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TITLE OF THE INVENTION

[0001] System and method to distribute power to both an inertial device and a voltage

sensitive device from a single current limited power source

BACKGROUND OF THE INVENTION

[0002] The present invention, in some embodiments thereof, relates to a power distribution

system and, more particularly, but not exclusively, to a system and method to supply

simultaneously from a single power source a desired voltage to a CPU and a power to an inertial

device, for example to a controller and motor of an infusion device.

[0003] Portable devices often require powering of various components from a single power

supply. Under some conditions the power output of the power supply may not simultaneously fill

the needs of all of the components. A large number of devices exist for power regulation to solve

this problem. In particular, portable infusion devices may have need for strictly controlled and

reliable pumping of medicine using a small disposable device.

[0004] US publication no. 2005/0038388 to Hommann et al. discloses an injection device

including a capacitor as an energy accumulator for providing energy for performing an injection.

In some embodiments, a voltage regulator, in particular a DCDC converter such as one of those

known in the electrical art, is preferably connected to the capacitor, such that a substantially

constant DC voltage for operating the injection device, for example an electric motor associated

with the injection device, can be obtained from the variable DC voltage on the capacitor. Buck

converters and boost converters are known, using which a DC voltage can be obtained above or

below the input voltage. A buck-boost converter or an inverting circuit regulator can equally be

used.

[0005] US patent no. 4,126,132 to Portner and Jassawalla discloses an intravenous and intra

arterial delivery system having a disposable cassette actuated by a pump and control electronics

for providing positive but variable delivery rates. The electronics has low power consumption so

as to be suitable for battery operation, such as by way of rechargeable batteries.

[0006] US publication no. US 2010/0121277 to Fehr et al. discloses a medical infusion

system with pulse width modulation and a safety circuit and a method thereof. Embodiments of

the system include a switching device and a pump motor, wherein the pump motor and the

switching device are connected in series and constitute a power supply circuit to be connected to

a power supply. Embodiments of the system further includes a control signal generator

configured to generate a control signal e.g. PWM, and which is connected to input of the safety

circuit. Output of the safety circuit is connected to a control input of the switching device such



that the pump motor will not operate if there is no control signal applied to the input of the safety

circuit.

[0007] US Publication no. US 2009/0054832 to Sugimoto et al. discloses an administration

apparatus for medical use which is driven by an electric driving source to perform administration

of a drug. Low-speed operation during air releasing operation is performed by PWM (Pulse

Width Modulation) control.

[0008] Additional background art includes US Patent no. 5,683,367 to Jordan et al. and US

Patent 6,270,478 to Mern.

BRIEF SUMMARY OF THE INVENTION

[0009] According to an aspect of some embodiments of the present invention there is

provided a method to increase a voltage potential available to an integrated circuit device sharing

a battery power source with an actuator. The method may include producing transient high

voltage surges in the battery output by repeatedly cutting off power to the actuator. The method

may further include storing energy during the surges and releasing the stored energy to maintain

an input voltage to the integrated circuit above the threshold voltage when a voltage output of the

battery falls below a threshold voltage.

[0010] According to some embodiments of the invention, the cutting off of power may be

controlled by the integrated circuit.

[0011] According to some embodiments of the invention, the method may further include

preventing leakage of the released energy away from the integrated circuit.

[0012] According to some embodiments of the invention, the repeatedly cutting may have a

period of between 5 and 50 milli-seconds.

[0013] According to some embodiments of the invention, the repeatedly cutting may have a

duty cycle of between 50% and 95%.

[0014] According to some embodiments of the invention, the method may further include

pumping a medicine with the actuator and controlling a rate of the pumping with the integrated

circuit.

[0015] According to some embodiments of the invention, the controlling may be adjusted for

the maintaining the voltage threshold to the integrated circuit. For example the adjusting may

account for an output limitation of the battery and a limit of the storage.

[0016] According to some embodiments of the invention, the controlling may be by pulse

density modulation.



[0017] According to some embodiments of the invention, the pulse density modulation may

have a pulse width of between 50 and 500 milli-seconds.

[0018] According to some embodiments of the invention, the pulse density modulation may

have a duty cycle of between 2% and 20%.

[0019] According to some embodiments of the invention, the method may further include

testing a voltage input to the integrated circuit and adjusting the cutting off of power to the

actuator according to a result of the testing in order to maintain a threshold voltage to the

integrated circuit.

[0020] According to some embodiments of the invention, the adjusting of the cutting off of

power may include lengthening a period of the cutting off in response to a low voltage

measurement, shortening a period between the cut off periods in response to a low voltage

measurement and/or reducing a duty cycle of the actuator in response to a low voltage

measurement.

[0021] According to some embodiments of the invention, the method may further include

storing performance data in a non-volatile memory when there is low voltage input to the

integrated circuit. The method may further include restarting the system after a shut down and

checking the performance data after the restarting. The cutting off of power to the actuator upon

the restart may be adjusted according to the performance data to prevent further failure.

[0022] According to some embodiments of the invention, the performance data may include

a voltage output of the battery, a voltage input of the integrated circuit and/or a current input to

the actuator.

[0023] According to some embodiments of the invention, the adjusting may include

lengthening a period of the cutting off in response to a low value of the voltage input

measurement, shortening a period between the cut off periods in response to a low value of the

voltage input measurement, reducing a duty cycle of the actuator in response to a low value of

the voltage input measurement, lengthening a period of the cutting off in response to a low value

of the voltage output measurement, shortening a period between the cut off periods in response

to a low value of the voltage output measurement and/or reducing a duty cycle of the actuator in

response to a low value of the voltage output measurement.

[0024] According to an aspect of some embodiments of the present invention there is

provided a system to distribute power among a plurality of components of a portable device. The

system may include a first circuit powering an electrical actuator and a second circuit powering

an integrated circuit. The system may also include a power distributor connected to a battery.



The power distributer may be configured to supply to the first circuit, higher current pulses of

power from the battery having sufficient energy to power the actuator, and to at least partially cut

off power to the first circuit between the pulses to produce voltage surges having sufficient

energy to power the integrated circuit at a higher voltage potential than the higher current pulses.

[0025] According to some embodiments of the invention, the system may further include an

energy storage device connected to the second circuit. The energy storage device may be

configured to store energy at a high voltage during the voltage surges, and to release the stored

energy to the integrated circuit between the voltage surges.

[0026] According to some embodiments of the invention, the actuator may include a

medicine pump and the integrated circuit may include a controller for the pump.

[0027] According to some embodiments of the invention, the distributer may be controlled

by the integrated circuit.

[0028] According to some embodiments of the invention, the system may further include a

sensor to sense a voltage input to the integrated circuit. The integrated circuit may be configured

to adjust the distributer in response to an output of the sensor to preserve a threshold voltage to

the integrated circuit.

[0029] According to some embodiments of the invention, the system may further include a

restrictor to prevent power leakage from the integrated circuit to the actuator.

[0030] According to some embodiments of the invention, the restrictor may include a diode

and/or an electronic switch.

[0031] According to some embodiments of the invention, the integrated circuit may be

configured to adjust the distributer in response to an aging of the battery.

[0032] According to some embodiments of the invention, the actuator may have an inertia to

keep running over an inertial period. The distributer may be configured to keep a length of a cut

off period between the high current pulses less than a length of the inertial period.

[0033] According to some embodiments of the invention, system may further include a

voltage sensor configured to measure an input voltage to the integrated circuit. The integrated

circuit may be configured to receive output from the sensor and to adjust the distributor in

response to the output of the sensor to maintain the input voltage greater than a threshold value.

[0034] According to some embodiments of the invention, the adjusting may include

lengthening a period of the cutting off in response to a low value of the voltage input

measurement, shortening a period between the cut off periods in response to a low value of the

voltage input measurement, reducing a duty cycle of the actuator in response to a low value of



the voltage input measurement, lengthening a period of the cutting off in response to a low value

of the voltage output measurement, shortening a period between the cut off periods in response

to a low value of the voltage output measurement, and/or reducing a duty cycle of the actuator in

response to a low value of the voltage output measurement.

[0035] According to some embodiments of the invention, the system may further include a

sensor configured to measure a voltage output of the battery and/or a current input of the

actuator. Operation of the distributor may be adjusted according to an output of the sensor.

[0036] According to some embodiments of the invention, the system may further include a

non-volatile memory. The memory may be configured to store a performance parameter. The

integrated circuit may be configured to read the non-volatile memory upon a start up of the

system and to adjust an operation of the distributor in response to the performance parameter.

[0037] According to some embodiments of the invention, the performance parameter may

include a voltage output of the battery, a voltage input of the integrated circuit, a current input of

the actuator, a number of rotations of a motor and/or a preprogrammed parameter.

[0038] Unless otherwise defined, all technical and/or scientific terms used herein have the

same meaning as commonly understood by one of ordinary skill in the art to which the invention

pertains. Although methods and materials similar or equivalent to those described herein can be

used in the practice or testing of embodiments of the invention, exemplary methods and/or

materials are described below. In case of conflict, the patent specification, including definitions,

will control. In addition, the materials, methods, and examples are illustrative only and are not

intended to be necessarily limiting.

[0039] Implementation of the method and/or system of embodiments of the invention can

involve performing or completing selected tasks manually, automatically, or a combination

thereof. Moreover, according to actual instrumentation and equipment of embodiments of the

method and/or system of the invention, several selected tasks could be implemented by

hardware, by software or by firmware or by a combination thereof using an operating system.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0040] The foregoing summary, as well as the following detailed description of the

invention, will be better understood when read in conjunction with the appended drawings. For

the purpose of illustrating the invention, there are shown in the drawings embodiments which are

presently preferred. It should be understood, however, that the invention is not limited to the

precise arrangements and instrumentalities shown.

[0041] In the drawings:



[0042J Fig. 1 is a flow chart illustrating an exemplary embodiment of a method of providing

power to multiple devices;

[0043] Fig. 2 is a circuit diagram of an exemplary embodiment of a system to provide power

to two devices;

[0044] Fig. 3A is a graph showing experimental results of voltage over time to two devices

powered by an exemplary embodiment of a method of providing power to multiple devices;

[0045] Fig. 3B is an expanded scale schematic diagram showing details of voltage over time

to two devices powered by an exemplary embodiment of a method of providing power to

multiple devices;

[0046] Fig. 3C is a schematic diagram showing details of voltage over time to two devices

powered by an exemplary embodiment of a method of providing power to multiple devices;

[0047] Fig. 3D is a large scale schematic diagram showing a few cycles of voltage over time

to two devices powered by an exemplary embodiment of a method of providing power to

multiple devices;

[0048] Fig. 3E is a diagram on off cycles for an exemplary embodiment of variable length

power cycles;

[0049] Fig. 4 is a block diagram of an infusion pump employing an exemplary embodiment

of a system to provide power to two devices;

[0050] Fig. 5 is a flow chart illustration of dynamic adjustment of a system to provide power

to two devices;

[0051] Fig. 6 is a graph showing experimental measurements of voltage over time, and

current over time, and testing times in an exemplary embodiment of a method of providing

power to multiple devices;

[0052] Fig. 7 is a detailed circuit diagram of an exemplary embodiment of a system to

provide power to two devices;

[0053] Fig. 8 is a detailed circuit diagram of an exemplary embodiment of a system to

provide power to two devices;

[0054] Fig. 9 is a circuit diagram of an exemplary embodiment of a system to provide power

to two devices including an optional boost regulator, and

[0055] Fig. 10 is a large scale schematic diagram showing a few cycles of voltage over time

to two devices powered by an exemplary embodiment of a method of providing power to

multiple devices with a large duty cycle.



DETAILED DESCRIPTION OF THE INVENTION

[0056] The present invention, in some embodiments thereof, relates to a power distribution

system and, more particularly, but not exclusively, to a system and method to supply

simultaneously from a single power source a desired voltage to a CPU and a power to an inertial

device, for example to a controller and motor of an infusion device.

Overview

[0057] It is sometime desirable to power two devices from a single power source. In some

cases, the output of the power source may be limited, for example, the output voltage of a battery

may be dependent on the current drawn.

[0058] In some cases, the power output function of the power supply may not be suited to

supply directly the simultaneous power requirements of different components. For example, in

some embodiments, it may be desired to simultaneously supply high current to an inertial device

and high voltage to a processor. Some embodiments of a battery may be capable of supplying a

high current at a low voltage (that may optionally be sufficient for the inertial device) or a low

current at a high voltage (that may optionally be sufficient for the processor). Nevertheless, the

battery may be limited in its ability to directly supply high current at a high voltage sufficient

time to both components over a long time period.

[0059] In some embodiments of the current invention the output of a power supply may

optionally be distributed in time to supply the various components. Optionally, a high power

component (for example an actuator including for example a DC motor) may be driven with

pulses of power. In some embodiments, a component requiring high voltage (for example an

integrated circuit including for example a CPU) may be powered by high voltage surges that may

occur while power to the motor is cut off between the pulses.

[0060] Optionally, power interruptions may be short enough for the devices to continue

functioning (for example the motor may continue to spin due to inertia between pulses).

Optionally, an energy storage device (for example a capacitor) may be supplied to smooth out

interruptions (for example to stabilize voltage to a CPU between voltage surges).

[0061] In some embodiments, the current distribution may be tuned to preserve a voltage

input to the integrated circuit and not necessarily to achieve a particular speed or output or

performance of the motor. For example the distribution parameters (frequency, duty cycle etc.)

may be fixed (for example to achieve a reliable minimal CPU input voltage under a variety of

conditions). Alternatively or additionally, the distribution parameters may be adjusted according

to the CPU input voltage requirements regardless of the motor performance (within limits).



Alternatively or additionally, the distribution parameters may be dynamically adjusted while the

system is running according to the CPU input voltage requirements with some limitations based

on minimal standards of the motor performance.

[0062] In various embodiments, pulses of power to the motor may last from example from 5-

50 msec. The pulses may supply the motor with a high current of for example from 100-400 mA,

for example at start up. The breaks between pulses may be, for example, between 1-15 msec.

Optionally, a CPU reset threshold may fall between 1.5 and 3.5 V. Optionally a CPU may draw

between 0.1 and 1.0 mA. Optionally, a motor may draw, for example, current ranging between

30 and 200 mA while running.

[0063] In some embodiments, the pulses may be simple and/or fixed. For example the pulse

length and/or the length of time between pulses and/or the duty cycle of the system may be fixed.

Additionally or alternatively the oscillator may be programmable or adjustable prior to operation

to compensate for conditions of the system (for example aging of a battery or a high load on a

motor) or operating conditions (for example short term or long term operation). Additionally or

alternatively, the oscillator may be dynamically adjustable during operation.

[0064] In some embodiments, the current invention may be capable of very high efficiency

(efficiency here is defined as power input to the active devices [e.g. the motor and the CPU]

divided by the power output of the battery). For example, while the motor is stopped, the system

may have an efficient greater the 98%.

[0065] Before explaining at least one embodiment of the invention in detail, it is to be

understood that the invention is not necessarily limited in its application to the details of

construction and the arrangement of the components and/or methods set forth in the following

description and/or illustrated in the drawings and/or the Examples. The invention is capable of

other embodiments or of being practiced or carried out in various ways.

An exemplary method of powering two devices

[0066] Fig. 1 illustrates an exemplary embodiment of method supplying 112 power to two

devices with a single, current limited power source, for example a battery. Optionally, power is

distributed in time. For example during a first time period the battery drives a high current low

voltage device. Optionally, during a second period, power is cut off to the high current device.

During the cut off period, in some embodiments, the voltage output of the battery may surge.

The high voltage battery output during the surge period may be used for example to power a

second device, for example a CPU requiring high voltage and low current. In some



embodiments, during the cut off period, power to the high current device may be only partially

cut off.

[0067] In the exemplary embodiment of Fig. 1, a motor and a CPU both receive power from

the battery. In the exemplary embodiment, during a 20 msec (milli-second) time period while the

motor is running 116, the motor is driven 118 by a high current pulse for 5 msec. In some

embodiments, while the power source is driving 118 the motor, the voltage output of the power

source may fall below the required input voltage of the CPU. Optionally, the CPU circuit may

include power storage (for example capacitance) and the CPU voltage may be maintained 120

during the motor pulse by power draining from the capacitance of the CPU circuit.

[0068] Optionally, for the remaining 5 msec of the period, power to the motor is cut 122. In

the example, when power to the motor is cut 22, the only drain on the power source is charging

114 a low current CPU circuit. With a low current drain on the power source, the power source

may optionally provide a high voltage potential output. In some embodiments, while the current

output from the battery is low, then the CPU circuit is charged 114 at a high voltage potential.

A system for powering two devices

[0069] Fig. 2 illustrates an exemplary embodiment of a system for powering multiple

devices. In the exemplary embodiment, a CPU 232 and a motor 238 receive power from batteries

226. Optionally, a motor circuit 241a includes a motor driver 242 which distributes current to

motor 238 into pulses. During the pulses, the high load on batteries 226 may reduce the voltage

output of batteries. Between pulses, the voltage output may surge upward. Optionally, a CPU

powering circuit 241b may include a voltage regulator 240 to protect CPU 232 from high voltage

surges and/or an energy reservoir 239 to smooth voltage between the surges, preserving a

relatively constant high voltage power to the CPU.

[0070] In the exemplary embodiment of Fig. 2, a power source may include for example a

set of three Silver Oxide (Ag20) batteries 226. In some embodiments, three fresh Ag20 batteries

226 may have a reliable continuous output of 4.5 V at current of up to 2 mA for up to 100

hours.

[0071] In the exemplary embodiment of Fig. 2 it may be desired to use batteries 226 to

simultaneously power motor 238 drawing 150 mA at start up and 50 mA while running. In the

exemplary embodiment of Fig. 2, a CPU may have a current requirement of 0.3 mA and a

voltage reset threshold of 2.4 V.



[0072] In some embodiments, when motor 238 is switched on (for example using switch

227) and runs continuously, the high current load of motor 238 may cause the voltage output of

battery 226 to drop below the reset threshold of CPU 232.

[0073] In the exemplary embodiment of Fig. 2, motor driver 242 may include an oscillator

236. Optionally motor driver 242 may include a switch, for example a FET 234. In the example

of Fig. 2, oscillator 236 may send a fixed pattern signal to FET 234 for alternatively driving

pulses of power to motor 238 and cutting off power to motor 238. In the example of Fig. 2,

pulses of power may last for 15 msec and subsequently power to motor 238 may be cut off for 5

msec. During the 15 msec driving period, the voltage output of batteries 226 may be reduced to

between 1.5 and 2.5 V. During the 5 msec cut off period, the voltage output of batteries 226 may

rise back to between 4.0 and 4.5 V.

[0074] In the embodiment of Fig. 2, energy reservoir 239 includes a capacitor 230 and a

restrictor 228. Optionally, during a voltage surge (for example between pulses), capacitor 230

may store power. When voltage declines (for example when motor 238 is drawing a pulse of

power from battery 226), capacitor 230 may optionally feed the stored power to CPU 232. In the

embodiment of Fig. 2, capacitor 230 may be for example a ΙΟΟµΡ capacitor. In some

embodiments, the capacitance may range, for example, between 20 and 300 µ . Optionally,

restrictor 228 may include a diode. Restrictor 228 may prevent leaking of charge from capacitor

230 to batteries 226 or to motor circuit 241a.

[0075] In some embodiments, the combination of motor driver 242 and energy reservoir 239

may temporarily (for example for a time period ranging between 5 msec to 50 msec) maintain a

voltage input to CPU above the voltage of the power source of the CPU. This may optionally be

done without a boost converter. Optionally, the voltage to the CPU may be maintained above a

threshold value even when the power source output (for example output of batteries 226)

temporarily and/or cyclically falls below the threshold.

[0076] In some embodiments, active cutting 122 of power occurs when the motor is running.

Optionally, cutting may not occur when the motor is not running (for example during a sleep

period wherein the CPU is running, but not the motor). In some embodiments, this may mean

that the system described herein requires very little power during breaks when the motor is not

running.

Voltage vs. Time at the IC and at the motor



[0077] Figure 3A includes graphs of experimental results compared to hypothetical curve of

Voltage and/or Current vs. time across an inertial device (for example motor 238) and across an

IC (for example CPU 232).

[0078] Various embodiments and aspects of the present invention as delineated herein and as

claimed in the claims section below find experimental support in the example of Fig. 3A.

[0079] Reference is now made to the examples of Fig. 3A, which together with the

descriptions herein illustrate some embodiments of the invention in a non limiting fashion.

[0080] Some details of the exemplary experimental circuit used in Fig. 3 are shown in Fig. 7.

The simulated portions of Fig. 3A illustrate that, for the experimental setup, when the motor is

connected directly to the battery, the output battery voltage 326' quickly drops to less than the

reset threshold (2.4 V) of the IC. The experimental results illustrated in Fig. 3 show that with

protection of a distributing motor driver (in the example driver 442 [see Fig. 7]), a voltage

regulator, (in the example regulator 440440), and an energy reservoir (in the example reservoir

439) the IC input voltage 332" is maintained above the CPU reset voltage.

[0081] In Fig. 3A the lower graph shows the battery output voltage. A simulated unloaded

output voltage 326 of 4.5 V of three Ag20 batteries 226 is shown. A second simulated curve

shows the output battery voltage 326' when connected directly to the motor. Very soon after the

motor is turned on at t=5 msec 316, output battery voltage 326' drops well below 2.4 V. If a

CPU having a reset threshold of 2.4 V were connected to the battery with no protection, it could

reset. An example of the effect of distributing motor input voltage (for example using driver 442)

is seen in the experimentally measured battery voltage curve 326". It is seen that when the motor

is activated the voltage 326" is quickly reduced to less than 2.4 V. Nevertheless, during cut off

periods, when the motor is not drawing current, the voltage rises back to above 4 V.

[0082] In Fig. 3A, the upper graph shows the CPU input voltage. Simulated, voltage curve

332 shows the hypothetical voltage for a CPU connected to an unloaded battery and a low

dropout voltage regulator (for example, regulator 440 which may include, for example, a LP2980

voltage regulator available from Texas Instruments, Post Office Box 655303, Dallas, Texas

75265). Low dropout regulator 440 maintains the CPU voltage at 3.0 V as long as the battery

output voltage is greater than 3.0 V. When the battery output falls below 3.0 V, low dropout

regulator 440 may not boost the voltage. This can be seen in the hypothetical CPU input voltage

332' which is indicative of the CPU voltage that would result without redistributing battery

output voltage 326'. In some embodiments, the CPU may reset when to voltage passes below a

threshold (for example 2.0 V), resetting the CPU may in some embodiments lead to the entire



system shutting down. In such an embodiment, the curves 332' and 326' may be replaced by, for

example a line that starts like line 332 and goes down to 2.0V (for example as approximately 8

seconds) and then shuts down; after shutdown, voltage may optionally return to baseline.

[0083] An experimentally measured CPU input voltage 332" illustrates the effect of adding

a distributing motor drive (for example motor driver 442; see Fig. 7) and simple capacitance

energy reservoir (for example energy reservoir 439 see Fig. 7) to the system. Note that in the

example, even though the power source (for example battery output voltage 326") drops

transiently to less than 2 V, energy reservoir 439 maintains CPU input voltage 332" above the

2.4 V cutoff voltage threshold.

Multi-scale time considerations

[0084] Figs. 3B, 3C and 3D are graphs of simulated voltage 326" data at the battery

illustrating some exemplary changes in voltage at a few different time scales.

[0085] Fig. 3B illustrates an exemplary simulated voltage 326" over time for a battery on a

time scale of the time slicing (for example over 50 msec). For example, two 15 msec pulses are

shown and two 5 msec motor cut off periods are shown. During each motor cut off period there

is a voltage surge 325.

[0086] Fig. 3C is a graph illustrated an exemplary motor-on period of 200 msec. Optionally,

during the motor-on period, the power is sliced between a motor and an integrated circuit. In the

example of Fig. 3C, during the 200 msec motor-on period, there are 10 slicing periods, each

slicing period having for example a 15 msec pulse of power to the motor and a 5 msec period

where power to the motor is cut. Optionally, during the 10 power cutting periods, there occur 10

voltage peaks 325. Following the motor-on period there is a motor-off period. The duty cycle of

the slicing may be defined as the length of the pulses during an on period divided by the length

of the on period. For example in the illustration 10 pulses of 15 msec each over a 200 msec on

period give a duty cycle of 10*15/200=0.75 or 75%. Optionally, the length of the pulses and/or

the cutting off periods need not be fixed. For example, the length of the pulses and/or the cutting

off periods may vary during and/or between on periods.

[0087] Fig. 3D is a graph illustrating an exemplary embodiment of pulse density modulation

(PDM ) wherein on 200 msec periods are spread among 800 msec sleep periods when the motor

is off. In Fig. 3D there is illustrated that is some cases there may be a slow degradation of the

battery voltage. Slow degradation may be caused, for example, by chemical fatigue of the

battery, for example due to slow diffusion of ions across a semi-permeable membrane. In the



example of Fig. 3D, the battery partially recovers during the off periods of the PDM, but the off

periods are not long enough for full regeneration of the battery.

[0088] Fig. 3E is a schematic illustration of an exemplary embodiment of PDM, wherein

fixed time length motor-on periods are spread among varying time length sleep periods (when

the motor is off). Optionally, the amount of work done by the motor may be controlled by

adjusting the length of the sleep periods. For example, the rate of pumping of a medicine may be

dependent on the density of the on periods (for example in Fig. 3E there are six 200 msec on

periods during 10 sec for a density of 0.12).

A medical infusion device

[0089] Fig. 4 is a block diagram illustration of an exemplary embodiment of a disposable

portable medical infusion pump employing an exemplary embodiment of a power distribution

system. The exemplary infusion system may be designed to be cheap, disposable, small and

reliable. Optionally, the system may include a motor driven pump that requires a high current

when it is running. Optionally, the system may include a controller which requires a stable input

voltage. In some embodiments, a cheap, small, disposable power supply (for example three

Ag20 batteries) may not be able to simultaneously supply both requirements directly.

[0090] In some embodiments, an infusion pump may be employed to inject a medication

slowly over a long period of time. In this mode the controller may optionally run for a long time

to keep track of injection progress. Optionally, the pump may be activated only for relatively

short periods to supply incremental injections separated by large time intervals. For example, in

such a case, a small increase in the power requirements of the controller while the motor is not

running may cause a significant drain on the energy of the power supply.

[0091] In some embodiments it may be desirable to supply an energy reservoir for the

controller. Optionally, it may be desirable that the reservoir be able to supply a dependable

voltage to the controller even when the motor is running. Optionally, it may be desirable that the

reservoir be able to supply a dependable voltage to the controller even when the voltage output

of the battery drops below a reset threshold of the controller. Optionally, it may be desirable that

the energy reservoir not significantly increase the power consumption of the controller when the

motor is not running.

[0092] In the example of Fig. 4, optionally a motor 438 drives a pump (not shown) injecting

a medication. The rate of injection is optionally controlled using a micro controller 432.

Controller 432 may optionally include an oscillator 451 and a real time clock 455.



[0093] In the exemplary embodiment of Fig. 4, controller 432 receives power from batteries

426 through voltage regulator 440 and energy reservoir 439. Energy reservoir 439 may

optionally include a capacitor and/or a restrictor for example as illustrated in Fig. 8. Optionally,

batteries 426 may also drive motor 438 via motor driver 442. Optionally, controller 432 controls

motor 438 via motor driver 442. For example, motor driver 442 may include a FET and

controller 432 may control the gate voltage to distribute the current to motor 438 in pulses.

[0094] In some embodiments, controller 432 may receive input signals indicating the status

of the injector. For example: a current sensor 454 may report the current flowing to motor 438; a

rotation sensor 452 may be used to track the rotations of the motor 438 and quantity of medicine

injected.

[0095] In some embodiments, the medicine may be administered by repeated small doses.

For example, the controller 432 may drive motor 438 for a 300 msec dosage period, measure the

number of rotations, compute the quantity injected and determine a waiting time for next dosage

in order to meet a stored injection rate and then wait and afterwards inject again for 300 msec.

For some delivery rates, the waiting period between doses may for example range between 500

msec to 5 sec. For lower delivery rates the waiting period may range between 3 sec and 5

minutes. In the waiting period, the injector may be in a sleep mode. For example, in the sleep

mode the controller 432 may remain active, measuring time until the next dosage and

remembering the delivery parameters, but the motor 438 may be inactive. Optionally, the status

indicators and/or the delivery parameters may be stored in a volatile memory 449. In some

embodiments, it may be important that the controller 432 not reset. For example, resetting may

cause loss of parameter values stored in a volatile memory. For example, resetting of the

controller 432 may indicate a malfunction of the injector or cause a fault in the tracking of the

injection, in some cases such a malfunction may for the patient to rush to the hospital or even

endanger the patient's life.

[0096] In some embodiments, during the dosage period, the high current drawn by motor 438

may cause the voltage output of batteries 426 to drop below the reset threshold of controller 432.

Optionally, reset of controller 432 may be avoided by commanding driver 442 to drive motor

438 with current pulses (for example in a manner similar to Figs. 2 and 3). This may be achieved

for example by controller 432 sending pulsed control signals to the FET of driver 442.

[0097] Alternatively or additionally, a boost regulator may be used to maintain controller

input voltage greater than the voltage of the power source. Boost regulators may be inefficient

and/or expensive in comparison to some embodiments of current redistribution. For example, in



sleep mode the controller 432 may continue running from the battery output which may be

greater than 3.0V while motor 438 is not be running. Under such conditions, a boost regulator

inefficiently continues to draw power. In contrast, in some embodiments of a current distribution

system, the distribution of the motor input may not be active during sleep mode. Optionally,

under those conditions, the distribution system may not significantly increase the energy

consumption of controller 432. In some embodiments (for example see Fig. 9), current

redistribution (for example, using motor driver 442 to create cut off power to motor 438 thereby

creating voltage spikes and using energy reservoir 939 to preserve a threshold voltage to

controller 432) may be used for slow delivery rates (where, for example, energy consumption of

the controller during sleep mode is important) and a boost regulator (for example regulator 940)

may be used for high delivery rates (where, for example the sleep time is short and the

inefficiency of having a boost regulator on the controller circuit may not be critical).

[0098] Optionally the infuser may include a communication cradle 448. Cradle 448 may be

used, for example, to program a delivery rate for a drug. Optionally cradle 448 may also be used

to adjust control parameters such as the length of a dosage period, the rate of current distribution.

For example, for highly viscous drugs, motor 438 may draw more current while injecting the

drug. Optionally for more viscous medicines, the length of distributed pulses may be reduced

and/or the length of the dosage period may be reduced to avoid loss of voltage to controller 432.

[0099] In some embodiments, the system may include a non-volatile memory 447 (Fig. 4).

The non-volatile memory 447 may store, for example, pre-programmed information programmed

into the infuser using cradle 448. Optionally, the preprogramming may be done while being

prepared for use, for example by the manufacturer and/or a doctor and/or a hospital employee

and/or a pharmacist. Alternatively or additionally, the non-volatile memory 447 may include

performance flags. Optionally flag values may be recording during operation and/or before shut

down. When the infuser restarts, the flag values may be used to adjust parameters, for example,

to improve operation and/or avoid repeated unintentional shut downs and/or to recognize a

repeated malfunction.

[0100] In some embodiments the infuser may include dynamic adjustment of operating

parameters. For example, the infuser may be able to adjust itself to adapt to conditions or

performance parts that may not be known a-priori. For example, if the infuser is stored for a long

time batteries 426 may not perform according to specifications. For example, if the infuser is

used under cold conditions, the viscosity of the medicine may increase and the performance of

batteries 426 may be poor. In such a case, during a dosage period, motor 438 may draw higher



than expected current. In such a case, during a dosage period, the drop of voltage output of

battery 426 may be more than expected. Optionally the infuser may include sensors (for example

current sensor 454 and/or a voltage sensor [not shown]) to detect such changes in performance

and dynamically adjust operating parameters (for example by shortening the dosage period or

shortening the pulse length of the current distribution) to allow the infuser to continue operation

and avoid malfunction.

[0101] In some embodiments, the performance characteristics of the infuser may be adjusted

for secondary reasons. For example the rate of pulses may be adjusted to achieve a desired

vibration (patients may feel more confident that the device is working if they hear a reassuring

humming sound).

[0102] Controller 432 may optionally include a watch dog 453 to prevent uncontrolled

injection upon failure of the controller. The injector may include optional user indicators 450 for

example a malfunction alarm and/or an operating indicator LED. The injector may optionally

include user controls 446 such as an activator button.

[0103] In some embodiments, the voltage distribution cut off period may have a length of,

for example, between 2 and 50 msec. In some embodiments, the voltage distribution pulse to

motor 438 may have a length of, for example, between 2 and 150 msec. In some embodiments,

the duty cycle of the power distribution (pulses and cut offs) may range between 50% and 95%.

In some embodiments, the pulse density modulation motor control may have a motor-on time

ranging between 50 and 500 msec. In some embodiments, the pulse density modulation motor

control may have a motor-off time ranging between 500 and 5000 msec. In some embodiments,

the pulse density modulation motor control may have a duty cycle ranging between 2% and 20%.

Method of dynamically controlling a system powering two devices

[0104] Fig. 5 is a flow chart illustration of a method for dynamically adjusting performance

characteristics of a system for powering two devices with a single power source. Particularly in

the example of Fig. 5, based on pre-stored parameters and/or on the output of various sensors, a

controller adjusts parameters of various aspects of current distribution and/or motor control.

[0105] In some embodiments operating parameters may be adjusted at start up based on

parameters programmed into a non-volatile memory. Alternatively or additionally, the non-

volatile memory may include flags which are set during operation. For example if the controller

resets during operation, flag values may optionally be read upon restart and used to adjust the

system operating parameters.



[0106] n some embodiments, operating parameters may be adjusted dynamically during

operation. For example, the parameters may be adjusted according to sensor outputs.

[0107] In the embodiment of Fig. 5, upon start up 556, the controller makes a self check 560.

The self check may optionally include checking 562a various components for malfunctions. If

there is a malfunction, a malfunction procedure 584 may optionally be initiated. For example,

alarm may sound, an LED may be lit, and/or the infuser may shut down.

[0108] Alternatively or additionally, the self check may include checking 562b stored flags

for a sign the injector had been activated previously and shut down and the current start up 556 is

a restart. Optionally, stored flag values may be read 563 to determine the cause of the previous

shut down. For example, the malfunction flags could indicate that there was a higher than

expected current drain from the motor and/or that the battery performed worse than expected;

this could be a sign of, for example, cold temperatures (that may increase medicine viscosity and

decrease battery performance). According to the cause of the previous shut down, actions may

optionally be taken to adjust 564 the operating parameters of the pump to avoid further

malfunctions. Adjustments 564 may optionally include those listed above with respect to

dynamic adjustment of operating parameters. Optionally, a restart flag may be set 566. In some

embodiments, if the system fails again, the system will know that the system has been reset

previously; for example this could be a sign of a serious malfunction.

[0109] In the exemplary embodiment of Fig. 5, parameters have been properly adjusted 564

and/or on a normal start, the injector may optionally wait 517 (for example until a prescribed

injection time) and/or then start 516 the motor to inject the medicine.

[0110] In some embodiments, while the medicine is being injected, the current to the motor

may be measured 572. Optionally, based on the measurement results operation of the pump may

be dynamically adjusted.

[0111] For example, if the current is greater than a maximum threshold 574, there may be an

occlusion 580. The controller may optionally perform malfunction procedure 584.

[0112] For example, if the current is less than a minimum threshold 576, the door of the

pump may be open 586. The controller may optionally set a door open flag 588, notify the user

589, and/or restart the system from the self check 560.

[0113] For example, if the voltage to the controller is dropping at a rate greater than a

maximum threshold 578, the battery may be old 590. The controller may optionally set a flag

592 and/or adjust 594 operating parameters before the next cycle 596.



[0114] Setting flag 592 may include for example saving performance and/or operational

parameters to a non-volatile memory. Optionally, the stored parameters may include for

example, the amount of medicine injected until now, the rate of injection, the measured voltage

input to the CPU and/or the rate of change of voltage input to the CPU. There may optionally

also be cumulative stored values, for example the amount of medicine injected may be stored in

a nonvolatile memory periodically and/or when there is danger that the volatile memory will be

reset (for example when the voltage to the CPU drops to near the reset threshold). If the CPU is

reset, then upon restart 562b the stored injection volume may be used as the initial volume (thus

treatment will be cumulative over restarts and the patient will not receive an overdose if the

system shuts down and restarts and repeats the full dose).

[0115] Optionally, the stored parameters may be used by the controller for example in order

to adjust the operating parameters on restart for example in order to avoid repeating the

malfunction. Alternatively or additionally, the stored parameters may be used by technical and/or

medical staff (for example avoid future malfunctions and/or to adjust the continued treatment of

the patient).

Adjustments

[0116] Some example of adjustments 594 to operational parameters that may be made

dependent on current measurements 572 and/or adjustments 594,564 may be made dependent on

operational parameters read 563 from stored measurements. Adjustments may include, for

example, one or more of:

• if the measured voltage to the CPU dipped too low, then the duty cycle of the

current distribution may be reduced;

• if the voltage to the CPU during cut off times is greater than a cutoff voltage target

level (e.g. well above the reset threshold of the CPU) but voltage is to the CPU is

low at the end of the drive pulse to the motor, (in some embodiments this may

mean that there is not enough storage capacity [for example capacitor 230 is too

small]) then the drive pulse length may be made shorter;

• if the voltage during the cut off period does not rise to the target level than the cut

off period may be lengthened;

· if the cut off period has been lengthened to a stored maximum cut-off period

value, and the voltage still does not rise to the target level, then the motor-on time

may be reduced;



• if the voltage is dropping too much over the long term, the density of the PDM

may be reduced (in some embodiments, this may reduce the power output of the

device [for example a pumping rate of an infuserj).

Measurements of current and voltage during the distribution cycle

[0117] Various embodiments and aspects of the present invention as delineated herein and as

claimed in the claims section below find experimental support in the example of Fig. 6.

[0118] Reference is now made to the examples of Fig. 6, which together with the

descriptions herein illustrate some embodiments of the invention in a non limiting fashion.

[0119] Some details of the experimental circuit used in Fig. 6 are shown in Fig. 7 . Fig. 6 is a

graphical illustration of experimental results for a system similar to that illustrated in Fig. 7 .

Experimental measurements of voltage 326" and current 626 input to the motor are shown.

[0120] Lines 672 illustrate measurement times for current at the motor. In the exemplary

experiment, current was measured during the stable phase of the movement. Current was

measured 10 msec after activation the motor when the voltage drain stabilized (for example, at

start up a DC motor may draw a transient high current of 250% the working current of the

motor). In the exemplary experiment, measurements were made near the middle of the motor

driving pulse for ten consecutive pulses.

Circuit details of a exemplar}' embodiment

[0121] Fig. 7 illustrates details of an exemplary embodiment wherein controller 432 controls

switching and distribution of power to motor 438. Optionally, power is supplied from batteries

426 to controller 432 via a CPU circuit 741b. Optionally, power is supplied from batteries 426 to

motor 438 via a motor circuit 741a.

[0122] In some embodiments, controller 432 sends control signals to a FET 734 to drive

motor 438 and/or cut off power. Optionally, controller 432 may use driver 442 to turn motor 438

on or off, and/or to pump a medicine at a controlled rate. Alternatively or additionally, controller

may use driver 442 to distribute power input to motor 438 in order to maintain sufficient voltage

to controller 432.

[0123] In the exemplary embodiment of Fig. 7, voltage regulator 440 and energy reservoir

439 may optionally smooth voltage surges to supply a smooth voltage to controller 432.

Optionally, reservoir 439 may include a restrictor 728 and a capacitor 730.

[0124] Optionally a controller interface is supplied by input cradle 448. Optionally, dynamic

adjustment of operation may be based on inputs from rotation sensor 452 and/or current sensor

454. Alternatively or additionally, operation of the embodiment of Fig. 7 may be fixed.



Alternatively or additionally, the embodiment of Fig. 7 may include some or none of sensors 452

and 454. Alternatively or additionally, the embodiment of Fig. 7 may include more sensors.

[0125] 440Fig. 8 includes even more circuit details of an exemplary embodiment of a voltage

regulating system. Parts having similar function to parts of the embodiments of Figs. 2, 4 and 7

are marked with the same numbers.

Device with an optional boost regulator

[0126] Fig. 9 is a circuit diagram of an exemplary embodiment of a system for powering

multiple devices. The exemplary embodiment of Fig. 9 includes an optional motor circuit 941a.

Motor circuit 941b may, optionally supply pulsed and/or unpulsed power from batteries 426 to

motor 438. The exemplary embodiment of Fig. 9 includes an optional CPU circuit 941b. CPU

circuit 941b may, optionally supply power from batteries 426 to controller 432.

[0127] CPU circuit 941b may, optionally include an energy reservoir 939 and/or a boost

regulator 940. Reservoir 939 may include an optional restrictor 928 including an active FET gate

that may prevent high voltage power from draining from capacitor 730 to battery 426 and/or

motor 438.

[0128] Boost regulator 940, may for example, maintain a voltage above a reset threshold for

controller 432 even when the voltage output of battery 426 falls below the threshold voltage for

an extended period.

[0129] Reservoir 939 may optionally maintain a voltage above a reset threshold for

controller 432 when the voltage output of battery 426 falls below the threshold voltage for a

short period. For example, when there is a low density PDM (for example as illustrated in Fig.

3A-E), FET 934 may be switched closed, and energy reservoir 939 may optionally maintain a

desired threshold voltage to controller 432 by means of current distributing similar to that

describe with respect to Figs. 2,3A-E and/or 4 .

[0130] Optionally, active FET gate current restrictor 928 may prevent leakage of current

from capacitor 230 to battery 426 and/or motor driver 442. For example, when voltage of battery

426 is low, controller 432 may close the gate of restrictor 928. For example, closing restrictor

928 may be in reaction to detecting low battery voltage via a voltage sensor across battery 426

(not shown). Alternatively or additionally, switching of restrictor 928 may be controlled by

timing software. For example, the timing software may close restrictor 928 when FET 734 is

open to supply high current to motor 438. Optionally controller 432 may then reopen restrictor

928 a few milliseconds after closing FET 734 (when it can be assumed that the voltage of battery



426 has risen above the cutoff threshold). Alternatively or additionally the embodiment of Fig. 9

may have include only some or none of the optional sensors 452, 454, 952.

[0131] In some embodiments, at some times, boost regulator 940 may be used to maintain

voltage of controller 432. For example, boost regulator 940 may be used when voltage sensor

952 senses that voltage to controller 432 is dropping too low (for example, either voltage drops

below a danger threshold and/or the voltage does not rise sufficiently when power to motor 438

is cut). Alternatively and/or additionally boost regulator 940 may be used when the pumping

schedule is fast for example as illustrated in Fig. 10 and the accompanying explanation.

[0132] In some embodiments, when boost regulator 940 is in use, FET 934 is switched open

and restrictor 928 is switched closed. Optionally boost regulator 940, may provide a high voltage

input current to controller 432 even when the voltage of battery 426 falls below the threshold for

an extended period. Optionally, when boost regulator 940 is in use, motor driver 442 may not be

used for distributing power. For example, FET 734 may be switched on or off according to the

needs of motor 438 and the required power output (for example, for a medical infuser, to control

the pumping rate) without regard to the voltage input to controller 432.

High rate power output

[0133] Fig. 10 illustrates voltage of time for example of driving a circuit at a high power

output. In the exemplary embodiment of Fig. 10, the rest time of 750 msec between motor-on

events of 350 msec is not enough time for the battery to regenerate to its full output. When there

is not enough recovery time, battery voltage may, for example, decay over time. In the example

of Fig. 10, the battery voltage may drop below a battery reset threshold (for example 2.4 V) and

remain below the threshold for extended periods.

[0134] In the embodiment of Fig. 10, redistribution of current (as illustrated for example in

Figs. 1, 2, 3 and 4) may not be an efficient manner to maintain the voltage input of an integrated

circuit above a reset threshold. Optionally, a boost regulator (for example boost regulator 940 of

Fig. 9) may be used to maintain a high voltage potential for an integrated circuit (for example

controller 432).

[0135] In Fig. 10, simulated battery output voltage 1026 is shown over time, for an

exemplary embodiment. In the exemplary embodiment of Fig. 10, during motor-on events (in the

example of Fig. 10 from 0-350 msec, from 2000-2350 msec, from 4000-4350 msec and from

6000-6350 msec) the batteries are drained and during the off events the batteries regenerate until

they reach a peak 1025a, 1025b, 1025c, 1025d right before the next on event.



[0136] A possible disadvantage of use of boost regulator 940 is that the boost regulator 940

may consume power. For example, controller 432 may consume 0.5 mW of power. When power

is supplied to controller 432 through boost regulator 940 the combination circuit may require

0.75 mW of power.

[0137] In cases where the device may continue to function for long periods of time (for

example to slowly inject a drug), a small increase of power consumption of the CPU may be

significant. The loss of energy due to use of a boost regulator may then be significant. Slow

injection may, for example, use a small PDM duty cycle (for example as illustrated in Fig. 4A-E)

wherein short cut periods may restore a battery output voltage above the CPU reset threshold.

Optionally, in such a case, power distribution may be the preferred way of regulating voltage.

[0138] In the example of Fig. 10, during long periods where the battery output voltage

remains below the CPU input threshold, (for example in Fig. 10 from 4000 msec until 5000 msec

and from 6000 msec until 8000 msec) a boost regulator (for example boost regulator 940) may

be used to maintain CPU input voltage. At other (for example from 0-4000 msec and from 5000-

6000 msec) the boost regulator may be bypassed (for example by closing FET 934 and a CPU

input threshold voltage may be maintained using a power distribution regulator system (for

example, during motor-on events, using motor driver 442 to cut of power periodically to the

motor and capacitor 230 to store energy and keep up the CPU voltage when the voltage output of

the battery falls for short periods below the threshold).

General notes

[0139] It is expected that during the life of a patent maturing from this application many

relevant technologies will be developed and the scope of the various terms in the application are

intended to include all such new technologies a priori.

[0140] As used herein the term "about" refers to ± 5%

[0141] The terms "comprises", "comprising", "includes", "including", "having" and their

conjugates mean "including but not limited to".

[0142] The term "consisting of means "including and limited to".

[0143] The term "consisting essentially of means that the composition, method or structure

may include additional ingredients, steps and/or parts, but only if the additional ingredients, steps

and/or parts do not materially alter the basic and novel characteristics of the claimed

composition, method or structure.



[0144] As used herein, the singular form "a", "an" and "the" include plural references unless

the context clearly dictates otherwise. For example, the term "a compound" or "at least one

compound" may include a plurality of compounds, including mixtures thereof.

[0145] Throughout this application, various embodiments of this invention may be presented

in a range format. It should be understood that the description in range format is merely for

convenience and brevity and should not be construed as an inflexible limitation on the scope of

the invention. Accordingly, the description of a range should be considered to have specifically

disclosed all the possible subranges as well as individual numerical values within that range. For

example, description of a range such as from 1 to 6 should be considered to have specifically

disclosed subranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3

to 6 etc., as well as individual numbers within that range, for example, 1, 2, 3, 4, 5, and 6. This

applies regardless of the breadth of the range.

[0146] Whenever a numerical range is indicated herein, it is meant to include any cited

numeral (fractional or integral) within the indicated range. The phrases "ranging/ranges

between" a first indicate number and a second indicate number and "ranging/ranges from" a first

indicate number "to" a second indicate number are used herein interchangeably and are meant to

include the first and second indicated numbers and all the fractional and integral numerals

therebetween.

[0147] It is appreciated that certain features of the invention, which are, for clarity, described

in the context of separate embodiments, may also be provided in combination in a single

embodiment. Conversely, various features of the invention, which are, for brevity, described in

the context of a single embodiment, may also be provided separately or in any suitable

subcombination or as suitable in any other described embodiment of the invention. Certain

features described in the context of various embodiments are not to be considered essential

features of those embodiments, unless the embodiment is inoperative without those elements.

[0148] Although the invention has been described in conjunction with specific embodiments

thereof, it is evident that many alternatives, modifications and variations will be apparent to

those skilled in the art. Accordingly, it is intended to embrace all such alternatives, modifications

and variations that fall within the spirit and broad scope of the appended claims.

[0149] All publications, patents and patent applications mentioned in this specification are

herein incorporated in their entirety by reference into the specification, to the same extent as if

each individual publication, patent or patent application was specifically and individually

indicated to be incorporated herein by reference. In addition, citation or identification of any



reference in this application shall not be construed as an admission that such reference is

available as prior art to the present invention. To the extent that section headings are used, they

should not be construed as necessarily limiting.

[0150] It will be appreciated by those skilled in the art that changes could be made to the

embodiments described above without departing from the broad inventive concept thereof. It is

understood, therefore, that this invention is not limited to the particular embodiments disclosed,

but it is intended to cover modifications within the spirit and scope of the present invention as

defined by the appended claims.



CLAIMS

I/we claim:

1. A method for increasing a voltage potential available to a high voltage device

sharing a power source with a high current device comprising:

producing transient high voltage surges in the output of the power source by

repeatedly cutting off power to the high current device during predetermined spaced apart time

periods;

storing energy during said surges;

releasing said stored energy when a voltage output of said power source falls

below a threshold voltage needed to maintain functioning of said high voltage device.

2 . The method of claim 1 wherein the high voltage device is comprised of at least

one of an integrated circuit, a CPU, and a processor.

3. The method of claim 1 wherein the high current device is comprised of an inertial

device such as an actuator or a motor.

4 . The method of claim 1 wherein the power source is comprised of at least one

battery.

5. The method of claim 1, wherein said cutting off of power to the high current

device is controlled by the high voltage device.

6 . The method of claim 1, further comprising

preventing leakage of said released energy away from the high voltage device.

7 . The method of claim , wherein said repeatedly cutting off of power to the high

current device has a period of between 5 and 50 milli-seconds.

8. The method of claim , wherein said repeatedly cutting off of power to the high

current device has a duty cycle of between 50% and 95%.

9 . The method of claim 1 further comprising:

pumping a medicine with said high current device; and

controlling a rate of said pumping with the high voltage device.



10. The method of claim 9, wherein said controlling is adjusted for maintaining said

threshold voltage to the high voltage device accounting for an output limitation of the power

source and a limit of said storage.

11. The method of claim 9, wherein said controlling is by pulse density modulation.

12. The method of claim 11, wherein said pulse density modulation has a pulse width

of between 50 and 500 milli-seconds.

13. The method of claim 11, wherein said pulse density modulation has a duty cycle

of between 2% and 20%.

14. The method of claim 1, further comprising:

testing a voltage input to said high voltage device; and

adjusting said cutting off of power to the high current device according to a result

of said testing to maintain the input voltage to said high voltage device at or above said

threshold voltage.

15. The method of claim 14, wherein said adjusting includes at least one action

selected from the group consisting of: lengthening a time period of said cutting off of power to

the high current device in response to a low voltage measurement, shortening a period between

said cut off periods in response to a low voltage measurement, and reducing a duty cycle of said

high current device in response to a low voltage measurement.

16. The method of claim 1, further comprising:

storing performance data in a non-volatile memory when the voltage input to the

high voltage device falls below the threshold voltage indicating a failure;

restarting the high voltage device after a shut down;

checking said stored performance data after said restarting; and

adjusting said cutting off of power to said high current device upon said restart to

prevent further failure according to said performance data.

17. The method of claim 16, wherein said performance data includes at least one

measurement selected from the group consisting of: a voltage output of the power source, a

voltage input of the high voltage device and a current input to said high current device.



18. The method of claim 17, wherein said adjusting includes at least one action

selected from the group consisting of: lengthening a period of said cutting off of power to the

high current device in response to a low value of said voltage input measurement, shortening a

period between said cut off periods in response to a low value of said voltage input

measurement, reducing a duty cycle of said high current device in response to a low value of said

voltage input measurement, lengthening a period of said cutting off in response to a low value of

said voltage output measurement, shortening a period between said cut off periods in response to

a low value of said voltage output measurement, and reducing a duty cycle of said high current

device in response to a low value of said voltage output measurement.

19. A system for distributing power among a plurality components of a portable

device comprising:

a first circuit powering a high current device;

a second circuit powering a high voltage device; and

a power distributor connected to a power source, said power distributor

configured to;

supply to said first circuit, higher current pulses of power from said power source

having sufficient energy to power said high current device, and

at least partially cut off power to said first circuit between said pulses to produce

voltage surges having sufficient energy to power said high voltage device at a higher voltage

potential than the potential of said higher current pulses.

20. The system of claim 19, further comprising:

an energy storage device connected to said second circuit, said energy storage

device configured to store energy at a high voltage during said voltage surges, and

release said stored energy to the high voltage device between said voltage surges.

2 1. The system of claim 19, wherein the high current device is comprised of an

inertial device which includes a medicine pump and said high voltage device is comprised of an

integrated circuit, CPU or processor which includes a controller for said pump.

22. The system of claim 9, wherein said distributer is controlled by said high voltage

device.

23. The system of claim 22, further comprising:



a sensor to sense a voltage input to said high voltage device and wherein said high

voltage device is configured to adjust said distributer in response to an output of said sensor to

preserve a threshold voltage to the high voltage device sufficient for functioning of the high

voltage device.

24. The system of claim 19, further comprising:

a restrictor to prevent power leakage from said high voltage device.

25. The system of claim 24, wherein said restrictor includes at least one device

selected from the group consisting of: a diode and an electronic switch.

26. The system of claim 19, wherein said high voltage device is configured to adjust

said distributer in response to an aging of said power source.

27. The system of claim 19, wherein said high current device has an inertia to keep

operating during an inertial period and wherein said distributer is configured to keep a length of a

cut off period of power to the high current device between said high current pulses less than a

length of said inertial period.

28. The system of claim 19, further comprising:

a voltage sensor configured to measure an input voltage to said high voltage

device and wherein said high voltage device is configured to receive output from said sensor and

to adjust said distributor in response to said output of said sensor to maintain said input voltage

to the high voltage device to be greater than a threshold value.

29. The system of claim 28, wherein said adjusting includes at least one action

selected from the group consisting of: lengthening a period of said cutting off of the power to the

high current device in response to a low value of said voltage input measurement, shortening a

period between said cut off periods in response to a low value of said voltage input

measurement, reducing a duty cycle of said high current device in response to a low value of said

voltage input measurement, lengthening a period of said cutting off of the power to the high

current device in response to a low value of said voltage output measurement, shortening a

period between said cut off periods in response to a low value of said voltage output

measurement, and reducing a duty cycle of said high current device in response to a low value of

said voltage output measurement.

30. The system of claim 19, further comprising:



a sensor configured to measure at least one parameter selected from the group

consisting of: a voltage output of the power source and a current input of the high current device

and wherein operation of said distributor is adjusted according to an output of said sensor.

31. The system of claim 19, further comprising:

a non-volatile memory configured to store a performance parameter, and wherein said high

voltage device is configured to read said non-volatile memory upon a start up of the system and

to adjust an operation of said distributor in response to said stored performance parameter.

32. The system of claim 31, wherein said performance parameter includes at least one

member of the group consisting of: a voltage output of the power source, a voltage input of the

high voltage device, a current input of the high current device, a number of rotations of a motor,

and a preprogrammed parameter.

33. The system of claim 19 wherein the power source comprises at least one battery.

34. The system of claim 19 wherein the high voltage device is comprised of at least

one of an integrated circuit, a CPU, and a processor.

35. The system of claim 19 wherein the high current device is comprised of an inertial

device such as an actuator or a motor.
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