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DUAL PULSE-WIDTH MEDICAL LASER

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application No.
60/591,933, filed July 27, 2004 and entitled DUAL PULSE-WIDTH MEDICAL
LASER, the entire contents of which are incorporated herein by reference. This
application is related to U.S. Application No. 11/033,032, filed January 10, 2005 and
entitled ELECTROMAGNETIC ENERGY DISTRIBUTIONS FOR
ELECTROMAGNETICALLY INDUCED MECHANICAL CUTTING, the entire

contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to electromagnetic energy emitting

devices and, more particularly, to pulsed medical treatment laser devices.

2. Description of Related Art

A variety of electromagnetic laser energy generating architectures have existed in
the prior art. A solid-state laser system, for example, generally comprises a laser rod for
emitting coherent light and a source for stimulating the laser rod to emit the coherent
light. Flashlamps are typically used as stimulation sources for middle infrared lasers
between 2.5 microns (um) and 3.5 pm, such as Er,Cr:YSGG and Er:YAG laser systems.
The flashlamp is driven by a flashlamp current, which comprises a predetermined pulse
shape and a predetermined frequency.

The flashlamp current drives the flashlamp at the predetermined frequency, to
thereby produce an output flashlamp light distribution having substantially the same
frequency as the flashlamp current. This output flashlamp light distribution from the
flashlamp drives the laser rod to produce coherent light at substantially the same

predetermined frequency as the flashlamp current.
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Medical appﬁcations, such as those requiring the excision of soft human tissue,
may in some instances require or benefit from two opposite tissue effects. The first
effect may relate to laser cutting of tissue with controlled hemostasis, minimal to no
bleeding, and attenuated or eliminated charring of cut surfaces. The second effect may
relate to laser cutting with bleeding in order, for examble, to stimulate post-operative
healing when tissue is brought together. The second effect can be particularly important
or relevant, for example, in grafting applications.

Prior art methods of generating these first and second effects can include
employing distinctly different devices for each type of tissue cutting. Some prior art
methods of performing first and second effect procedures may include employing
systems capable of generating different wavelengths of laser energy. For example,
wavelengths of about 1 um and about 3 um may be generated using %02 and Erbium
type lasers, respectively. Overhead time and effort that may be requi;ed in switching
between two medical devices can be disadvantages of this approach. Extra time and
attendant discomfort from a point of view of a patient undergoing such procedures may
represent additional disadvantages.

A need exists in the prior art for laser devices capable of rapidly and efficiently
transitioning between varying characteristics or modes of operation, to facilitate, for
example, different desired cutting effects or procedures such as for facilitating both

hemostatic-type and bleeding-type tissue cutting effects
SUMMARY OF THE INVENTION

An exemplary implementation of the method present invention addresses these
needs by providing first and second high voltage outputs from a single power supply. A
laser-pumping source (e.g., a flashlamp) also can be provided, the laser-pumping source
being capable of exciting a laser that may be used for cutting tissue. The first and second
high voltage outputs drive respective first and second pulse-forming networks capable of
generating respective first and second pulse outputs that pump the laser-pumping source
according to the exemplary implementation of the method. Pulses produced by the first
pulse~-forming network may be relatively short, and pulses produced by the second pulse-

forming network may be relatively long.
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An embodiment of the present invention comprises a laser device having a single
power supply capable of supplying a first high voltage output at a first voltage level and
a second high voltage output at a second voltage level. The embodiment further
comprises a laser-pumping source and first and second pulse-forming networks. The
respective first and second pulse-forming networks are capable of receiving respective
first and second high voltage outputs and are further capable of driving the laser-
pumping source.

While the apparatus and method has or will be described for the sake of
grammatical fluidity with functional explanations, it is to be expressly understood that
the claims, unless expressly formulated under 35 U.S.C. 112, are not to be construed as
necessarily limited in any way by the construction of “means” or “steps” limitations, but
are to be accorded the full scope of the meaning and equivalents of the definition
provided by the claims under the judicial doctrine of equivalents, and in the case where
the claims are expressly formulated under 35 U.S.C. 112 are to be accorded full statutory
equivalents under 35 U.S.C. 112,

Any feature or combination of features described herein are included within the
scope of the present invention provided that the features included in any such
combination are not mutually inconsistent as will be apparent from the context, this
specification, and the knowledge of one skilled in the art. For purposes of summarizing
the present invention, certain aspects, advantages and novel features of the present
invention are described herein. Of course, it is to be understood that not necessarily all
such aspects, advantages or features will be embodied in any particular embodiment of
the present invention. Additional advantages and aspects of the present invention are

apparent in the following detailed description and claims that follow.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a flow diagram describing an implementation of the method of the
present invention;

FIG. 2 is a schematic diagram illustrating an embodiment of a dual pulse-width
flashlamp driving circuit; and

FIG. 3 is a plot depicting short, long, and mixed laser pulses generated by the

dual pulse-width flashlamp driving circuit shown in FIG. 2.
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DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the presently preferred embodiments of
the invention, examples of which are illustrated in the accompanying drawings.
Wherever possible, the same or similar reference numbers are used in the drawings and
the description to refer to the same or like parts. It should be noted that the drawings are
in simplified form and are not to precise scale. In reference to the disclosure herein, for
purposes of convenience and clarity only, directional terms, such as, top, bottom, left,
right, up, down, over, above, below, beneath, rear, and f;ont, are used with respect to the
accompanying drawings. Such directional terms should not be construed to limit the
scope of the invention in any manner.

Although the disclosure herein refers to certain illustrated embodiments, it is to
be understood that these embodiments are presented by way of example and not by way
of limitation. The intent of the following detailed description, although discussing
exemplary embodiments, is to be construed to cover all modifications, alternatives, and
equivalents of the embodiments as may fall within the spirit and scope of the invention
as defined by the appended claims. It is to be understood and appreciated that the
process steps and structures described herein do not cover a complete architecture and
process flow for operation of laser devices. The present invention may be practiced in
conjunction with various structures and techniques that are conventionally used in the
art, and only so much of the commonly practiced items are included herein as are
necessary to provide an understanding of the present invention. The present invention
has applicability in the field of electromagnetic treatment devices in general. For
illustrative purposes, however, the following description pertains to a medical laser
device and a method of operating the medical laser device to perform tissue treatments
and surgical functions.

Referring more particularly to the drawings, FIG. 1 is a flow diagram describing
an implementation of the method of the present invention. This implementation of the
method provides a first high voltage output from a high voltage power supply (HVPS) at
step 10. The first high voltage output is capable of driving a first pulse-forming network
(PEN). A second high voltage output from the HVPS is provided at step 15. The second
high voltage output is capable of driving a second pulse-forming network. An

exemplary embodiment of the high voltage outputs described herein can provide about
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1500 volts from the first high voltage output and about 500 volts from the second high
voltage output. A laser-pumping source is further provided at step 20 according to the
implementation. In a representative embodiment, the laser-pumping source can
comprise a flashlamp capable of stimulating emission of coherent light by a laser device
such as, for example, an Er:YSGG or Er, Cr:YSGG solid state laser. At step 25 of the
implementation, a laser pulse having a first duration is generated by pumping the laser-
pumping source with the first pulse-forming network output. Similarly, at step 30 a laser
pulse having a second duration rhay be generated by pumping the laser-pumping source
with the second pulse-forming network output.

An example of a circuit capable of driving a flashlamp from first and second high
voltage outputs is described below with reference to FIG. 2. A relatively detailed
implementation of the circuit of FIG. 2 is disclosed in FIGS. 2p and 3p of the above-
referenced U.S. Provisional Application No. 60/591,933, filed July 27, 2004 and entitled
DUAL PULSE-WIDTH MEDICAL LASER. An Er:YSGG or Er, Cr:YSGG solid state
laser, which is capable of generating electromagnetic energy having a wavelength in a
range of about 2.70 microns (pum) to 2.80 um, typically 2.78 pum, may be driven with the
architecture of this circuit. Parameters of the first and second pulse-forming networks
may be adjusted to produce, respectively, pulses having relatively short and long
durations. In a typical embodiment, relatively short pulses having durations of, for
example, about 140 microseconds (ps) are produced by the first pulse-forming network,
and relatively long pulses having durations of, for example, about 400 us are produced
by the second pulse-forming network. Repetition rates for the pulses may range, for
example, from about 1 to 50 pulses/second.

A partial schematic diagram of an embodiment of a dual pulse-width analog
flashlamp driving circuit 100 according to the present invention is shown in FIG. 2,
comprising a high voltage power supply 105 capable of producing dual, i.e., respective
first and second, high voltage outputs 110 and 130 using methods known to those skilled
in the art. The illustrated embodiment of the dual pulse-width analog flashlamp driving
circuit 100 further comprises a first pulse-forming network 101 and a second pulse-
forming network 102 connected to respective first and second high voltage outputs 110
and 130. First and second pulse-forming networks 101 and 102 are further connected to
a flashlamp 150 that may function as a pumping source for a laser (not shown).

The first pulse-forming network 101 in the illustrated embodiment comprises a

first capacitor 115, a first switching transistor 120, (for example, an insulated gate
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bipolar transistor (IGBT)), and a first inductor 125. The first capacitor 115 is connected
between the first high voltage output 110 and ground. The first high voltage output 110
further is connected to the first inductor 125 through the first switching transistor 120,
and the flashlamp 150 is electrically connected between the first inductor 125 and
ground. The first pulse-forming network 101 and the second pulse-forming network 102
may be similar in form to a circuit such as that shown in FIG. 3 of the above-referenced
U.S. Application No. 11/033,032filed January 10, 2005 and entitled
ELECTROMAGNETIC ENERGY DISTRIBUTIONS FOR
ELECTROMAGNETICALLY INDUCED MECHANICAL CUTTING. The second
pulse-forming network 102, which is similar in form to the first pulse-forming network
101, comprises a second capacitor 135, a second switching transistor 140, and a second
inductor 145. The second high voltage output 130 is applied to a terminal of the second
capacitor 135, which has another terminal connected to ground. The second high voltage
output 130 also is coupled through a second switching transistor 140 to the second
inductor 145, which is connected to the flashlamp 150.

In typical embodiments of the dual pulse-width analog flashlamp driving circuit
100, first and second capacitors 115 and 135 may assume values of, respectively, about
30 microfarads (uF) to about 70 puF, with an exemplary value being about 50 pF, and
about 300 pF to about 600 pF, with an exemplary value being about 400 pF. First and
second capacitors may receive respective first and second high voltage outputs 110 and
130. The first high voltage output 110 in an illustrative embodiment has a value ranging
from about 1200 volts to about 1500 volts at an impedance level capable of charging the
first capacitor 115 at a rate of about 1500 Joules per second (J/s). The second high
voltage output 130 in the embodiment may range from about 200 volts to about 500 volts
at an impedance level capable of charging the second capacitor 135 at a rate of about 1
J/s. The first inductor 125 may comprise an inductance of about 30 microhenries (uH) to
about 70 pH, such as a solid core inductor having a rated inductance of about 50 pH in
an exemplary embodiment. The second inductor 145 may comprise an inductance of
about 800 pH to about 1200 pH, such as a solid core inductor having an inductance of
about 1 millihenry (mH). The flashlamp 150 may comprise a 450 to 900 torr source,
such as a 700 torr source. Control signals 155 and 160 from a control device 165 may be
applied to terminals of transistors 120 and 140 in order to enable operation of the first
pulse-forming network 101 or the second pulse-forming network 102. Enabling the first

pulse-forming network 101 may generate relatively short laser pulses, and enabling the
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second pulse-forming network 102 may generate relatively long laser pulses according to
a typical mode of operation of the illustrated embodiment. A user input 170, which may
comprise, for example, a switch on a laser handset (not shown), may specify parameters
(e.g., user adjustable parameters) such as pulse duration and/or pulse repetition rate. In
some embodiments, additional switching transistors 121 and 141, shown in phantom in
FIG. 2, may be provided in order to increase current capacity of the first and second
pulse-forming networks 101 and 102.

A relatively short current pulse 175 may be produced by the first pulse-forming
network 101 in the embodiment of the dual pulse-width analog flashlamp driving circuit
100 illustrated in FIG. 2. The second pulse-forming network 102 may produce a
relatively long current pulse 180 with parameters chosen substantially as described
herein.

FIG. 3 is a chart illustrating three exemplary chains (a, b, c) of laser pulses
capable of being produced by a laser device driven by the dual pulse-width analog
flashlamp driving circuit embodiment 100 shown in FIG. 2. Chain (a) illustrates laser
energy generated according to relatively long pulses. Chain (b) illustrates relatively
short pulses of laser energy, and chain (c) depicts a mixture of relatively long and short
pulses. A user may select a type of pulse chain to be produced using, for example, a user
input 170 (FIG. 2).

Long pulses generated by the embodiment illustrated in FIG. 2 may be used to
achieve an objective of cutting tissue with good hemostasis, no bleeding, and no charring
of a cut surface. Conversely, short pulses generated by the same embodiment may
provide for cutting with bleeding in order to promote post-operative healing. In another
application, short pulses may be employed in the cutting of hard tissue (e.g., tooth
enamel, dentin, bone) while long pulses may be used in cutting soft tissue (e.g.,
periodontal, mucosa, liver, kidney) and to perform thermal modifications. Examples of
long pulse and short pulse applications are described in, for example, U.S. Application
No. 11/033,032, filed January 10, 2005and entitled ELECTROMAGNETIC ENERGY
DISTRIBUTION FOR ELECTROMAGNETICALLY INDUCED MECHANICAL
CUTTING and U.S. Provisional Application No. 60/601,415, filed August 13, 2004 and
entitled DUAL PULSE-WIDTH MEDICAL LASER WITH PRESETS. According to
certain implementations of the present invention, use of the methods and apparatus

described herein are not restricted to medical (or dental) applications alone, and similar
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methods and apparatus contemplated by the present invention may be applied in
industrial applications, such as for removing and shaping semiconductor materials.

Corresponding or related structure and methods described in the following
patents assigned to BioLase Technology, Inc., are incorporated herein by reference in
their entireties, wherein such incorporation includes corresponding or related structure
(and modifications thereof) in the following patents which may be (i) operable with, (ii)
modified by one skilled in the art to be operable with, and/or (iii) implemented/used with
or in combination with any part(s) of, the present invention according to this disclosure,
that/those of the patents, and the knowledge and judgment of one skilled in the art: U.S.
Patent No. 5,741,247; U.S. Patent No. 5,785,521; U.S. Patent No. 5,968,037; U.S. Patent
No. 6,086,367; U.S. Patent No. 6,231,567; U.S. Patent No. 6,254,597; U.S. Patent No.
6,288,499; U.S. Patent No. 6,350,123; U.S. Patent No. 6,389,193; U.S. Patent No.
6,544,256; U.S. Patent No. 6,561,803; U.S. Patent No. 6,567,582; U.S. Patent No.
6,610,053; U.S. Patent No. 6,616,447; U.S. Patent No. 6,616,451; U.S. Patent No.
6,669,685; U.S. Patent No. 6,744,790 and U.S. Patent No. 6,821,272. For example,
output optical energy distributions from the flashlamp 150 of the illustrated embodiment
of the present invention may be useful for optimizing or maximizing a cutting effect of
an electromagnetic energy source, such as a laser that is driven by the flashlamp 150.
The laser output can be directed, for example, into fluid (e.g., an atomized distribution of
fluid particles) above a target surface. An apparatus for directing electromagnetic energy
into an atomized distribution of fluid particles above a target surface is disclosed in the
above-referenced U.S. Patent No. 5,574,247. The long and/or short pulses can impart
large amounts of energy into the fluid (e.g., atomized fluid particles) which preferably
comprises water, to thereby expand the fluid (e.g., fluid particles) and apply disruptive
(e.g., mechanical) cutting forces to the target surface.

In view of the foregoing, it will be understood by those skilled in the art that the
methods of the present invention can facilitate operation of laser devices, and in
particular medical laser devices exhibiting a capability of producing laser pulses having a
plurality of pulse durations. The above-described embodiments have been provided by
way of example, and the present invention is not limited to these examples. Multiple
variations and modification to the disclosed embodiments will occur, to the extent not
mutually exclusive, to those skilled in the art upon consideration of the foregoing

description.
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For example, a laser-pumping circuit comprising a plurality (e.g., more than two)
of high voltage outputs and corresponding pulse-forming networks (e.g., for generating
three or more outputs of varying pulse width) is contemplated by the present invention.
The present invention may be used with or constructed to implement different laser pulse
durations and varying amounts of fluid (e.g., water streams, sprays or mists) in the
context of, for example, Erbium-types of lasers, for facilitating, for example, multiple
treatment or cutting effects such as hemostatic-type and bleeding-type tissue cutting
effects. For example, a wavelength of about 3 um and pulse durations of 50 ps and 1000
us may be implemented to provide first and second cutting effects as desired.

The present invention may also be used or constructed with capacitor-charging
power supplies in the generation of pulses having variable duration, keeping in mind that
such modifications may in some instances present issues such as limited pulse repetition
rates, relatively expensive driving circuitry, somewhat rectangular rather than bell-
shaped current pulse shapes, and relatively numerous, voluminous and/or heavy
capacitors.

While the invention has been described in the context of first and second pulse-
forming networks, it is to be understood that greater numbers of pulse-forming networks,
each similar to the first and second pulse-forming networks but being constructed for
generating pulses of different lengths, are also contemplated. Moreover, while the
invention has been described in the context of using a single power supply to generate
two pulse outputs for an electromagnetic energy output device, implementations of the
present invention using three or more pulse-forming networks may comprise a single
power supply or may comprise a number of power supplies that is less than the number
of pulse-forming networks.

Additionally, other combinations, omissions, substitutions and modifications will
be apparent to the skilled artisan in view of the disclosure herein. Accordingly, the
present invention is not intended to be limited by the disclosed embodiments, but is to be

defined by reference to the appended claims.
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CLAIMS

What is claimed is:

1. A method of using a power supply to generate dual pulse outputs for an
electromagnetic energy output device, the method comprising:

providing a first high voltage output from the power supply, the first high voltage
output being capable of driving a first pulse-forming network that is configured to
generate a first pulse output; and

providing a second high voltage output from the power supply, the second high
voltage output being capable of driving a second pulse-forming network that is

configured to generate a second pulse output.

2. The method as set forth in claim 1, further comprising providing a laser-pumping
source capable of being pumped by at least one of an output from the first pulse-forming

network and an output from the second pulse-forming network.

3. The method as set forth in claim 2, further comprising:

generating a laser pulse having a first duration by pumping the laser-pumping
source with the first pulse output; and

generating a laser pulse having a second duration by pumping the laser-pumping

source with the second pulse output.

4, The method as set forth in claim 3, further comprising generating a plurality of laser

pulses by repetitively pumping the laser-pumping source with the first pulse output.

5. The method as set forth in claim 3, further comprising generating a plurality of laser

pulses by repetitively pumping the laser-pumping source with the second pulse output..

6. The method as set forth in claim 3, further comprising generating a plurality of laser
pulses, each laser pulse having one of a first duration generated by pumping the laser-
pumping source with the first pulse output and a second duration generated by pumping

the laser-pumping source with the second pulse output.
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7. The method as set forth in claim 6, further comprising:
receiving a control input from a user; and

controlling the generating of laser pulses according to the control input.

8. The method as set forth in claim 3, wherein:

the generating of a pulse having a first duration comprises generating a pulse
having a duration of about 50 microseconds; and

the generating of a pulse having a second duration comprises generating a pulse

having duration of about 1000 microseconds.

9. The method as set forth in claim 1, wherein:

the providing of a first high voltage output comprises providing a voltage of
about 1500 volts; and

the providing of a second high voltage output comprises providing a voltage of
about 500 volts.

10. The method as set forth in claim 1, wherein the method comprises cutting tissue.

11. The method as set forth in claim 1, wherein the electromagnetic energy output

device is a laser that is pumped by the power supply.

12. A method of using a power supply to generate dual pulse outputs for an
electromagnetic energy output device, the method comprising:
providing a plurality of high voltage outputs from the power supply; and
providing a plurality of pulse-forming networks, wherein the plurality of high

voltage outputs drives the plurality of pulse-forming networks.

13. The method of claim 10, wherein the providing of a plurality of high voltage outputs

comprises providing two high voltage outputs.

14. The method of claim 10, wherein the providing of a plurality of pulse-forming

networks comprises providing two pulse-forming networks.
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15. The method as set forth in claim 10, further comprising providing a laser-pumping

source capable of being pumped by the plurality of pulse-forming networks.

16. The method as set forth in claim 12, wherein the method comprises cutting tissue.

17. The method as set forth in claim 12, wherein the electromagnetic energy output

device is a laser that is pumped by the power supply.

18. An apparatus, comprising:
a device having a single power supply capable of supplying a first high voltage
output at a first voltage level and a second high voltage output at a second voltage level;
a pumping source;
a first pulse-forming network capable of receiving the first high voltage output,
the first pulse-forming network further being capable of driving the pumping source; and
a second pulse-forming network capable of receiving the second high voltage
output, the second pulse-forming network further being capable of driving the pumping

source.

19. The apparatus as set forth in claim 18, wherein the device is a laser device and the

pumping source is a laser-pumping source.

20. The apparatus as set forth in claim 19, wherein the device is constructed to facilitate

cutting of tissue.

21. The apparatus as set forth in claim 19, wherein:

the laser device is capable of generating a laser pulse having a first duration when
the first pulse-forming network drives the laser-pumping source; and

the laser device is capable of generating a laser pulse having a second duration

when the second pulse-forming network drives the laser-pumping source.

22. The apparatus as set forth in claim 21, wherein the first duration is different from the

second duration.
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23. The apparatus as set forth in claim 21, further comprising a control input capable of:
selectively causing the first pulse-forming network to drive the laser-pumping
source; and
selectively causing the second pulse-forming network to drive the laser-pumping

source.

24. The apparatus as set forth in claim 21, wherein the first pulse-forming network and

the second pulse-forming network are selectable under control of a user.

25. The apparatus as set forth in claim 19, wherein:
the first voltage level is about 1500 volts; and

the second voltage level is about 500 volts.

26. The apparatus as set forth in claim 19, wherein:
the first pulse-forming network comprises:
a first capacitor that receives the first high voltage output;
a first inductor coupled to the laser-pumping source; and

a switching transistor that couples the first capacitor to the first inductor;

and
the second pulse-forming network comprises:
a second capacitor that receives the second high voltage output;
a second inductor coupled to the laser-pumping source; and
a switching transistor that couples the second capacitor to the second
inductor.

27. The apparatus as set forth in claim 26, wherein:

the first capacitor has a capacitance of about 50 microfarads;

the first inductor is a solid core inductor having a rated inductance of about 50
microhenries;

the second capacitor has a capacitance of about 400 microfarads; and

the second inductor has a rated inductance of about 1 millihenry.

28. The apparatus as set forth in claim 26, wherein the laser-pumping source comprises

a flashlamp.
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