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[57] ABSTRACT

Pulse compensation is disclosed for clectronic devices
capable of producing a pulse output signal suitable for
therapeutic purposes with pulse compensation being auto-
matically provided upon sensing of a change in she condi-
tions being monitored. The electronic device, which prefer-
ably includes a microcomputer, has externally accessible
pulse width and intensity controls for determining the width
and amplitude of pulses then being delivered. Upon each
sensing of a change in a monitored condition capable of
causing user discomfort or possible injury. the intensity of
the pulses then being delivered is quickly reduced and then
gradually increased toward the full intensity requested by
the intensity control. Pulse compensation is also provided
when the pulse width is varied by the pulse width control to
thereby automatically cause a corresponding change in the
range of intensities of the pulses then delivered. based upon
a nerve fiber strength-duration curve or the pulses. to thereby
maintain the stimulation capability of the pulses substan-
tially constant at a percentage of intensity as determined by
the intensity control.

27 Claims, 8 Drawing Sheets
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OUTPUT PULSE COMPENSATION FOR
THERAPEUTIC-TYPE ELECTRONIC
DEVICES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

This invention relates to an electronic device for produc-
ing a pulse output signal for therapeutic purposes, and. more
particularly. relates to output pulse compensation for such a
device.

BACKGROUND OF THE INVENTION

Electronic devices capable of providing a pulse output
signal for therapeutic purposes are now well known. and
such devices are known. for example,. to include transcuta-
neous electrical nerve stimulating (TENS) devices and
muscle stimulating devices. It is also well known that such
devices commonly include externally accessible controls for
effecting parameter changes, including changes in pulse
width and intensity of the delivered pulses (see, for example,
U.S. Pat. No. 4,014.347).

Conventional TENS and muscle stimulator devices com-
monly use constant current feedback to regulate the charge
per pulse. The feedback signal, representing the peak
current, is compared with the reference voltage to establish
the height of the rectangular pulses, and the reference
voltage is usually derived from a variable control device,
such as a potentiometer, which serves to control the stimu-
lation intensity. In other words, stimulation amplitude is
commonly controlled by varying the peak current of the
rectangular current pulses.

It has been found that. at least with respect to TENS
devices and muscle stimulator devices, that large pulse
widths are useful for short term stimulation since they are
more comfortable to the user than narrow pulse width for the
stimulation of large muscles. Conversely, narrow pulse
widths are more comfortable to the user for stimulating
small muscle groups, and narrow pulse widths are particu-
larly well suited for use for long term stimulation which
often occurs, for example, in effective stimulation by a
TENS unit.

It is usually necessary, or at least desirable, that the pulse
width be tuned (i.e., varied) while using the unit. However,
since the charge per pulse varies directly with the pulse
width, unless the peak current is also adjusted whenever the
pulse width is changed, the charge per pulse will also
change.

Since stimulation intensities perceived by a user are
approximately proportional to the delivered charge per
pulse, a wide pulse will acquire a large amount of charge
when the intensity control is moved only slightly in the
intensity increase direction. Conversely, when the pulse
width is narrow, changing the peak current a small amount,
by moving the intensity control in the intensity increase
direction, will produce a small amount of increase in the
charge per pulse. Since pulse width affects the sensitivity of
the intensity control where both are utilized in a device.
using a pulse width, for example, of greater than about 200
microseconds, causes conventional amplitude controls to
become overly sensitive. As a result, pulse widths greater
than about 200 microseconds are difficult to control with an
ordinary potentiometer-type amplitude, or intensity, control.
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In addition, the pulse width of the pulses being delivered
sometimes causes confusion with respect to the amount of
charge being delivered. or at least perceived to be delivered.
For example, if the pulse is 100 ma peak and 200 micro-
seconds wide. the pulse contains 20 microcoulombs charge.
While such a charge would normally be too strong to be
tolerated with small electrodes such as are commonly used
with TENS units. for example. such a charge could easily
and safely be tolerated with comfort if sufficiently large
electrodes are utilized (i.e.. the area of application is made
sufficiently greater).

It was therefore found that if the intensity was increased
as the pulse width was decreased. and if the intensity was
decreased as the pulse width was increased, the charge
delivered by the pulses can be controlled to produce a more
constant level of stimulation. A strength-duration curve to
effect this end was suggested in connection with a diagnostic
apparatus (see, U.S. Pat. No. 2.808.826). and has also been
suggested for use in connection with TENS units (see U.S.
Pat. Nos. 4.431,002 and 4.453.548). In addition, such a
curve has been suggested for use in connection with
mechanical coupling of pulse width and amplitude controls
in a stimulator (see U.S. Pat. No. 4,340.063). such a curve
has been suggested for use in connection with scanning
output parameters through predetermined ranges to periodi-
cally achieve optimum stimulating currents (see U.S. Pat.
No. 4,210,151). and such a curve has also been suggested for
use in conjunction with strength-duration-rate modulation in
a TENS device (see U.S. Pat. No. 4.759.368).

Tt has also been heretofore suggested that the intensity of
the delivered output pulses can be controlled. and gradual
increase in such intensity is utilized, for example, in the
NuWave® TENS unit now being sold by the assignee of this
invention.

Thus, while pulse compensation has heretofore been
suggested in connection with therapeutic-type devices,
improvements and/or additions to such devices could further
improve such devices.

SUMMARY OF THE INVENTION

This invention provides improved output pulse compen-
sation for therapeutic-type electronic devices. Output pulse
compensation is automatically provided upon sensing of
predetermined changed conditions being monitored. and
such compensation is preferably accomplished using a
micro-computer in devices constructed according to this
invention.

When such a changed condition is sensed that is capable
of causing user discomfort, or possible injury, the intensity
of the pulses then being delivered is quickly reduced and
then gradually increased to the full then requested intensity
(unless intensity reduction is again effected due to sensing of
a condition being monitored) to thus provide a soft-start.

Upon sensing a change in pulse width initiated by a
change of the pulse width control, a predetermined corre-
sponding change in the range of intensities of the pulses then
delivered is also effected, based upon the nerve fiber
strength-duration curve of the pulses, to thereby maintain
the charge delivered per pulse substantially constant, with
the percentage of intensity of each pulse being also main-
tained substantially constant unless a change in percentage
is initiated by an intensity control that operates indepen-
dently of the pulse width control.

It is therefore an object of this invention to provide
improved output pulse compensation for a therapeutic-type
electronic device. ‘
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It is another object of this invention to provide improved
proved output pulse compensation that is automatically
provided upon sensing of a predetermined changed condi-
tion being monitored.

It is still another object of this invention to provide
improved output pulse cornpensation by quickly reducing
the intensity of pulses then being delivered upon sensing of
a monitored condition capable of causing discomfort or
injury, and then gradually increasing the intensity to the
requested intensity unless again caused to be reduced due to
sensing of a monitored condition.

It is another object of this invention to provide improved
output pulse compensation for a therapeutic-type electronic
device utilizing a change in the range of intensities corre-
sponding in a predetermined manner to a change in pulse
width.

It is another object of this invention to provide improved
pulse compensation for therapeutic-type electronic device
wherein a change in the range of intensities. corresponding
in a predetermined manner to a change in pulse width, is
based upon a merve fiber strength-duration curve.

It is still another object of this invention to provide
improved pulse compensation for a therapeutic-type elec-
tronic device utilizing a change in the range of intensities,
corresponding in a predetermined manner to a change in
pulse width, to thereby maintain the charge delivered per
pulse substantially constant.

It is yet another object of this invention to provide
improved compensation for a therapeutic-type electronic
device utilizing a micro-computer to sense monitored con-
ditions and cause output pulse intensity changes in response
thereto.

With these and other objects in view, which will become
apparent to one skilled in the art as the description proceeds.
this invention resides in the novel coastruction.
combination. arrangement of parts and method substantially
as hereinafter described. and more particularly defined by
the appended claims, it being understood that changes in the
precise embodiment of the herein disclosed invention are
meant to be included as come within the scope of the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings illustrate a complete
embodiment of the invention according to the best mode so
far devised for the practical application of the principles
thereof, and in which:

FIG. 1 is a block diagram of a TENS unit having output
pulse compensation according to this invention supplied by
a micro-computer included as a part of the TENS unit;

FIG. 2 is a schematic diagram illustrating an output stage
as shown in FIG. 1;

FIGS. 3 through 5§ are flow charts illustrating operation of
the micro-computer shown in FIG. 1 to control the intensity
of the output pubes in response to monitored conditions:

FIG. 6 is a graph of a typical nerve fiber strength-duration
curve;

FIG. 7 is a plot of a strength-duration look-up table based
upon the strength-duration curve of FIG. 6; and

FIGS. 8A and 8B show a flow chart illustrating operation
of the micro-computer shown in FIG. 1 to effect output pulse
compensation by varying the range of intensities of the
output pulses due to pulse width adjustment.

DESCRIPTION OF THE INVENTION

In this invention. output pulse compensation is automati-
cally provided for a therapeutic-type electronic device when
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a predetermined change is sensed to occur in a condition
being monitored. This includes, for example. monitoring of
conditions to prevent user discomfort, or possible injury, due
to delivery of output pulses at undesirably high intensity
levels. as well as monitoring variations imposed by the user,
as, for example, varying the requested pulse width of the
pulses to be delivered.

Users have been found to be occasionally startled or even
shocked by improper use of nerve stimulators or by defec-
tive stimulation units. These incidents are normally charac-
terized by a sudden, perceived increase in the stimulation
intensity that surprises the user, and can happen in a number
of different ways, including, for example, an abrupt increase
in the intensity caused by a requested increase by the
intensity control or by a sudden increase in intensity occa-
sioned by battery replacement. loose or intermittent elec-
trode leads, rapid switching between modes. and/or defects
causing the device to be reset accidently.

In this invention, monitored conditions are sensed, or
detected, preferably using a micro-computer having appro-
priate algorithms. The algorithms elimipate surprise. and
prevent discomfort or possible injury, by resetting the stimu-
lation intensity of the output pulses being then delivered to
a low (or zero) level, and then gradually increasing the
stimulation intensity up to the level requested by the setting
of the intensity control.

Output pulse compensation. according to this invention. is
illustrated in FIG. 1 in connection with a TENS device. It is
meant to be appreciated. however, that such compensation
can be effected with other therapeutic-type devices in the
same manner. The TENS device illustrated in FIG. 1 is a
plural channel device, but it is meant to be realized that a
single channel device could also be utilized.

Referring now to FIG. 1. TENS device 7 includes micro-
computer, or controller, 9 that receives an input indicative of
intensity, or amplitude, from amplitude control potentiom-
eters 11 and 13 (if plural channels are utilized) and an input
indicative of pulse width from pulse width control potenti-
ometer 15. In addition, TENS device 7 can also receive an
input indicative of pulse rate from pulse rate control poten-
tiometer 17, as is conventional.

As indicated in FIG. 1, the control inputs (from potenti-
ometers 11, 13, 15 and 17) are coupled to microcomputer 9
(which preferably includes analog-to-digital (A/D) con-
verter 19). Micro-computer 9 is connected with power
supply 21 (5 volts), and power supply 21 is connected to
battery 23 (9 volts) through on-off switch 25. Battery 23 also
provides power to high voltage power inverter 27. which
inverter supplies high voltage to the output stages 29 and 31
(if plural channels are utilized). as is conventional for TENS
units. The output stage, or stages. are preferably conven-
tional asymmetric biphasic, but can also be symmetrical
biphasic.

As also indicated in FIG. 1. a multi-mode operation can
be established for the device using latch 33 (a 4 bit latch),
to hold the then selected mode, and mode switch 35.

As is conventional, micro-computer 9 generates pulses for
each channel utilized (using appropriate algorithms in con-
nection with timer 37, which timer is preferably a part of the
micro-computer), and these pulses are coupled to the output
stage, or stages, to enable the pulse output signals to be
conventionally provided by the device.

As also shown in FIG. 1 micro-computer 9 has also
included therein output pulse compensation algorithms and
a look-up table with the output being coupled through
digital-to-analog (D/A) converter 39 (also preferably a part
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of micro-computer 9 as shown in FIG. 1). Converter 39
supplies a reference voltage to one input of operational
amplifier 41. The other input of operational amplifier 41 is
connected with current sense resistor 43, and the output of
operational amplifier 41 is coupled to the output stage, or
stages. 29 and 31.

Output stages 29 and 31 may be identical and output stage

29 is shown in detail in FIG. 2. As shown, the high voltage
is coupled to high voltage gate transistor 47 of output stage
29, and transistor 47 also receives the pulse logic input from
micro-computer 9. The output pulses are delivered to a user
through lead 49, with the return path from the user being
through lead 51, capacitor 53, and diode 55 (with lead 49
being connected to the junction of capacitor 53 and diode 55
through bleed resistor 57).
. As also shown in FIG. 2, analog control transistor 59 is
connected with the output of operational amplifier 61.
Amplifier 61 has one input connected to receive a reference
voltage and the other input connected with transistor 59 and
is connected with ground through sense resistor 63.

As also shown. a +5 volt power supply is connected to one
side of resistor 65. The other side of resistor 65 is connected
to one side of diode 67, with the other side of diode 67 being
connected to the junction of diode 55 and transistor 59. Gate
transistor 69 of sample and hold circuit 71 is connected with
the junction of resistor 65 and diode 67 through parallel-
connected capacitor 73 and resistor 75 (having resistor 77 to
ground connected therewith). The pulse logic from micro-
computer 9 is also coupled to transistor 69, and the output
from transistor 69 is stored in capacitor 79, which capacitor
is connected with A/D convertor 19 of micro-computer 9.

The implementation of the algorithms used in microcom-
puter 9 (as illustrated in FIGS. 3 through 5) requires the use
of the sample-and-hold circuit to measure the output tran-
sistor saturation during pulses for each channel (the circuit
is necessary only where the pulse rate of the TENS unit is
variable since, if the rate is fixed, a simple R-C averaging
circuit attached to the analog control transistor drain could
produce an appropriate voltage value proportional to the
drain voltage during the pulses).

The flow chart, as shown in FIG. 3, provides a test for
output errors, the flow chart. as shown in FIG. 4, provides
for control of the intensity of the delivered output pulses
(preferably every ten milliseconds), and the flow chart. as
shown in FIG. S. provides for mode selection (an intermit-
tent lead routine may also be utilized and differs from the
reset routine illustrated in that the intensity is reset to zero
and ramp-up requires 2.55 seconds, which is 255 steps of
1/100 second).

The algorithm is initiated by unit reset, change of oper-
ating mode, or intermittent lead detection.

When the unit is reset. the initialization of the processor
(i.e., the micro-computer) includes slow “ramping” of the
intensity setting up to the intensity set by the externally
accessible intensity control over a period of 2 seconds. The
actual intensity is reset to a binary multiplier factor of “55”,
which is about 20% of full scale. Then the intensity is
ramped up to “255”, which is equivalent to a multiplier of
100% of full scale. So whenever the processor resets, the
intensity control (or controls if dual channels are being
utilized) is checked. and if it is found that the setting of the
control, or controls, is at a significant level, then the intensity
is ramped slowly up to that level.

Similarly, whenever a change in the mode status is
detected. the same two second algorithm is implemented.

Intermittent leads require the most complicated detection
algorithm. The algorithm looks for the combination of hard
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saturation of the output transistors plus greater than 95% of
the maximum output voltage from the high voltage inverter
power supply (where used in a unit having power conser-
vation that requires monitoring of the saturation of the
output transistors. saturation alone would not be a sufficient
definition for open electrode leads). An open lead pair means
that the supply voltage is at maximum and the output
transistor is fully saturated.

To measure the drain voltage of the output transistor, the
output stage analog control transistor drain is monitored by
sample-and-hold circuit 71, as shown in FIG. 2. Transistor
69 is gated on by the micro-computer during pulses to
sample the drain voltage, and this voltage is stored in
capacitor 79 until read by A/D converter 19. The drain
voltage is converted into binary values from 0 to 255.

Sample and hold circuit 71 measures the drain voltages
only in the vicinity of saturation. Drain voltages above about
5 volts are defined as not saturated and produce a maximum
A/D output of 255 binary. As can be appreciated from the
circuit diagram of FIG. 2, the connection to sample and hold
circuit 71 becomes operative only when the drain voltage
falls below 5 volts and diode 67 is forward biased.

Micro-computer 9 sees a range of saturation voltages
from 0 to 255 binary. A voltage of less than “32” is defined
as “hard saturation” while a value of less than “128” is
defined as a high impedance electrode circuit. If the value is
less than *32”, the soft start reset and ramp sequence is
started. However, if the value is just less than “128”. then an
electrode alert light (if utilized) is energized and the reset/
ramp sequence is not started. An alert light indication
indicates that leads and/or electrodes have too high an
impedance and that the user should recheck the electrode
system for such things as continuity and moist skin contact.

Output pulse compensation is also automatically provided
to maintain the charge delivered per pulse substantially
constant when a change occurs in the pulse width of the
output pulses then being provided by the device.

To accomplish such compensation the range of the
amplitude, or intensity, of the delivered output pulses is
adjusted based upon a nerve fiber strength-duration curve,
such as illustrated in FIG. 6.

The curve shown in FIG. 6 illustrates the relationship
between the amplitude and the width and the resulting
capability to stimulate the nerve fiber. From this curve. it can
be seen that if the pulses have too low an amplitude (i.e.. less
than the “rheobase™), the nerve will never be stimulated.
even if the pulse width lasts to infinity.

Pulse width compensation includes. basically. using an
applicable strength-duration curve to vary the range of the
peak current delivered as pulses from the device. In other
words, the pulse width, as then set, determines the peak
current range of the intensity control. For every pulse width,
there is a corresponding current range for the intensity
control.

The strength-duration curve shown in FIG. 6 is preferably
implemented with a look-up table that can be read by
micro-computer 9 and an illustration of such a table, based
upon the curve shown in FIG. 6, is set forth in FIG. 7. As
illustrated in FIG. 7, at a 50 microsecond pulse width, the
intensity is automatically assigned a range of O to 100
milliamperes peak, while at 400 microseconds width, the
assigned range is O to 27 milliamperes peak.

The table, as shown in FIG. 7. was determined imperically
and has the following mathematical formula:

1=19.6/(1-e(—0.00305XPW—0.0664)),
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where I is current and PW is pulse width.

Whenever a new pulse width is selected by the pulse
width control the micro-computer, following the thus estab-
lished algorithm. determines the appropriate range of current
(within which range the intensity varying. or controlling,
unit (such as a potentiometer) can operate), and then gen-
erates the proper reference voltage within that current range
for that pulse width. A flow chart illustrating operation of the
micro-computer to effect pulse width compensation is set
forth in FIG. 8.

After the determination is made at micro-computer 9. the
binary number produced is coupled through D/A converter
39 to generate a reference voltage to be coupled to opera-
tional amplifier 41.

Thus, the reference voltage equals the setting percentage
(of the intensity control potentiometer) X maximum peak
current x K. where K is a scale factor that converts the value
to the correct binary number and subsequent voltage for the
particular device design.

Because the look-up table establishes a range of the
intensities. there is, of course, a family of numerous strength
curves one for each possible intensity percentage setting.
This enables smooth control and is normally no more
distinguishable to a user tham is generating the reference
voltage directly using a simple potentiometer.

The look-up table. as shown in FIG. 7, is not suitable for
all pulse shapes since this table was derived for use with an
asymmetrical biphasic pulse generated by a capacitive out-
put stage which has an active charge bleeder circuit, such as
is commonly found in TENS-type units. In such a unit, the
active bleeder circuit discharges the charge stored in the
output capacitors and tissues during the brief rectangular
pulses. When the pulse width is narrow and pulse rate is low.
the charge can be dissipated with a simple resistor. However,
when wide pulses and high pulse rates are used, the bleeder
must actively discharge the capacitance by turning on a
bleeder tramsistor between pulses. The time constant and
response characteristics of the bleeder circuit partly deter-
mine the exact shape of the look-up table curve.

As an example of how the look-up table might need to be
changed. when a bleeder circuit is used that discharges the
capacitance more slowly, the curve that produces equal
sensation is different and has the following mathematical
formula:

=28.1 25/(1-e(~0.0046389>xPW-1)).

The equation has the same form as before. but the
rheobase has been shifted to account for the different pulse
shape.

For other embodiments of the invention, it would be
possible to perform the calculation using the exponential
formula every time the pulse width changes. In practice,
however, this method appears to be slow, due to the com-
plicated operation. and difficult to implement. at least using
an 8 bit micro-controller. It would also be possible to build
a compensation control system using analog curve fitting
techniques. but this method would appear to require tuning
with multiple trim pots and therefore be far more costly.

In practice. a device with output pulse compensation, such
as illustrated in FIG. 1, operates in the same manner as does
a conventional TENS device, except that compensation is
automatically provided by the microcomputer each time the
pulse width is changed.

The use of such pulse width compensation will not
normally be noticed by a user, particularly since the user is
automatically protected. including protection against shock
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which could otherwise occur. for example, when a large
pulse width is selected.

Using pulse width compensation. it is possible to adjust
pulse widths while the device is in use and directly compare
different pulse widths independent of the intensity (since the
percentage of intensity is maintained constant unless the
intensity control is also adjusted). Also. the ability to finely
control intensity when utilizing wide pulse widths makes
exceptionally wide pulse widths practical for use in a
general purpose TENS unit or a muscle stimulator unit.

Automatic compensation of the pulse intensity range of
the delivered output pulses is achieved as the pulse width is
varied. Thus, the pulse height is automatically varied when-
ever the pulse width is changed to hold the amplitude of
sensation constant.

Without an arrangement to automatically vary the inten-
sity control potentiometer (which normally has an externally
visible indicator associated therewith), the actual intensity
being delivered cannot be correctly portrayed at the intensity
control indicator for each of a plurality of pulse widths. The
range of intensities is thus changed as the pulse width is
changed. The intensity control potentiometer indicator
therefore acts as a percentage indicator that consistently
indicates whatever percent of the intensity range is then
selected by the intensity control potentiometer. Thus, ampli-
tude is defined as a family of strength-duration curves. with
each curve representing a separate setting of the intensity
control.

As can be appreciated from the foregoing. this invention
provides improved output pulse compensation for an elec-
tronic device providing a pulse output for therapeutic pur-
poses.

What is claimed is:

1. An electronic device for providing output pulses fo a
user for therapeutic purposes, said device comprising:

electronic controller means for providing control pulses;

voltage supply means for providing a voltage output;

pulse output means including transistor means for receiv-
ing said control pulses and said voltage output and.
responsive thereto, providing output pulses for thera-
peutic purposes having an intensity level and a pulse
width subject to change due to the occurrence of
predetermined condition variations; and

said electronic controller means including sensing means

connected with said transistor means for sensing satu-
ration of said transistor means indicative of the occur-
rence of [a] one of the predetermined condition [varia-
tion] variations capable of causing user discomfort
while said output pulses are being provided, and.
responsive thereto, said electronic controller means
causing intensity compensation of said output pulses by
causing the intensity level of said output pulses to be
quickly reduced to a predetermined intensity level and
then, upon completion of said reduction, causing the
intensity level of said output pulses to be gradually
increased toward the intensity level of said output pulse
existing immediately prior to sensing of the occurrence
of said predetermined condition variation.

2. The device of claim 1 wherein said electronic controller
means allows the intensity level of said output pulses to be
gradually increased over a predetermined period of time
toward said prior existing level unless said electronic con-
troller means senses the occurrence of [a] one of the prede-
termined condition [variation] veriations capable of causing
user discomfort during said predetermined time period of
gradual increase of the intensity level of said output pulses.

3. The device of claim 1 wherein said electronic controller
means includes micro-computer means for causing genera-
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tion of said control pulses and for effecting said intensity
compensation of said output pulses.

4. An electronic device for providing output pulses for
therapeutic purposes, said device comprising:

electronic controller means for providing control pulses;

voltage supply means for providing a voltage output;

pulse output means for receiving said control pulses and
said voltage output and. responsive thereto. providing
output pulses for therapeutic purposes having an inten-
sity and @ pulse width [subject to change due to the
occurrence of predetermined condition variations], said
intensity being variable within a range of intensities,
wherein the range of intensities has a maximum inten-
sity that is based on the pulse width in a strength-
duration curve relationship and wherein said intensity
equals a variable percentage of the maximum intensity;

pulse width control means for varying the pulse width of
said output pulses;

intensity percentage control means for varying the per-

centage of the maximum intensity [of] for said output
pulses; and

said electronic controller means including sensing means

for sensing a predetermined condition variation [estab-
lishing] that is indicative of a change in the pulse width
of the output pulses [by said pulse width control
means], and, responsive thereto, causing a correspond-
ing [and predetermined] change in the range of inten-
sities [of said output pulses] based upon [a] said
strength-duration curve [applicable to said output
pulses, said] and causing a change in the [range of
intensities] intensity of said output [pulses being] pulse
in a manner such that the intensity of the output pulse
is substantially maintained at the percentage of the
maximum intensity as [established] varied by said
intensity percentage control means [is substantially
maintained].

§. The device of claim 4 wherein each of said output
pulses delivers a charge that has a resulting capability to
stimulate nerve fiber, and said electronic controller means
causes said corresponding fand predetermined] change in
the range of intensities [of said output pulses] to be such that
the resulting capability to stimulate nerve fiber of the charge
[delivered per pulse] of said output pulses is maintained
substantially constant.

6. In an electronic device for providing output pulses
having a variable intensity level for therapeutic purposes
and having output means for producing said pulses that
includes a transistor with a drain having a drain voltage,
output pulse compensation means comprising first means
including sensing means connected with said output means
for sensing the drain voltage of said transistor indicative of
a change in at least one predetermined condition being then
monitored and sample and hold means connected with said
sensing means whereby said sample and hold means
receives the sensed drain voltage of said tramsistor, and
second means connected with said sample and hold means
for causing a rapid decrease in the intensity level of said
output pulses upon sensing of said change in at least one
predetermined condition being then monitored, said second
means, upon completion of said rapid decrease in intensity
level. then causing the intensity level of said output pulses
to be thereafter gradually increased over a predetermined
time period toward the intensity level of said output pulses
existing immediately prior to said rapid decrease.

7. The device of claim 6 wherein said compensation
means causes said rapid decrease in the intensity level of
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said output pulses in response to a predetermined change
condition capable of causing user discomfort or possible
injury.

8. The device of claim 6 wherein said sample and hold
means includes capacitor means for storing a voltage indica-
tive of said sensed change in said predetermined condition
being then monitored.

9. The device of claim 6 wherein said compensation
means causes said gradual increase in the intensity level of
said output pulses over a period of about two seconds.

10. An electronic device for providing output pulses for
therapeutic purposes, said device comprising:

electronic controller means for providing control pulses;

voltage supply means forproviding a voltage output;

pulse output means for receiving said control pulses and
said voltage output and, responsive thereto, providing
output pulses having an intensity level for therapeutic
purposes, said pulse output means including transistor
means having a drain with a drain voltage; and

said electronic controller means including sample and

hold means connected with said transistor means for
sensing the drain voltage of said transistor means and
capacitor means for storing a voltage indicative of said
drain voltage, said electronic controller means receiv-
ing said voltage stored at said capacitor means and,
responsive to [a] an amount of stored voltage indicative
of the occurrence of a predetermined condition
variation, causing intensity compensation of said out-
put pulses by rapidly decreasing the intensity level of
said output pulses and thereafter gradually increasing
the intensity level of said output pulses over a prede-
termined period of time toward the intensity level of
said output pulses existing immediately prior to said
rapid decrease in intensity level.

11. The device of claim 10, wherein said transistor means
is an analog control output transistor, and wherein said
sample and hold means includes a gate transistor connected
between said analog control output transistor and said
capacitor means.

12. In an electronic device for providing [a pulse] output
[signal] pulses for therapeutic purposes [with] each of said
outpur pulses having a pulse width and intensity, said
electronic device having pulse width control means for
varying the pulse width of said [pulse] output [signal] pulses
and intensity [percentage] control means for varying the
[percentage of] intensity of said output pulses, [pulses] to
produce a charge for each output pulse that has a resulting
capacity to stimulate nerve fiber pulse width compensation
means comprising:

intensity percentage control means for variably setting a

percentage of a maximum intensity for the intensity of
the output pulses, wherein said maximum intensity is
defined by a strength-duration curve relationship
between pulse width and intensity for nerve fiber stimu-
lation capability such that there is a range of intensities
limited by the maximum intensity for a pulse width;
sensing means for sensing a change in the puise width [of
said pulse output signal] by said pulse width control
means and providing an output indicative thereof; and
electronic means for causing a change in the intensity and
in the range of intensities of said [pulse] output [signal}
pulses responsive to said output from said sensing
means, with said change in the intensity and in the
range of intensities of said [pulse] output [signal]
pulses being in a manner such that the intensity of said
output pulses is substantially maintained at the per-
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centage of maximum intensity in the range of intensities
as [established] varied by said intensity percentage
control means [is substantially maintained]. and with
said change in the range of intensities of said pulse
output signal being based upon [a] the strength-
duration curve applicable to said [delivered] ourput
pulses [of said pulse output signal to thereby maintain]
such that the resulting capability to stimulate nerve
fiber of the charge [delivered per] for each pulse [of
said pulse output signal] is maintained substantially
constant.

13. The pulse width compensation means of claim 12

wherein said electronic means of said pulse width compen-
sation means is a part of a micro-computer controlled by a
predetermined algorithm.
" 14. The pulse width compensation means of claim 13
wherein said electronic device is a TENS-type unit, and
wherein said preselected algorithm follows a mathematical
formula of I=19.6/(1—e(0-030>FPW-00664)y where T is cur-
rent and PW is pulse width.

15. An electronic device for providing output pulses for
therapeutic purposes. each of which output pulses has a
pulse width and intensity to produce a charge for each
output pulse that has a resulting capability to stimulate
nerve fiber, said device comprising:

pulse width control means for varying the pulse width of

said outpur pulses, wherein the intensity of the output
pulses is variable within a range of intensities, and
wherein the range of intensities has a maximum inten-
sity that is based on the pulse width in a strength-
duration curve relationship;

[amplitude] intensity percentage control means for vary-
ing the percentage of the maximum intensity for said
output pulses;

controller means connected with said pulse [with] width
control means and said [amplitude] intensity percent-
age control means, said controller means providing
control pulses, each [pulse] of which control pulses has
a width and an [amplitude] intensity determined by said
pulse width control means and said [amplitude] inten-
sity percentage control means;

high voltage supply means for providing a high voltage
output:

pulse output means for receiving said control pulses and
said high voltage output and. responsive thereto, pro-
viding output pulses for therapeutic purposes; and

said controller means also providing pulse compensation
for causing a change in the range of intensities [of said
output pulses] responsive to a variation in said pulse
width of said output pulses [effected by said pulse
width control means], with said change in the range of
intensities [of said output pulses] being based upon [a]
said strength-duration curve [applicable to said deliv-
ered output pulses to thereby maintain] relationship
such that the resulting capability to stimulate nerve
fiber of the charge [delivered per pulse] for each of said
output pulses is maintained substantially constant and
[with the] causing a change in the range of intensities
of said output pulses responsive to variation in pulse
width [being] in a manner such that the intensity of each
output pulse is substantially maintained at the percent-
age of the maximum intensity [established] as varied by
said [amplitude] intensity percentage control means [is
substantially maintained] so that the intensity [level
delivered] within said range of intensities is such that
the [delivered] charge that stimulates nerve fiber
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remains unchanged by a change in pulse width by said
pulse width control means.

16. The device of claim 15 wherein said device provides
output pulses to a plurality of output channels, and wherein
said pulse compensation is provided for each of said output
channels.

17. The device of claim 16 wherein said device includes
a separate [amplitude] intensity percentage control means
for each of said output channels, with each of said [ampli-
tude] intensity percentage control means providing a sepa-
rate percent of intensity control for each said channel.

18. A method for providing output pulses for therapeutic
purposes, said method comprising:

providing control pulses;

providing a voltage output;

providing an output means having transistor means for
receiving said control pulses and said voltage output
and., responsive thereto, providing output pulses having
an intensity level and a pulse width subject to change
due to the occurrence of predetermined condition varia-
tions;

sensing the occurrence of saturation of said transistor
means indicative of [a] ore of the predetermined con-
dition [variation] variations capable of causing user
discomfort while said output pulses are being provided;
and

utilizing said sensed occurrence of said predetermined
condition variation to cause intensity compensation of
said output pulses by causing the intensity level of said
output pulses to be quickly reduced to a predetermined
intensity level and then upon completion of said
reduction, causing the intensity level of said output
pulses to be gradually increased toward the intensity
level of said output pulses existing prior to sensing of
the occurrence of said predetermined condition varia-
tion.

19. The method of claim 18 wherein said method includes
allowing the intensity level of said output pulses to be
gradually increased over a predetermined period of time
toward said prior existing level unless the occurrence of [a]
one of the predetermined condition [variation] variations
capable of causing user discomfort is sensed during said
predetermined time period of gradual increases of the inten-
sity level of said output pulses.

20. A method for providing output puises for therapeutic
purposes. said method comprising:

providing control pulses;

providing a voltage output;

receiving said control pulses and said voltage output and.,
responsive thereto, providing output pulses having an
intensity and pulse width [subject to change due to the
occurrence of predetermined condition variations] that
produces a charge that has a resulting capability to
stimulate nerve fiber, said intensity being variable
within a range of intensities, wherein the range of
intensities has a maximum intensity that is based on the
puise width in a strength-duration curve relationship
and wherein said intensity equals a variable percentage
of the maximum intensity;

[providing pulse width control means for] varying the
pulse width of said output pulses;

[providing intensity percentage control means for] vary-
ing the percentage of the maximum intensity [of] for
said output pulses; and

sensing of a predetermined condition variation [estab-
lished by varying) that is indicative of a variation in the
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pulse width of the output pulses [by said pulse width
control means], and responsive thereto, causing [the] a
corresponding fand predetermined] change in the range
of intensities [of said output pulses] based upon [a] said
strength-duration curve [applicable to said output
pulses, said] and causing a change in the [range of
intensities] intensity of said output pulses [being] in a
manner such that the intensity of the output pulses are
substantially maintained at said percentage of the
maximum intensity as [established] varied by said
intensity percentage control means [is substantially
maintained].

21. The method claim 20 [wherein said provided pulse
compensation causes] including to step of causing said
corresponding [and predetermined] change in the range of
intensities of said output [pulse] pulses to be such that rhe
resulting capability to stimulate nerve fiber of the charge
[delivered] per output pulse [of said output pulses] is main-
tained substantially constant.

22. A method for providing output pulse compensation in
an electronic device providing output pulses having a vari-
able intensity level for therapeutic purposes and having
output means that includes a transistor with a drain having
a drain voltage, said method comprising:

providing sensing means for sensing the drain voltage of

said transistor of said output means indicative of a
change in at least one predetermined condition being
then monitored;

providing sample and hold means for receiving the sensed
drain voltage of said transistor indicative of said change
in said predetermined condition then being monitored;
and

causing a rapid decrease in the intensity level of said

output pulses upon sensing of said change in said

predetermined condition and then. upon completion of

said decrease of intensity level, gradually increasing

the intensity level of said output pulses over a prede-

termined time period toward the intensity level of said

output pulses existing immediately prior to said rapid
decrease.

23. The device of claim 22 wherein said method includes

causing said rapid decrease in the intensity level of said
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output pulses in response to a predetermined changed con-
dition capable of causing user discomfort or possible injury.

24. The method of claim 22 wherein said gradual increase
in the intensity level of said output pulses occurs over a
period of about two seconds.

25. A method for providing pulse width compensation in
an electronic device providing output pulses for therapeutic
purposes, wherein each of the pulses has an intensity and a
pulse width that produces a charge that has a resulting
capability to stimulate nerve fiber, said method comprising:

establishing a percentage of maximum intensity of the

output pulses within a range of intensities, wherein the
range of intensities has a maximum intensity that is
based on the pulse width in a strength-duration curve
relationship and wherein the intensity equals the estab-
lished variable percentage of the maximum intensity,

[sensing] determining a change in the pulse width of the
output pulses [being then delivered];

determining a new range of intensities with a new maxi-
mum based upon [a] said strength-duration curve rela-
tionship for said output pulses that corresponds to said
change in pulse width; and

providing output pulses having changed pulse width with

said output pulses having said established percentage of
maximum intensity within said [then determined] range
of intensities of said output pulses maintained [to
thereby also maintain] such that the resulting capability
to stimulate nerve fiber of the charge [delivered per
pulse] of said output pulses is maintained substantially
constant.

26. The method of claim 25 wherein said method includes
changing the percentage of [the amplitude] maximum inter-
sity of said delivered pulses independent of any said pulse
width change of said delivered pulses.

27. The method of claim 25 wherein said electronic
device is a TENS type unit, and wherein said change of said
range of intensities follows the mathematical formula of
I=19.6/(1-(0.00305xPW-00664); where I is current and PW is
pulse width.



