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DEVICE FOR GENERATING AN ELECTRICALVOLTAGE OF PREDETERMINED 

WAVEFORM. IONTOPHORESIS APPARATUS FOR TRANSDERMALLY 

ADMINISTERING MEDICINAL PRODUCTS AND ELECTRICAL STIMULATION 
APPARATUS, WHICH APPARATUSES ARE EQUIPPED WITH SUCH A DEVICE. 

The present invention relates to a device for generating an electrical voltage 

of predetermined waveform and, more particularly, to an iontophoretic apparatus 

for transdermally administering medicinal products equipped with such a device. 

Apparatuses for administering medicinal products by iontophoresis have 
1 O been provided which are designed for causing ionised molecules of an active 

principle, which hereinafter will be called "medicinal product" or "drug", to 
penetrate through the skin of a patient, the flow of the ionized molecules being 

forced by a potential difference set up between two adjacent areas of the patient's 

skin. By way of example of such apparatuses, mention may be. made of those 
15 described in Documents WO-A-88/08729 and FR-A-2,656,223. 

The quantity of medicinal products thus absorbed by the patient per unit 

of time is clearly dependent on the electrical current which is created by the 
applied potential difference and which traverses the patient's skin on passing from 
one area to the other. Studies have shown the benefit of an accurate control of the 

20 strength of this current, which can be set up or cut off for predetermined 
successive time periods, or amplitude modulated according to pulses of 

sinusoidal, triangular, sawtooth or square waveform, according to various 
programmes for administering medicinal product which are adapted to particular 
treatments, to particular molecules, etc. Reference may be made in this regard to 

25 the article entitled "Study of the mechanisms of flux enhancement through hairless 
mouse skin by pulsed DC iontophoresis" by Pikal and Shah, published in the 

journal "Pharmaceutical Research", volume 8, No. 3, 19,91, pages 365 to 369 and 

to the article entitled "Facilitated transdermal delivery of therapeutic peptides and 
proteins by iontophoretic delivery devices" by Chien and others, published in 

30 "Journal of Controlled Release", 13, 1990, pages 263 to 278. As is explained in 
these publications, the prolonged application of a DC voltage to the skin causes 
an electrochemical polarisation of the latter especially because of a capacitive 
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effect observed in the horny layer, this polarisation causing a decrease in the 

electrical current associated with the ionophoretic transfer of the ionised 

molecules constituting the medicinal product, and therefore a reduction in the 

quantities of medicinal product which are administered per unit of time, with 

5 respect to the desired quantities. A known solution to this problem consists in 

using pulsed DC voltages providing times for depolarising the horny layer. 

For the iontophoretically assisted transdermic administration of 

medicinal products, it is currently sought to produce delivery apparatuses taking 

the form of lightweight compact bracelets which can be fixed without discomfort 

10 to the patient's arm, for several hours, for example. Such bracelets have to 

comprise a reserve of medicinal products to be administered and means for 

generating an electrical voltage suitable for ionophoretic assisting the migration of 

the ionised molecules, constituting the medicinal product, through the patient's 

skin. The reserve of medicinal products may be constituted by a hydrogel filled 

15 with the ionised form of the medicinal product and placed between the patient's 

skin and at least one of the two electrodes between which a voltage of 

predetermined waveform is applied. The means for generating this voltage should 

ideally, as has been seen above, be capable of delivering voltages of very varied 

waveform, frequency and amplitude, and in a programmable manner so that the 

20 apparatus can be used very flexibly. The electrical power supply to the apparatus 

must preferably be set up by batteries in order to ensure the autonomy of the 

patient, which necessitates taking into account the limited lifetime of these 

batteries and providing means for raising the voltage delivered by the batteries, 

the transdermic and iontophoretic administration of medicinal products currently 

25 requiring instantaneous voltages of 10 V or more. These constraints, combined 

with those of compactness and low weight make the design of such apparatuses 

difficult. 

In particular, in order to constitute waveform-programmable voltage 

generation means, it is possible to consider using a digital-to-analog converter, the 

30 digital input of which is supplied by a control device such as a microprocessor, 

the latter successively providing the converter with digital values reflecting the 

amplitude of successive segments of any voltage waveform. Unfortunately, taking 
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into account the necessary high output voltage mentioned hereinabove, this 

solution leads to the use of a converter in a separate casing, which increases the 

cost and the bulk of the apparatus. Furthermore, a digital-to-analog converter is 

comparable to a class B amplifier, that is to say an amplifier acting over one half-

5 period of the waveform only and therefore having an efficiency substantially less 

than 100%. 

The object of the present invention is therefore to produce a device for 

generating an electrical voltage of predetermined waveform, which can be used 

in an iontophoretically-assisted apparatus for transdermally administering 

1 O medicinal products, which does not have the drawbacks of the known solutions 

mentioned hereinabove, which is particularly lightweight, compact and supplied 

by electrical batteries so as to be autonomous and able to be worn by the patient, 

without discomfort, for long periods of time. 

The object of the present invention is also to produce such a device, 

1 5 and such an apparatus allowing complete programming of the waveform of the 

applied voltage and of the programme for delivering the medicinal product, so as 

to make the apparatus very flexible to use. 

A further object of the present invention is to produce such a device 

and such an apparatus which allow the generation of AC waveform pulses, in 

20 order especially to ensure the migrations of the medicinal product in the two 

successive directions of the current thus set up. 

The object of the present invention is furthermore to produce such a 

device and such an apparatus which enable the applied current or voltage to be 

regulated so as to compensate for the time variations in the patient's resistance, as 

25 it is seen by the apparatus between two electrodes for applying the voltage which 

it develops. 

These objects of the invention, as well as others which will appear on 

reading the description which follows, are achieved with a device for generating 

an electrical voltage of predetermined waveform, comprising a switched-mode 

30 power supply equipped with an electronic switching member, the closing of 

which controls the power supply to an inductor which discharges, when the 

member reopens, into a capacitor at the terminals of which the output voltage of 
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the device appears. According to the invention, the latter comprises a) storage 

means for recording a sequence of numbers which are images of successive 

segments of the predetermined waveform, b) a clocked digital counter and c) 

means for successively loading this counter with each of the numbers of the 

5 sequence considered as bound of the count performed by the counter, the latter 

cyclically controlling the closing of the switching member for a predetermined 

time interval, each time the count performed reaches the bound thus fixed. 

By virtue of the use according to the invention of a switched-mode 

power supply controlled by a counter, a compact, lightweight and autonomous 

10 device is obtained, making it very flexible to use in terms of available waveform. 

According to a preferred embodiment of the device according to the 

invention, the counter is a down counter counting down from the loaded number 

and equipped with a zero-detection output controlling the opening of the 

switching member for the predetermined time interval, this member being 

15 constituted by a transistor, the zero-detection output of the counter being looped 

back to an enable input of the counter in order to trigger a new down-count from 

the number loaded. 

According to an advantageous characteristic of the device according to 

the invention, the latter furthermore comprises means for stabilizing the current, 

20 which are interposed between the capacitor of the switched-mode power supply 

and an external load supplied by the voltage delivered by the device. This 

arrangement enables the current flowing into the patient to be made substantially 

independent of the resistance of the latter, which is important for controlling the 

quantity of medicinal product administered per unit of time. 

25 Advantageously, the device furthermore comprises means for reversing 

the direction of flow of the current in an external load, these means being 

activated on detecting the loading into the counter of an image number of a zero 

crossing by the desired waveform of the output voltage from this device, this 

waveform being an alternating waveform having symmetrical half-waves, of which 

30 the image numbers of only one half-wave are loaded into the storage means. 

According to another advantageous characteristic of the device 

__ -~~~~rdin~po the invention, the latter furthermore comprises means for regulating, 
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in closed loop, the voltage or the strength of the output current of the device. 

The invention thus makes it possible to constitute an apparatus for 

transdermally delivering medicinal products, of the type comprising at least two 

electrodes brought into contact with two adjacent areas of the skin of a patient, a 

5 reserve of a medicinal product having electrically transported molecules which is 

arranged against at least one of the electrodes in order to come into contact with 

the patient's skin, these electrodes being supplied by the output of the electrical­

voltage generating device according to the present invention. Advantageously, a 

reserve of medicinal products is arranged against each of the two electrodes in 

10 order to permit a delivery of the medicinal product in the two directions of flow 

of the current between these electrodes. 

Other characteristics and advantages of the present invention will 

emerge on reading the description which follows and on examining the attached 

drawing in which: 

15 - Figure 1 shows diagrammatically the voltage-generating device 

according to the invention, 

- Figure 2 is a diagram of a particular embodiment of the connections 

set up between a microprocessor and a counter· forming part of the device 

according to the invention, 

20 - Figure 3 shows, in more detail, that part of the device according to the 

invention which is controlled by the output of the zero detector of the counter of 

Figure 2 in order to supply the electrodes of an iontophoretic apparatus for 

transdermally administering medicinal products according to the invention, and 

- Figure 4 explains, by way of example, the generation of a sinusoidal 

25 voltage by the device according to the invention. 

Referring to the diagram of Figure 1, it appears that the device 

according to the invention essentially comprises a switched-mode power supply 

1 controlled by a counter 2 which is itself connected to means for storing and 

loading numbers, which means are constituted by a microprocessor 3, for 

30 example. The switched-mode power supply is conventionally constituted by an 

inductor l 1 arranged in series with a transistor T1 of the p-channel MOS type, 

between a reference voltage source V cc and an earth line 4. A diode 0 1 is 

Thi•1 if~i~ llU1i1Ultlil"ced 
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mounted, forward biased, between on the one hand, the point common to the 

inductor L1 and to the drain of the transistor T1 and, on the other hand, a terminal 

of a capacitor C, which is arranged between the diode and the earth line 4. The 

operation of such a switched-mode power supply 1 is conventional. The current 

5 in the inductor L1 increases each time the transistor T1 is conducting, with a slope 

which is determined by the value of the inductance and that of the voltage V cc· 

When T1 stops conducting, the energy stored in the magnetic field of the inductor 

L1 is transferred into the capacitor C, through the diode D1• At each transfer, the 

voltage between the terminals S and 6 of the capacitor C1 increases incrementally 

10 and can, in the absence of a load connected between the terminals 5 and 6, reach 

a very high voltage. 

According to the present invention, the switched-mode power supply 1 

is controlled by a "zero-detection" output of the counter 2, which can, for 

example, be an eight-stage synchronous down counter. Each time the counter 

1 S passes through zero, a pulse of determined duration appears at this output and 

causes the transistor T1 to conduct, which triggers the increase of the current in 

the inductor L1• 

The counter 2 is itself loaded with a number or "vector" defined over 

eight bits, for example. The vector is delivered on parallel data inputs 7 of the 

20 counter in order to load an upper bound of the down-count performed by the 

counter. Thus the time interval separating the appearance of two successive pulses 

at the "zero-detection" output depends on the value of this number or vector. By 

bringing these pulses closer together in time, the charging rate of the capacitor C, 

is accelerated whereas, by moving them apart, this charging rate is decreased. It 

25 may be envisaged thus being able to give the voltage available between the 

terminals 5 and 6, which is delivered to a fixed external load (not shown), any 

form defined by a sequence of values of a "vector", which values are successively 

loaded into the counter in order to vary the time interval separating two · 

consecutive pulses for causing the transistor T, to conduct. 

30 The sequence of the values of the vector corresponding to a given 

waveform, sinusoidal, triangular, 

square or sawtooth for example, symmetrical or otherwise, thus constitutes a 

sequence of numbers, each of which is an "image" of one of the successive 
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segments into which a waveform may be chopped up. This sequence of numbers 

is preserved in storage means which may, preferably but not exclusively, be 

internal to the microprocessor 3. The latter is duly programmed in order to set the 

rate of the delivery of these values to the counter, the latter constantly "revolving" 

5 between the maximum value loaded and the value 0, the counting resuming 

immediately on each 0 crossing on account of the looping of the zero-detection 

output back to the "enable" input of the input 7. Conventionally, as shown, the 

counter is connected to a clock 8 and supplied between the voltage source V cc 

and the earth line 4. 

10 By way of example, in Figure 4 is shown, the sequence of values of the 

vector which can be used for obtaining a sinusoidal waveform always assuming 

that the power supply is applied to a fixed external load. A high value of the 

vector (110, for example) has the effect of setting up a long counting period and, 

consequently, a low excitation frequency of the switched-mode power supply, 

1 S which results in a low output voltage. A vector of lower value ensures a shorter 

counting period, a higher excitation frequency of the switched-mode power 

supply and therefore an increased output voltage. By rapidly varying the vector 

cyclically, it is possible to generate any waveform including constant levels, 

triangular or rectangular pulses, sawteeth and sinusoids. For the generation of a 

20 symmetrical and sinusoidal alternating waveform, such as that shown in Figure 4, 

it is possible to generate the second half-wave of the waveform by simply 

reversing the direction of passage of the current in the external load, which 

reversal is obtained by means which will be described below, the sequence of the 

values of the vector (110, 060, 044, etc.) for only a half-wave then being put into 

25 store. 

According to an advantageous characteristic of the device according to 

the invention, the latter comprises particularly simple means for varying the 

frequency of the waveform set up; it suffices to regulate the rate at which the 

microprocessor loads the counter with the successive values of the vector. 

30 It will be noticed that the duration of the pulse for causing the transistor 

T1 to conduct is equal to the period of the signal delivered by the clock 8 which 

sets the rate of the counter 2, this duration thus being fixed very accurately. The 
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pulse repetition period is variable, equal to the duration of the base pulse 

multiplied by the value of the vector, increased by one unit. It will be further 

noticed that the switched-mode power supply 1 is of the type which makes it 

possible to deliver an output voltage greater than the input voltage. This is 

5 necessary in the application, described below, of the invention to an iontophoretic 

apparatus for transdermally delivering medicinal products, which has to be 

powered by small batteries in order to be able to be worn by a patient, without 

discomfort. In such an application, it is necessary to be able to reach, as has been 

seen above, voltages greater than 10 V with two 3 V batteries for example, and it 

10 is therefore necessary to use a voltage-raising switched-mode power supply. 

Reference is now made to Figure 2 of the attached drawing which 

shows in more detail the means used for loading a vector value into the counter 

2, from the microprocessor 3. By way of non-limiting example, the counter 2 is 

constituted by an eight-stage synchronous down counter having the reference 

15 74HC40103 in the catalogues of the SGS Thomson Company, while the micro­

processor used is that having the reference M50927E in the catalogues of the 

MITSUBISHI Company. 

Each of the eight lines of the parallel input 7 of the counter has been 

shown, each loaded via a resistor (R2 to R9), as is conventional. The outputs 50 to 

20 53 and P0 to P3 of the microprocessor supply these lines, which are connected to 

the pins 4 to 13 of the counter. A crystal clock 8 supplies the counter via an 

inverter 9, and the microprocessor directly on its clock input XIN. The resetting of 

the microprocessor and of the comparator can be controlled by a RESET terminal. 

A reference voltage source 10 supplies the microprocessor. As concerns counter 

25 2, the 11zero-detection" output is looped back to an enable input EN2, as in the 

diagram of Figure 1. 

Figure 2 further shows two lines, "bridge A", "bridge B", respectively 

connected to outputs D3 and D4 of the microprocessor and two lines, ADC1 and 

ADC2, connected to inputs KO and Kl of the microprocessor which are equipped 

30 with built-in analog-to-digital converters. The roles of these four lines will be 

explained in conjunction with the examination which will follow of the diagram 

shown in Figure 3. 
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In this figure, three units have been enclosed by broken lines, 

respectively corresponding to the switched-mode power supply 1 described 

hereinabove, to current-stabilizing means 11 and to means 12 for reversing the 

direction of current in the external load. The base of the transistor Tl of the 

5 switched-mode power supply 1 is connected to the "zero-detection" output of the 

counter 2 via an inverter 17. 

The two aforementioned lines ADC1 and ADC2 form part of means for 

the closed-loop control of the current or the voltage applied to this external load 

which is connected between electrodes 13 and 14 forming, in a particular 

1 O application of the invention, part of an iontophoretic apparatus for transdermally 

administering medicinal products. 

Such an apparatus is constituted by arranging, in a casing capable of 

being held by a bracelet on a limb of a patient, a device for generating an 

electrical voltage according to the present invention and one or more small-scale 

15 electrical batteries such as lithium batteries for the power supply to the device. 

The electrodes 13, 14 are connected, possibly in a separable manner, to the 

output terminal of the circuit of Figure 3. At least one of these electrodes is lined 

with a reserve of the medicinal product to be administered, such as a hydrogel 

loaded with the ionised form of this medicinal product, this hydrogel being 

20 applied against the skin of a patient to be treated. The two electrodes then face 

two adjacent areas of the patient's skin and the voltage developed by the device 

according to the invention causes, when it is suitably oriented, a migration of the 

ionised molecules of the medicinal product through the patient's skin, migration 

forced by the electric field set up between the two electrodes, which extends 

25 under the patient's skin. 

Up to now, the invention has been described in its application to an 

iontophoretic migration of medicinal products. Of course, it is clear that the 

invention extends to any transdermal administration of medicinal products 

transported electrically through the skin, whether by iontophoresis or by 

30 electroosmosis, for example, or by a combination of both these effects. 

The circuit of Figure 3 is designed to carry out various functions 

particularly useful in the application described hereinabove. 
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Thus, the circuit comprises the means 11 for stabilizing the current 11 

delivered to the patient, these means comprising a transistor T2, the base of which 

is connected to the mid-point of a resistor bridge R10, R11 connected to the 

terminals of the capacitor C1, a resistor R12 arranged on the emitter of the 

5 transistor T2 limiting the current delivered by this transistor to the external load. 

Indeed, the base of the transistor T2 is held at a voltage proportional to that of the 

terminal 5 of the capacitor C1 by virtue of the bridge R101 R11 • The voltage at the 

terminals of the emitter resistor R12 is then proportional to that prevailing at the 

terminal 5 less a constant value determined by the emitter/base voltage of the 

10 transistor T2• The voltage at the terminals of the emitter resistor R12 in turn 

determines the emitter current and, thereby, the current in the collector of this 

transistor. This current is substantially independent of the collector resistance 

which is partially determined by that of the patient, as "seen" between the 

electrodes 13 and 14. The stabilization means described make the strength of the 

15 current flowing into the patient (and therefore the flow rate of medicinal product) 

substantially independent of the patient's resistance, which may vary from one 

subject to another. The presence will also be noted of a capacitor C2 connected 

in parallel with the resistor R10, the combination constituting a filter which 

smooths the output of the switched-mode power supply 1 . 

20 As has been seen hereinabove, the device according to the invention 

also comprises means 12 for reversing the direction of the current in the external 

load, between the two electrodes 13, 14, which enables alternating waveforms to 

be generated consisting of two symmetrical half-waves with the aid of the store of 

vector values corresponding to one half-wave only. Figure 3 shows that these 

2 5 means 12 are interposed between the transistor T 2 and the electrodes 1 3, 14. The 

means 12 are constituted by a bridge of four transistors T3, T 4, Ts' T 6 arranged so 

as to supply the external load by a diagonal, the bases of two transistors T3, Ts of 

a first (pnp) type being coupled to the collector of the ot~er two transistors T4, T6 

of a second (npn) type, the conduction states of which are reversed on detection, 

30 by the means for loading a number corresponding to the zero crossing of the 

waveform. 

Of course, the transistor bridge could also be used for generating 
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waveforms having asymmetrical half-cycles, the entire waveform then having to 

be stored. 

The bases of the transistors T 3, T 5 are respectively connected to the 

collectors of the transistors T4, T6 via resistors R14, R, 5 respectively. The bases of 

5 the transistors T4, T6 are controlled by "bridge A", "bridge B" signals respectively 

transmitted by the microprocessor 3 (see Figure 2). The electrodes 13, 14 are 

connected to the collectors of the transistors T3 and T5, along a "diagonal" of the 

bridge. In the embodiment shown, the storage means and the means for loading 

the values of the vector are combined in the microprocessor and the latter is 

10 furthermore equipped with means for detecting the value of the vector which 

corresponds to the zero crossing by the waveform, these means triggering the 

transmission of the "bridge A" and "bridge B" signals. It is clear that, when the 

transistor T4 is made conducting by the transmission of a bridge A signal, the 

conduction of the transistor T4 triggers that of T5, the current leaving the collector 

15 of the transistor T2 passing into the patient from the electrode 14 towards the 

electrode 13. The current passes in the other direction when the microprocessor 

triggers the conduction of the transistors T3 and T6• 

In the application of such a device to an iontophoretic migration of 

medicinal products, the dual-direction migration which is thus possible to obtain 

20 is advantageous when two electrodes are used, each associated with a reserve of 

medicinal product, compared to an apparatus comprising a single reserve 

associated with one of the electrodes only, it is possible to double the flow rate 

of medicinal product. For a same flow rate, the latter is set up from two separate 

areas of the patient's skin, which makes it possible to reduce the latter's irritation 

25 due to the transdermal effect. 

According to another advantageous characteristic of the device 

according to the invention, the latter may be equipped with means making it 

possible to provide a closed-loop regulation of the voltage or of the strength of the 

currents which are applied to the patient between the electrodes 13 and 14. The 

30 patient's resistance may, in fact, vary over time, during.the treatment, in particular 

on account of the polarisation of the horny layer of the skin, despite the 

depolarising effect of the application of pulsed voltages whi_C:.~_ li~_it ~b_i~ polaris~-:_ 

This I lflii~ iU1i1Ul1lliced 
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tion. This resistance variation may lead to variations in the voltage or current 

applied to the patient, outside predetermined regions beyond which the treatment 

is not performed correctly. 

According to the invention, such resistance variations are detected with 

5 the aid of voltages V11 V2, picked up upstream and downstream of the transistor 

bridge T3, T4, Ts, T6, at the points 15 and 16 respectively, via the lines ADC1 and 

ADC2, respectively. 

The voltage V1 picked up at the mid point 15 of a divider bridge R16, R17 

connected between the collectors of the transistors T2, Ts and earth is supplied to 

10 the input KO of the microprocessor, whereas the voltage V2 at the emitters of the 

transistors T4, T6 is delivered to the input Kl of the microprocessor, which 

converts them into digital values. 

The voltage V 1 enables the microprocessor to calculate the voltage on 

the input electrode of the current passing into the patient, whereas the voltage V 2 

15 applied to the resistor R13 placed between the emitters of the transistors T 4, T 6 and 

earth enables the current i = V /R13 passing into the patient to be calculated. The 

microprocessor then calculates the patient's resistance R: 

R = (V1 - V2)/i 

From the variations in the patient's resistance which may thus be 

20 observed, the microprocessor carries out closed-loop control of the voltage or 

current applied to the patient by increasing or by decreasing the value of the 

vector which is provided to the counter so as thus to keep the desired voltage or 

current strength value. The feedback thus obtained also makes it possible to 

enable a halt or a modification to the stimulation of the patient to be ordered in 

25 the event of excessive or insufficient voltage, intensity or resistance, measured on 

the patient. 

An iontophoretic apparatus for transdermally administering medicinal 

product has been constructed comprising a voltage-generating device in 

accordance with the present invention. Powered by two lithium batteries of the 

30 2430 type, the apparatus makes it possible to deliver to the patient a current 

which can be regulated between 0 and 1 mA, continuously or according to any 

waveform pulses, possibly bipolar and having a frequency up to 80 Hz for a 
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sinusoidal or triangular waveform and up to 2 kHz for square waveforms, the 

current obtained being accurate to better than 0.05 mA, for skin resistances 

ranging up to 20 kn. It is possible for these results to be obtained by virtue of the 

characteristics and advantages of the present invention explained hereinabove and 

5 especially by virtue of the technique for loading a sequence of values of the 

"vector" into the counter which enables any waveform to be configured very 

flexibly. The closed-loop regulation using software stored into the microprocessor 

and the accurate measurement of the patient's resistance enable the current 

passing into the patient to be regulated very accurately, which compensates for 

10 the possible losses in the circuit. The use of a voltage-raising switched-mode 

power supply, controlled by a counter, enables an accurate, small-scale voltage 

source to be used. The use according to the invention of a bipolar waveform, in 

combination with two electrodes each lined with a hydrogel filled with medicinal 

products to be delivered to the patient, makes it possible to ensure this delivery 

15 in both directions of flow of the current, through two different areas of the 

patient's skin, which technique increases the tolerance of the patient to the 

iontophoretic current. 

Of course the invention is not limited to the embodiment described and 

shown, which has been given by way of example only. Thus it is possible to 

20 replace the down counter used by an up counter, by means of adaptations which 

immediately spring to mind to the person skilled in the art. 

More generally, the invention is applicable to apparatuses for 

transdermally delivering medicinal products, relying on phenomena other than 

iontophoresis, for example electroosmosis. Furthermore, the device for generating 

25 an electrical voltage according to the invention may also be incorporated into an 

apparatus for electrically stimulating the skin or organs such as nerves or muscles 

for therapeutic purposes such as, for example, the treatment of pain by 

transcutaneous neurostimulation or the activation of healing processes by 

stimulation of the injured skin, or even the muscular training or reeducation by 

30 transcutaneous electrostimulation of muscles. 
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CLAIMS 

1. Device for generating an electrical voltage of predetermined waveform, 

comprising a switched-mode power supply (1) equipped with an electronic 

switching member (T1), the closing of which controls the power supply to an 

5 inductor (l1) which discharges, when the member reopens, into a capacitor (C1) 

at the terminals of which the output voltage of the device appears, characterised 

in that it comprises (a) storage means for recording a sequence of numbers which 

are images of successive segments of the predetermined waveform, (b) a clocked 

digital counter (2) and (c) means (3) for successively loading this counter (2) with 

10 each of the numbers of the sequence considered as a bound of the count 

performed by the counter (2), the latter cyclically controlling the closing of the 

switching member (T1) for a predetermined time interval, each time the count 

performed reaches the bound thus fixed. 

2. Device according to Claim 1, characterised in that the counter is a 

15 downward counter (2) counting down from the number loaded and equipped with 

a zero-detection output controlling the opening of the switching member for the 

predetermined time interval, this member being constituted by a transistor (T1). 

3. Device according to Claim 2, characterised in that the zero-detection 

output of the counter (2) is looped back to an enable input of the counter, in 

20 order to trigger a new down-count from the number loaded. 

4. Device according to anyone of Claims 1 to 3, characterised in that the 

means for successively loading the counter with each of the numbers of the 

sequence are constituted by a microprocessor (3). 

5. Device according to Claim 4, characterised in that the storage means are 

25 programmable according to various sequences of numbers for obtaining as many 

distinct predetermined wave forms. 

6. Device according to Claim 4, characterised in that the storage means are 

incorporated into the micro-processor (3). 

7. Device according to anyone of Claims 1 to 6, characterised in that it 

30 furthermore comprises current-stabilizing means (11) interposed between the 

capacitor (C1) and an external load supplied by the voltage delivered by the 

device. 
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8. Device according to Claim 7, characterised in that the said stabilizing 

means comprise a transistor (T2), the base of which is connected to the mid point 

of a resistor bridge (R101 R11 ) connected to the terminals of the capacitor (C1), a 

resistor (R12) limiting the current delivered by the transistor (T2) to the external 

5 load. 

9. Device according to anyone of Claims 1 to 8, characterised in that it 

comprises means (12) for reversing the direction of flow, into an external load, of 

the output current of the device, these means being actuated on detecting the 

loading into the counter (2) of an image number of a zero crossing by the desired 

10 waveform. 

10. Device according to Claim 9, characterised in that, in the case of an 

alternating waveform having two symmetrical half-waves, the storage means are 

loaded with the image numbers of one half-wave only. 

11. Device according to anyone of Claims 9 or 10, characterised in that the 

15 said reversing means (12) are constituted by a bridge of four transistors {T3, T4, T5, 

T6) arranged so as to supply an external load by a diagonal, the bases of two 

transistors (T3, T5) of a first type being coupled to the collectors of the other two 

transistors (T4, T6) of a second type, the conduction states of which are reversed 

on detecting, by the loading means, a number corresponding to the zero crossing 

20 by the waveform. 

12. Device according to anyone of the preceding claims, characterised in 

that the loading means comprise means for varying the loading frequency of the 

numbers of the sequence and thus the frequency of the output voltage of the 

device. 

25 13. Device according to anyone of Claims 4 to 12, characterised in that it 

comprises means for closed-loop regulation of ~he voltage or the strength of the 

output current of the device. 

14. Apparatus for transdermally delivering medicinal products, of the type 

comprising at least two electrodes designed to be put in contact with two adjacent 

30 areas of the skin of a patient, a reserve of a medicinal product having electrically 

transportable molecules being arranged against at least one of the electrodes in 

order to come into contact with the patient's skin, characterised in that the 
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electrodes are supplied by the output of the device according to anyone of Claims 

1 to 13. 

15. Apparatus according to Claim 14, supplied by a device according to 

anyone of Claims 9 to 13, characterised in that a reserve of medicinal products is 

5 arranged against each of the two electrodes. 

16. Apparatus according to anyone of Claims 14 and 15, supplied by a 

device according to Claim 13, characterised in that it comprises means for 

measuring the voltage and the current flowing into the patient between the two 

electrodes so as to calculate the patient's resistance, seen between these two 

10 electrodes, and means for correcting the numbers successively loaded into the 

counter (2) in order to compensate for the influence of a variation in this 

resistance on the voltage or the current flowing into the patient. 

17. Apparatus according to Claim 16, characterised in that the calculating 

and correcting means are incorporated into the microprocessor (3). 
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