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a base plate (12) and an optical assembly (14) mounted
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thereon. The optical assembly 14 has an improved lamp
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lamp (58). Light emitted from the lamp housing (16) is
doubled in frequency by a KTP crystal (26), monitored by
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tWo poWer detectors (32,34) and emitted through an output
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connector (36). A line poWer control system (90) insures the
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DESKTOP MEDICAL LASER GENERATOR

It is still another object of the present invention to provide
a medical laser generation device Which is small, light in
Weight, and convenient to operate in comparison to conven
tional medical laser generation devices.
It is yet another object of the present invention to provide
a medical laser generation device Which inherently is inex
pensive to manufacture and to maintain.
It is still another object of the present invention to provide

TECHNICAL FIELD

The present invention relates to the ?eld of laser surgery
and therapy, and more particularly to an improved laser light
generation and control device. The predominant current
usage of the present inventive laser generator is in precision
surgery and therapy Wherein it is desirable to produce laser
light of different Wavelengths at controlled energy levels.
BACKGROUND ART

a medical laser generation device Which can be poWered
from a standard Wall outlet While still delivering suf?cient
laser poWer.

Lasers are Widely used in the medical ?eld in surgical and
therapeutic applications. It is knoWn in the art to provide
laser energy for such applications at different frequencies

Brie?y, the preferred embodiment of the present invention
is a laser generation device incorporating, in operative
combination, a unique optical design Whereby the laser can

10

15

tailored to speci?c applications. It is further accepted in the
?eld that it is extremely desirable to provide a variable
poWer output such that the practitioner can carefully control
the rate of energy delivery to a treatment site. A frequency

doubled laser using a KTP frequency doubling crystal is
taught by US. Pat. No. 5,249,192 issued to KuiZenga et al.,

at the output. Aunique lamp housing, having “mirror image”
construction adds to the stability, decreased siZe and
20

and the green light produced by such a laser has proven to
be particularly valuable for many medical applications. It is
also knoWn in the art to provide a “Z” optical con?guration,
as is illustrated in the disclosure of US. Pat. No. 5,130,997,
issued to OrtiZ et al., as a practical means for incorporating
a non-linear optical component (such as a KTP crystal) into

25

a reasonably siZed laser generating apparatus.
All of the above improvements and innovations found in
the prior art have proven to be valuable additions to the

medical ?eld. HoWever, the incorporation of these
improvements, and others not speci?cally mentioned, into a
unit Which can be used for laser surgery and therapy has
resulted in apparatus Which is both bulky and expensive, and
Which cannot be used Without special poWer connections,

30

overall cost. Since the laser must, in order to meet necessary
output poWer levels, operate at near the maximum alloWable
current draW from a 110 volt poWer source, the input current
is monitored and the poWer gain of the laser unit is adjusted

accordingly. An improved output poWer monitoring means
is employed to more accurately measure and control the

output poWer from the desktop medical laser generator.
An advantage of the present invention is that it is smaller
an comparable prior art units.
A further advantage of the present invention is that the
laser generator is inherently stable.
Yet another advantage of the present invention is that no

35

and the like. It Would be advantageous to have a smaller and

40

Still another advantage of the present invention is that the
inventive desktop medical laser generator is inherently less
expensive to produce than comparable prior art units.
Yet another advantage of the present invention is that it is
inexpensive to maintain.
Still another advantage of the present invention is that
output poWer can be more accurately monitored and con

Among the problems associated With making a medical laser

trolled.

such that it is smaller and have been that atenuators have

These and other objects and advantages of the present

been necessary to alloW a variable poWer output, and a

invention Will become clear to those skilled in the art in vieW

relatively large siZe has been necessary to alloW for suf?

cient heat dissipation. Among the problems associated With

increased reliability of the unit, While greatly reducing

special Wiring or electrical poWer outlet is required.

less expensive unit Which could be plugged directly into a
readily available 110/115 volt poWer outlet for operation.
HoWever, prior to the present invention, the problems asso
ciated With making such a unit have seemed insurmountable.

be operated stably at loW poWer levels, such that no attenu
ation is required When less than maximum poWer is required

45

making a unit Which can be poWered from a standard Wall
outlet are that insufficient poWer has been available

of the description of the best presently knoWn mode of
carrying out the invention and the industrial applicability of
the preferred embodiment as described herein and as illus

trated in the several ?gures of the draWing.

therefrom, using prior art means, to deliver the amount of

poWer required at the laser output. Among the problems
associated With making a unit Which is relatively inexpen

BRIEF DESCRIPTION OF DRAWINGS

sive are the substantial costs associated With the lamp

FIG. 1 is a diagrammatic plan vieW of a desktop medical

housing of prior art units and the previously mentioned

laser generator according to the present invention;
FIG. 2 is an exploded perspective vieW of a lamp housing
according to the present invention;

attenuators (Which both take additional space and add to the

cost of prior art units).
55

DISCLOSURE OF INVENTION

Accordingly, it is an object of the present invention to
provide an improved laser generation device Which Will
deliver accurately controlled amounts of laser energy.
It is still another object of the present invention to provide

an improved laser generation device Which is suf?ciently
small to be portable.
It is yet another object of the present invention to provide
an improved laser generation device Which avoids the
expense, complication and other problems associated With
attenuation means.

FIG. 3 is an elevational end vieW of the ceramic re?ector

unit of FIG. 2;
FIG. 4 is a block schematic of a line current monitor and

control apparatus according to the present invention; and
60

FIG. 5 is a block schematic of an output poWer detection

apparatus according to the present invention.
BEST MODE FOR CARRYING OUT THE
INVENTION
65

The folloWing detailed description illustrates the inven
tion by Way of example, not by Way of limitation of the
principles of the invention. The best presently knoWn mode

5,841,800
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for carrying out the invention is a desktop medical laser

through. In the best presently knoWn embodiment 10 of the
present invention, the positioning of the Q sWitch 18
betWeen the lamp housing 16 and the LAM mirror 20
prevents lasing in the YAG rod 60 in housing 16 (see FIG.

generator for delivering laser light at controlled poWer levels
and for controlled times. The predominant current usage of
the desktop medical laser generator is for use With a laser

2) When the Q sWitch 18 is activated, thereby alloWing a high

delivery device, such as a laser surgical handpiece
(sometimes called a “laser scalpel”) to perform surgery

population inversion build up to a saturation level in the
YAG rod. In the best presently knoWn embodiment 10 of the

using the laser light as a cutting means. The inventive

desktop medical laser generator is depicted in a diagram
matic plan vieW in the vieW of FIG. 1, and is designated
therein by the general reference character 10.
The desktop medical laser generator 10 has a base plate 12
With an optical assembly 14 mounted thereon. The optical
assembly 14 has a lamp housing 16, a Q sWitch 18, a LAM
mirror 20, a SAM mirror 22 and a RAM mirror 24. (Note
that the names, “SAM”, “LAM” and “RAM”, and such, as
used herein—are historical in nature. For example, LAM is
derived from “long arm” and SAM from “short arm”. These
terms had signi?cance When some prior art laser optical

present invention, the Q sWitch 18 is sWitched to alloW
lasing approximately at 40 micro second intervals. When the
10

(see FIG. 2).
The LAM mirror 20 and the SAM mirror 22 and the RAM
mirror 24 are highly re?ective mirrors, and the output
15

particularly associated With their historical meanings.
Rather, they are just terms used to designate the different
speci?c components associated With each of the terms.)

from the lamp housing 16 Will circulate Within the optical
assembly 14 re?ecting from the LAM mirror 20, the output
coupler 28, the RAM mirror 24 and the SAM mirror 22 and
passing through the KTP crystal 26, as depicted in the vieW
of FIG. 1. As the infrared laser light beam 68 passes through
the KTP crystal 26 it Will tend to become doubled in
frequency and Will become a green laser light beam 70. The
green laser light beam 70 Will travel the same path Within the

25

optical assembly 14 described previously herein in relation
to the infrared laser light beam 68, except that When the
green laser light beam strikes the output coupler 28 it Will
pass therethrough and then re?ect from the turning mirror

and a safety detector. An output connector 36 couples the
light output of the desktop medical laser generator 10 to an

optical cable 38, the distal end of Which (not shoWn) Will be
connected to a laser handpiece (not shoWn) or other means

for delivering the laser light energy produced by the desktop

coupler 28 is highly re?ective to infrared, While alloWing
green light to pass. An infrared laser light beam 68 emitted

arrangements Were generally “L ” shaped—With a long arm
and a short arm. As used herein, these terms are not 20

The optical assembly 14 further has a KTP crystal 26, an
output coupler 28, a turning mirror 30, a surgical detector 32

Q sWitch is turned off the YAG rod 60 Will lase at a poWer

controlled generally by the poWer applied to the lamp 58

30

30, through the surgical detector 32, through a safety shutter
assembly 72, through the safety detector 34 and out of the
output connector 36. The surgical detector 32 is used to
detect the output poWer of the desktop medical laser 10. The

medical laser generator 10 a surgical site. A calibration port
40 provides a means for returning light from the optical
cable 38 to the safety detector 34 through a light pipe 42.
The calibration port 40 and the light pipe 42 comprise a part

safety detector 34 serves as a secondary detector to detect
overpoWer conditions such as might result from a malfunc
of a calibration means Which is the subject of a copending 35 tion of the surgical detector 32 or other poWer control
circuitry, or the like.
patent application of Coleman et al., ?led Jul. 28, 1995,
entitled “IMPROVED FIBER OPTICS CALIBRATION
During normal operation of the desktop medical laser 10,
DEVICE”.
When the safety detector 34 detects an unsafe output poWer

FIG. 2 is an expanded perspective vieW of the lamp
housing 16 of FIG. 1. The lamp housing 16 has tWo shell
sections 44, tWo ceramic re?ectors 46, tWo insulators 48,

40

condition then the safety shutter assembly 72 Will shut
preventing passage of the green laser light beam 70 there

through. As previously mentioned, herein, the best presently

tWo covers 50, tWo seal plates 52, tWo terminals 54 and a

knoWn embodiment 10 of the present invention includes a

slide 56. Within the lamp housing 16 is an elongated lamp
58 and, running generally parallel thereto, a YAG rod 60. As

calibration apparatus 74 Which is the subject of the afore
mentioned copending patent application. For purposes of the
present disclosure it should be noted that the safety detector
34 performs a different function than that described herein in
When being used in conjunction With the calibration appa

can be appreciated from the vieW of FIG. 2, one each of a
shell section 44, a ceramic re?ector 46, an insulator 48, a
cover 50, a seal plates 52, and a terminal 54 are assembled

45

ratus 74.

into a lamp housing half 62, With tWo identical lamp housing
halves being interconnected to form the lamp housing 16.
Cooling of the lamp housing 16 is enhanced by substantial
contact With the relatively massive base plate 12, and further
by Water cooling circulated through a plurality of Water ports

In order to increase the ef?ciency of the desktop medical
laser generator 10 and to increase stability at loWer poWer
levels such that attenuators are not needed to provide

loWered poWer output at the output connection, a re?ective
surface 76 of the LAM mirror 20 of the best presently knoWn
embodiment 10 of the present invention is concave (as

64. It should be noted that according to the present

invention, the present inventive lamp housing 16 is not only
substantially smaller than Was previously thought possible,

55

compared to the ?at mirrors of the prior art), such that the

but is also substantially less expensive to manufacture due in

re?ective surface has a radius of 100 cm. Also, the magni

primary part to the fact that the lamp housing halves 62 (and

?cation ratio of the optical assembly 14 (the ratio of the focal
length of the output coupler 28 divided by the focal length

components thereof are identical, and so there is consider
able savings in tooling costs. FIG. 3 is a end vieW of the tWo

ceramic re?ectors 46 shoWing hoW the tWo ceramic re?ec
tors 46 ?t together to form a ceramic re?ector unit 66.
Referring again to FIG. 1, the Q sWitch 18 is a knoWn

of the RAM mirror 24) of the desktop medical laser gen
60

ratio of 2.5 in the prior art, although changes in this general

device Wherein silica is bonded onto a pieZo electric trans

ducer. When RF poWer (at 27 MHZ, in the present
application) is applied to the pieZo electric transducer an
acoustic Wave is produced in the silica that propagates into
a diffraction grating, thus preventing passage of light there

erator 10 is approximately 3.3— as compared to a typical

65

range Would have essentially the same general effect.
FIG. 4 is a diagrammatic depiction of a portion of the
desktop medical laser 10 depicting speci?cally a line poWer
control system 78 according to the present invention. In
order to alloW the desktop medical laser 10 to operate from
a standard 110/115 volt Wall receptacle 80 a current monitor

5,841,800
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82 monitors the current being draWn from the Wall recep
tacle 80. Data advising the instant current level is provided
to a microprocessor 84. (It should be noted that the micro

relation to the best presently knoWn embodiment 10 of the
present invention are subject to modi?cation so long as the
basic parameters of the invention as described herein are
maintained.

processor 84 performs essentially all of the control and
interface functions in the desktop medical laser, including
those previously described herein.) When the current moni
tor 82 advises the microprocessor 84 that the current being
draWn from the Wall receptacle is too great, then the micro
processor 84 adjusts current being provided to a lamp poWer

supply 86 doWnWard, accordingly. The lamp poWer supply

INDUSTRIAL APPLICABILITY

10

The inventive desktop medical laser generator 10 is
intended to be Widely used for any surgical procedure that
needs cutting and simultaneous coagulation, and for many
other laser surgery applications Wherein it might be desir

86 provides the poWer, at a constant voltage, to the lamp 58

able to be able vary the energy density of a laser beam. As

(see FIG. 2), Which draWs most of the current used by the
desktop medical laser 10. When and if the microprocessor
84 is forced to loWer the poWer provided from the lamp

has been previously discussed herein, the desktop medical
laser generator 10 is easily transported such that special

poWer supply 86 so much that the amount of output poWer

15

to be provided at the output connector 36 (FIG. 1) cannot be
that Which the user has requested, then the user is so advised
by means of a user interface 88.

into eXisting Wall poWer outlets, no special connections or
arrangements (other than the Water or vacuum found in

FIG. 5 is a block schematic diagram of a portion of the

desktop medical laser 10 depicting speci?cally an output
poWer detection system 78 according to the present inven
tion. When a Q sWitch pulse 92 is produced by the desktop
medical laser 10 it is detected by the surgical detector 32.
(The Q sWitch pulse 92 is a single light pulse produced at the
output connector (FIG. 1) each time the Q sWitch 18 is

essentially every operating room) are required. In operation,
the present inventive desktop medical laser generator 10 Will
not differ substantially from those prior art units Which are
25

pulsed to alloW the YAG rod 60 to lase. In the best presently
knoWn embodiment 10 of the present invention, the Q
sWitch pulse 92 Will be about 2 micro seconds in duration).
The current output of the surgical detector 32 is converted to
an equivalent voltage output by a current to voltage con

Width determined by a selectable band limiting capacitor 96.
(In the best presently knoWn embodiment 10 of the present
invention, the band limiting capacitor 96 is selected such
35

100 kHZ. to 1 MHZ.) Output from the current to voltage
convertor 94 is provided to a summing node 98 of avariable

is the output of a programmable offset adjust 102. The
programmable offset adjust 102 provides a voltage to the

ing from the spirit and scope of the invention. Accordingly,

summing node 98 to offset a value determined by the
microprocessor 84 to compensate for output from the sur

the above disclosure is not intended as limiting and the
appended claims are to be interpreted as encompassing the
entire scope of the invention.
We claim:
45

at a 1x for a bandWidth of 2.8 MHZ, at 5x for a bandWidth

above. This detection process operates the same for the
safety detector 34 as has just been described in relation to the

surgical detector 32.
Various modi?cations may be made to the invention
Without altering its value or scope. For example, the

frequencies, bandWidths, and periods as described herein in

1. In a medical laser generating apparatus of the frequency

doubling type having: a base plate; a lamp housing mounted
on said base plate; a lamp and a rod generally enclosed

of 1.6 MHZ and at 20x for a bandWidth of 1 MHZ. Output

of the variable gain ampli?er 100 is provided to an integrat
ing ampli?er 104 Which has an integrating capacitor 106
con?gured such that pulses output from the variable gain
ampli?er 100 are accumulated in the integrating capacitor
106 With the accumulated voltage available at the output of
the integrating ampli?er 104. The output of the integrating
ampli?er 104 is converted to by an analog to digital con
vertor 108 and periodically, (about every 100 milliseconds,
in the best presently knoWn embodiment of the invention)
the output of the integrating ampli?er is read by the micro
processor 84, Whereafter the microprocessor 84 momen
tarily closes a reset sWitch 110, discharging the integrating
capacitor 106, and the process is resumed as described

Since desktop medical laser generator 10 of the present
invention may be readily produced and since it offers the
substantial inherent advantages as described herein, it is
eXpected that it Will be readily accepted in the industry. For
these and other reasons, it is eXpected that the utility and
industrial applicability of the invention Will be both signi?
cant in scope and long-lasting in duration.
All of the above are only some of the eXamples of
available embodiments of the present invention. Those
skilled in the art Will readily observe that numerous other
modi?cations and alterations may be made Without depart

gain ampli?er 100. Also provided to the summing node 98

gical detector 32 When no Q sWitch pulse 92 is present (that
is, When there is no output from the desktop medical laser
10). In the best presently knoWn embodiment 10 of the
present invention, the variable gain ampli?er 100 Will be set

capable of producing laser light in the same spectral range.
It is anticipated that eXisting attachments arid any Which
might be developed in the future Will be attached to and used
With the present inventive desktop medical laser generator
10.

vertor 94. The current to voltage convertor 94 has a band

that the band Width of the current to voltage convertor 94 is

economy is derived from the fact that, in many instances, it
is anticipated that a medical facility might require feWer of
the desktop medical laser generators 10 (as compared to the
quantity of larger prior art units required). Since the present
inventive desktop medical laser generator 10 can be plugged

Within said lamp housing such that said rod Will lase When
eXcited by said lamp, to emit a laser beam from said lamp
housing; a ?rst mirror, an output coupling type second
mirror, a third mirror and optionally a fourth mirror arranged
such that light emitted from said lamp housing Will re?ect
from said ?rst mirror, through said rod, to said second
mirror, to said third mirror and optionally to said fourth
55

mirror and back to said third mirror, thence to said second
mirror, through said rod and to said ?rst mirror; and a
frequency doubling means in the path of said laser beam so
that at least one of said ?rst mirror, said second mirror, said

third mirror or/and said optional fourth mirror is adapted to
re?ect light at the frequency produced by the rod and said
second mirror pass light at double the frequency produced

by the rod the improvement comprising:
a) said ?rst mirror is concave,
b) the ratio of the focal length of said second mirror
divided by the focal length of the third mirror is greater
than 2.5; and

5,841,800
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c) the spacing of:
i) the concave ?rst rnirror;
ii) the frequency doubling means; and
iii) said second, third and optional fourth mirrors in the

8
3. The medical laser generator apparatus as in claim 2
Wherein the focal length of the ?rst mirror is at least about
100 cm.
4. The medical laser generating device of claim 1,

system are adjusted With respect to the rod and 5 Wherein:
amongst themselves to provide increased stability at
the laser generating rod is a YAG rod
low power levels and Without need for attenuators~
5. The medical laser generator apparatus as in claim 1

2- The medical laser generating apparatus of Claim 1,
Wherein:

the ratio of the focal length of the second rnirror divided 10
by the focal length of the third mirror is at least 3.0.

Wherein the focal length of the ?rst mirror is at least about
100 CHL

