DESCRI PTI ON SECOND HARMONI C GENERATOR AND LASER APPLIED UNI TS 5 Techni ca
Field This invention relates to an optoelectronic field and, nore
specifically, to a visible laser light source and | aser applied units
enploying a visible laser light 10 source, such as a |laser printer, fine
particle detector, optical shaping unit, optical recorder and the |ike.
Background Art VVth the progress of the advanced informati on comuni cation
age, denmand for adaptation to short 15 wavelengths is arising to neet
requirements for inproved recording density and high-speed printing in an
optical recording field such as Opt'cﬁﬁséﬁé?&fﬁﬁ ves and | aser printers.
However, as |ight sources capable of providing a blue color range
(mavelength of 400 to 480. nm which is 20 in high demand for
commer.ci al i zation, only gas | asers such as He-Cd (heliumcadm unm and Ar

(argon) |l asers are SECOND HARMONIC GENERATOR AND LASER APPLIED UNITS
5

Technical Field

This invention relates to an optoelectronic field
and, more specifically, to a visible laser light source
and laser applied units employing a visible laser light

10 sburce, such as a laser printer, fine particle detector,
optical shaping unit, optical recorder and the like.

Background Art

With the progress of the advanced information

communication age, demand for adaptation to short

15 wavelengths is arising to meet requirements for improved
recording density and high-speed printing in an optical
recording field such as optical disk drives and laser
printers. However, as light sources capable of providing
a blue color range (wavelength of 400 to 480 nm) which is

20 in high demand for commercialization, only gas lasers such
as He-Cd (helium-cadmium) and Ar (argon) lasers are
available, which have been unsuitable for use in optical
disk drives, for example, because they are bulky and power
consuming. Although the above gas lasers are actually

25 incorporated in some laser printers as a light source,
there is the possibility that they will be an obstacle to

future reductions in the size and power consumption of



avai | abl e, which have been unsuitable for use in optical disk drives, for
exanpl e, because they are bul ky and power consum ng. Although the above gas
'asers are actually 25 incorporated in sone |aser printers as a |ight
source, there is the possibility that they will be an obstacle to future
reductions in the size and power consunption of | aser printers for the
above reason. To overcone the above problem technol ogy which nakes use of
second harnnnig?%ggeraiion_(to be abbrevi ated as "SHG' hereinafter) to

reduce wavel en _fﬁQﬁﬁE§e§9r5tF?o@P?¥ﬁ;Hﬁi?oﬂeen_nade in studies on
ool ooy 107 P aokd SerAill SR 8800 SR o - kAR GRY Y Shla 1
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(2) power "SHG" hereinafter) to reduce wavelength is proposed.

5 Progress has been made in studies on technology for
practical application of this SHG light source along with
an increase in the output of a semiconductor laser. The
scene behind this is that discharge is not necessary for
this SHG light source unlike conventional gas lasers,

10 there is the possibility that (1) thé size and (2) power
consumption of the SHG light source will be reduced, and
the SHG light source has high reliability depending on the
output stability and long service life of an excitation
seﬁiconductor laser ((3) output stability and (4) long

15 service life).

There is also proposed a method for obtaining blue
radiation 12 as a second oscillation wave, that is, an SHG
wave, from an SHG light source having the same output
wavelength as that of the afore-mentioned gas laser, for

20 example, wherein the output of a semiconductor laser 1
generating near infrared light as shown in Fig. 10 is
taken as a first oscillation wave, that is, a fundamental
wave, and resonated in a monolithic external resonator 44
which is composed of a nonlinear optical crystal (W.J.

25 Kozlovsky and W. Lenth, "Generation of 41 mW of blue
radiation by frequency doubling of a GaAlAs diode laser",

Appl. Phys. Lett., Vol.56 No.23, p.2291, 1990). The



consunption of the SHG |ight source will be reduced, and the SHG |i ght
source has high reliability depending on the output stability and | ong
service life of an excitation sem conductor |aser ((3) output stability and
(4) long 15 service life). There is al so proposed a nethod for obtaining
blue radiation 12 as a second oscillation wave, that is, an SHG wave, from
an SHG | i ght sourge havi ng the.  same out put wavel ength as that of the

af or e- nent i oned® neaLePPLicRl pryssednyiite, banEeEsrachd 0 @spiflef a
sen conduct or | aser generating near infrared |jght as shown in Fig. 10 is
taken as a firSEYGEENMT PFERS%a ‘,’ee]t%thi SONECT I IR IRATET 3R
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5 following advanced technical problems. One of them is
that it is necessary to adjust the oscillation wavelength
of the semiconductor laser 1 which is easily affected by
disturbance to a wavelehgth at which the SHG conversion
efficiency of a KN crystal becomes maximal. For this
10 purpose, an optical isolator 42 must be inserted to
protect the semiconductor laser from light reflected by
the KN crystal. Another problem is that reflected light
from the resonator must be received by an optical detector
45 to control the length of an external resonator
15 including the KN crystal in the order of the wavelength of
the fundamental wave and the electrical output of the
optical detector 45 is supplied to a feedback circuit 46
to control the oﬁtput of the semiconductor laser for
stable oscillation. Therefore, it is expected to be
20 difficult to find solutions to these technical probleﬁs
for commercialization.
Means for solving the above technical probleﬁs
include an intracavity doubling SHG laser system in which
an oscillation wave from a solid laser is taken as a
25 fundamental wave and an SHG crystal is arranged in the
resonator of the solid laser. In other words, in the

intracavity doubling SHG laser system, oscillation



nonlinear optical crystal (to be referred to as "SHG crystal” because
wavel ength conversions hereinafter are all for SHG is KN (KNo(Jerr]:

pot assi um ni obate). However, the above SHG |ight source involves the 5
fol | owi ng advanced technical problems. One of themis that it is necessary
to adjust the oscillation wavel ength of the sem conductor laser 1 which is
easily affected hance to a wavel ength at which the SHG conversion
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5 laser arranged at both ends thereof. The intracavity '
doubling SHG laser system is further characterized in that
SHG conversion efficiency is hardly affected by
fluctuations in oscillation waﬁelength caused by changes
in the length of a resonator in the order of wavelength
10 resulted by temperature variations and vibrations, unlike
an external resonator SHG system.
A laser using a LiSAF (Cr:LiSrAlFg; chromium added
lithium strontium aluminum fluoride) crystal as a laser
crystal which oscillates at a wavelength of 750 to 1,000
15 nm has recently been proposed as a semiconductor laser
excited wavelength variable solid laser (USP 4,811,349).
The inventors of the present invention have studied a
method for causing a nonlinear optical crystal to generate
SHG 1light having a blue color range as a second
20 oscillation wave, using laser light from this
semiconductor laser excited LiSAF crystal as a first
oscillation wave (fundamental wave), and found two new
problems involved.
Fig. 9 is a structural diagram for second harmonic
25 generation by a LiSAF crystal and a nonlinear optical
crystal. A first laser mirror 3 formed of a dielectric:

multi~layer film reflecting 99 % or more of a fundamentai

i
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taoa control the output of the sem conductor |aser for stable oscillation.
Therefore, it is expected to be 20 difficult to find solutions to these
techni cal problems for commercialization. Means for solving the above

t echni cal- problens include an intracavity doubling SHG | aser systemin

whi ch an oscillation wave froma solid |laser is taken as a 25 fundanental
wave and an SHG crystal is arranged in the resonator of the solid laser. In

th d the int doupl SHG | |lation -3-
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laser (unshown) is input and a laser resonator is formed
5 Dbetween the first laser mirror and a second laser mirror 7
as a curvature mirror arranged on the output side thereof.
- The resonator has therein an SHG crystal 6 and a
birefringent crystal 5 which is an element for controlling
the wavelength of the fundamental wave and SHG light is
10 output from the second laser mirror 7. The second laser
mirror 7 is coated with a coating to reflect 99 % or more
of the fundamental wave and transmit SHG light,
The first problem in the structure of Fig. 9 is that
it is impossible to generate SHG light efficiently because
15 the beam waist of a resonator beam 32 of the generated
fundamental wave is located at the first laser mirror 3 on
the LiSAF crystal 4 and is large in diameter at the
nonlinear optical crystal 6 for generating SHG light.
This is because SHG conversion efficiency generally
20 depends on the beam diameter of.the fundamental wave
within the nonlinear optical crystal and the smaller the
beam diameter, the more efficiently the SHG light can be
generated.
The second problem is that part of SHG light 31 is
25 reflected by the birefringent crystal which is a
wavelength control element 5 because the SHG light

generated by the nonlinear optical crystal crosses the



doubling SHG | aser systemis further characterized in that SHG conversion
efficiency is hardly affected by f'“ﬁh§%h5§§ggssge Il lation wavel ength

caused by changes in the Iength of fa resgha ¥ He order of wavel ength
10 resulted by tenperature vari at I'oms—ate—\H Qatgo s, unlike an external
resonator SHG system A laser using a Li SAF (Cr:LiSrAlF6; chrom um added
lithiumstrontiumalum numfluoride) crystal as a |l aser crystal which
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this sem conductor | aser excited Li SAF crystal as a first oscillation wave
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structural diagramfor second harnonic
5 fundamgntal wave, but has a low transmittance for the

polarization of SHG light.
Disclosure of Invention

The inventors have found that the above problems can

be solved by specifying a combination of components of the
10 resonator for generating SHG light. The present invention
is predicated upon this finding.

In other words, the present invention is a second
harmonic generator comprising a semiconductor laser as an
excitation light source and a resonator having a solid

15 laser crystal excited by the excitation light source, a
control element for controlling the wavelength of a first
oscillation wave generated from the solid laser crystal
and a nonlinear optical crystal for wavelength converting
the first oscillation wave as a fundamental wave into a

20 second harmonic wave as a second oscillation wave, wherein
the components of the resonator are arranged in the order
of a first laser mirror, solid laser crystal, wavelength
control element, nonlinear optical crystal and second
laser mirror from the input side of the excitation light.

25 When the components of the resonator are arranged in
the order of the first laser mirror, solid laser crystal,

wavelength control element, nonlinear optical crystal and



25. generation by a Li SAF crystal and a nonlinear optical crystal. A first
laser mrror 3 forned of a diel ectfrie—rti=layer filmreflecting 99 % or
nore of a fundanental -4- wave oS8P SHEERHAS B@ENtIhe Li SAF crystal 4 and
transmtting excitation light is formed@hACER surfljace of the Li SAF crysta
4 where excitation light 11 froma sem conductor Tdser (unshown) is input
and a |l aser resonator is formed 5 between the first laser mrror andlg
second | aser m / ] | JH O e . . e
hercof . The roesond 18sed REEYGE (Hfonl (e UBREJPREE' ) o R RALIBH!
crystal 5 whi chiightaBoRreBentné esP Wil bRIthberyRyalanahh alet B |
fundanental wave and SHG light is 10 output fromthe second laser mrror
7. The second theseeswnator danShé it ed bR 8h6 OFAThdar pfieatr 99 % or
nore of the fundamental wave and transmt SHG |ight.

crystal and a second harmonic wave can be generated A

5 efficiently.

When the first laser mirror is a curvature mirror
which transmits 85 % or more of the excitation light and
reflects 99% or more of the first oscillation wave and the
second laser mirror is a plane mirror which reflects 99 %

10 or more of the first oscillation wave and transmits 85 %
or more of the second oscillation wave, it is possible to
reduce a loss in the resonator and further generate the
second harmonic wave efficiently.

Moreover, the second laser mirror may be formed on

15 one surface of the nonlinear optical crystal.

When a LiSAF (Cr:LiSrAlFg: chromium added lithium
strontium aluminum fluoride) crystal is used as the above
solid laser crystal, the first oscillation wave having a
wavelength of 800 to 900 nm and the second oscillation

20 wave having a blue color range (400 to 450 nm) can be
generated.

When a LiSGAF (Cr: LiSrGaFg; chromium added lithium
strontium gallium fluoride) crystal is used as the above
solid laser crystal, the first oscillation wave having a

25 wavelength of 800 to 1,000 nm can be generated, whereby
the second oscillation wave having a wavelength of 400 to

500 nm can be generated.



The first problemin the structure of Fig. 9 is that it is inpossible to
generate SHG light efficiently because 15 the beam wai st of a resonator
eam 32 of the generated fundanental wave is |ocated at the first |aser
mrror 3 on the Li SAF crystal 4 and is large in dianeter at the nonlinear
optical crystal 6 for generating SHG light. This is because SHG conversion
efficiency generally 20 depends on the beam di aneter of the fundanent al

wave within the norﬂ;%ﬁ%{leo?}ﬁ%(é?lﬁ%ﬁ% ?(lir h'?-'g ;%gﬁfm& ttﬁ) beam

di aneter, the nore e ent : e generated. The second
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generated by t&gniN 1 MRAHRPWLGELefdUP Y 402888t B ciPration wave
generated from the LiSAF crystal and arranged between the
5 LiSAF crystal and the nonlinear optical crystal to prevent
reflection of SHG light as described above, thereby making
it possible to reduce the loss of SHG light in the
resonator and generate SHG light efficiently.
Any one of quartz (SiO3), LiNbO3 and LiTa0Oz may be
10 used as the birefringent crystal. Preferably, a single
quarts plate_having a thickness of 0.4 to 3 mm may be used
as the birefringent crystal.
It is known that an oscillation threshold value in
the resonator is increased by inserting into the resonator
15 a birefringent crystal as the wavelength control element
for controlling the oscillation wavelength of the solid
laser crystal. This is because the oscillation
characteristic of a laser resonator depends on a loss in
the resonator, which is increased by inserting a
20 Dbirefringent crystal, and hence, a threshold value until
oscillation is achieved becomes high. When the
transmission wavelength width of the wavelength control
element is narrow, the amount of light reflected and not
transmitted by the wavelength control element increases,
25 resulting in an increased loss and a high oscillation
threshold value. Fig. 3 shows the calculation of a

transmission wavelength width based on the number of



-6- polarization direction of the fundanental wave at a right angle. This

I s because the birefringent crystal transmts the fundanental wave because
it isinclined at the Brewster angle with respect to the polarization of

t he fundamental wave, but has a low transmttance for the polarization of
SHG light. 5 Disclosure of the Invention The inventors have found that the
above problens can be solved by specifying a conbination of conponents of
the resonator for generating SHG |ight. The present invention is predicated

upon this findgR3TLE nokakes dfhddenbirefntngeie eystalt heedined moiheed a
second harnoni ¢ generator 10 conpnising:ra sem conductor _| aser as an
?
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arranged in the order aser mrror, said soll aser crystal,
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mrror fromthe input side of said excitation light, and wherein said first
| aser can be expanded by reducing the thickness of the
birefringent crystal, thereby making it possible to reduce
the loss and the oscillation threshold value.
10 Further, Fig. 4 shows laser oscillation wavelength
interval with respect to the thickness of the birefringent
crystal when the birefringent crystal is formed of a
single quarts plate. The term "laser oscillation
wavelength interval® used herein denotes the interval
15 Dbetween the wavelengths of simultaneous laser
oscillations, that depends on the gain characteristic of a
laser medium for each wavelength. Since, when the gain
characteristic is wide, the wavelength range of possible
laser oscillations is wide, simultaneous laser
20 oscillations may occur according to the transmission
wavelength interval of the wavelength control element. It
is seen from Fig. 4 that the interval between the
wavelengths of laser oscillations becomes narrower as the
thickness of the birefringent filter increases. This is
25 because, when the thickness is large, the interval between
the adjacent wavelengths of §ossible laser oscillations is

narrow and a laser which can oscillate at a broad



mrror is a curvature mrror which transmts 85% or nore of the wavel ength
of the excitation 20 light source and reflects 99% or nore for the first
oscillation wave and said secondl aser mrror is a plane mrror which
reflects 99% or nore of the first oscillation wave and transmts 85% or
nore of the second oscillation wave. Moreover, the second Iaser mrror may
be formed on one surface of the nonlinear optical crystal. Wen a

el o e TR £ A S 60
wave having a %ﬁﬁgg%@%5313%ﬁ§%0W56€£%§%t@?'angl 4 ge O o qﬁ%ggtlon wave

havi ng a bl ue col or range can en a Li SGAF
(Cr: Li SrGaF[ emilirorhhadl Hmrastiesh 1dd Maneha b RNGE U5 Gad | 'abesb!iQﬁ.héﬁbni”O
crystal is used as the above solid |laser crystal, the first osciilation
wave having a wawellength interval f 280@nt @rlmaﬁ@ NABAN Had fgeher abede
wher eby the second oscillation wave havi ng a mavelength of 400 to 500 nm
can be genebat emtflection bandwidth, is required to suppress two or more

simultaneous oscillations. Therefore, the thickness of
the birefringent crystal needs to be 3 mm or less
according to Fig. 4. Since wavelength control becomes
difficult when the thickness of the crystal is too small,
10 the thickness of the crystal needs to be 0.4 mm or more
according to Fig. 4. Therefore, the thickness of the
birefringent crystal is preferably in the range of 0.4 to
3 mm.
Moreover, when at least one of LBO (LiB30Os), BBO (f-
15 BaB04), CLBO (CsLiBgOi10) and CBO (CsB3Os) having a
relatively wide phase match half value width is used as
the nonlinear optical crystal which is a SHG crystal, SHG
light can be generated efficiently even when the
oscillation wavelength width of the fundamental wave is
20 wide.

Stability and size reduction can be achieved by
arranging at least two of the components constituting the
resonator on the same structural member and the components
constituting the resonator above a temperature control

25 element. A small-sizéd, power saving second harmonic
generator which is characteristic of SHG system can be

realized by employing these means.
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A single birefringent crystal inclined at the Brewster angle is used as the
control elenent for controlling the wavel ength of the first oscillation
wave generated fromthe Li SAF crystal and arranged between the 5 Li SAF
crystal and the nonlinear optical crystal to prevent reflection of SHG

| i ght as descri bed above, thereby nmaking it possible to reduce the |oss of
SHG light in the resonator and generate SHG | ight efficiently. Any one of

quartz (Sigerrd)s i Lk an i TaQJ err] may be 10 wused as the

birefringent c Blie : tLo Q?Lﬁgg%l 5 quarts plate having a thickness
of 0.4 to 3 nm may sqd.as.t | refsl | t hat an
oscillation thr esholttg‘c#alﬁué'gi A Pﬁ%&%@oﬂdg%%gﬁgiﬁ%ﬁé%%eédﬁ%gﬁ“{r%%mffng into

the resonator lHe aRidngfibhngent crystal as the wavel ength control el ement
for controlling the oscillation wavelength of the solid |aser crystal. This

i s because the osci|®i@f.i @Nis a diagram for explaining another embodiment
5 of the invention.

Fig. 3 is a diagram for explaining the comparison of
transmission wavelength width which differs according to
the number of quartz crystals of a birefringent crystal.

Fig. 4 is a diagram for explaining the oscillation

10 wavelength interval with respect £o the thickness of a
birefringent crystal.

Fig. 5 is a diagrém for explaining a laser printer
according to an embodiment of the invention.

Fig. 6 is a diagram for explaihing a fine particle

15 detector according to an embodiment of the invention.

Fig. 7 is a diagram for explaining an optical shaping
unit according to an embodiment of the invention.

Fig. 8 is a diagram for explaining an optical
recorder according to an embodiment of the invention.

20 Fig. 9 is a diagram for explaining a comparative
embodiment.

Fig. 10 is a diagram for explaining an SHG light
source of the prior art.

Best Mode for Carrying out the Invention
25 The present invention is described in detail with
reference to the following embodiments. However, it is

understood that the present invention is not limited to
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characteristic of a |l aser resonator depends on a loss in the resonator,
which is increased by inserting a 20 birefringent crystal, and hence, a
threshol d value until oscillation is achi eved becomes high. Wen the
transm ssi on wavel ength wi dth of the wavel ength control elenent is narrow,
t he amount of Iight reflected and not transmtted by the wavel ength contr ol

el enment increases, resulting in an increased |oss and a high
oscillation thgﬁfholdaxplue |g 3 shows the calculation of a transm ssion
wavel engt h wi diS55s ERPSA PR Sunber of - 8- quartz plates of the

bi refringent cr¥%5 I kIT d at the Brewster angle. It is understood from
Fig. 3 that thé ransm ssi oh wavel ength width is narrowed by increasing the

nunber Of quartz pl gigs 91sLhe BLIRLH W baBINBAly dh Uitbdifent8s

t hi ckness of the bire rlngent
the present invention. Excitation beams 11 radiated from

5 a semiconductor laser 1 are converged by converging optics
2 to excite a solid laser crystal 4. An AlGaInP
semiconductor laser manufactured by Spectra Diode
Laboratory Co. which has an output of 500 mW and, an
oscillation wavelength of 670 nm is used as the

10 semiconductor laser 1. Two cylindrical ienses and a
single lens (f = 30 mm) are used as the converging optics
2.

The excited solid laser crystal 4 generates a first

laser beam as a fundamental wave in a laser resonator

15 which comprises a first laser mirror 3 which is a
curvature mirror on the input side and a second laser
mirror 7 formed on the output end surface of an SHG
crystal 6 and reflecting the first oscillation wave. In
the laser resonator, the laser crystal 4, a wavelength

20 control element 5 and the SHG crystal 6 are arranged. To
the first laser mirror 3 is applied a high reflection (to
be abbreviated as HR hereinafter) coating having a
transmittance of 85 % or more for the wavelength of
excitation light from the semiconductor laser and a

25 reflectance of 99 % or more for the wavelength of the.
fundamental wave. In this embodiment, the resonator

structure is a concave-plane type resonator, the first
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Thereby it is revealed that transm ssion wavel ength wi dth can be expanded
by reducing the thickness of the birefringent crystal, thereby nmaking it
possi ble to reduce the loss and the oscillation threshold value. 10
Further, Fig. 4 shows |aser oscillation wavelength interval with respect to
the thickness of the birefringent crystal when the birefringent crystal is
forméd of a single quarts plate. The term "l aser oscillation wavel ength

interval " used i 0. otesythe_interval 15 .betwe he wave| t hs of
il L aneous | ALNST,BHIFRR, Fohes ? A REpERaS 0 h%te% R BOS E8F ot o of
a | aser mediumifaiguach whketessiiiorSiiceo Hhen AMeidml Rishanactgsl gtic 1
w de, the wavel ength range of possible |aser oscillations”is wde,

si mul taneous | agf RAiad8¢hb! A5 ARSI IDE RGCYE AEGHTA NGd QLR LEeORgYSSi on
ﬂ%cfont r OF g% t. t

wavel ength interval of the wavel engt enen t 'I's seen~fromFig.
4 that the intervalrdbehwesndt Serr@elSNGhls cefstasels aypililedt hananbecones

narrower as the thickness of the birefringent”filter incCreases. This is
5 reflection (to be abbreviated as AR hereinafter) coating
having a reflectance of 2 % or less for the wavelength of
excitation light and the wavelength of the fundamental
wave. The SHG crystal 6 is an LBO crystal measuring 3 x 3
X 5 mm. To the output side, that is, the rear end surface

10 of the LBO crystal are applied an HR coating having a
reflectance of 99 % or more for the wavelength of the
fundamental wave and an AR coating having a reflectance of
1 % or less for the wavelength of the SHG wave to make it
the second laser mirror 7. To the input side, that is,

15 the front end surface of the LBO crystal is applied an AR
coating having a reflectance of 0.2 % or less for the
wavelength of the fundamental wave. A birefringent
crystal made of a single quartz plate is used as the
wavelength control elemeﬁt.s and inclined at the Brewster

20 angle with respect to the optical axis to turn around the
optical axis so that the wavelength of the fundamental
wave is controlled to a wavelength at which the conversion
efficiency of the 1LBO crystal as the SHG crystal 6 becomes
maximal. Thereby, an SHG output of 10 mW was obtained.

25 Further, the first laser mirror 3, the laser crystal 4 and
the wavelength control element 5 are installed on the same

structural member 8, the SHG crystal 6 is installed on a

- 13 -



25. because, when the thickness is large, the interval between the adjacent
wavel engt hs of possible |aser oscillations is narrow and a | aser which can
oscillate at. a broad - 9- bandw dt h, such as a Li SAF | aser, nay
oscillate.-at two or nore oscillation wavel engths. Since a general |aser
mrror has a reflection bandw dth of 50 nm an oscillation wavel ength

i nterval of 25 nm,or nore, about half the above 5 reflection bandwi dth, is
required to su%ggess twg or nore simultaneous oscillations. Therefore, the

thi ckness of t RIS geRbeEr §st3nd idiese membars axs drixaskomea@cording to

Fig. 4. Since l.ength contr becones difficult when the thickness of
the crystal is %]guﬁél emffi% ?hea?tﬁcmaﬁflr?h‘éo%? S8 T be 0. 4

o eSSl S Spufor LS O Sl My AR e
With this structure, the beam waist of the

5 fundamental wave is located within the SHG crystal 6 and
generated SHG light 12 is output efficiently without being
interfered by the wavelength control element. The
resonator is small in size and a stable SHG light source
is realized by controlling the temperature of the entire

10 resonator.
(Embodiment 2)

Fig. 2 is a diagram of a resonator for explaining
another embodiment of the present invention. Excitation
optics composed of a semiconductor laser and converging

15 optics are the same as those of Embodiment 1. An excited
laser crystal 4 generates a fundamental wave as a first
oscillation wave in a laser resonator which comprises a
first laser mirror 3 arranged on the input side thereof as
a curvature mirror and a second laser mirror 7 as a plane

20 mirror. In the laser resonator, the laser crystal 4, an
SHG crystal 6 and a wavelength control element 5 are |
arranged. To the curvature laser mirror as the first
laser mirror 3 is épplied an HR coating having a
transmittance of 85 % or more for the wavelength of

25 excitation light and a reflectance of 99 % or more for the
wavelength of the fundamental wave. To the plane laser

mirror as the second laser mirror 7 are applied an HR
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3 mm Moreover, when at |east one of LBO (LiB[err]Jerr]), BBO ([err]- 15
BaB[err]Jerr]), CLBO (CsLiB[err]derr]) and CBO (CsB[err](err]) having a
relatively wide phase match half value width is used as the nonlinear
optical crystal which is a SHG crystal, SHG |light can be generated
efficiently even when the oscillation wavel ength wi dth of the fundanental
wave is 20 wide. Stability and size reduction can be achi eved by arrangi ng
at least two of the conponents constituting the resonator on the sane
structural menf&RatiRg Meyidenporehieckans afudPng CHemeEs ofRE drheabove a

t enperature control A smal | -si zed, power saving second

25 | t.
har noni ¢ genera‘l’%‘fe]ﬁﬂ%ei"gngﬁﬁr fepdanental gaveHandyaRr AR GARYAY eal i zed by

enpl oyi ng thesehégfgsia'fe¥qebtance of 1 % or less for the wavelength of

SHG light. In this embodiment, the resonator structure is
5 a concave-plane type resénator, the curvature laser mirror
as the first laser mirror 3 has a curvature radius of 25
mm, and the length of the resonator is 20 mm. A LiSAF
crystal (¢3 x 5 mm) containing 1.5 mol% of Cr is used as
the laser crystal 4. To both end surfaces of the crystal
10 is applied an AR coating having a reflectance of 2 % or
less for the wavelength of the fundamental wave and the
wavelength of excitation light. The SHG crystal 6 is an
LBO crystal measuring 3 x 3 x 5 mm. To both end surfaces
of the LBO crystal is applied an AR coating having a
15 reflectance of 0.2 % or less for the wavelength of the
fundamental wave and 1 % or less for the wavelength of the
SHG light. A birefringent crystal made of a single 0.5 mm
thick quartz plate is used as the wavelength control
element 5 and inclined at the Brewster angle with respect
20 to the optical axis to turn around the optical axis so
that the wavelength of the fundamental wave is controlled
to a wavelength at which the conversion efficiency of the
LBO crys£a1 as the SHG crystal 6 becomes maximal. Thereby
an SHG output of 10 mW was obtained. Like Embodiment 1, a
25 stable SHG output was obtained by installing the
components of the resonator on the same structural members

to control the temperature of the entire resonator.

- 15 -



Brief Description of Drawings Fig. 1 is a diagramfor explaining an

enbodi ment of the invention. Fig. 2 is a diagramfor explaining another
enbodi ment 5 of the invention. Fig. 3 is a di agram for explaining the
conmparison of transm ssion wavel ength width which differs according to.the
nunber of quartz crystals of a birefringent crystal. Fig. 4 is a diagram
for explaining the oscillation 10 wavel ength interval mntp respeft.tp t he
thickness of a birefringent crystal. Fig. 5 is a diagramfor explaining a
| aser printer d&URFARGVE BRPEAHRATENt of the invention. Fig. 6 is a

di agram for explaining a fine particle 15 detector according to an _
enmbodi nent of the iﬁQghtPoﬁ? & ¢1a9ram of @ ZGPARATRF @9ﬁﬂ3§éi@%@laﬁ 8pti cal

hapi it di .t di.nment_ of, the invention. Fig. 8 is a
o o enriea A k2 BReCaRRETer il e San testias Sommolisshohon,. of

the invention. semiconductor laser and converging optics are the same as

5 those of Embodiment 1.
A laser crystal 4 excited by excitation beams 11

radiated from the semiconductor laser generates a
fundamental wave as a first oscillation wave in a laser
resonator which is formed between a first laser mirror 3

10 coated with an-HR coating reflecting 99 % or more of the
fundamental wave and formed on the input side, that is,
front end surface of the laser crystal 4, and a second
laser mirror 7 as a curvature laser mirror coated with an
AR coating reflecting 1 % or less of the wavelength of the

15 SHG wave and an HR coating reflecting 99 % or more of the
wavelength of the fundamental wave and arranged on the
output side of the resonator.

In this embodiment, the resonator structure is a

‘Plane-concave type resonator, the curvature laser mirror

20 as the second laser mirror 7 has a curvature radius of 25
mm, the length of the resonator is 20 mm. A LiSAF crystal
(¢3 x 5 mm) containing 1.5 mol% of Cr is used as the laser
crystal 4 and coated with an AR coating having a
reflectance of 2 % or less for the wavelength of the

25 fundamental wave and the wavelength of excitation light on
both end surfaces thereof. The SHG crystal 6 is an LBO

crystal measuring 3 x 3 x 5 mm. To both end surfaces of

- 16 -



20. - Fig. 9 is a diagramfor explaining a conparative enbodi nent. Fig.
10 is a diagramfor explaining an SHG |ight source of the prior art. Best
Mode for Carrying out the Invention 25 The present invention is
described in detail with reference to the foll ow ng enbodi nents. However,
it is understood that the present invention is not limted to - 11 -

t hese enbodi nents, (Enbodinent 1) Fig. 1 is a diagramfor explaining an

enmbodi nent of e sent jnvention. [Excitation beans_ 11 radiated fromb5 a
sem conduct or }cgge%@ GFEStEIh it FRPLEEACBRVAR fFRF 1%k PE¥1B9t B excite a

2oL Laser Sryghibctantl O FII% $2MaQRKSE Ond W1 TRGLRACEULRS O
pectra D ode .
fundamental wave and 1 % or less for the wavelength of the
SHG wave. A birefringent crystal made of a single 0.5 mm
5 thick quartz plate is used as the wavelength control
element 5 and inclined at the Brewster angle with respect
to the optical axis to turn around the optical axis so
that the wavelength of the fundamental wave is controlled
to a wavelength at which the conversion efficiency of the
10 LBO crystal as the SHG crystal 6 becomes maximal.
However, the beam waist of the resonance beam 32 of the
fundamental wave is located at the laser mirror of the
LiSAF crystal 4, the beam diameter is large at the
nonlinear optical crystal 5 for generating SHG light, and
15 part of the SHG light is reflected by the birefringent
crystal as the wavelength control element. As the result,
an SHG output of only 5 mW was obtained.
(Embodiment 3)
Fig. 5 is a diagram for explaining an application
20 example in which the present invention is applied in a
laser printer. SHG output 33 radiated from the second
harmonic generator 100 described in Embodiment 1 passes
through an acousto-optical (to be abbreviated as A0
hereinafter) modulator 401, a reflection mirror 402, a
25 Dbeam expander 403, a rotary polygon mirror 404 and an f6
lens 405, and is converged upon a photosensitive drum 406.

The AO modulator 401 modulates the SHG output 33 according

- 17 -



Laporatory Co. which has an output of 500 nmWandan oscillation wavel ength
of 670 nmis used as the 10 sem conductor laser 1. Two cylindrical |enses
and a single lens (f = 30 nm are used as the converging optics 2. The
excited solid | aser crystal 4 generates a first |aser beam as a fundanental
wave in a |laser resonator 15 which conprises a first laser mrror 3 which
Is a curvature mrcror on the input side and a second |laser mrror 7 fornmed

on the output end .surface

f SHG | 6 d | ect t he f t
oscillation wa lﬁﬁgphénﬁg§ggg?%%0ﬁ%ﬁ%F&%tF@tgggeégéﬁec e EorgfﬁgLZIanth
| el tal .6 d T i rst |aser
ﬁ?r(r:gpt gol seagpi?&‘t“& a%h ?}gr "é?l?_g%ﬁ'y r(%Tcétlﬁglr Zﬁg é@?% Oflt—ﬁ erei nafter)

coating haV|ngd%%J n1ttance of 85 % or nore for the mavelength of
excitation light fromthe sem conductor laser and a 25 reflectance of 99 %

or nmore for the wav@iehothisf coii dHIdTEReRbNYEYE id fbred opTedi ment, the

resonat or
5 recorded on the photosensitive drum 406 as partial

potential differences. The photosensitive drum 406 turns,
adhered by toner according to the potential differences,
and reproduces information on recording paper.

(Embodiment 4)

10 Fig. 6 is a diagram for explaining a detector for
detecting fine particles on a Si wéfer as an application
example in which the present invention is applied in a
fine particle detector. SHG output 33 radiated from the
second harmonic generator 100 described in Embodiment 1 is

15 input into an optical head 500, converged up to a
diffraction limit by a reflection mirror 502 and a
converging lens 503 and radiated onto the Si wafer 501.
Light beams 505 scattered from light converged up to a
wavelength order of 0.4 pym are received by an optical

20 detector 504, their intensities are recorded, and the
optical head 500 moves from a central portion to an end

' portion of the Si wafer 501, whereby the distribution of
fine particles on the Si wafer is measured. Fine
particles having a diameter up to 1/10 the wavelength of

25 the SHG wave can be detected.

(Embodiment 5)

Fig. 7 is a diagram for explaining an application

- 18 -



structure is a concave-pl ane type resonator, the first - 12 - | aser
mrror 3 has a curvature radius of 25 mm and the length of the resonator
is 20 mMmm A Li SAF crystal ([err]3 x 5 nm) containing 1.5 mol % of .Cr is used
as the laser crystal 4. To the end surface of the crystal is applied an
anti- 5 reflection (to be abbreviated as AR hereinafter) coating having a
reflectance of 2 %or less for the wavel ength of excitation |ight and the
wavel engt h of the fundanmental wave. The SHG crystal 6 is an, LBO cryst.al

measuring 3 x FEPHMITTINGE BHt PHROSIRAN AfafhesPresRNt ddiventd Burface
10507 e HEO sty sie Bkl s soe g b B Rl ko of ©f
having a refl edcta@tdfr 1o¥ AbskEsSed Oir}]tﬁﬁﬁ‘»om&h'@ngtfﬁ QIsté&masS'aGl%Yx% to
make it the second laser mrror 7. To the 1 nput side, that 1s,

source. A blue curing resin 601 is charged into a

5 container and SHG output 33 radiated from the second

harmonic generator 100 described in Embodiment 1 is caused

by a mirror 602 to scan the surface of a liquid two-

dimensionally. At this point, only a surface portion of

the blue curing resin 601 that absorbs light cures. After

10 the formation of one layer is completed, an elevator 604
falls to form the next layer continuously. With this
operation, a solid model 605 having a desired shape can be
formed.

{Embodiment 6)

15 Fig. 8 is a diagram for explaining an application
example in which an embodiment of the present invention is
applied in an optical recorder. An optical disk drive of
opto-magneto recording system is used. An SHG laser beam
33 radiated from the second harmonic generator 100

20 described in Embodiment 1 is expanded by a beam expander
701 and then becomes parallel beams. Part of the beams
reflected by a beam splitter 702 are received by a photo
detector 708 for front monitoring to monitor the SHG laser
beam 33 so as to control ou£put. The beams passing

25 through the beam splitter 702 are converged upon a medium
705 by a converging optic 704. Reflected light is

partially reflected by the beam splitter 702 and divided
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15 the front end surface of the LBO crystal is applied an AR coating having
a reflectance of 0.2 %or |less for the wavel ength of the fundanental wave.
A birefringent crystal nmade of a single quartz plate is used as the

wavel ength control element 5 and inclined at the Brewster 20 angle with
respect to the optical axis to turn around the optical axis so that the
wavel ength of the fundanmental wave is controlled to a wavel ength at which

t he conversiong&f%j%QEEE¥88§%%€§6#§§33{ s%a% g%?hpqﬂgggE%& 3%@%@6 becones

maxi mal . Thereb a was obt ai ne r, the

first |aser ni&%@@i%edtBgngﬁﬁeﬁhégduaégecgoggd?6?E§#ﬁggy h control

element 5 are installed € sane structura the SHG crystal 6
is installed Oﬁu%ofoéﬁsin? aﬁ&réﬁ§dﬂfﬂde%36€§6n9’ ﬁ”ﬁiﬂé&e%&gﬁéﬁﬁeriiélé

fixed on a Peltier elemenf 10 as a tenperature control elerfment to
is applied to the medium 705, the SHG laser beam 33 is
5 modulated and the focusing temperature is raised to a
Curie temperature of the medium 705 to reverse
magnetization for recording. When the laser beam is on,
recording is made by reversing the magnetization of the
medium. The recording frequency is set to 10 MHz. At the

10 time of signal reproduction, the same SHG laser beam is
used to obtain a well reproduced signal.

According to the present invention, in an intracavity
doubling SHG laser system using a wavelength variable
laser, particularly a LiSAF laser crystal, the components

15 of the resonator are arranged in the order of the first
laser mirror, laser crystal, wavelength control element,
SHG crystal and second laser mirror from the input side of
excitation light. As the result, the beam waist of the
fundamental wave is located within the SHG crystal,

20 generated SHG light is output without being interfered by
the wavelength control element, and a small-sized high-
efficiency second harmonic generator can be realized.
Further, a stable SHG light source is implemented by
controlling the temperature of the entire resonator.

25 Industrial Applicability

As described on the foregoing pages, according to the

present invention, a small high-efficiency second harmonic

- 20 -



control the tenperature of the entire resonator. Wth this structure, the
beam wai st of the 5 fundanental wave is |located within the SHG crystal 6
and generated SHG light 12 is output efficiently without being interfered
by the wavel ength control elenent. The resonator is small in size and a
stable SHG |ight source is realized by controlling the tenperature of the
entire 10 resonator (Enbodinent 2) Fig. 2 is a diagramof a resonator for

expl ai NN aQel SIBOdLAERLGOL L0 ALPSENLS! INEPLLR udi Gld 3 haBaRPt T °°

i
conposed of a Sem C aser COI’IVGI’ gl ICsS are the Sane as

those of Enboﬁznﬁfgerl féﬂeeﬁﬁfﬁfglé &&Stgétlcgfr@{ Il?% dyfiyndament al

wave as a fir oscl Il ation” wave |n aser onat or conpri ses a
first laser mggGioad ekapass &Haté}f‘e IR cahdget fiRbehledis a curvature
mrror and a second | aser mrror as a plane 20 "mrror. In the |aser
resonator, the |laser crystal 4, an SHG crystal 6 and a wavel ength contr ol
elenment 5 are
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arranged. To the curvature laser mrror-as the first Iaser mrror
applied an HR coating having a transmttance of 85 % or I!t“[ruu Hlﬂ ‘lll““‘
wavel ength of 25 excitation light and a refl ectance of 99

t he wavel ength of the fundanental wave. To the plane | aser m'rror as the

second laser mrror 7 are applied an HR - oat+hRg-havi ng a
+HIs” snefﬂ:\;%\g BEERg
the

refl ectance of 99-%or nore for the waveljength nmental wave and

an AR coating Qgég@% a reflectance of 1 %ot Icss vel engt h of SHG
light. In this i ment, the resonator structure is 5 a concave-plane

type resonator 1 the xcuE¥BhEr RabASelc rqernce%taﬁ tOfpfidflgs aser mrror 3 has
a curvature radius of 25 mm and the length of the resonator is 20 mMm A
Li SAF crystal ([erra3sem3coiliu6est Ald¥didat. an"@kda€dtion 19 gntedoasckhe
| aser crystal 4. To both end surfaces of the crystal

and

5 a resonator having a solid laser crystal excited by
said excitation light source, a control element for
controlling the wavelength of a first oscillaiion wave
generated from said solid laser crystal, and a nonlinear
optical crystal for wavelength converting the first

10 oscillation wave as a fundamental wave into a second
harmonic wave as a second oscillation wave,
wherein the components of said resonator are arranged
in the order of a first laser mirror, said solid laser
crystal, said control element, said nonlinear optical
15 crystal and a second laser mirror from the input side of
said excitation light.
2. The second harmonic generator according to claim 1,
wherein said first laser mirror is a curvature mirror
which transmits 85 % or more of the wavelength of the
20 excitation light source and reflects 99 % or more of the
first oscillation wave, and said second laser mirror is a
. Plane mirror which reflects 99 % or more of the first
oscillation wave and transmits 85 % or more of the second .
oscillation wave.
25 3. The second harmonic generator according to c¢laim 1,
wherein said second laser mirror is formed on one surface

of said nonlinear optical crystal.
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10. is applied an AR coating hgyi ﬂ a reflectanfe of 2 %or !ess_forl_thﬁt
wavel engt h of the fundanent al H'M [m rgtR-of—exeitation |ight.
The SHchrystaI 6 is an LBO 'crm i m’ ’JWE X }§I<H§ Sggﬁmﬁggt?gﬁﬁth end
surfaces of the LBO crystal is applied an AR coati.ng..h |5§ 15
reflectance of 0.2 %or |ess for the wavel ength of the fundanental wave and
1 %or less for the wavel ength of the SHG light. A birefringent crystal
mede of a single. 0 SENddAN AEPRORLO| MfratotoaleaRa il U AlAROYY
control elenment 5 and inclined at the ewster angle wth respec d to
the optical axiwhdmeinisaidr sonddt hesepid@taaxis Bosihaict s syamelengt h of
the fundanental wave is controlled to a wavel ength at ich the conversion
ef ficiency of tdterdrHOn ayisedl 1ashide SHGmuiyat alufihes ofRforie ) Ther eby
an SHG output of 10 mWwas obtained. Like Enbodinment 1, a 25 stable SHG
out put was obt &R\ Cridigreake; tdhromdmpoadded bithiwn sdgomitiom on t he

sanme structural nenbers to control the tenperature of the entire resonator
- 15 - 5 . gallium fluoride).

5. The second harmonic generator according to claim 1,
wherein a single birefringent crystal inclined at the
Brewster angle is used as said control element for:
controlling the wavelength of the first oscillation wave

10 generated from said solid laser crystal.

6. The second harmonic generator according to claim 1,
wherein at least one of LBO (LiB30s), BBO (B-BaB04), CLBO
(CsLiBg010) and CBO (CsB3Os) is used as said nonlineaf
optical crystal.

5 7. The second harmonic generator according to claim 1,
wherein étlleast two of the components constituting said
resonator are arranged on the same structural member.

8. The second harmonic generator according to claim 1,
wherein the components constituting said resonator are

20 arranged above a temperature control element.

9. A laser applied unit which employs the second
harmonic generator according to any one of claims 1 to 8.
10. The laser applied unit of claim 9 which is a laser
printer.

25 11. The laser applied unit of claim 9 which is a fine
particle detector.

12. The laser applied unit of claim 9 which is an optical
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(Conparative Enbodiment)—g—97s a diagramof a resonator for explaining
a conparative enb on optics conposed of a sem conduct or

| aser and converg Wg “ﬁﬂmﬂﬂm}e same_as 5 those of Enmbodinent 1. A

| aser crystal 4 exai y %ex@itation bepmsnsldurAdid geky fom t he

sem conduct or ‘| aser generates a fundanmenial waeeLgg firsgt oscillation
wave in a |laser resonator which is fornmed betweenma-frrst-laser mrror 3 10
coated with an digmierf ndtr.efl ecting 99 % or nore of the fundanental wave
and formed on the input side, that is, front end surface of the |aser
crystal 4, and iB.secord laaser agbliéu vhids of elhYal 9réni@bels @ opricaat ed
with an AR coating reflecting % or |less of the wavel ength of the 15 SHG
wave and an HR maindey.reflecting 99 % or nore of the wavel ength of the
fundanment al wave and arranged on the
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out put side of the resonator. In this enbodi nent, the resonator structure
is a plane-concave type resonator, the curvature laser mrror. 20 as the
second laser mrror 7 has a curvature radius of 25 mm the length of the
resonator is 20 nm A Li SAF crystal ([err]3 x 5 m) containing 1.5 nol % of
Cr is used as the laser crystal 4 and coated wth an AR coating having a
reflectance of 2 %or |less for the wavelength of the 25 fundanental wave

and the wavel ength of excitation |ight s end surfaces thereof. The
SHG crystal 6 is an LBO crystal neasuri Xx 5 mm To both end
surfaces of - 16 - the LBO crystal is applied an AR coating having a

reflectance of 0.2 %or |less for the wavel ength of the fundanental wave and

L %or less for the yayelspotis ot ReqShG A cdpRibehyi goent crystal made

of a single 0.5 mm
semiconductor laser as an excitation light source and a

5 resonator having a solid laser crystal excited by the
excitation light source, a control element for controlling
the wavelength of a first oscillation wave generated from
the solid laser crystal'and a nonlinear optical crystal
for wavelength converting the first oscillation wave as a

10 fundamental wave into a second harmonic wave as a second
oscillation wave, wherein the components of the resonator
‘are arranged in the order of a first laser mirror, solid
laser crystal, wavelength control element, nonlinear
optical crystal and second laser mirror from the input

15 side of the excitation light.
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5 thick quartz plate is used as the wavel ength control elenment 5 and
inclined at the Brewster angle with respect to the optical axis to turn
around the optical axis so that the wavel ength of the fundanmental wave is
controlled to a wavel ength at which the conversion efficiency of the 10
LBO crystal as the SHG crystal 6 becones nmaxi mal. However, the beam wai st
of the resonance bheam 32 of the fundanental wave is located at the | aser
mrror of the Li SAF crystal 4, the bean1dipg%ter is large at the nonlinear
optical crystal 5 for generating SHG light, and 15 part of the SHG |ight
is reflected by the birefringent crystal as the wavel ength control el enent.
As the result, an SHG output of only 5 mWwas obtai ned. (Enbodinent 3) Fig.
5 is a diagramfor explaining an application 20 exanple in which the
present invention is applied in a laser printer. SHG output 33 radiated
fromthe second harnonic generator 100 described in Enbodi nent 1 passes

t hrough an acousto-optical (to be aFBre'\/i@ e(] as AO

12

11 ™9




R

hereinafter) nodul ator 401, a reflection mrror 402, a 25 beam expander
403, a rotary polygon mrror 404 and an fO lens 405, and is converged upon
a photosensitive drum 406. The AO nodul at or 401 nodul ates t he SHG out put 33
according - 17 - to image information, and the rotary polygon mrror 404
scans in a horizontal direction (of the paper of the drawing). Wth this
conbi nation, secondary information is 5 recorded on the photosensitive
drum 406 as partial potenti al dlfference% The photosensitive drum 406
turns, adhered by toner according to the péﬁkntlal di fferences, and
reproduces information on recording paper. (Enbodinent 4) 10 Fig. 6
is a diagramfor explaining a detector for detecting fine particles on a S

waf er as an application F l G 3
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exanple in which the present invention is applied in a fine particle
detector. SHG output 33 radiated fromthe second harnoni c generator 100
described in Enbodinent 1 is 15 input into an optical head 500, converged
up to a diffraction limt by a reflection mrror 502 and a converging | ens
503 and radiated onto the Si wafer 501. Light beans 505 scattered from

| i ght converged up to a wavelength order of 0.4 [err]m are received by an
optical 20 detector 504, their intensitig§/3re recorded, and the optica
head 500 noves froma central portion to an end portion of the Si wafer
501, whereby the distribution of fine particles on the Si wafer is
measured. Fine particles having a diameter up to 1/10 the wavel ength of 25
t he SHG wave can be detect ed. (Enboane %Ef) Lg. 7 is a diagramfor
expl ai ning an application - 18 - r . ES
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exanple in which an enbodi nent of the present invention is applied in an
optical -shaping unit. The second harnoni c generator 100 described in

£nbodi nent 1 is used as a |ight source. A blue curing resin 601 is charged
into a 5 contai ner and SHG out put 33 radiated fromthe second harnonic
generator 100 described in Enbodinment 1 is caused by a mrror 602 to scan
the surface of a liquid two- dinensionally. At this point, only a surface
portion of the blue curing resin 601 thay%ﬁgﬁorbs | ight cures. After 10 the
formati on of one |ayer is conpleted, an elevator 604 falls to formthe next
| ayer continuously. Wth this operation, a solid nodel 605 having a desired
shape can be forned. (Enbodi nent 6)- 15 Fig. 8 is a diagramfor
expl ai ning an application exanple in which an enbodi nent of the present

invention is applied in an optical F'ec[)rg,er. C?n optical disk drive of
opt o- magnet o recording systemis uded. ¥ A¥-SHG | aser beam

100 602

33 604

> 705
704 / :E AUTOFOCUSING
> 703

706




33 radiated fromthe second harnoni c generator 100 20 described in

Enbodi ment 1 is expanded by a beam expander 701 and then becones parall el
beans. Part of the beans reflected by a beamsplitter 702 are received by a
photo detector 708 for front nonitoring to nonitor the SHG | aser beam 33 so
as to control output. The beans passing 25 through the beamsplitter 702
are converged upon a nedium 705 by a converging optic 704. Reflected |ight
is partially reflected by the beamsplittgr,£02 and divided - 19 - by a
beam splitter 706 into two beans which are then received by two

phot o-detectors 707 to perform autof ocusi ng and signal detection. A fixed
magnetic field is applied to the nedium 705, the SHG | aser beam 33 is 5
nodul at ed and the focusing tenperatgLe  isaraised to a Curie tenperature of
t he medi um 705 to reverse Ff I t;_ gs
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magnetization for recording. Wen the |aser %m %rr re?okr‘dl n%%l s' made
by . revfgrm ng-—t-he—re ..cuzgﬁ n of the nmedi um recordl ng frequency is
set to 10 EPAG T18H mz of signal reproduction, the same SHG | aser

beah i s usgd reproduced si gng, ent
I nventi on, nH NNpei t doubl I ng SHG | abgl biﬁ?ﬂﬁﬁﬁ%ngeéjﬁv?g%gt
[ pa

vari abl e Ia e rticul arly a Li SAF | aser crystal, the conponents 15 of
t he resonat pr ~are—arranged i ni the order of the first |aser mrror, |aser
crystal, wayelength control elenment, SHG crystal and second |aser mirror

o B RERAL L bl S5l 1P e B SE ol e

t he fundament &P

light is outp %dhﬂ@t?stb‘&lmmts thie urii@ieh! yvet teeauveeivis limetgptiat dmrﬁrmteralnghe nt,
and a snall -sized

efficiency secopnd harnoni ener at or c be
real i zed. Furtm@rmspﬁgg’t%wga@ﬂ@nlq f gherfundspental yave; ﬁﬁ%é%;ﬁ ?ﬁﬁ%ﬁei ng
the tenperat U@%}aﬁ&a&oﬁ%f@ﬁ@ﬁg‘ﬁt.res_onat or. 25 Industrial Appl | cabl lity

5 Disclosure of the Invention
The inventors have found that the above problems can be solved by specifying a

combination of components of the resonator for generating SHG light. The present invention
is predicated upon this finding.
In accordance with the invention, there is provided a second harmonic generator

10 comprising:

a semiconductor laser as an excitation light source; and

a resonator having a solid laser erystal excited by said excitation light source, a control
element for controlling the wavelength of a first oscillation wave generated from said solid
laser crystal, and a nonlinear optical crystal for wavelength converting the first oscillation

15 wave as a fundamental wave into a second harmonic wave as a second oscillation wave,

wherein the components of said resonator are arranged in the order of a first laser
mirror, said solid laser crystal, said control element, said nonlinear optical crystal and a
second laser mirror from the input side of said excitation light, and wherein said first laser
mirror is a curvature mirror which transmits 85% or more of the wavelength of the excitation

20 light source and reflects 99% or more for the first oscillation wave and said second laser
mirror is a plane mirror which reflects 99% or more of the first oscillation wave and transmits
85% or more of the second oscillation wave.

Moreover, the second laser mirror may be formed on one surface of the nonlinear .
optical crystal.

25 When a LISAF (Cr:LiSrAIF; chromium added lithium strontium aluminum fluoride)
crystal is used as the above solid laser crystal, the first oscillation wave having a wavelength
of 800 to 900 nm and the second oscillation wave having a blue color range (400 to 450 nm)
can be generated.

When a LiSGAF (Cr: LiStGaF,; chromium added lithium strontium gallium fluoride)

30 crystal is used as the above solid laser crystal, the first oscillation wave having a wavelength
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10 second laser mirror from the input side of said excitation light, and wherein said first laser

mirror is a curvature mirror which transmits 85% or more of the wavelength of the excitation
light source and reflects 99% or more for the first oscillation wav and said second laser
mirror is a plane mirror which reflects 99% or more of the first oscillation wave and transmits
85% or more of the second oscillation wave.

15 2. The second harmonic generator according to claim 1, wherein said second laser mirror
is formed on one surface of said nonlinear optical crystal.

3. The second harmonic generator according to claim 1, wherein said solid laser crystal
is LISAF (Cr:LiSrAlF; ; chromium added lithium strontium aluminum fluoride) or LiSGAF
(Cr:LiSrGAF,; chromium added lithium strontium gallium fluoride).

20 4. The second harmonic generator according to claim 1, wherein a single birefringent
crystal inclined at the Brewster angle is used as said control element for controlling the
wavelength of the first oscillation wave generated from said solid Iaser crystal.

5. The second harmonic generator according to claim 1, wherein at least one of LBO
(LiB,Oy), BBO (3-BaB,0,), CLBO (CsLiBO,,) and CBO (CsB,0s) is used as said nonlinear

25 optical crystal.

6. The second harmonic generator according to claim 1, wherein at least two of the
components constituting said resonator are arranged on the same structural member.

7. The second harmonic generator according to claim 1, wherein the components
constituting said resonator are arranged above a temperature control element.

30 8. A laser applied unit which employs the second harmonic generator according to any
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The laser applied unit of claim 8 which is a laser printer.
10.  The laser applied unit of claim 8 which is a fine particle detector.
11, The laser applied unit of claim 8 which is an optical shaping unit.
5 12.  The laser applied unit of claim 8 which is an optical recorder.



