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[s7] ABSTRACT

An optical system for use in a medical laser apparatus
comprising an achromat having optical elements se-
lected to cause two substantially different wavelengths,
one visibie and one infrared, to focus at a common focal
point. The achromat comprises a negative lens and a

_doublet lens formed of a positive bi-convex lens and a

negative meniscus lens. The materials of the two lenses
which form the doublet have substantially. different
dispersions and indices of refraction and are chosen to
cause a visible helium neon beam and an infrared carbon
dioxide beam to focus at the same point. In the preferred
embodiment of the present invention, the negative lens
is made of zinc selenide, the bi-convex lens of the dou-
blet is made of potassium chloride, and the negative
meniscus is made of zinc selenide. The optical system of
the present invention can be mounted in a micromanipu-
lator for use in laser surgery. The visible helium neon
beam is used as an aiming beam to establish a spot at
which the carbon dioxide beam also focuses. The car-
bon dioxide beam is then.employed to vaporize biotic
material. A distal end of an articulated arm may couple
with the micromanipulator to direct the carbon dioxide
beam from the laser through a waveguide and into the
micromanipulator. Another aspect of the invention
includes introducing the aiming beam into the wave-
guide through a dichroic mirror positioned in a knuckle
joint of the articulated arm. In one embodiment, a laser
diode generates the visible light of the aiming beam, and
is disposed proximate to the distal end of the articulated

26 Claims, 7 Drawing Sheets
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1
OPTICS FOR MEDICAL LASER

FIELD OF THE INVENTION

The present invention relates generally to the field of
optics and more specifically to the field of laser surgery.

BACKGROUND OF THE INVENTION

Materials such as optical glass can be formed as con-
vergent or divergent lenses. One problem inherent in
optical lenses is that when two light beams having sig-
nificantly different wavelengths pass through a lens
material, they will become focused at different points,
due to wavelength dispersion. Mathematically, disper-
sion is defined as the rate of change of the index of
refraction (n), with respect to the wavelength (A) or D
dn/dA. As different wavelengths are transmitted
through the lens, the lens exhibits a different index of
refraction for each wavelength. Thus, different wave-
lengths are refracted differently, and thereby focus at
different points.

This focusing anomaly for greatly differing wave-
lengths can be undesirable in certain applications, such
as laser surgery. Due to certain desirable properties of
laser light outside the visible portion of the spectral
range, physicians often perform laser surgery using
laser light that is invisible to the human eye, e.g., wave-

—

5

lengths in the far infrared. Because this light cannot be -

seen by the surgeon, medical laser systems utilizing
invisible light typically employ a low power “aiming”
laser beam at a visible wavelength. The aiming beam is
focused on a patient where an incision is to be made, and
then a high power laser beam at an invisible wavelength
is applied to make an incision at the point where the low
powered beam is focused. Typical medical laser systems
employ a helium neon laser, emitting a beam of approxi-
mately 0.63 microns wavelength which is not damaging
to biotic material, for the low powered aiming beam and
a carbon dioxide laser, emitting a beam of approxi-
mately 10.6 microns wavelength which vaporizes biotic
material, for the high powered cutting beam. The two
beams must focus at the same point to ensure the inci-
sion is made at the desired location. Even small differ-
ences in the location of the focal points of the beams can
cause the tissue of a patient to be cut improperly.
Achromatic lens elements are commonly used to
align the focal point of two different wavelengths pass-
ing through the same optical system. Such elements
comprise two different materials which, together, cor-
rect for the focusing anomaly caused by dispersion. The
different materials of the achromatic lens elements have
substantially different indices of refraction and disper-
sion relationships such that they focus two beams of
substantially different wavelengths at the same focal
point. However, achromats have typically been used
within a moderate range of wavelengths since it is diffi-
cult to find two materials which achromatically focus
and transmit light over a large wavelength separation.
The choices of materials are limited not only by achro-
matic compatibility, but by absorption properties. Typi-
cal optical glasses, for example, do not transmit well at
wavelengths approaching 2.7 microns or more due to
strong water absorption peaks in the vicinity of three
microns. These problems have severely restricted the
use of achromats in medical laser systems.
Accordingly, there is a need in the art for an achro-
matic optical element which will focus widely sepa-
rated wavelengths, particularly where one of the wave-
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lengths is in the visible portion of the optical spectrum
and the other is in the far infrared.

SUMMARY OF THE INVENTION

The present invention comprises an optical system
for achromatically focusing light comprised of at least
first and second wavelengths such that the light at the
first wavelength and the light at the second wavelength
are focused substantially at a common location. The
optical system comprises an achromatic optical element
formed by at least first and second materials, the first
and second materials having different dispersions. Both
of the first and second materials are transmissive to the
first and second wavelengths, the first wavelength
being in the visible portion of the optical spectrum and
the second wavelength being in the infrared portion of -
the optical spectrum and being on the order of about
two and one-half microns or greater.

In the preferred embodiment, the optical element
comprises a first lens and a second lens, the first lens
being comprised of the first material and the second lens
being comprised of the second material. The first mate-
rial preferably comprises potassium chioride and the
second material preferably comprises zinc selenide. The
lenses may be mounted with an air space therebetween
and are preferably arranged such that the light passes
through the first material before passing through the
second material. The first lens may comprise a positive
bi-convex lens and the second lens may comprise a
negative meniscus lens, thereby forming a positive dou-
blet lens. Additionally the optical system may comprise
a second optical element which comprises a negative
singlet lens. The negative singlet lens and the positive
doublet lens may be arranged substantially in a Galilean
telescope configuration, wherein the singlet lens has a
principal axis and the doublet lens has a principal axis,
the axes being aligned along a propagation path of the
light of the first and second wavelengths.

The achromatic optical element is preferably
mounted in a micromanipulator. The light of the second
wavelength may be of sufficiently high intensity to
vaporize biotic material, such as tissue, and may be
produced by a carbon dioxide laser having a wave-
length of 10.6 microns. The light of the first wavelength
may be of sufficiently low intensity that the biotic mate-
rial is substantially unaffected by the light of the first
wavelength, and may be produced by a helium neon
laser having a wavelength of 632.8 nanometers.

In accordance with another aspect of the present
invention, an achromatic optical element comprises a
first lens of potassium chloride and a second lens of zinc
selenide. The achromatic optical element preferably
consists of a doublet lens, and the first and second lenses
may be juxtaposed with an air gap therebetween. A
micromanipulator having a housing with an input por- -
tion for receiving light and an output portion for out-
putting light may be utilized to mount the optical ele-
ment. The lenses are mounted such that light from the
input portion passes through the first lens before passing
through the second lens. The housing preferably com-
prises manipulator. controls for controlling the direction
and focal point of light propagating through the output
portion. ]

The present invention also encompasses a method of
focusing an invisible laser light beam having a wave-
length of about two and one-half microns or more and
a visible aiming light beam. The method comprises
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passing both the visible and invisible beams through an
achromatic optical element such that the visible and
invisible beams are focused at a common location.

A method of manufacturing an optical apparatus
which is encompassed by the present invention com-
prises mounting plural lenses to form an achromatic
optical element and selecting materials for the lenses
which transmit both light having a wavelength in the
visible portion of the optical spectrum and light having
a wavelength of about three microns or more. In this
method, the step of selecting materials preferably com-
prises the step of selecting potassium chloride for one of
the lenses and the step of selecting zinc selenide for
another of the lenses.

In accordance with another aspect of the invention,
the apparatus for delivery of laser energy for a laser
surgery system comprises an articulated arm including a
waveguide directing the propagation of laser light and
at least one knuckle joint. The knuckle joint has a di-
chroic mirror to change the direction of the propagat-
ing laser light by reflecting substantially all of the laser
light. The apparatus further comprises a visible light
source, such as a helium neon laser, which emits visible
light at about 633 nanometers; or a laser diode which
emits visible light having a wavelength of about 670
nanometers. Assembled with the arm, the visible light
source is disposed proximate to the distal end of the
articulated arm and positioned to introduce visible light
into the waveguide through the dichroic mirror at the
knuckle joint for the purpose of providing an aiming
beam. In the preferred embodiment, the laser light is
produced by a carbon dioxide laser and its axis of propa-
gation aligns with the aiming beam axis of propagation
when the visible light is introduced into the waveguide.

In accordance with another aspect of the invention,
the apparatus for delivery of laser energy for a laser
surgery system comprises a laser source emitting laser
light, a waveguide linkage directing the laser light along
an axis of propagation, a dichromic mirror reflecting
the laser light to change the direction of the axis of
propagation and a laser diode emitting visible light. A
plurality of coupled waveguide segments forms the
waveguide linkage. In assembly, the laser diode is dis-
posed proximate to a distal end of the waveguide link-
age and is positioned such that visible light passes
through the dichroic mirror to couple with the axis of
propagation of the laser light. Preferably, the apparatus
additionally comprises at least one knuckle joint hous-
ing the dichroic mirror.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a medical laser apparatus having a
micromanipulator mounted on a colposcope and stand
to be used for gynecological laser surgery and con-
nected to an articulated arm.

FIG. 2 illustrates an alternative embodiment of the
apparatus shown in FIG. 1.

FIG. 3 is an enlarged view of the knuckle joint/beam
combiner assembly shown in FIG. 2 relieved to show a
laser diode assembly and internal structure of joint-
/beam combiner.

FIG. 4 is an enlarged view of the micromanipulator
mounted on the colposcope.

FIG. 5 is an exploded view of the micromanipulator.

FIG. 6 shows a cross-sectional view of the optical
housing of the micromanipulator, taken along line 6—6
in FIG. §.
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FIG. 7 is a schematic view of the optical system of
the present invention.

FIG. 8 is an enlarged schematic view of a second end
of the optical system of the present invention. Both a
visible aiming beam and an invisible laser beam are
schematically shown propagating through the optical
system.

DETAILED DESCRIPTION OF THE
INVENTION

-Medical lasers are used in surgery to allow a surgeon
to direct a high powered laser beam, capable of vaporiz-
ing biotic material, to a precise area on a patient. First,
a low power laser beam is aimed at and focused on
biotic material, such as tissue. Then, 2 high power laser
beam, which focuses at the same point as the low power
aiming beam, is energized to vaporize the biotic mate-
rial. It is necessary that the two beams focus at the same
point so that the incision is made accurately.

FIG. 1 illustrates a micromanipulator system
mounted on a stand 10 for use in gynecological surgery.
A colposcope 12, or surgical microscope, is mounted on
a mounting block 14 which rests atop a rotatable plat-
form 16 at the top of the stand 10. The mounting block
14 has counter sunk holes (not shown) at a forward end
14a. A maneuvering lever 18 extends from just beneath
the rotatable platform 16. The colposcope 12 has two
adjacent eyepieces 20. An illuminator 22 is located
above and between the adjacent eyepieces 20.

A micromanipulator 30, having a housing made of a
material such as metal, is supported on the colposcope
12 via a generally bell-shaped orifice 32 (shown in FIG.
4) in the housing. An articulated arm 34 is attached, via
a coupling mechanism 94 (shown in FIG. 5), to a lower
end of the micromanipulator 30 having a generally
cylindrical pilot 31 (shown in FIG. 5) with a hollow
center protruding from a collet 36.

As shown in FIG. 1, the articulated arm 34 comprises
a linkage of waveguide segments 35 for directing laser
light along an axis of propagation 37 (FIG. 3) with a
proximal end 39 of the articulated arm 34 connected to
a laser source 40 via a quick release connector 42. As
used herein, the words proximal and distal are used in
reference to proximity of the laser 40 which supplies
laser light to the waveguide 35. Preferably, the articu-
lated arm 34 connects to a carbon dioxide laser. The
waveguide segments 35 preferably comprise a hollow
core ceramic tube.

The articulated arm 34 additionally comprises a plu-
rality of knuckle joints 38 which link the waveguide
segments 35 together. Each knuckle joint 38 comprises
a set of bearings 41 (FIG. 3) which allows a first wave-
guide segment to rotate relative to a second waveguide
segment. The knuckle joint 38 further comprises a mir-
ror 43 (FIG. 3) which directs light from the second
segment into the first segment by reflection and thereby
changes the direction of the axis of propagation 37.

The articulated arm 34 further includes a beam com-
biner 44, shown in FIG. 1, which mounts on the articu-
lated arm 34 near the micromanipulator 30. A low-pow-
ered, helium neon laser 46 is coupled into the beam
combiner 44 via a fiberoptic waveguide 48, thereby
combining the visible helium neon beam and the invisi-
ble carbon dioxide beam prior to entry into the micro-
manipulator 30. Examples of articulated arms are dis-
closed in U.S. Pat. Nos. 4,917,083 and 4,583,539. The
beam combiner 44 may comprise a dichroic mirror
mounted in the arm in manner disclosed in U.S. Pat. No.
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