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(57) Abstract

A resonator design is disclosed particularly suited for an RF excited (20), carbon dioxide, slab waveguide laser (10). The laser (10)
includes a pair of elongated electrodes (12, 14, 120) spaced apart in a manner to define a slab discharge region (16) having a narrow
waveguide axis between the electrodes (12, 14, 120) and a wide axis extending parallel to the electrode surfaces. The resonator is a hybrid
design and is a stable, waveguide in the narrow axis, and a negative branch unstable resonator in the wide axis. A pair of mirrors (30, 32,
34, 36) are provided at each end of the electrodes (12, 14, 120) to create a folded beam path in the wide axis. The folded configuration
increases the effective length of the resonator which substantially increases the power stability of the laser (10). The multiple mirror
resonator can also be used to increase the width of the discharge region (16) while minimizing spherical aberrations. Each leg of the path
has the alignment characteristics of a negative branch unstable resonator so that the alignment of the overall resonator is highly stable.
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GAS SLAB IASER WITH FOLDED RESONATOR STRUCTURE

Technical Field

The subject invention relates to a high power,
gas slab waveguide laser with a compound, folded
resonator structure.

Background of the Invention

Within the last few years there has been
significant interest in the development of gas slab
lasers. As described in U.S. Patent No. 5,123,028
(assigned to the same assignee herein and
incorporated by reference), these type of lasers
preferably include a pair of planar, rectangular
electrodes, spaced apart in a manner to define a slab
discharge region. The slab discharge region has a
narrow axis extending between the electrodes and a
wider axis extending parallel to the electrode
surfaces. In the preferred embodiment, the narrow
axis defines a waveguide channel between the
electrodes.

A lasing gas, such as carbon dioxide, is located
between the electrodes. A means is provi&ed for
energizing the electrodes to excite the gas. 1In the
illustrated embodiment, the lasing gas is excited
with an RF generator. A mirror is positioned
adjacent each end of the electrodes to define the
resonator.

In order to maximize the power output and
enhance stability in a slab laser, it is desirable to
employ a "hybrid" resonator. In a hybrid resonator,
the propagation of light in one axis is different
from the propagation of light in the other axis. As
noted above, in the narrow axis, a stable waveguide
resonator is defined. 1In contrast, in the wider
axis, a free-space resonator is defined. Where the
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width of the wider axis is a few centimeters or more,
the free-space resonator is defined by an unstable
resonator. In the preferred design, -a negative
branch unstable resonator is used. In addition, omne
of the end mirrors of the resonator is slightly
shorter than the other end mirror, so that laser beam
can be "edge coupled" out of the resonator.

The assignee herein has successfully marketed
lasers designed in accordance with the above cited
patent, both for use in medical systems (sold under
the trademark "Ultrapulse") and for industrial
applications (sold under the trademark "Diamond".)
Significant research activity has continued in order
to further improve this product.

One area which has been investigated relates to
the stability of the output power of the laser. As
can be seen in the above identified patent, the
resonator mirrors are mounted to the ends of a sealed
laser housing. As the laser operates, the length of
the housing, and hence the length of the resonator,
will vary. As the length of the resonator varies,
different longitudinal modes of the laser will
oscillate in a phenomenon referred to as mode
sweeping. It has been found that this mode sweeping
phenomenon can result in power fluctuations in excess
of ten percent and as much as fifteen percent. These
power fluctuations can be detrimental for both
medical and industrial applications.

Therefore, it is object of the subject
invention, to provide an improved resonator structure
which significantly improves the power stability of a
carbon dioxide, slab waveguide laser.

It is a further object of the subject invention
to provide a new resonator structure that improves
alignment stability.
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It is another object of the subject invention to
provide a new resonator structure that allows the
laser to operate with an increased number of
longitudinal modes.

It is still a further object of the subject
invention to provide a new resonator structure that
provides greater tunability for single line
operation.

It is still another object of the subject
invention to provide a new resonator structure which
allows the beam to be coupled out of the center of
the slab discharge region rather than along one edge.

It is still a further object of the subject
invention to provide an improved resonator structure
which allows the width of the discharge region to be
expanded while minimizing spherical aberrations
induced by the mirrors. '

It is still another object of the subject
invention to provide an improved resonator structure
that can be adapted for use with other lasers having
slab-shaped gain regions, such a solid state slab
lasers.

Summary of the Invention

In accordance with these and other objects, the
subject invention provides for a unique resonator
design wherein the beam path is folded in the wide or
free-space axis. 1In the basic embodiment, two
mirrors are located at each end of the electrodes. A
folded path is defined which causes the beam to
traverse the discharge space six times as compared to
only twice in the prior art design.

By increasing the path length within the
discharge region by a factor of three, the number of
longitudinal modes which can oscillate within the
laser is similarly increased. By increasing the
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number of modes which can oscillate, the fluctuations
in power associated with the variations in the length
of the resonator are substantially reduced. 1In
initial experiments, fluctuations in power with the
subject resonator were less than one percent as
compared to the ten to fifteen percent associated
with the standard resonator design. The three-fold
increase in the number of times the beam passes
through the gain region can also lead to an increase
in operating efficiency.

In the preferred embodiment, the curvature and
orientation of the mirrors are selected to define a
compound resonator, wherein the mirrors bounding each
path define separate resonator-like structures.

Thus, the propagation between each mirror pair
defines a stable waveguide in the narrow axis and a
negative branch unstable configuration in the wide
axis. In the wide axis, the mirrors are arranged in
a confocal relationship which creates a focus between
the mirror pairs. This unique compound resonator
leads to enhanced alignment stability.

Another advantage to the subject design is that
it allows the beam to be coupled out of the center of
the laser, rather than at an edge. In one embodiment
illustrated below, a space is provided between one of
the pairs of mirrors located at one end of the
electrodes. 1In this configuration, the laser beam is
coupled out of the resonator through the space
between the mirrors.

The subject resonator can be modified to include
three or more mirrors at each end of the electrodes,
creating a greater number of folds. By increasing
the number of folds, the width of the electrodes can
be easily increased so that the power output per unit
length can be increased. 1In the prior design, there
were practical limits to the width of the electrodes.
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More specifically, as the electrode width was
increased, the mirror width had to be increased as
well. Increasing the mirror width introduced
unwanted spherical aberrations into the optical
system. By using multiple mirrors at each end of the
resonator, the spherical aberrations can be
minimized.

Further objects and advantages of the subject
invention can be appreciated from the following
detailed description taken in conjunction with the
drawings in which:

Brief Description of the Drawings

Figure 1 is a perspective schematic illustration
of an RF excited, slab waveguide resonator including
the compound resonator of the subject invention.

Figure 2 is a schematic illustration of the
folded path of the laser beam, with Figure 2a showing
the first two paths, Figures 2b and 2c showing the
third and fourth paths respectively, and Figure 2d
illustrating the fifth and sixth paths and the
outcoupling of the beam from the resonator.

Figure 3 is an illustration similar to Figure 2
wherein all of the paths of the beam are illustrated
in a single view.

Figure 4 is an illustration of a four mirror
resonator where the beam path is unfolded to
illustrate a linear progression.

Figure 5 is an illustration similar to Figure 3
except that the beam is shown coupled out along the
outside edge of the discharge region.

Figure 6 is an illustration of the beam path in
a six mirror resonator design wherein three mirrors
are located at each end of the discharge region and
the beam is coupled out past the inner edge of outer
mirrors. '
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Figure 7 shows the resonator of Figure 6 with
the beam path unfolded.

Figure 8 is an illustration similar to Figure 6
of a six mirror resonator design wherein the beam is
coupled out past the edge of one of the inner
mirrors.

Figure 9 is an illustration of the beam path in
an eight mirror resonator design wherein four mirrors
are located at each end of the discharge region.

Figures 10 through 15 illustrate a preferred
embodiment for mounting a pair of mirrors at the end
of the electrodes in a sealed gas laser.

Figure 10 is a cross-sectional view looking down
onto the top of the upper electrode.

Figure 11 is an elevational view from the right
hand side of Figure 10.

Figure 12 is an elevational view from the left
hand side of Figure 10. _

Figure 13 is a cross-sectional view taken along
the line 13-13 in Figure 10.

Figure 14 is a cross-sectional view taken along
the line 14-14 in Figure 10.

Figure 15 is an exploded perspective view of the
end cap 114 shown in Figure 10.

Detailed Description of the Preferred Embodiments

Referring to Figure 1, a laser 10 is shown
having a pair of elongated, rectangular planar
electrodes 12 and 14. The electrodes are positioned
in a manner to define a discharge region 16 which has
a slab or rectangular configuration. As seen in
Figure 1, the spacing S between the electrodes is
relatively small and defines the waveguide axis.

This spacing is typically on the order of 2mm. 1In
contrast, the width W of the electrodes is
significantly larger, on the order of 4 to 5cm.
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A lasing gas 1s disposed in the discharge region
16. As noted in the above cited patent, in the
commercial embodiment, the electrodes are mounted in
a sealed housing which also contains carbon dioxide
as the lasing gas. The gas is excited by an RF
generator 20 which is connected to the electrodes
through a suitable matching network (not shown).

Additional details about the design of the laser can

be obtained by referring to U.S. Patent No.
5,123,028.

As noted in the above cited patent, the
resonator is defined by mounting a first mirror
adjacent one end of the electrodes and a second
mirror adjacent the other end of the mirror. 1In the
prior design, spherical mirrors were selected in a
manner to define a hybrid resonator. More
specifically, a waveguide resonator (where the
propagation of light is controlled by the electrode
surfaces) is defined in the narrow axis. In
contrast, a negative branch unstable resonator (where
light propagation is only controlled by the mirrors)
is defined in the wider axis. The basic principles
of this hybrid design are carried forth in the
preferred embodiment of the subject invention.

As can be seen in Figure 1, in the subject
resonator design, a pair of mirrors 30, 34 and 32, 36
are located at each end of the electrodes 12, 14.
Assuming that the width of the electrodes is the same
as in the prior art design, the width of each mirror
30-36 would be roughly half the width of the prior
mirrors. The curvature and orientation of the
mirrors are arranged so that beam path is folded in
the wide or free-space axis of the laser. This fold
pattern can be contrasted with other prior art
efforts to fold the beam in the waveguide axis.
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In the prior art design described in U.S. Patent
No. 5,123,028, the beam path within the resonator can
be considered a two pass configuration. In contrast,
when using two mirrors at each end of the electrodes
as shown in Figure 1, the beam will traverse the
discharge region six times, effectively increasing
the path length by a factor of three which provides a
number of benefits discussed in greater detail below.

Figures 2a to 24 illustrate the folded beam
path. These views are a top plan representations of
the laser illustrated in Figure 1 and show the
propagation of the beam in the free space axis. As
noted above, in the narrow axis, the beam propagates
in the waveguide mode. 1In these drawings, the
mirrors appear planar but are actually spherical.

In Figure 2a, the beam 40 is shown originating
on mirror 30 and moving along a first direction, to
mirror 32 and through a first focus F,. /fhe beam 40
then reflects off mirror 32 and is directed
downwardly to mirror 34 in a substantially collimated
fashion. It should be appreciated that if mirror 32
had been tilted upwardly so that the second pass was
directed towards mirror 30, the beam propagation
characteristics would be identical to the prior art,
two mirror, negative branch unstable resonator
design. By using mirror curvatures and positioning
which maintains the characteristics of the negative
branch unstable resonator through each pass,
alignment stability is not sacrificed even though the
beam is folded into a multiple passes.

Figure 2b illustrates the third pass of the beam
from mirror 34 to mirror 36. The beam comes to a
second focus at point F,. Figure 2c illustrates the
collimated beam returning to mirror 34. 1In Figure
2d, the beam is directed from mirror 34 back up to
mirror 32. Along this fifth pass, the beam is
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focused at point F,. Upon reaching mirror 32, the
beam is then reflected back towards mirror 34 in
substantially collimated fashion.

As is well known for these type of resonator
designs, the width of the beam will increase upon
each pass due to the magnification provided by the
curvature of the mirrors. Thus, when beam 40 reaches
mirror 30 as shown in Figure 2d, its width will be
greater than when it first originated from that
mirror surface. For this reason, the beam can be
coupled out of the resonator along the edge of mirror
30 in a well known edge coupled manner.

In the embodiment illustrated in Figure 2, the
length L of mirror 30 is less than the length of the
other mirrors. In addition, mirror 30 is positioned
such that a space is defined between mirror 30 and
the adjacent mirror 34. By this arrangement, the
beam 40 can by cbupled out of the resonator near the
center of the discharge space rather than at an edge.

Coupling out of the center of the discharge
space can provide some practical advantages. More
specifically, it is often easier to design optical
systems for a beam that is coupled out of the center
of a laser housing. In addition, by coupling out
near the center of the discharge, diffraction effects
from the edge of the slab can be avoided.

The center coupling approach is particularly
preferred for use with the resonator of the subject
invention because it helps to simplify the mounting
of mirror 30. More specifically, if a resonator were
configured so that the beam is coupled past the outer
edge of mirror 30 (as in Figure 5, below), the
accuracy of the position of both the inner and outer
edges of mirror 30 would be critical. The outer edge
of mirror 30 must be accurately located to properly
couple the beam out of the resonator. 1In addition,
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the inner edge of mirror 30 must be positioned
accurately with respect to mirror 34 (See Figure 5).

In contrast, in a center coupling configuration,
only the inner edge of mirror 30 needs to be
accurately positioned. The outer edge of mirror 30
(just like the outer edges of mirrors 32, 34 and 36)
simply extends beyond the discharge region and beyond
the beam path and therefore the position of the outer
edge is not critical.

One significant advantage to the subject folded
resonator design disclosed herein is that the
multiple beam path increases the length of the
resonant cavity without increasing the size of the
discharge region. As is well known, the number of
longitudinal modes which can be supported by an
oscillator is directly proportional to the length of
the cavity. Thus, by using a four mirror design,
which triples the path length of the laser, the
number of longitudinal modes which can oscillate will
also be tripled.

The increase in the number of longitudinal modes
significantly improves the power stability
performance of the laser. More specifically, in the
new design, the increase in oscillating modes tends
to minimize any power fluctuations which can occur
due to mode sweeping as the length of the cavity
changes during operation. In initial testing, it has
been found that with the new design, output power
variations did not exceed one percent. This is a
large improvement over the prior design where the
power output tended to fluctuate by as much as ten to
fifteen percent.

Another advantage achieved by increasing the
number of longitudinal modes which can oscillate in
the laser is that more output frequencies are
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available. This will improve the tunability of the
laser during single line operation.

The subject compound resonator design should
also be contrasted with prior art folded designs
which merely used flat fold mirrors. These prior art
designs, which also functioned to increase the path
length within the laser, also had significant
alignment problems. More specifically, when flat
reflectors are used to turn a beam in the resonator,
the alignment sensitivity increases because any
angular tilt in a flat mirror will produce twice the
change in angular tilt in a reflected beam. Where
multiple flat mirrors are supported by a single,
common mount, any misadjustment of the mount will be
amplified many times, creating significant alignment
errors. In contrast, by utilizing curved mirrors,
and essentially emulating a negative branch unstable
resonator along each path, the laser-remains
extremely stable. As noted above, in this design,
one focal point exists between each pair of mirrors
bounding a path of the beam. In the preferred
embodiment, the path defined by each mirror set is a
confocal design which maximizes alignment stability.

Another advantage to multiple mirror designs is
that it will allow the width of the slab discharge to
be expanded as desired without encountering problems
associated with spherical aberration. More
specifically, and as noted above, in the prior art,
as the electrode width was increased, the mirror
width had to be increased as well. Increasing the
mirror width introduced unwanted spherical
aberrations into the optical system. This increasing
spherical aberration placed a limit on the maximum
width of the slab discharge region.

In contrast, in the subject design, by using
multiple mirrors across the width of the discharge,
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the width of the individual mirrors does not have to
be increased. Rather, as the width of the of the
electrodes are increased, the number of mirrors used
at each end can be increased while maintaining the
desired low level of spherical aberration. 1In fact,
the use of multiple mirrors would allow the width of
individual mirrors to be reduced. By using a
multiple mirror resonator, it is now possible to
design a laser with a much wider discharge region.
It is envisioned that this approach would permit a
laser to be designed with square electrodes, (i.e.
where both the width and length of the electrodes
were the same.) 1In a laser with square electrodes,
the discharge area (width times length) will be
maximized for a given length. Various six and eight
mirror designs are illustrated and discussed below.

The subject compound resonator may also have
utility with other types of lasers which have slab
discharge regions. Thus, it would be possible to
have a solid state slab material located between the
mirrors illustrated in Figure 2. This concept would
be an extension of the hybrid resonators used with
solid state lasers of the type described in U.S.
Patent No. 4,559,627, issued December 17, 1985 to
Chun.

Figure 3 is an illustration similar to Figure 2
wherein all of the paths of the beam are illustrated
in overlapping fashion in a single view. 1In Figure
4, the paths of the beam are unfolded to show a
linear progression of the beam.

Figure 5 is an illustration similar to Figure 3
except that the beam is shown coupled out along the
outside edge of mirror 30. 1In this configuration,
mirror 30 is positioned closer to mirror 34 so that
the magnified and expanded beam can be coupled out of
the resonator past the outer edge of mirror 30.
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Figure 6 is an illustration of the beam path in
a six mirror (M,- M.) resonator where three mirrors
are located at each end of the slab. In this
embodiment, the beam will traverse the discharge
space ten times before being coupled out of the
resonator. Output coupling for this embodiment is
along the edge of the slab discharge, past mirror M, .
By moving the position of mirror M,, the beam could
be coupled out of the resonator between mirrors M,
and M,. Figure 7 shows the resonator of in Figure 6
with the beam path unfolded.

Figure 8 is another example of a six mirror (M, -
Ms) resonator design. As in the Figure 6 embodiment,
the beam traverses the discharge region ten times.
However, in this embodiment, the angles of the
mirrors are selected so that a different beam pattern
is created. More specifically, in this embodiment,
the beam path begins at a center mirror M, and
extends to mirror My in a manner similar to the four
mirror embodiment of Figure 2. Mirror M, is angled
in a manner to reflect the beam diagonally across the
discharge region to mirror Mg. Mirrors M, and M,
(like all other mirror pairs bounding a beam path)
are in a confocal, negative branch unstable resonator
configuration.

Mirror My directs the beam to mirror Mg. After
the beam reaches mirror Mg, it is reflected back to
mirror My via mirrors Mg, My, M; and M, respectively.
The beam is then coupled out of the resonator past an
edge of mirror M,. As can be appreciated from the
Figure 8 embodiment, the subject design accommodates
a number of different beam paths and permits output
coupling past the edge of any mirror.

Figure 9 illustrates an eight mirror (M, -Mg)

resonator design with four mirrors being located at
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either end of the resonator. 1In this embodiment, the
beam is folded through fourteen passes through the
resonator. The beam is coupled out of the resonator
past the interior edge of mirror M,. It should be
appreciated that for each additional mirror set (i.e.
one extra mirror at each end of the resonator) the
number of times the beam passes back and forth within
the discharge region is increased by four.

Figures 10 through 15 illustrate one preferred
embodiment of a laser utilizing the subject resonator
and including hardware which can be used to mount a
pair of mirrors at the ends of the electrodes. This
embodiment is substantially the same as the laser
described in the above cited U.S. Patent No.
5,123,028 except for the improved mirror mounts.

Referring first to Figure 10, there is
illustrated an aluminum housing 110 which is vacuum
sealed by a pair of end plates 112 and 114. A pair
of electrodes 120 (only one shown) are kinematically
mounted within the housing. RF energy is coupled
into the housing through appropriate feedthroughs.

A carbon dioxide lasing gas is sealed within the
housing. The lasing mixture typically includes
helium, nitrogen and carbon dioxide at a ratio of
3:1:1, and may also include some xenon.

In accordance with the subject invention, the
resonator is defined by a two mirrors (30, 32, 34,
36) mounted adjacent each end of the electrodes. As
described in U.S. Patent No. 5,123,028, the curvature
of the spherical mirrors is determined based on the
magnification desired in the unstable resonator axis.
Thereafter, the spacing between the ends of the
electrodes and the mirrors is selected so that the
radius of curvature of the wavefront of the beam (in
the narrow axis) as it reaches the mirrors matches
the radius of curvature of the mirrors.
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The mirror mounting hardware serves a similar
function as in the prior art, which allows the angle
of the mirror to be adjusted from outside of the
sealed housing. To achieve this goal, each end plate
112, 114 includes a pair of circular grooves, 130,
132, 134 and 136. Each groove extends towards the
inner surface of the end plate an amount sufficient
to define an annular flexture region 140, 142, 144
and 146. The grooves also define an axially
extending tilt member 150, 152, 154, and 156 located
radially inside the groove.

A mirror mount 160, 162, 164 and 166 is
connected to the inner surface of the end plate and
aligned with the associated tilt member. The mirrors
30, 32, 34 and 36 are supported by the mounts. As
can be appreciated, by adjusting the angle of a tilt
member about the annular flexture region, the angle
of the mirror can be adjusted. ‘

As in the prior art design, a plurality of
screws and pins are used to adjust the angle of the
tilt members to vary the angle of the mirrors. 1In
the prior art, this result was achieved using four
orthogonal pins for directly biasing the tilt member.
This prior design has been modified in order to allow
two mirrors to be mounted at each end of the housing.

The new design will described with reference
first to end plate 114. As illustrated most clearly
in Figures 13 and 15, end plate 114 is provided with
six threaded openings (170, 171, 172, 173 174 and
175) lying in a first plane. Each opening receives a
screw (180, 181, 183, 184, and 185) that carries a
biasing pin (190, 191, 192, 193, 194 and 195). The
axial position of a pin is adjusted by rotating a
screw which, in turn, exerts a biasing force on the
associated tilt member thereby varying the angle of
the tilt member and the associated mirror.
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As can be seen, the three coplanar screws
associated with each mirror permit angular adjustment
of that mirror in three out of the four necessary
axes. The remaining axis of adjustment for either
mirror lies along a line occupied by the remaining
mirror on end plate 114 so that it is not possible to
simply use a fourth biasing pin and screw in the same
manner as in the prior art.

Accordingly, in order to provide adjustment
along the remaining fourth axis, a reverse biasing
screw is used. More specifically, and as best seen
in Figures 14 and 15, each tilt member 154, 156 is
further provided with a threaded opening 210, 212
which receives a threaded screw 220, 222 and
associated pin 230, 232. A non-threaded aperture
240, 242 is provided in the end plate to access
screws 220, 222. The threaded openings 210 and 212
lie in a plane which is parallel to but spaced from
the plane of threaded opening 170-175 allowing
unrestricted axis to screws 220, 222. By rotating
screw 220, 222, pin 230, 232 will be biased against
the radially outer surface of groove 134, 136 thereby
placing a torque on the associated tilt member. By
adjusting the four screws associated with each tilt
member, the desired angle of the mirror can be
obtained from outside of the sealed housing.

End plate 112 differs from end plate 114 in that
the beam is coupled out of the housing through end
plate 112. As seen in Figure 10, the inner edge of
mirror 30 is shortened providing an opening through
which the beam can be coupled out of the resonator.
End plate 112 includes a channel 260 through which
the beam can pass. A transparent window 270, formed
from a material transmissive to 10.6 micron
radiation, is sealed within channel 260.
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The mirror mounting structure illustrated in
Figures 10 to 15 provides a suitable vehicle for
implementing the compound resonator structure of the
subject design. A laser formed in accordance with
these teachings was built and tested. The laser had
a pair of mirrors (30-36) at each end of the
electrodes to create a folded beam path. Each of the
mirrors were spherical, with mirrors 30 and 34 having
a curvature of 619mm and mirrors 32 and 36 having a
curvature of 693mm. The mirrors were separated by
655mm. Mirrors 32 and 34 were tilted towards each in
a manner to create a confocal resonator therebetween.
The angle of tilt was on the order of 17
milliradians. Some additional minor angular
adjustments were made to each of the mirrors during
set-up in order to stabilize the cavity and maximize
laser power output as is well known in the art.
During a twenty-four period of continuous operation,
the power fluctuations of the laser did not exceed
one percent.

While the subject invention has been described
with reference to the preferred embodiments, various
changes and modifications could be made therein, by
one skilled in the art, without varying from the
scope and spirit of the subject invention as defined
by the appended claims.
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CLATMS

1. A gas laser comprising:

a pair of elongated electrodes, said
electrodes being spaced apart to define a
discharge region therebetween, said discharge
region having a slab configuration with a wide
axis and a narrow axis;

a lasing gas disposed between said
electrodes;

means for energizing the electrodes to
excite the gas and create a gas discharge; and

resonator means for creating a laser beam,
said resonator means including at least two
mirrors disposed at each end of said electrodes,
said mirrors having an angular orientation and
curvature to define a waveguide between the
electrodes in the narrow axis and free space
propagation in the wide axis and wherein the
mirrors cooperate to fold the beam along
multiple paths in the wide axis with each path
extending between mirrors at opposite ends of
said electrodes.

2. A laser as recited in claim 1 wherein an

unstable resonator is defined in the wide axis.

25

3. A laser as recited in claim 1 wherein a

negative branch unstable resonator is defined in the
wide axis.

4. A laser as recited in claim 1 wherein there

is a focal point located between every pair of

30 - mirrors bounding a beam path.
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5. A laser as recited in claim 4 wherein the
mirrors bounding each pass are in a confocal
arrangement.

6. A laser as recited in claim 1 wherein the
beam is coupled out of the resonator means along the
edge of one of said mirrors.

7. A laser as recited in claim 6 wherein the
beam is coupled out of the resonator means adjacent a
side edge of wide axis of the discharge region.

8. A laser as recited in claim 6 wherein the
beam is coupled out of the resonator means at a
position intermediate the wide axis of the discharge
region.

9. A laser as recited in claim 1 wherein a
space is defined between the mirrors at one end of
the electrodes for coupling the laser beam out of the
resonator.

10. A laser as recited in claim 1 wherein there
are only two mirrors at each end of the electrodes to
define a six pass beam propagation pattern within the
discharge region.

11. A laser as recited in claim 1 wherein there
are three mirror at each end of the electrodes to
define a ten pass beam propagation pattern within the
discharge region.
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12. A gas laser comprising:

a pair of elongated electrodes, said
electrodes being spaced apart to define a
discharge region therebetween, said discharge
region having a slab configuration with a wide
axis and a narrow axis;

a lasing gas disposed between said
electrodes;

means for energizing the electrodes to
excite the gas and create a gas discharge; and

resonator means including at least two
mirrors disposed at each end of said electrodes,
said mirrors having an orientation and curvature
to define a hybrid resonator that is stable in
the narrow axis and unstable in the wide axis
and wherein the mirrors cooperate to fold the
beam along multiple paths in the wide axis, and
wherein there is a focal point located between
every pair of mirrors bounding a beam path.

13. A laser as recited in claim 12 wherein the

spacing of the electrodes in the narrow axis is
selected to define a waveguide.

14. A laser as recited in claim 12 wherein a

negative branch unstable resonator is defined in the

25 wide axis.

15. A laser as recited in claim 12 wherein the

mirrors bounding each pass are in a confocal

arrangement .

16. A laser as recited in claim 12 wherein the

30 beam is coupled out of the resonator means along the

edge of one of said mirrors.
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17. A laser as recited in claim 16 wherein the
beam is coupled out of the resonator means adjacent a
side edge of wide axis of the discharge region.

18. A laser as recited in claim 16 wherein the
beam is coupled out of the resonator means at a
position intermediate the wide axis of the discharge
region.

19. A laser as recited in claim 16 wherein a
space is defined between the mirrors at one end of
the electrodes for coupling the laser beam out of the
resonator.

20. A laser as recited in claim 16 wherein
there are only two mirrors at each end of the
electrodes to define a six pass beam propagation
pattern within the discharge region..

21. A laser as recited in claim 16 wherein
there are three mirror at each end of the electrodes
to define a ten pass beam propagation pattern within
the discharge region.
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22, A gas laser comprising:

a pair of elongated electrodes, said
electrodes being spaced apart to define a
discharge region therebetween, said discharge
region having a slab configuration with a wide
axis and a narrow axis;

a lasing gas disposed between said
electrodes;

means for energizing the electrodes to
excite the gas and create a gas discharge; and

resonator means including at least two
mirrors disposed at each end of said electrodes,
said mirrors having an orientation and curvature
to define a hybrid resonator that is stable in
the narrow axis and a negative branch unstable
resonator in the wide axis and wherein the
mirrors cooperate to fold the beam along
multiple paths in the wide axis.

23. A laser as recited in claim 22 wherein the
spacing of the electrodes in the narrow axis is
selected to define a waveguide.

24. A laser as recited in claim 22 wherein
there is a focal point located between every pair of
mirrors bounding a beam path.

25. A laser as recited in claim 24 wherein the
mirrors bounding each pass are in a confocal
arrangement.

26. A laser as recited in claim 22 wherein the
beam is coupled out of the resonator means along the

edge of one of said mirrors.

PCT/US94/06692
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27. A laser as recited in claim 26 wherein the
beam is coupled out of the resonator means adjacent a
side edge of wide axis of the discharge region.

28. A laser as recited in claim 26 wherein the
beam is coupled out of the resonator means at a
position intermediate the wide axis of the discharge
region.

29. A laser as recited in claim 22 wherein a
space is defined between the mirrors at one end of

the electrodes for coupling the laser beam out of the
resonator.

30. A laser as recited in claim 22 wherein
there are only two mirrors at each end of the
electrodes to define a six pass beam propagation
pattern within the discharge region.

31. A laser as recited in claim 22 wherein
there are three mirror at each end of the electrodes
to define a ten pass beam propagation pattern the
discharge region.
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32. A laser comprising:

a lasing medium having a slab shaped gain
region having a wide and a narrow axis;

means for energizing the gain medium; and

resonator means including at least two
mirrors located at opposed ends of the slab
shaped gain region, said mirrors having an
orientation and curvature to define a hybrid
resonator that is stable in the narrow axis and
unstable in the wide axis and wherein the
mirrors cooperate to fold the beam along
multiple paths in the wide axis and wherein
there is a focal point located between every
pair of mirrors bounding a beam path.

33. A laser as recited in claim 32 wherein a

negative branch unstable resonator is defined in the

wide axis.

34. A laser as recited in claim 32 wherein the

mirrors bounding each pass are in a confocal

20 arrangement .

35. A laser as recited in claim 32 wherein the

beam is coupled out of the resonator means along the

edge of one of said mirrors.

36. A laser as recited in claim 32 wherein a

25 space is defined between the mirrors at one end of

the discharge region for coupling the laser beam out

of the resonator.
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