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An object of the present invention Is to provide a wavelength selectable laser oscillator in wavelength tunable laser by which the rate
of repetitive pulse oscillation of laser beam In a laser resonator can be markedly increased in comparison with that of conventional
ones, besides excitation input can be decreased, and in addition, speed-up of wavelength tuning speed can be achieved, whereby
flexibility Is remarkably elevated In case of practicing the wavelength selectable laser oscillator. The wavelength selectable laser
osclllator In wavelength tunable laser comprises a laser resonator composed of opposed mirrors each having a prescribed
reflectivity; a wavelength tunable laser medium disposed In the laser resonator and capable of laser oscillation in a wavelength zone
of a prescribed range; an acousto-optical crystal disposed in the laser oscillator and to which Is inputted the outgoing light from the
wavelength tunable laser medium; an acoustic wave inputting means mounted on the acousto-optical crystal and for inputting an
acoustic wave to the acousto-optical crystal; an optical element disposed in the laser resonator and for correcting dispersion of the
diffracted light outputted from the acousto-optical crystal; and a pulse excitation laser for inputting excitation laser beam Iinto the
laser resonator.
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Abstract of the Disclosure

An object of the present invention is to provide a wavelength selectable laser
oscillator in wavelength tunable laser by which the rate of repetitive pulse oscillation of
laser beam 'in a laser resonator can be markedly increased in comparison with that of
conventional ones, besides excitation input can be decreased, and in addition, speed—up

of wavelength tuning speed can be achieved, whereby flexibility is remarkably elevated

in case of practicing the wavelength selectable laser oscillator., The wavelength
selectable laser oscillator in wavelength tunable laser comprises a laser resonator
composed of opposed mirrors each having a prescribed reflectivity; a wavelength
tunable laser medium disposed in the laser resonator and capable of laser oscillation in a

wavelength zone of a prescribed range; an acousto— optical crystal disposed in the laser
oscillator and to which is inputted the outgoing light from the wavelength tunable laser

medium; an acoustic wave inputting means mounted on the acousto— optical crystal and
for nputting an acoustic wave to the acousto—optical crystal; an optical element
disposed in the laser resonator and for correcting dispersion of the diffracted light
outputted from the acousto—optical crystal; and a pulse excitation laser for inputting

excitation laser beam into the laser resonator.
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SPECIFICATION

Title of the Invention

WAVELENGTH SELECTABLE LASER OSCILLATOR
IN WAVELENGTH TUNABLE LASER |

Background of the Invention

Field of the Invention

The present invention relates to a wavelength selectable laser oscillator in
wavelength tunable laser, and more particularly to a wavelength selectable laser
oscillator in wavelength tunable laser by which highly repeated oscillation of laser beam

in a laser resonator can be realized.

Description of Related Art

As a wavelength tunable laser which directs to realization of pulsed oscillation
in a laser resonator for laser beam, for example, a flash—lamp excitation Q- switch
YAG laser excited titanium: sapphire (Ti:Al 2 O s ) laser has heretofore been known.

In a flash—lamp— excitation Q—switch YAG laser exbited titanium— sapphire

laser, the pulse repetition rate is determined by the ‘rate of lighting the flash— lamp,
since the YAG laser is operated by a Q-switch—pulsed mode based on
flash—lamp excitation.

In these circumstances, since‘ the rate of lighting a flash—lamp 1s usually

around 1 Hz to 50 Hz, there is a limit for increasing the pulse repetition rate of the
laser that was excited by the aforesaid flash—lamp excitation laser. Accordingly, there
is a need for a wavelength tunable laser by which much higher rates of pulse repetition
can be achieved for laser beam.

Furthermore, the aforesaid flash—lamp excitation Q-switch YAG laser

excited titanium: sapphire laser requires high excitation input (in general, around 20
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m]J/pulse is required as the excitation energy), and the wavelength tuning speed thereof
is low, so that it involves a problem of having poor flexibility in case of practicing the

laser.

Summary of the Invention

The present invention has been made in view of the problems as described
above involved in the prior art. Accordingly, an object of the present invention is to
provide a wavelength selectable laser oscillator in wavelength tunable laser by which
pulse repetition rate of the laser can be markedly increased in comparison with that of
conventional ones, besides excitation input can be decreased, and in addition, speed— up
of wavelength tuning speed can be achieved, whereby flexibility is remarkably elevated
in case of practicing the wavelength selectable laser oscillator.

In order to attain the above described object, the wavelength selectable laser
oscillator in wavelength tunable laser according to the present invention is characterized
by comprising a laser resonator composed of opposed mirrors each having a prescribed
reflectivity; a wavelength tunable laser medium disposed in the aforesaid laser resonator
and capable of laser oscillation n a wavelength zone of a prescribed range; an
acousto— optical crystal disposed in the aforesaid laser oscillator and to which is inputted
the outgoing light from the aforesaid wavelength tunable laser medium; an acoustic
wave inputting means mounted on the aforesaid acousto—optical crystal and for
inputting an acoustic wave to the aforesaid acousto—optical crystal; and a pulse
excitation laser for inputting excitation laser beam into the aforesaid laser resonator.

Furthermore, the wavelength selectable laser oscillator in wavelength tunable
laser according to the present invention is characterized by comprising a laser resonator
composed of opposed mirrors each having a prescribed reflectivity; a wavelength
tunable laser medium disposed in the aforesaid laser resonator and capable of laser
oscillation in a wavelength zone of a prescribed range; an acousto—optical crystal
disposed 1n the aforesaid laser oscillator and to which is inputted the outgoing light from
the aforesaid wavelength tunable laser medium; an acoustic wave inputting means

mounted on the aforesaid acousto— optical crystal and for inputting an acoustic wave to
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the aforesaid acousto— optical crystal; an optical element disposed in the aforesaid laser
resonator and for correcting dispersion of the diffracted light outputted from the
aforesaid acousto—optical crystal; and a pulse excitation laser for inputting excitation
laser beam 1nto the aforesaid laser resonator.

In this case, the aforesaid pulse excitation laser may be composed of a highly
repetitive CW— Q- switch solid state laser, and this highly repetitive CW— Q- switch
solid state laser may be composed of a laser— diode— excit'ed. highly repetitive solid state
laser.

Further, the aforesaid laser— diode— excited highly repetitive solid state laser
may be specifically composed of a CW-Q-switch pulse Nd:YLF laser, a
CW— Q- switch pulse Nd:YLF laser, a CW— Q—switch pulse YAG laser or the like.

On one hand, the aforesaid laser resonator may be composed in the form of a
laser resonator of Z— holding type, or a laser resonator of X— holding type.

On the other hand, the aforesaid wavelength tunable laser medium may be
arranged 1n such that the incident end surface thereof has been Brewster—cut, and the
aforesaid incident end surface is disposed with respect to the optical path inside the
aforesaid laser resonator at the Brewster angle.

Moreover, the aforesaid wavelength tunable laser medium may be arranged in
such that a non—reflecting coating has been applied to the incident end surface thereof,
and the aforesaid incident end surface is disposed vertically with respect to the optical
path inside the aforesaid laser resonator.

Still further, one of the opposed mirrors composed of the aforesaid laser
resonator may be replaced by a specific coating formed on the end surface of the

aforesaid wavelength tunable laser medium.
In the wavelength selectable laser oscillator in wavelength tunable laser
according to the present invention, an excitation volume due to the excitation laser in

the wavelength tunable laser medium is adapted to match to an optical mode volume

inside the laser resonator to elevate the efficiency, so that the excitation input power is
reduced, whereby the laser oscillator can be applied to a highly repetitive pulsed

excitation laser.
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Furthermore, the wavelength selectable laser oscillator in wavelength tunable
laser according to the present invention is arranged in such that the outgoing light from
the wavelength tunable laser medium is inputted to the acousto—optical crystal, and
when an acoustic wave is inputted the aforesaid acousto— optical crystal by the acoustic
wave inputting means, a wavelength of the outgoing light from the wavelength tunable
laser medium i1s selected, whereby speed—up of wavelength tuning speed of the
outgoing laser beam from the wavelength selectable laser oscillator 1n wavelength
tunable laser can be achieved.

In these circumstances, the selection of wavelength for the wavelength
selectable laser oscillator in wavelength tunable laser according to the present invention
has been applied as a result of paying its attention to the fact that when an acoustic
wave is allowed to generate in an acousto—optical crystal having birefrigent property
such as TeO 2 crystal and the like, the polarizing plane of difffﬁcted light having a
specified wavelength in response to a frequency of the aforesaid acoustic wave among
the light rays inputted to the aforesaid crystal comes to be orthogonal to the polarizing
plane of non— diffracted light, besides an outgoing angle of the aforesaid diffracted light

declines with respect to an outgoing angle of the non—diffracted light so as to differ

remarkably therefrom.

Brief Description of the Drawings
The present invention will become more fully understood from the detailed
description given hereinafter and the accompanying drawings which are given by way of

illustration only, and thus are not limitative of the present invention, and wherein:

FIG. 1 is a conceptual diagram illustrating a wavelength selecting action
utilizing a diffraction function of light having a specified wavelength by means of
acoustic wave; | '

FIG. 2 is a schematic constitutional diagram for explaining a first manner of
practice of the wavelength selectable laser oscillator in wavelength tunable laser
according to the present invention;

FIG. 3 is a graphical representation indicating input/output characteristic
properties between the energy of excitation laser beam (input) and the energy of

— 4 —
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outgoing laser beam (output) in the experiment wherein the wavelength selectable laser

oscillator 1n wavelength tunable laser according to the first ménner of practice of the

present invention is utilized;

FIG. 4 1s a graphical representation indicating wavelength selectable
characteristic properties in the experiment wherein the wavelength selectable laser
oscillator in wavelength tunable laser according to the first manner of practice of the

present invention is utilized;

FIG. 5 is a schematic constitutional diagram for explaining a second manner of
practice of the wavelength selectable laser oscillator in wavelength tunable laser
according to the present“ invention;

FIG. 6 is a schematic constitutional diagram for explaining a third manner of
practice of the wavelength selectable laser oscillator in wavelength tunable laser
according to the present invention; and .

FIG. 7 1s a schematic constitutional diagram for explaining a fourth manner of
practice of the wavelength selectable laser oscillator in wavelength tunable laser

according to the present invention.

Detailed Description of the Preferred Embodiments

The manners of practice of the wavelength selectable laser oscillator in
wavelength tunable laser according to the present invention will be described in detail
heremafter in conjunction with the accompanying drawings.

FIG. 1 is a conceptual diagram illustrating a wavelength selecting action
utilizing a polarizing action of light having a specified wavelength by means of acoustic
wave wherein incident light having wavelength A i and angular frequency o i is inputted
to an acousto—optical crystal 100 having birefringent property. In this case, when
acoustic wave 104 having frequency @ a is applied into the acousto— optical crystal 100,
diffracted light 106 is obtained. \ |

With respect to the diffracted light 106 which is a light ray component
diffracted in the above described acousto—optical crystal 100, when a total reflection
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mirror 110 and a mirror having a prescribed transmittivity on the outgoing side 112 are
disposed, a laser resonator is constituted in which the diffracted light reciprocates

between the total reflection mirror 110 and the mirror on the outgoing side 112.
In this case, a wavelength of the diffracted hght 106 is decided by a frequency

of the acoustic wave 104 generated in the acousto— optical crystal 100. Accordingly, for
instance, a piezoelectric element driven by an RF power source 1s attached to the
acousto—optical crystal 100, and the piezoelectric element is driven by the RF power
source to cause strain in this piezoelectric element, whereby the acoustic wave 104
having a frequency in response to the strain is inputted to the acousto—optical crystal
100, so that selectable control of laser wavelength becomes possible by controlling the
frequency of the RF power source.

On the other hand, diffraction efﬁciency\ to the diffracted light 106 is
determmed by the intensity of acoustic wave, so that when in;;ut power of the RF
power source is controlled, it becomes possible to control loss of the laser resonator,
and then to control to vary the laser output. '

However, since a diffraction angle ¢ 109 is not perfectly constant with respect
to a wavelength of the diffracted light, a range of wavelength within which a laser
resonator can be constituted i1s narrow due to vertical reflection of the total reflection
mirror 110 with respéct to the diffracted light 106. Thus, an angle for disposing the
total reflection mirror 110 must be adjusted little by little for oscillating laser within a
wide region, so that there is such a fear that the adjusting operation therefore becomes
complicated from practical point of view. For this reason, it is necessary for correcting
deflections of the diffraction angle ¢ 109 by any means to widen the tuning range of
wavelength without changing the angle of the total reflection mirror 110 disposed.

‘As a means for correcting the deflections of the diffraction angle ¢ 109, for
example, there is the one wherein an optical element which disperses wavelength of
hight such as a triangular prism or the like may be employed to set the same in such

that light rays having a deflection angle Ap defined by wavelengths A 1 and A 2 advance
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substantially parallelly after passing through the triangular prism, As a result, 1t
becomes possible to always input the diffracted light 106 normally with respect to the

total reflection mirror 110, whereby a laser resonator used for a wide wavelength zone

can be constituted.

Referring to FIG. 2, it is a schematic constitutional diagram for explaining the
first manner of practice of the wavelength selectable laser oscillator in wavelength
tunable laser according to the present invention.

In this wavelength selectable laser oscillator in wavelength tunable laser, a
so—called Z—holding type laser resonator wherein an optical path of the light
reciprocating inside the laser resonator exhibits a "Z'— shaped path 1s used. This laser
resonator of Z—holding type is composed of a mirror having a prescribed transmittivity
on the outgoing side 10 and a total reflection mirror 12.

Moreover, the laser resonator of Z— holding type is provided with a first
intermediate mirror 14 to which is inputted excitation laser beam A, besides which
reflects totally the light B reciprocating between the mirror on the outgoing side 10 and
the total reflection mirror 12 as well as with a second intermediate mirror 16 reflecting
totally the light B reciprocating between the mirror on the outgoing side 10 and the
total reflection mirror 12, and further the laser resonator is arranged m such that the
optical path of the light B reciprocating inside the laser resonator exhibits a "Z"—shaped
path.

Between the first intermediate mirror 14 and the second intermediate mirror
16 on the optical path of the laser resonator is disposed, as a wavelength tunable laser
medium, a Ti:Al : O s laser crystal 18 the incident end surface thereof for incident light
has been Brewster—cut in such that the incident end surface is of a Brewster angle
wherein reflection of the incident light becomes zero, so that laser oscillation is

generated by coaxial excitation in the longitudinal direction due to excitation laser beam

A.
Furthermore, an acousto—optical crystal 20 being the one as a crystal for

selecting wavelength and having birefringent property is disposed between the second

Intermediate mirror 16 and the total reflection mirror 12 on the optical path of the

- 7 -
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laser resonator.

In addition, to the acousto—optical crystal 20 is attached, as an acoustic wave
inputting means, a piezoelectric element 26 driven by an RF power source 24 a
frequency of which 1s controlled by a personal computer 22. Thus, when the

piezoelectric element 26 is driven by the RF power source 24 wherein the frequency

thereof has been set in a random access manner in accordance with the control of the
personal computer 22 to thereby cause strain in the piezoelectric element 26, based on
this strain of the piezoelectric element 26, acoustic wave having a frequency in
response to the above described strain is inputted to the acousto— optical crystal 20.
As a result, the acousto—optical crystal 20 diffracts only the light D 1n response to the
acoustic wave putted.

Accordingly, mputting of acoustic wave to the acousto— optical crystal 20 i1s
controlled by the personal computer 22 in such a manner that only the hght B having a
wavelength of the outgoing laser beam C which 1s intended to be outputted from the
mirror on the outgoing side 10 by means of the piezoelectric element 26 can be
outputted as the diffracted light D which has been diffracted by the acousto— optical
crystal 20 1n a prescribed direction thereby being capable of making laser oscillation.

Furthermore, a dispersion correcting prism 28 for correcting dispersion of the
diffracted light D is disposed between the acousto—optical crystal 20 and the . total
reflection mirror 12. By the use of the dispersion correcting prism 28, directivity of
outgoing laser beam C can keep constant.

In the wavelength selectable laser oscillator in wavelength tunable laser, a

pulse excitation laser 32 is used as the laser for inputting excitation light A to the laser
resonator. As the pulsed excitation laser 32, a highly repeated CW— Q— switch may be
used, and an example thereof includes a compact, laser—diode (LD)—excited highly
repetitive solid state laser and the like. More specifically, CW— Q- switch pulsed YAG
laser, CW— Q- switch pulsed Nd:YLF laser and the like may be employed.

The excitation laser light A produced by the pulse excitation laser 32 is

reflected to a total reflection beam— condensing mirror 36 by the total reflection mirror

34 to be collected by the total reflection beam— condensing mirror 36, and is inputted

— 8 —
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through the first intermediate mirror 14 so as to pump the Ti:Al : O s 18 by coaxial
excitation in the longitudinal direction.

In the above described arrangement, to obtain outgoing laser beam C, the
Ti:Al 2 O s laser crystal 18 i1s excited by utilizing the excitation laser beam A inputted
by the pulse excitation laser 32. According to the principle described above, a

frequency of the RF power source 24 is controlled by the personal computer 22 to

vibrate the piezoelectric element 26 in response to a wavelength of the outgoing laser
beam C which is desired to be outputted from the mirror on the outgoing side 10.

In the situation described above, the outgoing light having a wavelength in
response to the frequency of the RF power source 24 among the outgoing light rays
outputted from the Ti:Al 2 O s laser crystal 18, which are derived from the one
inputted to the acousto— optical crystal 20 and belonging to a wide range of wavelength
zone, 1s diffracted 1n a prescribed direction to be outputted from the acousto— optical
crystal 20 as the diffracted light D. Furthermore, the diffracted hight D outputted from
the acousto—optical crystal 20 in a diffracted state along a prescribed direction is
inputted to the total reflection mirror 12 through the dispersion correcting prism 28, so

that the light mputted 1s reflected by the total reflection mirror 12, whereby the

resulting light reciprocates inside the laser resonator along the "Z"— shaped optical path.
As a result, only the light having a wavelength in response to a frequency of
the RF power source 24 1s amplified to generate laser oscillation, whereby only the
outgoing laser beam C having the aforesaid wavelength can be outputted from the laser
resonator.
As described above, selection for a wavelength of outgoing laser beam C can

be realized in control of the personal computer 22 by selecting a frequency of the RF

power source 24 to vibrate the piezoelectric element 26 by means of the RF power

source 24. Accordingly, a rapid and random selection of a wavelength of the outgoing

laser beam C 1s possible, so that a wavelength selectable speed of the outgoing laser

beam can be elevated.
Moreover, since the dispersion correcting prism 28 is disposed, dispersion of

a diffraction angle of the diffracted light D is corrected. If there is dispersion in a

-9 —
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diffraction angle of the diffracted light D, an optical path of the light changes inside the
laser resonator, whereby a wavelength selectable zone is Imited. In this respect,
however, when the dispersion correcting prism 28 is provided, the problem as described
above can be eliminated. .

Besides, a pulse excitation laser 32 is employed in place of a conventional
solid state laser wherein flash—lamp excitation is utilized in the present invention,
whereby excitation laser beam A is produced. As a result, the number of pulses per
unit time in repeating can be remarkably increased as compared with that of the prior
art, and further the system can be minmaturized.

In addition, the constitution of the laser resonator is constituted into
Z—holding type, and it is arranged in such that the excitation laser beam A is collected

by the total reflection beam— condensing mirror 36 to input the same to the Ti:Al 2 O 3

laser crystal 18. Hence, laser oscillation can be made sufficiently by even the
excitation laser beam A derived from the pulse excitation laser 32 having low excitation
input power in comparison with a conventional pulse laser wherein flash—lamp

excitation i1s utilized.

Next, an experimental example wherein the wavelength selectable laser
oscillator m wavelength tunable laser shown in FIG. 2 is utilized will be described.

In this experiment, a CW— Q- switch pulse Nd:YLF laser is used as the pulse
excitation laser 32, and the second harmonics are employed for the excitation laser
beam A. In this case, a wavelength of the excitation laser A, repeat of pulse, and the
maximum output pef pulse are 523 nm, 1 kHz, and 200 i J, respectively.

Furthermore, a radius of the tptal reflection beam— condensing mirror 36 1s
200 mm, a radius of the first intermediate mirror 14 as well as of the second
intermediate mirror 16 is 100 mm, respectively, and the reflectivity of the mirror on the
outgoing side is 97% (i.e., 3% transmittivity).

In the laser resonator of Z—holding type shOwn in the wavelength selectable

laser oscillator in wavelength tunable laser of FIG. 2, a resonator mode volume is

condensed down up to several tens microns by means of the Ti:Al » O 5 laser crystal

- 10 —
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18, and the excitation laser beam A is collected to this region thus narrowed by the

total reflection beam—condensing mirror 36, whereby elevation of an excitation

efficiency is intended.
In the constitution of the above described experiment, input/output
characteristic properties of (input) energy of the excitation laser beam A and (output)

energy of the outgoing laser beam C in the case where a wavelength of the output laser

beam C is fixed to 800 nm are indicated in FIG. 3. As is apparent from FIG. 3, when
energy of the excitation laser beam A becomes about 40 i J per pulse, laser oscillation
reaches its threshold value in this wavelength tunable laser system.

Moreover, FIG. 4 indicates wavelength selectable characteristic properties in
the case where energy of the excitation laser beam C 1s 100 ¢ J. As is apparent from
FIG. 4, a wavelength tuning ranges from about 740 nm to about 870 nm.

Since the dispersion correcting prism 28 is provided, observed variations in

beam directions by tuning a wavelength of laser came to be perfectly less than the

observation limit.

FIG. 5 1s a schematic constitutional diagram for explaining the second manner
of practice of the wavelength selectable laser oscillator in wavelength tunable laser
according to the present invention wherein the same reference characters designate the
same or equivalent components as or to those of FIG. 2 showing the first manner of

practice of the wavelength selectable laser oscillator in wavelength tunable laser

according to the present invention, so that the detailed 'explanation therefore will be
omitted.

The wavelength selectable laser oscillator in wavelength tunable laser of the
second manner of practice differs only from that of the first manner of practice in the

point that the constitution of the laser resonator is formed into a so—called X— holding

type.
In also the laser resonator of X-holding type used in the wavelength

selectable laser oscillator in wavelength tunable laser of the second manner of practice,

since the excitation laser beam A is collected by the total reflection beam— condensing

- 11 —
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mirror 36 to be inputted to the Ti:Al O s laser crystal 18, efficient laser oscillation

can be produced by even the excitation laser beam A having low excitation mput power
derived from the pulse excitation laser 32 in comparison with that of a conventional ion

laser wherein flash—lamp excitation or discharge excitation is utilized.

In addition to the above, by the use of this laser resonator of X— holding type,
the constitution thereof can be made more compact than that of a laser resonator of

Z— holding type.

FIG. 6 1s a schematic constitutional diagram for explaining the third manner of
practice of the wavelength selectable laser oscillator in wavelength tunable laser
according to the present invention wherein the same reference characters designate the
same or equivalent components as or to those of FIG. 2 showing the first manner of
practice of the wavelength selectable laser oscillator in wavelength tunable laser
according to the present invention, so that the detailed explanation therefore will be

omitted.

The wavelength selectable laser oscillator 1n wavelength tunable laser of the
third manner of practice differs from that of the first manner of practice only in the
point that the total reflection mirror 12 of FIG. 1 is replaced by a mirror on the
outgoing side 10, and at the same time, in place ' of removing thé mirror on the outgoing

side 10 and the first intermediate mirror 14 in FIG. 1, such an arrangement that

excitation laser beam A is mnputted to the end surface of the Ti:Al : O s laser crystal 18

on the side to which the excitation laser beam A is mputted, besides a specific coating
40 for reflecting the light outputted from the Ti:Al » O s laser crystal 18 is applied is
added to the modification described herein.

Thus, 1n the wavelength selectable laser oscillator in wavelength tunable laser
of the third manner of practice, a laser resonator is compbsed of the specific coating 40
and the mirror on the outgoing side 10. -

For this reason, according to the wavelength selectable laser oscillator in

wavelength tunable laser of the third manner of practice, the number of components In

this third manner of practice can be reduced in comparison with that of the wavelength

- 12 -
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selectable laser oscillator in wavelength tunable laser of the first manner of practice as
well as with that of the second manner of practice, whereby the whole system can be

miniaturized, besides decrease in the cost therefore can be achieved.

FIG. 7 1s a schematic constitutional diagram for explaining the fourth manner
of practice of the wavelength selectable laser oscillator in wavelength tunable laser
according to the present invention wherein the same reference characters designate the
same or equivalent components as or to those of FIG. 2 showing the first manner of
practice of the wavelength selectable laser oscillator in wavelength tunable laser
according to the present invention, so that the detailed explanation therefore will be
omitted.

The wavelength selectable laser oscillator 1n wavelength tunable laser of the

fourth manner of practice differs from that of the first manner of practice in the point

that not such an arrangement that a Ti:Al 2 O s laser crystal 18 has been

Brewster—cut, and the crystal is disposed at a Brewster angle is applied, but such an
arrangement that the Ti:Al 2 O s laser crystal 18 has been subjected to vertical
incident— cutting, at the same time, a non—reflecting coating 42 has been applied, and
the crystal 1s disposed in such that excitation laser beam A is vertically inputted is
applied.

As described above, setting of the disposition of the Ti:Al » O 3 laser crystal
18 where the excitation laser beam A is vertically mnputted is easier than that of the
Ti:Al 2 O 3 crystal 18 where it is placed at the Brewster—angle, besides dispersion of

the angle 1s small, so that a wide wavelength zone can be obtained.

Since the present invention has been constituted as described above, the rate

of repetitive pulsed oscillation can be markedly elevated as compared with that of the
prior art, besides excitation input can be reduced, and in addition, speed—up of

wavelength tuning speed can be achieved, so that the invention exhibits such an
excellent advantage that flexibility in case of practicing the wavelength selectable laser

oscillator can be remarkably improved.

~ 13 -
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It will be appreciated by those of ordinary skill in the art that the present
invention can be embodied in other specific forms without departing from the spirit or

essential characteristics thereof.

The presently disclosed embodiments are therefore considered in all respects

to be illustrative and not restrictive. The scope of the invention is indicated by the
appended claims rather than the foregoing description, and all changes that come within

the meaning and range of equivalents thereof are intended to be embraced therein.

—~ 14 -
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CLAIMS:
l. A wavelength selectable laser oscillator in a wavelength tunable laser comprising;:

a laser resonator composed of an output mirror and a return mirror each having a
prescribed reflectivity;

a wavelength tunable laser medium disposed in said laser resonator and capable of laser
oscillation in a wavelength zone of a prescribed range;

an acousto-optical crystal disposed in said laser resonator to which is inputted outgoing
light from said wavelength tunable laser medium,;

an acoustic wave inputting means mounted on said acousto-optical crystal for inputting
an acoustic wave to said acousto-optical crystal; and

a pulse excitation laser for inputting an excitation laser beam into said laser resonator,
said acousto-optical crystal having birefringent properties, and said output mirror and said return
mirror of said laser resonator being arranged so as to reflect only a light component which 1s
diffracted by said acousto-optical crystal in a specified direction, and a laser beam outputted from
an outgoing side of said mirrors being utilized as the outgoing laser beam from said laser
resonator.
2. A wavelength selectable laser oscillator in wavelength tunable laser as claimed in
claim 1, wherein said pulse excitation laser is a highly repetitive CW-Q-switch solid state laser.
3. A wavelength selectable laser oscillator in wavelength tunable laser as claimed in
claim 2, wherein said highly repetitive CW-Q-switch solid state laser is a laser-diode-excited
highly repetitive solid state laser.

4. A wavelength selectable laser oscillator in wavelength tunable laser as claimed in

15
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claim 3, wherein said laser-diode-excited highly repetitive solid state laser is a CW-Q-switch

pulsed Nd:YLF laser.

. A wavelength selectable laser oscillator in wavelength tunable laser as claimed in

claim 3, wherein said laser-diode-excited highly repetitive solid state laser 1s a CW-Q-switch
pulsed YAG laser.

6. A wavelength selectable laser oscillator 1n wavelength tunable laser as claimed 1in any one
of claims 1 to 5, wherein said laser resonator 1s a Z-holding type laser resonator.

7. A wavelength selectable laser oscillator in a wavelength tunable laser comprising;:

a laser resonator composed of an output mirror and a return mirror each having a
prescribed reflectivity;

a wavclength tunable laser medium disposed 1n said laser resonator and capable of laser
oscillation in a wavelength zone of a prescribed range;

an acousto-optical crystal disposed in said laser oscillator to which 1s inputted outgoing
light from said wavelength tunable laser medium;

an acoustic wave inputting means mounted on said acousto-optical crystal for inputting
an acoustic wave to said acousto-optical crystal;

a dispcrsion correcting optical element disposed in said laser resonator between an output
of said acousto-optical crystal and the return mirror for correcting dispersion of the diffracted
light outputted from said acousto-optical crystal; and

a pulse excitation laser for inputting an excitation laser beam into said laser resonator.

8. A wavelength selectable laser oscillator in wavelength tunable laser as claimed in

claim 7, wherein said pulse excitation laser 1s a highly repetitive CW-Q-switch solid state laser.
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9. A wavelength selectable laser oscillator in wavelength tunable laser as claimed in

claim 8, wherein said highly repetitive CW-Q-switch solid state laser 1s a laser-diode-excited
highly repetitive solid state laser.

10. A wavelength selectable laser oscillator in wavelength tunable laser as claimed in

claiam 9, wherein said laser-diode-excited highly repetitive sohid state laser 1s a CW-Q-switch
pulsed Nd:YLF laser.

11. A wavelength selectable laser oscillator in wavelength tunable laser as claimed in

claim 9, wherein said laser-diode-excited highly repetitive solid state laser is a CW-Q-switch
pulsed YAG laser.

2. A wavelength selectable laser oscillator in wavelength tunable laser as claimed in any one
of claims 7 to 11, wherein said laser resonator is a Z-holding type laser resonator.

13. A wavelength selectable laser oscillator in wavelength tunable laser as claimed in

claim 7, wherein said wavelength tunable laser medium includes a non-reflecting coating applied
to an incident end surface thereof.

14 A wavelength selectable laser oscillator in wavelength tunable laser as claimed in

claim 7, wherein an excitation volume 1n said wavelength tunable laser medium matches an

optical mode volume 1nside said laser resonator.
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