2200 B et - B~
P Ml M2 e A S I b P

:M\.) .>/\ \x<><& M\>/\>/\> \><><><\ ﬂ/\\r/\\/ ><><“ /<><>/\ ><><\ M/\/\/.\ 00¢€ 0S'6 0S'v

WO 2009/070086

L@ 9K (E 8L®D LAQD

P9 b4

SUBSTITUTE SHEET (RULE 26)



WO 2009/070086 PCT/SE2008/000665

22/49
- ™
| i_ 3= @
/V_: ]
L7 1
e >
7 o
t 13
B ]
F o
o 5
r_‘. _ S Q
Q s 1w 8 W
© I N C
o - =
i s JI v
- - E
1 |
o . 3
@ LA T T =
s
- — = B
> ‘.t*\
[ T
s [~
[ \‘.\‘N =
o E M ad ©
S g 2
) o o o o
o ™~ L ™M -
~ ~ ~ ~ ~
syjoAul ZLA QLA
o o o o £
1 L wn N S
< ™M N — o
N

syjoA Ul | LA |10}d

SUBSTITUTE SHEET (RULE 26)



SPpuUO>Sas Ul awli}
woc'L wolL'L woo’L noo6 noo8

PCT/SE2008/000665

l
111 [ ]

o
S
=
]

£
S
S
wn
o
o
~

(@

057 <

23/49

AN | I IENIE = =
LA \;\7_ INL __I\.?7\_1. oo_m. 057 3
N AR AAVRVAAAA NIV

A VA V1 T VA VA A 00z & oseF 0LT

— - 00€ 0S¥ 067

WO 2009/070086

AG) hk® LLA@ ok

Jobi4

SHOA UL T L
SUBSTITUTE SHEET (RULE 26)



WO 2009/070086 PCT/SE2008/000665

24/49
Fig.7a
RS Y2 RI0
~ Tm Tm
' 1
% D1x D2x D3
BAT83 BAT83 BAT83 Y12 Y10
17 1 cs = LOAD T
13m T 1u 47u 10k % 9
D3x == D4x
Zlg BAT83 LISBAT83
+ \

SUBSTITUTE SHEET (RULE 26)



PCT/SE2008/000665

WO 2009/070086

25/49

QIS

14

SPUOD3S Ul dWiI}
WS'9E WG /7  WS'8L W56

o ——

TR e 52T g e

IOR4AWIG)

LK@ SAQ

q/sb14

wQo0s-—.

1'Z LA

wo0s

wos|

wosc

salodwe ui g LA

wose

wQo0s-

wQ'os

wosl

wosc

wose

4

S1oA Ul O LAl

009-

00t-

10[d

00¢

SIoA Ul LA |

00¢

SUBSTITUTE SHEET (RULE 26)



WO 2009/070086

Plot1 y9 in volts

Plot1 y9 in volts

4.00
3.00
2.00

1.00

200

o
o

. involts -
(@]
(] (@)

)
=
S

26/49

PCT/SE2008/000665

Fig.7c
@Dys @y
2
|| ll ll |I
| | | |-
195m  235m  275m  31.5m  35.5m
time in seconds
Fig.7d
@Dys Dy1
i
ot
1
249m  25.m_ 253m  255m  257m

time in seconds

SUBSTITUTE SHEET (RULE 26)



PCT/SE2008/000665

WO 2009/070086

27/49

SPUOdas Ul aWll] _
14 ws'9g ws'/¢ ws'gl wos'6

T
—

S Cad e
..1\\ It /I.\\ I~V l/l\

i

@ &

LA®) SAE) olhi@ AL

9,614

0°0¢

o 9o
o o
< ™M

S1JOA Ul GA

Q
o
tn

009

E E
o o
-
sasadwe ul QLA "z LA

wose

009-
_ 9
00¥- m.
h
ooz- =
-
<
0 o
-+
w
002

SUBSTITUTE SHEET (RULE 26)



WO 2009/070086

1.00

Plot1 y9 in volts
N
3

4.00

w
o
o

Plot1 y9in volts
- N
o o
o o

0

y1involts

PCT/SE2008/000665

28/49
Fig.7f
Dys @y

200
e 100 2
S
c 0
>_100

-200 D

950m  185m  27.5m  365m  45.5m
time in seconds

Fig.7g
200
100 )
NN
-100
-200 CD

248m  258m 268m  27.8m  28.8m
time in seconds

SUBSTITUTE SHEET (RULE 26)



PCT/SE2008/000665

WO 2009/070086

29/49

SPU0J3S Ul dwil
ws'/7

ws 9

wg'gl

wos'6

——

— e

Y/ bi4

1A SAE® Th @ olhiD

00's

0sl

0S¢t

0'SS

0'sL

S1JOA Ul GA

woos—.

oLA

wo'os—.

wosl

T4

sasodwe ur z A

Wwose

009-
9
00¥- O
=
<
00z- =
35
<
o S
o o
wn
00¢

SUBSTITUTE SHEET (RULE 26)



WO 2009/070086

30/49

PCT/SE2008/000665

Fig.7i
Dy9 @y1
4.00 200
2
0 3.00 2 100
£ e
Q200 & 0
. =
©1.00 -100
al
0 -200
9.50m  185m  27.5m  36.5m  45.5m
time in seconds
Fig.7j
Dys @y1
4.00 200
2
S 3.00 o 100
£ Q
Q 200 ¢ 0
= =
© 100 " -100
(o1
0 -200

SUBSTITUTE SHEET (RULE 26)



PCT/SE2008/000665

WO 2009/070086

31/49

" -
S}{OA -_—
I—w <
%001 T_S
ocy ZA
0LY
sl oLy 9T Tt
oY g
o > XL - VO I
upy ool S1|OA 0LO6XYW A
doze € Xl | 6A 4 +
indino |H \mm> +
anem a|buen] > AN . + ﬁw mu
: S}{OA 301 NN A LA 8A
ZHY0SZ SV AN + A
XZA XeY Vvsveay / 057 /uu>
XX -
Xed A 0LOEXYIN [
XEA S1|OA LX
0 LA
) 11
uglL
XLD A
S1|OA
5001 8A
XpY
eg'bi4

SUBSTITUTE SHEET (RULE 26)



PCT/SE2008/000665

WO 2009/070086

55 00

upolL nGovy

O

1 X

uooi
1D

NSOy
L1

32/49

|e1sAud ozaid bunywsuel)

A
ndino
Jayidwe
SAINSOd

/S

SUBSTITUTE SHEET (RULE 26)

a8

X pue 1ndJ1d buiuny
U3IM NI Uojssiusuel| -
(peoj Jayl|dwy) :
dd NN WW | X1 (r
91V6/XZ9 : : : : :
e | |
cmmm Al QDL" Mu mﬁ
i - 2 < 8A O vA _j
> H\__ * . + + +
Nmmé_m_ 109 & <7 R SOA 07| €7| 1e
w LENT A
S A ER - deg
m - SO MOLSYE | 1€
m i l
o o €TX |
B = o + AAA
- m_ < /_.i @v—_m
) ]
0£564Yl N0 =X
omxm — < /_z_ ww m
gy = MOZSVE
N IR = 7T
= N
N
m
nege Al
S Y
91V6/XZ9
zZa 614



indui anemajbuel] ZH) 0SZ SHOA YTA >——

PCT/SE2008/000665

33/49

WO 2009/070086

91V6/XZ4 INdul-47 SHOA STA >———
£Q 3
>
LZA /MN Wz
uge Al 9
v1] | 8Ly <3
SS SHOA dsv | S3|OA | 24
8TA>—4 0ZA ZI0T 67A C "
L < =% SN S
9LA[D Zol< AL A €A € 3
e SHIR-PL e e Y = ¥
n_iTHboA\_ = EQ - wqed |IE
ndino |- &L HWALZ_ TR [eve TS SHOA AM B
sayldwe NES ln B | A zixm OEA” S i
aAneba o 0 |2 0 swon TR L AlEx| |
Sy ™ > BLA o~ "1 < ™| |
H N9~ \_z_ uwv/xLI ozy Tl o 5
Sl
e (2"l FR e o | |||
omm&m_w_ N= ] [sion 2 wolsval | | AIIT oeds  [eed; @
2 <& |7 |elA X || "Zx A 2
LTA>— VLA mm/_o> o= SeY
e LLA 3
uge ) |z1y
5l -
8A YA . 2\
91Y6/XZ8
I va I
o]0 dd NN WA T1 M



WO 2009/070086 PCT/SE2008/000665

200 120
/N /N
2100 800 AR ] iy Aml i 18
> !
£ o
2 3
L0 z 40.0 !
> ~ / /
B0 . olh |
—-1.00 0 )
(ol
\ 1/ / /
\V \V N\
200 -40.0
127m  129m  131m  133m  1.35m
time in seconds
Fig.8d
Dy13 By25
200 120
7N\ //'\
L2100 sooPAF ||/ }\F”“HT]/ \'\'WT‘TW
o " \
> o \
C @) \
= >
thn 0 < 400 ML 3
o = \ /
= >
o | |
2-1.00 OJ\ ) K )L (D
\N% A7 \J/
200 -40.0

1.27m 1.29m 1.31Tm 1.33m 1.35m

time in seconds
SUBSTITUTE SHEET (RULE 26)



WO 2009/070086 PCT/SE2008/000665

35/49
CsD
BO
'S G | |
I ]
| |
(SN O |
| — |'
/,/’/ Fig.9a
+——CD
} - _ \
i. Sl - - -7 - ;
| ~-Z-ZZ-ZZ-Zz-Zz-Z-_ |
! /:/ _______ \:\ !
¥ - - [

Fig.9b

\

\
—z.
—z.
2

/

/11

Fig.9c

SUBSTITUTE SHEET (RULE 26)



WO 2009/070086 PCT/SE2008/000665

36/49
CsSD
BO /
o l
i so_
‘ ~ - - = ——/ '
l o —

— em— - m— — — —

Fig.9d
! T~ P o ‘
‘ \\: _______ - - ]
| ____-=m-—=<C_ |
l e N, \
\ . P T ,
Fig.9c

SUBSTITUTE SHEET (RULE 26)



PCT/SE2008/000665

WO 2009/070086

37/49

—<_ 4} - ------oIooC-ICooIooo/—
_. > ;- _
| S=--=-=-x _
I B S A ||
e R E—
b6 614
——--------:-: ~_ 'Y .HmC---Z-ZZZzZzo
ﬂ. ~ N s
| Sm----<
Tlll. ||||||||||| H = — = I/// |||||||||||
—t - - - ——— == to - - — =
J6°b14 €3dSD 23adsD 13dsD

| _ |
——----------1g-----Z-Z--:c-: f/lmﬁlf\\\l+L
! N 7 ._
| e - - =< |
[ s - - -~
N H i B ~—

hN asd

SUBSTITUTE SHEET (RULE 26)



PCT/SE2008/000665

WO 2009/070086

38/49

1L

1

o -— - -—
~ ~ - ~ -
P~ v o e | amm W —_ . T - — —_— —— - o f—t— e —m o — - - —
~ h ~ P ~ -
<« . 1Yy =m0 - -
V-||.I||.”
\ |||||
IIIIIIII

~ ~ -~ ~
o - — = = — ~ \\ lllll ~— - — — — = — I/I
R I A ~ I ,

— -
lllllll - e e e = m— e o e ——
[~ ~ o g -
llllll ~ _
VII||I/
- S N U .

- = - e e e = = ~ - ~
- — — —e—— — — - I/ — — ——— — /I
- - i S - .

— -
e T e e e - — - ——t— T e e— — — — — e e e a— — -
~ ~ ~ ~ ~
lllllllllllll
~ -
= — - — =
lllllll \-\ - P o -
..\\\ |||||| ~ — T — — — — — ~ - I/
g - ST

e 111

SUBSTITUTE SHEET (RULE 26)



WO 2009/070086 PCT/SE2008/000665

39/49
T O
NN
PN N
5 ) O 6
NN
Fig.10
Fig. 11
4
o
Fig.12

SUBSTITUTE SHEET (RULE 26)



PCT/SE2008/000665

WO 2009/070086

%001 | €'EV6LXZ8 | U00L | X00L] yoy| |upy . |
wNols indino| - % E/Mﬂ e S | B IS s £81vd — Jesive
JONYTVE AOHINT S Ban L T = YA 1 xpQy | U6T |57 *ed
+ 8y upoL L | LY 8
PA> AN € - AAAS
notL | Wi |
4 9 17
N uooL
)
noo0L AV AV
AA— 018 ¢ A T £81v9 £81v4
1D
A %00 14! CA BawL Xz X1a
S Y e & >
< . Kl
A 78159 A €81vd A
€A X SA €d LA
o
O.J —
H JI P}»‘
301
avoT

SUBSTITUTE SHEET (RULE 26)



WO 2009/070086 PCT/SE2008/000665

41/49

£
<
LN
~
£
<
LN
o
wy
©
c
o
0
1S @
< n C
= N =
2 o)
- =
=
S
Q
wn
X
I~
>
@ £
o
S
(@) Ta]
>

80.0

o o o
un LN N

g ~ —

S}JoA Ul 64 30]d

4.50

SUBSTITUTE SHEET (RULE 26)



WO 2009/070086 PCT/SE2008/000665

42/49

90.0m

//,
70.0m

Fig.15
)
eV
_/f /*h————.*_____..-—-—-’“
/
50.0m
time in seconds

30.0m

@y5 ®y9
JV'M
e

-/-/
——
10.0m

N~

>
vy 1
— (& (o)) 0 N
n ot ¥ <

S1OA Ul XGA /A

o o o o
S o 9
(2] o —

s)joA ut 64 110|d

4.00

SUBSTITUTE SHEET (RULE 26)



WO 2009/070086 PCT/SE2008/000665

43/49

£
S
! o
\ 1 (@)
£
S
o
1’ 3
-' wn
4 g
1 -
N S
2 L. £
i \ R .S
L
£
)
£
()
N S
\ !
2 \
® h e
()
) 2
>
@ l
© N © T 9
o o (o)) (o)) (o))
h B <
S1|OA Ul GA
o o o
P~ LN (e8]

4.90
4.10

§ ¥ <

syoA ul ¢4 1104

SUBSTITUTE SHEET (RULE 26)



PCT/SE2008/000665

WO 2009/070086

44/49

SpuUoO>Sas Ul swil

WO'06 w00/ wo oS W o€ woolL
@ " - P —
/ '

@j/ Rl \\ |J/ .q,c a<\\|l// ™ \\1 I

L r—— P

| , ,

~ <
€

YANIE

wo08

woec

wolLe

woee

S}OA ul ZA

0
O
~

SHOA Ul A 110|d

o

N

~N
SUBSTITUTE SHEET (RULE 26)

o~
™
~N

1ZArd



WO 2009/070086 PCT/SE2008/000665

45/49

e
S
(@)
K (@)
£
S
o
™~
— w
©
\ 2
. o v
ey S WV
= N =
1 N €
£
: J =
uE £
N S
\ o
O
® N
— ] o
> 1 -
© J
(@)
& R & & =
~N o~ o~ ~ ~
S}oA Ul LA
e . o
s § § §
g o o o
O < o

S}OA ul 9K (10|d

SUBSTITUTE SHEET (RULE 26)



WO 2009/070086 PCT/SE2008/000665

46/49

Q)

£
S
\\ \ o
)]
£
S
o
N
\ <
: £ 9
9 8 ARARS AN ,:2:.‘ < g
i A R c
v
S
=
£
— S
™ o
\ A
o [N
>
\ £
S
= J 2
o
& R & & =
™~ ~ o~ ~ ~
s1joA ul LA
N —
= v
A 8 @ s 3

S}|JOA Ul GA [10|d

SUBSTITUTE SHEET (RULE 26)



WO 2009/070086 PCT/SE2008/000665

47/49

™)
? 1 \ 5
o
?Iﬁ o
' £
o
o
M~
v
©
C
o
] § g
i =
Q
£
5 ] +—
) _
L 4
~| g
1 o
N1 N0 3
=
Q)
A 5
o
S|V
.
~ 8 8 2 g
NG N NN
S1JOA Ul LA
A T O <,
T % 2 2 02

S}{oA ul 64 130|d

SUBSTITUTE SHEET (RULE 26)



WO 2009/070086 PCT/SE2008/000665

Plot1

48/49
Fig.21
0 Miy10 @ iy12
]
L 492 yid
€ 490 ek :
C il ' .
pelAd S ) ) %
548.6 €
o 484
P 10.0m 30.0m  50.0m 70.0m 90.0m
time in seconds
O
) 2.90 / — = —
= 270 | A 7 \
C —— B
Qr— - -/ ;_/
>
2.10

10.0m 30.0m 50.0m 70.0m 90.0m
time in seconds

SUBSTITUTE SHEET (RULE 26)



SPpuUO>ss Ul swil

PCT/SE2008/000665

49/49

WO 2009/070086

wo'0/ wo'0s wo'0g wo'ol

b by T Wo/L- W00 968V
< < 3
e teepres - Eov.mm. WoEL-© W0'09 @o.mvmm
. —. -~ 5 5 &
- = ‘e D Q . rM._E
05T < WO065 WOOLZ 9L6Y .5
14
\ T wooe® worl® orey S
ST WO0S-x Wovlz 9T6Y Sw
wn wn wn T
w
857 WOO0L- w08l  9€6Y w
=
=
=
1721
1]
=2
w

44 3F



1
INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE2008/000665

A. CLASSIFICATION OF SUBJECT MATTER

IPC: see extra sheet

According to International Patent Classification (IPC) or 1o both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by

IPC: AGIN, AG1F

classification symbols)

Documentation searched other than minimum documentation to the

SE,DK,FI,NO classes as above

extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name

of data base and, where practicable, search terms used)

EPO-INTERNAL, WPI DATA, PAJ,INSPEC, COMPENDEX

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X
(30.12.1997), column 6, line
column 7, line 58 - column 8
4c,5, abstract

abstract

figure 6b, abstract

US 5702431 A (WANG ET AL), 30 December 1997

EP 1609501 Al (ETHICON ENDO-SURGERY, INC.),
28 December 2005 (28.12.2005),

US 6073050 A (GRIFFITH), 6 June 2000 (06.06.2000),

1-223
48 - line 53;
, line 47, figures 2, -

1-223
claim 6,

1-223

Further documents are listed in the continuation of Box

[«

C. See patent family annex.

*

e

Special categories of cited documents:

document defining the general state of the art which is not considered
10 be of particular relevance

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited 1o establish the publication date of another citation or other
special reason (as specified)

document referring 1o an oral disclosure, use, exhibition or other
means

document published prior 1o the international filing date but later than
the priority date claimed

vge

e

-0~
-p~

“T* later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

document of particular relevance: the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone :

.y

document of particular relevance: the claimed invention cannot be
considered 10 involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

—y-

-&"

Date of the actual completion of the international search

20 February 2009

Date of mailing of the international search report

23 -02- 2009

Name and mailing address of the ISA/
Swedish Patent Office .
Box 5055, S-102 42 STOCKHOLM
Facsimile No. +46 8 666 02 86

Authorized officer

Jesper Bergstrand / JA A
Telephone No. +46 8 782 25 00

Form PCT/ISA/210 (second sheet) (July 2008)




2

INTERNATIONAL SEARCH REPORT International application No.
PCT/SE2008/000665
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT .
Category*| Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 5991665 A (WANG ET AL), 23 November 1999 1-223
(23.11.1999), figure 9, abstract
A US 5713939 A (NEDUNGADI ET AL), 3 February 1998 1-223
(03.02.1998), whole document
A EP 1666002 A1 (THE ALFRED E MANN FOUNDATION FOR | 1-223
SCIENTIFIC RESEARCH), 7 June 2006 (07.06.2006),
whole document .
A US 4172459 A (HEPP), 30 October 1979 (30.10.1979), 1-223
' whole document :
A EP 04571421 A2 (KABUSHIKI KAISHA TOSHIBA), 1-223
19 February 1992 (19.02.1992), whole document
A GB 2265312 A (HEWLETT-PACKARD COMPANY), 1-223
29 Sept 1993 (29.09.1993), whole document
A EP 0189680 A2 (KABUSHIKI KAISHA TOSHIBA), 1-223
6 August 1986 (06.08.1986), whole document
A WO 0145486 A2 (SURGICAL DEVELOPMENT AG), 1-223

28 June 2001 (28.06.2001), whole document

Form PCT/ISA/210 (continuation of second sheet) (July 2008)




INTERNATIONAL SEARCH REPORT International application No.
PCT/SE2008/000665

International patent classification (IPC)

A61N 1/378 (2006.01)
AG61F 2/02 (2006.01)

Download your patent documents at www.prv.se
The cited patent documents can be downloaded at www.prv.se by
following the links: : _
e In English/Searches and advisory services/Cited documents
(service in English) or
e e-tjanster/anfdrda dokument (service in Swedish).
‘Use the application number as username. '
The password is CRIXJOIICM.

Paper copies can be ordered at a cost of 50 SEK per copy from
PRV InterPat (telephone number 08-782 28 85).

Cited literature, if any, will be enclosed in paper form.

Form PCT/ISA/210 (extra sheet) (July 2008)



INTERNATIONAL SEARCH REPORT Internationa) application No,
PCT/SE2008/000665

Box No.II  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L & Claims Nos.: 1-85, 113, 115, 117, 119, 121, 204-218 and 220-223
because they relate to subject matter not required to be searched by this Authority, namely:

Refer to Extra sheet 1

2. D Claims Nos.: :
because they relate to parts of the mtematlonal application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

D As all required additional search fees were timely paid by the appllcant, this intemational search report covers all searchable
claims.

2, D As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
. of any additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, thlS international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D ‘No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable,
the payment of a protest fee. '

D The additional search fees were accompanied by the applicant’s protest but the apphcable
protest fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2008)




INTERNATIONAL SEARCH REPORT International application No.
PCT/SE2008/000665

Extra sheet 1

Claims 1-85, 113, 115, 117, 119, 121, 204-218 and 220-223
relate to a method for treatment of the human or animal body
by surgery or by therapy, as well as diagnostic methods (refer
to PCT rule 39.1(iv)). Nevertheless, a search has been made
for these claims. The search has been directed to the
technical content of the claims.

Form PCT/ISA/210 (extra sheet) (July 2008)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

01/11/2008 | PCT/SE2008/000665
us 5702431 A 30/12/1997 - CA 2219329 A 19/12/1996
‘ - EP 0836515 A 22/04/1998
JP 11506646 T 15/06/1999
us 5690693 A 25/11/1997
Wo 9640367 A 19/12/1996
CA 2265984 A 26/03/1998
EP 0934101 A 11/08/1999
Wo 9811942 A 26/03/1998
EP 1609501 Al  28/12/2005 AU 2005202334 A 12/01/2006
BR 0502535 A 07/02/2006
BR PI0502535 A 07/02/2006
CA 2510074 A 24/12/2005
CN 1721013 A - 18/01/2006
JP 2006006948 A 12/01/2006
KR 20060049664 A 19/05/2006
MX  PA05006878 A 11/01/2006
RU 2005119614 A 27/12/2006
US 20050288739 A 29/12/2005
) 6073050 A 06/06/2000 NONE
us 5991665 A 23/11/1999 NONE
us 5713939 A 03/02/1998 CA 2266680 A 19/03/1998
: EP 0935483 A 18/08/1999
Wo 9810836 A 19/03/1998
EP 1666002 Al  07/06/2006 us 7190153 B 13/03/2007
US 20060113970 A 01/06/2006
us 4172459 A 30/10/1979 CA 1123059 A 04/05/1982
' DE 2861213 D 00/00/0000
EP 0001708 A,B 02/05/1979
EP 04571421 A2 19/02/1992 NONE
GB 2265312 A 29/09/1993 DE 4308913 A 30/09/1993
' GB 9304929 D 00/00/0000
JP 3345088 B 18/11/2002
JP 6007461 A 18/01/1994
‘ us 5285779 A 15/02/1994
EP 0189680 A2 . 06/08/1986 DE 3587090 A,T 25/03/1993
' DE 3588108 D, T 07/11/1996
EP 0471421 A,B 19/02/1992
JP 61157263 A 16/07/1986
KR 9200974 Y 06/02/1992
KR 920000974 Y 06/02/1992
us 4677534 A 30/06/1987
JP 61161964 A 22/07/1986

"Form PCT/ISA/210 (patent family annex) (April 2005)




INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members
' 01/11/2008 | PCT/SE2008/000665

L[ 0145486 A2 28/06/2001 AT 348579 T 15/01/2007
AU 3255901 A 03/07/2001
DE 60125351 D,T 16/05/2007
EP 1284691 A,B 26/02/2003
EP 1586283 A 19/10/2005
EP 1759665 A 07/03/2007
EP 1792583 A 06/06/2007
us 6709385 B 23/03/2004
US 20030144575 A 31/07/2003

Form PCT/ISA/210 (patent family annex) (April 2005)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - claims
	Page 51 - claims
	Page 52 - claims
	Page 53 - claims
	Page 54 - claims
	Page 55 - claims
	Page 56 - claims
	Page 57 - claims
	Page 58 - claims
	Page 59 - claims
	Page 60 - claims
	Page 61 - claims
	Page 62 - claims
	Page 63 - claims
	Page 64 - claims
	Page 65 - claims
	Page 66 - claims
	Page 67 - claims
	Page 68 - claims
	Page 69 - claims
	Page 70 - claims
	Page 71 - claims
	Page 72 - claims
	Page 73 - claims
	Page 74 - claims
	Page 75 - claims
	Page 76 - claims
	Page 77 - claims
	Page 78 - claims
	Page 79 - claims
	Page 80 - claims
	Page 81 - claims
	Page 82 - claims
	Page 83 - claims
	Page 84 - claims
	Page 85 - claims
	Page 86 - claims
	Page 87 - claims
	Page 88 - drawings
	Page 89 - drawings
	Page 90 - drawings
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - drawings
	Page 94 - drawings
	Page 95 - drawings
	Page 96 - drawings
	Page 97 - drawings
	Page 98 - drawings
	Page 99 - drawings
	Page 100 - drawings
	Page 101 - drawings
	Page 102 - drawings
	Page 103 - drawings
	Page 104 - drawings
	Page 105 - drawings
	Page 106 - drawings
	Page 107 - drawings
	Page 108 - drawings
	Page 109 - drawings
	Page 110 - drawings
	Page 111 - drawings
	Page 112 - drawings
	Page 113 - drawings
	Page 114 - drawings
	Page 115 - drawings
	Page 116 - drawings
	Page 117 - drawings
	Page 118 - drawings
	Page 119 - drawings
	Page 120 - drawings
	Page 121 - drawings
	Page 122 - drawings
	Page 123 - drawings
	Page 124 - drawings
	Page 125 - drawings
	Page 126 - drawings
	Page 127 - drawings
	Page 128 - drawings
	Page 129 - drawings
	Page 130 - drawings
	Page 131 - drawings
	Page 132 - drawings
	Page 133 - drawings
	Page 134 - drawings
	Page 135 - drawings
	Page 136 - drawings
	Page 137 - wo-search-report
	Page 138 - wo-search-report
	Page 139 - wo-search-report
	Page 140 - wo-search-report
	Page 141 - wo-search-report
	Page 142 - wo-search-report
	Page 143 - wo-search-report

