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conditions, there is the risk that generation of the las- er light of the
second harmonics cannot be maintained BACKGROUND
stably. Because, the eigen polarization is changed in phase each time the
laser light beam of the funda- 1. Field of the Invention
5   mental wavelength traverse the non-linear optical crystal element. The
present invention relates to a laser light    If two perpendicular eigen
polarizations, that isp- beam generating apparatus. More particularly, the
and s-waves, are deviated in phase each time the las- present Invention
relates to a laser light beam gener-  er light beam having the fundamental
wavelength pro- ating apparatus including a light source which gener-  10
duced in the laser medium traverses the non-linear ates a second harmonic
laser light beam using a non-  optical crystal element repeatedly by a
resonant op- linear optical crystal element.                   eration, a
strong resonant state, that is strong stand- ing wave, cannot be produced.
Because, the steady- 2. Background of the invention
state operation in which the two eigen polarizations of 15  the laser light
beam of the fundamental wavelength It has hitherto been proposed to effect
efficient  strengthen each other efficiently in each part of the wavelength
conversion by taking advantage of a high  resonator cannot be produced. As
a result of which powerdensity in a resonator. For example, investiga-  the
conversion efficiencyof the laserlight beam ofthe tions are conducted in an
external resonation type  fundamental wavelength into the laser light beam
of second harmonic generation or second harmonic  20  the second harmonics
is deteriorated with the risk of generation (SHG) by a non-linear optical
element   noise generation in the second harmonics laser light within a
laser resonator.                          beam. As an example of a laser
light beam generating    The present Assignee has already proposed in
apparatus as a solid state laser generating the sec-  Japanese Patent KOKAI
Publication No. 1-220879 ond harmonics within a resonator, It has been
known   25  (JP-A-01 220879) a laser light beam generating ap- a resonator
including a pair of reflective mirrors, a las-  paratus to resolve the
above-described problem. This er medium provided between the reflective
mirrors  laser light beam generating apparatus generating a and a
non-linear optical crystal element provided be-  second harmonic laser
light beam using a non-linear tween one of the mirrors and the laser light
medium.  optical crystal element has a birefringent element as In this
apparatus, the second harmonic laser light  30  a quarter wave plate
arranged in a resonant optical beam  may be generated efficiently by phase-
path of the laser light beam of the fundamental wave- matching the second
harmonic laser light beam with  length. In this- type laser light beam
generating appa- respect to the laser light beam having the fundamen-
ratus, the second harmonic laser light beam as a out- tal wavelength.
put laser light beam is radiated in a stabile condition. For realizing the
phase matching, type I or type   35  FIGURE 1 shows an example of a laser
light 11 phase matching conditions need to be established  beam generating
apparatus disclosed In the above- between the laser light beam having the
fundamental  mentioned Japanese Patent KOKAI publication No. wavelength and
the second harmonic laser light     1-220879 (JP-A- 01 220879). The laser
light beam beam. The type I phase matching is based on the prin-
generating apparatus shown in FIGURE 1 includes a ciple of producing a
phenomenon in which a sole pho-  40  resonator 101 which has a laser medium
102 a pair ton having a double frequency is created from two  of reflecting
surfaces 103, 105, a non-linear optical photons polarized in the same
direction by taking ad-  crystal element 106 and a birefringentelement 107
as vantage of the ordinary light of the laser light beam  a quarter wave
plate. The laser medium as a Nd:YAG having the fundamental wavelength. On
the other   is formed into rod-shaped. One of the reflecting sur- hand, the
type 11 phase matching is based on the prin-  45  faces 103 as a dichroic
mirror is formed on the inci- ciple of causing the eigen polarization of
the two per-  dentsurface of the laser medium 102. The otherof re-
pendicular fundamental wavelengths to fall on a non-  flecting surface 105
as a dichroic mirror is formed on linear optical crystal element to
establish phase  the inside surface of an output concave mirror 104.
matching conditions for each of the two eigen polari-  The non-linear
optical crystal element 106 is made of zation light beams. The laser light
beam of the funda-  50   KTP [err]. The birefringent element 107 Is made
mental wavelength Is divided into an ordinary light  of a quartz plate. The
laser medium 102, the non-lin- beam and an extraordinary light beam within
the non-  ear optical crystal element 106 and the birefringent linear
optical crystal element As a result, the phase  element 107 are provided
between the pair of reflect- matching is carried out the ordinary light and
the ex-  ing surfaces 103, 105. traordinary light beam with the
extraordinary light of  55  The incident surface of the laser medium 102
ar- the second harmonic laser light beam.             ranged in the
resonator 101 is Irradiated a pumping However, if it is desired to generate
second har-  laser light beam emitted from a semiconductor laser monic
laser light beam using type 11 phase matching  111 as a pumping lightsource
via a collimator lens 112 2    



3                   EP 0 563 779 B1                     4 and an objective
lens 113. As a result, the laser me-  nator, for example, a point on an
optical disc, for ap- dium 102 generates a laser light beam of a fundamen-
plying the above-described type 11 SHG laser light tal wavelength
LA([err]). The laser light beam of the fun-  beam generating apparatus, a
return light beam to damental wavelength LA([err]) is transmitted through
the resonator is produced. Although it Is possible to the non-linear
optical crystal element 106 and the bi-   5   reduce the return laser light
beam by an optical sys- refringent element 107 and reflected back at the
re-  tern using a Faraday element or a quarter wave plate flective surface
105 of the concave mirror 104 so as  and a polarization prism. However, it
is difficult to re- to be transmitted again through the birefringent ele-
duce the return light beam to zero due to manufactur- ment 107, the
non-linear optical crystal element 106  ing tolerances of the optical
components and to bire- and the laser medium 102 in this order before being
10  frigence produced at the optical disc. reflected by the incident
surface of the laser medium  In the case of the above-described SHG laser
102. Consequently, the laser light beam of the funda-  light beam
generating apparatus only the SHG laser mental wavelength LA([err])
performs a resonating op-  light beam is returned, so that there is no
problem of eration by being propagated back and forth between  a mode hop
noise due to only a minor amount of the the reflective surface 103 of the
laser medium 102   15  light beam being returned as in the case of the con-
and the reflective surface 105 of the concave mirror  ventional
semiconductor laser light source. However, 104 of the resonator 101.
the return light beam interferes with the light beam The birefringent
element 107, such as the quarter  generated at the SHG laserlight beam
generating ap- wave plate, has Its optical axes so set that, within a
paratus, so that interference noise is produced if the plane perpendicular
to the direction of light propaga-  20  length of the light path is
fluctuated on the order of a tion, the direction of the refractive index
[err] of an ex-  wavelength. traordinary light is inclined by a
predetermined azi-  If the reflectivity of intensity of the return laser
muth angle [err] shown in FIGURE 2, forexample [err] = [err],  light beam
of the SHG laser light beam from the opt- with respect to the direction of
the refractive index of  ical disc is Rd and the reflectivity of intensity
of the the extraordinary light beam [err] of the non-linear  25   mirror
within the laser light beam generating appara- optical crystal element 106.
tus is [err] the peak-to-peak value [err] of the interfer- In the
above-described laser light beam generat-  ence noise is given by the
formula ing apparatus, a laser light beam of second harmon-
[err] ics LA(2[err]) is generated by the laser light beam of fun-
[err] damental wavelength when the laser light beam of the   30       [err]
fundamental wavelength through the non-linear opti-    Consequently, even
if Rd and [err] are each 1 %, cal crystal element 106. The laser light beam
of the  the peak-to-peak value [err] produces an interference second
harmonics [err] is transmitted through the  noise of 4 %, which in turn
deteriorates signal char- concave mirror 104 and outputted as an output
laser  acteristics. An interference noise with a backward light beam.
35  output is the same as that for [err] = 1, that is 100 %, In this state,
the ordinary light and the extraordin-  reflectivity so that, even if the
return light beam is 1 ary light beam of the laser light of the fundamental
%, the peak-to-peak value Npp produces an interfer- wavelength [err] are
passed through the birefrin-  ence noise even reaching 40 %, thus tending
to mod- gent element 107, a quarter wave plate as a birefrin-  ify a laser
output. gent element has a wavelength equal to one-fourth of  40 the
wavelength of the laser light beam of the funda-  SUMMARY OF THE INVENTION
mental wavelength, which is set in an azimuth angle [err] of [err] with
respect to the non-linear optical crystal  It is, therefore, an object of
the present invention element 106. As a result, the power of the laser
light  to provide a laser light beam generating apparatus beam in each
region of the resonator 101 is stabilized   45  which resolves the
above-described problem. ata predetermined level. Forthe birefringent
element  It is anotherobject of the present invention to pro- 107 inhibits
coupling between two perpendicular in-  vide a laser light beam generating
apparatus gener- trinsic polarization modes of the laser light beam of
ating a type 11 second harmonic laser light beam to the fundamental
wavelength [err] caused by gener-  prevent fluctuations of the laser output
or deteriora- ation of the sum frequency, when the laser light beam   50
tion in signal characteristics due to the interference of fundamental wave
length LA(w) generated in the  noise. laser medium 102 is passed through
the non-linear     According to this invention as defined in claim 1,
optical crystal element 106 in resonance for generat-  there is provided a
laser light beam generating appa- ing the type 11 laser light beam of the
second harmon-  ratus including at least one light source, a resonator ics,
thereby stabilizing the oscillation.     55   and an optical system. The
resonator generates a If an optical system is employed which converges
type 11 second harmonic laser light beam. The reso- the generated SHG laser
light beam on an optical con-  nator has a first reflector, a second
reflector, a laser jugate point to a virtual luminance point of the reso-
medium provided between the first and second re- 3    
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irradiated a light beam emitted from the  teristics for illustrating the
embodiment shown in FIG- lightsource through thefirstreflectorand a
non-linear  URE 3. optical crystal element provided between the laser
FIGURE 5 is a perspective view showing a sche- medium and the second
reflector. The optical system  matic arrangement of an embodiment in which
the radiates the type 11 second harmonic laser light beam    i   laserlight
beam generating apparatus is applied to an emitted from a virtual luminance
point of the resona-  optical pickup apparatus. tor to a conjugate point.
In the laser light beam gen-  FIGURE 6 is a cross-sectional view showing a
erating apparatus, with an effective length of the res-  schematic
arrangement of an SHG laser light beam onator L, an effective distance Le
from the resonator  source employed in the optical pickup apparatus to the
conjugate point is set so that         10  shown in FIGURE 5. Le = (m +
1/2)L                         FIGURE7isafrontviewshowingaschematicar- where
m is an integer.                            rangement of the apparatus
shown in FIGURE 5. According to this Invention as defined in claim 4, there
Is provided an optical pickup apparatus for an  DESCRIPTION OF THE
INVENTION optical recording medium having at least one light  15 source, a
resonator, a deflector and an optical sys-  Referring to the drawings, the
referred embodi- tem. The resonator generates a type 11 second har-  ments
of the present invention will be explained in de- monic laser light beam
and is radiated a light beam  tail. FIGURE 3shows a schematic view of an
embodi- emitted from the light source. The deflector deflects  ment of a
laser light beam generating apparatus ac- the type 11 second harmonic laser
light beam emitted   20  cording to the present invention. from the
resonator. The optical system includes an     In FIGURE 3, the laser light
beam generating ap- objective lens for focusing the type 11 second harmon-
paratus includes a laser diode 11, such as a semicon- ic laser light beam
emitted from the resonator on the  ductor laser element, a lens 12, a
resonator 13, an optical recording medium. In the optical pickup appa-
optical system 20 and an objective lens 21. The laser ratus, with an
effective length of the resonator L, an   25  diode 11 as a pumping light
source radiates a pump- effective distance Le from the resonator to the
focus-  Ing light beam. The resonator 13 has a concave mirror Ing point of
the type II second harmonic laser light  14,a quarter wave plate 15 as a
birefringent element, beam on the optical recording medium is set so that
a rod-shaped laser medium 16, such as a Nd:YAG, a Le = (m + 1/2)L
non-linear optical crystal element 17, such as a KTP where m is an integer.
30  [err] and a plane mirror 18. A reflective surface In the present
invention, the interference of the  14R isformed on an inner concave
surface of the con- laser light beam of the second harmonics generated
cave mirror 14. A reflective surface 18R is formed on in the resonator and
the return light beam from the  one surface of the plane mirror 18. These
reflective conjugate point is inhibited, the interference noise  surfaces
14R, 18BR are dichroic mirrors. The pumping may be reduced to prevent
deterioration in signal  35  light beam radiated from the laser diode 11 is
con- characteristics and fluctuations in the laser output.  verged
bythelens 12and isincidentthelasermedium On the other hand, the allowable
range of deviations  16 through the concave mirror 14 and the quarter from
the design dimensional values of the optical  wave plate 15. A laser light
beam of a fundamental components employed in the optical system, such as
wavelength LA[err] is generated by the laser medium the Faraday element,
the quarter wave plate or polar-  40  16 responding to the radiated pumping
light beam. ization prism, may be enlarged to render it possible to  The
laser light beam of the fundamental wave length implement an inexpensive
system.                   LA([err]) reaches the plane mirror 18 through the
non- linear optical crystal element 17 and is reflected by BRIEF
DESCRIPTION OF THE DRAWING                  the reflective surface 18R. 45
As the laser medium 16, [err] LNP, Nd:BEL The invention will be more
readily understood  etc. are employed, whereas, as the non-linear optical
with reference to the accompanying, wherein:       crystal element 17,
[err] BBO or LBO etc. may be FIGURE 1 is a schematic view showing an ar-
employed. rangement of a conventional laser light beam gener-   By type 11
phase matching, the non-linear optical ating apparatus.
50  crystal element 17 as KTP 17 generates a laser light FIGURE 2 is a
diagrammatic view for illustrating  beam of second harmonics LA(2[err])
having the fre- the angle of orientation of the birefringent element
quency twice that of the laser light beam LA([err]). If the employed in the
conventional system shown in FIG-  wavelength [err] of the laser light beam
LA([err]) is 1084 URE 1.                                             nm,
the wavelength of the laser light beam LA(2[err]) is FIGURE 3 shows a
schematic basic arrangement  55   [err] /2 or 532 nm. The reflective
surface 14R of the con- of a laser light beam generating apparatus
according  cave mirror 14 has such properties as will transmit the to an
embodiment of the present invention.         pumping light beam with a
wavelength of e.g. 808 nm FIGURE 4 is a graph showing frequency charac-
but will reflect the laser light beam LA([err]) generated 4    
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medium 16, while the reflective surface   (i) non-linear coupling between
the polarization 18R of the plane mirror 18 has such properties as will
modes due to sum frequency generation is elim- reflect the laser light beam
LA([err]) but will transmit the  iated to inhibit competition between the
polari- laser light beam [err] of the second harmonics las-  zation modes;
and er light beam. These reflective surfaces 14R, 18R   5  (ii) the spatial
phase difference caused by the may be used by dichroic mirrors. Thus the
laser light  quarter wave plate becomes equal to [err] so that beam of the
fundamental wavelength LA([err]), generat-    the spatial hole burning
effect due to emission of ed in the laser medium 16, is propagated back and
two polarization modes may be inhibited to pro- forth between the
reflective surface 14R and the re-   duce stable oscillation of two
longitudinal modes flective surface 18R of the resonator 13 for emitting
10  (two polarization modes). the laser light beam. It is noted that the
quarter wave  In general, in a laser light beam resonated in a plate 15 is
set at an orientation inclined by an azimuth  resonator, the distance
between longitudinal modes, angle [err] of [err] with respect to the
non-linear optical  that is the frequency difference between adjacent
crystal element 17 and is used forstabilizing the laser  longitudinal modes
for the same transverse mode, is light power in various parts of the
resonator 13.  15  c/2L, where L is the length of the resonator 13 and c
The SHG (second harmonic generation) laser      the light velocity. In the
resonator 13 employing the light beam LA(2[err]) emitted from a virtual
luminance  non-linear optical crystal element 17 performing the point of
the resonator 13 is converged on an optical  above-described type 11 phase
matching and having conjugate point, such as a point on recording layer
the quarter wave plate 17 inserted on its light path, (reflective layer) of
an optical disc 22 through the opt-  20  the mode frequency distance [err]
is given by ical system 20 and the objective lens 21. In this res-
[err] = c/4L  (2) onator, the virtual point of the resonator is positioned
if the laser light beam of the fundamental wavelength at a point O shown in
FIGURE 3. The point O is ar-  [err] having a wavelength [err] of e.g. 1064
nm is oscil- ranged on the reflective surface 18R and the optical  lated
with the two longitudinal modes (two polariza- axis of the outputting
second harmonic laser light  25  tion modes), and L is the light path
length between the beam. With the length L of the light path of the reso-
opposite reflecting surfaces 14R and 18R (effective nator 13, that is the
distance between the reflective  resonator length in terms of air). Since
the SHG laser surface 14R and the reflective surface 18R, calculat-  light
beam is taken out as a polarization in one direc- ed in terms of air, or
the effective length of the reso-  tion, the frequency of each of the
longitudinal modes nator 13, the effective length Le in terms of air from
30  of these eigen polarization modes is doubled so that the outgoing
reflective surface 18R of the resonator  the frequency distance
between-adjacent longitudi- 13 to the conjugate point satisfies a relation
nal modes [err] is given by Le = (m + 1/2)  (1)
[err] = c/2L  (3) where m is an integer.                                 An
electrical field E(z) in the SHG laser light If the relation of the formula
(1) is satisfied, it be-  35  beam when the above-described two
longitudinal comes possible to reduce the interference noise and  modes are
resonated with the same intensity isfound. to prevent fluctuations In the
laser output or deterior-  If [err]  are angular frequencies of the
respective ation of signal characteristics to implement a high  modes, and
[err]   and  [err]  are the numbers performance system. On the other hand,
the manu-   of waves in each mode, the electrical field E(z) in the facture
tolerance of the Faraday elements employed   40  SHG laser light beam is
given by in the optical system 20, quarter wave plate 15 or        [err]
other optical components for reducing the return las-   [err] er light beam
may be increased to render it possible
2 to implement an inexpensive system.                                  (4)
The quarter wave plate 15 is a birefringent ele-  45 ment which is employed
in accordance with the art      From the above formula (3), the angular
frequen- disclosed by the present Assignee in the Japanese  cy between the
modes is Patent KOKAI Publication No. 1-220879 (JP-A- 01            [err]
(5) 220879) and in the specification and drawings of the  so that the
formula (4) may be simplified to Japanese Patent Application Nos. 2-125854
(JP-A-  50   [err] 04 025 087) and 3-17068 (JP-A-04 243 177). The las-
2 er light beam is passed through the quarter wave
(6) plate 15 set at the azimuth angle of [err] = [err] with re- spect to
the non-linear optical crystal element 17 for  In the optical system
employing the laser light stabilizing the laser light power in various
parts of the   55  beam generating apparatus, if the reflectivity of in-
resonator 13.                                      tensity of the return
light beam from the conjugate That is, by inserting the quarterwave plate
15 into  point is [err] the reflectivity of the intensity of the SHG the
resonator 13,                                  laser light beam at the
reflective surface 18R of the    9                   EP 0 563 779 B1
10 



resonator 13 is [err] these reflectivity [err]  which in  If the condition
of formula (1), that is Le = (m + effect are on the order of several
percent, are as-  1/2)L, m being an integer, is satisfied, [err] be- sumed
to be small, and if multiple reflection is disre-  comes zero. In other
words, if the distance as far as garded, the forward Interference noise
intensity [err]  the conjugate point Le is (integer + half Integer) times
and rear interference noise intensity 12 are given by    5   the length in
terms of air of the resonator, the inter- [err]                 (7)
ference noise in the forward and rearward directions [err]
(8)            becomes zero. Even if the formula (1) is not satisf led
where Le is the effective distance as far as the con-  completely, that is
if the distance Le is approximately jugate point.
equal to (integer + half integer) times the resonator If the formulas (7)
and (8) are expanded and a   10  length L, the interference noise is
significantly re- term [err] + [err] oscillated at a high velocity is time-
duced, as may be seen from FIGURE 4. averaged,
FIGURES 5 to 7 show concrete embodiments in [err]
which the present Invention is applied to an optical [err]
pickup apparatus for an optical recording disc. FIG- [err]     (9)
15   URE 5 shows a schematic overall perspective view. Is obtained.
FIGURE 6 shows a schematic cross-sectional view of The first term of the
formula (9) is             an SHG light source. FIGURE 7 shows a schematic
[err] = [err]  (10)              overall front view. In FIGURES 5 to 7,
like elements The second term of the formula (9) is
corresponding to those in FIGURE 3 are identified by 20  the same reference
numerals and will not be descri- [err]               bed. [err]
In the optical pickup apparatus shown in FIG- URES 5 to 7, the SHG light
source having a small- [err]             sized and compact design as shown
in FIGURE 6 is 25   adopted. The pumping light beam emitted from the laser
diode 11 is converged by the lens 12 and is in- cident the laser medium 16
through an incident sur- [err]                      face of the quarterwave
plate 15. Areflective surface 15 is formed on the incident surface of the
quarter [err]         (11)    30   wave plate 15 by a coating method and
has a wave- The third term of the formula (9) is             length
selectivity as a dichroic mirror. The reflective surface 15R transmits the
pumping light beam, in [err]                                          which
a wavelength is, for example, 810 nm and re- (12)
flects a laser light beam of the fundamental wave- Therefore, the forward
interference noise intensi-  35  length, in which a wavelength is, for
example, 1064 ty [err] and the rearward Interference noise intensity 12
nm, generated by the laser medium 16. The reflective are given by
surface 15R is a concave mirror when seen from the laser medium 16. The
laser light beam of fundamental [err]             wavelength generating the
laser medium 16 is irradi- [err]  (13)                  40  ated to the
non-linear optical crystal element 17 as KTP [err] The second harmonic
generation is [err]                                          generated
atthe non-linearoptical crystal element 17 (14)
corresponding to the irradiated laser light beam of In these formulas (13),
(14), it is the second term  fundamental wavelength. A reflective surface
17R is which produces the interference noise. Specifically,  45  formed on
the outgoing surface of the non-linear opt- the first cosine term that is
term, that is         ical crystal element 17. The reflective surface 17R
transmits the laser light beam of the fundamental wa- [err]      (15)
velength and reflects a second harmonic laser light represents a term which
oscillates at a half wave    beam, in which a wavelength is, for example,
532 nm. length period when the distance to the conjugate point  50   The
resonator is formed between the reflective sur- Le in terms of air
undergoes extremely small oscilla-  face 15R and the reflective surface
17R. tions of the order of the wavelength of light and hence  In the
resonator adopted in the optical pickup ap- is responsible for the
interference noise.          paratus shown in FIGURES 5 to 7, the concave
mirror The second cosine term cos [err] in the second  14 and the plane
mirror 18 of the resonator 13 shown term of the formulas (13), (14) is a
term which under-  55  in FIGURE 3 is omitted, and the wavelength selectiv-
goes moderate oscillations with 2L (Lbeing the length  ity reflective
surfaces 15R and 17R are formed on the of the resonator of the laser light
source) as a period.  incident surface of the quarter wave plate 15 and the
outgoing surface of the non-linear optical crystal ele-    11
EP 0 563 779 B1                  12 ment 17. The quarterwave plate 15, the
lasermedium     It is to be noted that, although not claimed, the 



16 and the non-linear optical crystal element 17 are  present invention may
be applied not only to the intimately connected with one another. The
resonator  above-described optical pickup apparatus but to gen- is
accommodated in a V-shaped groove in a resonator  eration of fourth and
higher harmonics, with the use securing block 31 in a direction along the
Z-axis   5   of an external resonator, laser scanning microscope, shown in
FIGURE 5.                                  laser lithography or coupling to
optical fibers. The The SHG laser light beam outputted from the re-
above-described effect may be derived by designing flective surface 17R of
the resonator in the Z-axis di-  the distance Le to the optical conjugate
points of rection is deflected by a vertically deflecting mirror 19  these
optical systems in terms of air so as to be equal in a vertical direction,
Y-axis direction, shown in FIG-   10  to substantially (integer + half
integer) times the ef- URE 5 and led to an optical system of the optical
pick-  fective resonator length L, that is, by designing the up apparatus.
The SHG laser light beam is irradiated  distances so that to the optical
disc 22.                                           Le = (m + 1/2)L. In the
optical pickup apparatus, a mounting block   The present invention is not
limited to the above- of the laser diode 11, the resonator securing block
31   15  described embodiments. Forexample, a resonator in- and a mounting
block of the deflecting mirror 19 are  cluding an optical path folding type
reflective mirror mounted on a base 33. The base 33 is temperature-  in the
optical path in addition to a pairof reflective mir- controlled by a sole
temperature control device 34,  rors on both ends along the resonator
optical path such as a so-called thermoelectric (TE) cooler. These  may be
employed. The lasermedium orthe non-linear blocks and the base 33 are
accommodated in a pack-  20  optical crystal element are naturally not
limited to age 35.                                             Nd:YAG or
KTP. The SHG laserlight beam emitted in the Y-axis by the deflecting mirror
19 is transmitted through a con- cave lens 23 and a grating 24 a
polarization beam   Claims spliter25. The SHG laser light beam further is
led to  25 the objective lens 21 via a lens 26 and a quarterwave  1.
Alaserlight beam generating apparatus compris- plate 27. The SHG laser
light beam is focused on the   ing: point of the recording surface of the
optical disc 22 as     at least one light source (11); the optical
conjugate point In this case, the sum ie of      a resonator (13) for
generating a type 11 the distance In terms of air [err] from the reflective
sur-  30  second harmonic laser light beam and compris- face 17R as the
outgoing surface to the deflecting     ing a first reflector (14R), a
second reflector mirror 19 of the resonator and the distance in terms
(18R), a laser medium (16) provided between of air [err] from the mirror 19
to the recording surface  said first (14R) and second (18BR) reflectors and
of the optical disc 22 as the optical conjugate point is  irradiated a
light beam emitted from said light an (integer plus half integer) times the
length in terms   35  source (11) through said first reflector (14R) and of
air L between the reflective surfaces 15R and 17R   a non-linear optical
crystal element (17) provided of the resonator, that is the effective
resonatorlength,  between said laser medium (16) and said second that is,
reflector (18R); and Le = [err]   = (m + 1/2)L.                         an
optical system (20) for radiating the In this manner, it becomes possible
to reduce the   40  type 11 second harmonic laser light beam emitted
interference noise and to prevent deterioration in sig-  from a virtual
luminance point (O) of said resona- nal characteristics or fluctuations in
the laser output  tor (13) to a conjugate point, otherwise caused by the
interference noise. On the           wherein with an effective length L of
said other hand, the manufacture tolerances of the optical  resonator (13),
an effective distance Le from said components employed the optical system
of the opt-  45  resonator (13) to the conjugate point is set to that ical
pickup apparatus, such as the polarization beam                Le = (m +
1/2)L spitter 25 or the quarter wave plate 27 may be en-     where m is an
integer. larged to enable implementation of an inexpensive system.
2. A laser light beam generating apparatus accord- The return light beam
from the recording surface   50  ing to claim 1, wherein said resonator
(13) further of the optical disc 22 is irradiated to the polarization
comprises a birefringent element (15) provided beam splitter 25 through the
objective lens 21, the    between saidfirst(14R)and second (18R)reflec-
quarter wave plate 27 and the lens 26 and reflected    tors. by a boundary
surface of the polarization beam split- ter25.Thereturn laserlightbeam
reflected bythe po-  55   3. A laser light beam generating apparatus
accord- larization beam splitter 25 is received by a photode-  ing to claim
1, wherein said optical system (20) tector29 via a multi lens 28, and the
recording signals  comprises a convergent lens (21) forfocusing the are
reproduced.                                        type 11 second harmonic
laser light beam on the 7    11            EP 0 563 779 B1             12
ment 17. The quarterwave plate 15, the laser medium   It is to be noted
that, although not claimed, the 



18 and the non-linear optical crystal element 17 are  present invention may
be applied not only to the intimately connected with one another. The
resonator  above-described optical pickup apparatus but to gen- is
accommodated in a V-shaped groove in a resonator  eration of fourth and
higher harmonics, with the use securing block 31 in a direction along the
Z-axis   5   of an external resonator, laser scanning microscope, shown In
FIGURE 5.                                 laser lithography or coupling to
optical fibers. The The SHG laser light beam outputted from the re-
above-described effect may be derived by designing flective surface 17R of
the resonator in the Z-axis di-  the distance Le to the optical conjugate
points of rection is deflected by a vertically deflecting mirror 19  these
optical systems in terms of air so as to be equal in a vertical direction,
Y-axis direction, shown in FIG-  10  to substantially (integer + half
integer) times the ef- URE 5 and led to an optical system of the optical
pick-  fective resonator length L, that is, by designing the up apparatus.
The SHG laser light beam is irradiated  distances so that to the optical
disc 22.                                          Le = (m + 1/2)L. In the
optical pickup apparatus, a mounting block  The present invention is not
limited to the above- of the laser diode 11, the resonator securing block
31   15  described embodiments. Forexample, a resonatorin- and a mounting
block of the deflecting mirror 19 are  cluding an optical path folding type
reflective mirror mounted on a base 33. The base 33 is temperature-  in
theoptical path in addition to a pairof reflective mir- controlled by a
sole temperature control device 34,  rors on both ends along the resonator
optical path such as a so-called thermoelectric (TE) cooler. These  may be
employed. The lasermedium orthe non-linear blocks and the base 33 are
accommodated in a pack-  20  optical crystal element are naturally not
limited to age 35.                                             Nd:YAG or
KTP. The SHG laserlight beam emitted in theY-axis by the deflecting mirror
19 is transmitted through a con- cave lens 23 and a grating 24 a
polarization beam  Claims splitter 25. The SHG laser light beam further is
led to  25 the objective lens 21 via a lens 26 and a quarterwave  1. A
laser light beam generating apparatus compris- plate 27. The SHG laser
light beam is focused on the  ing: point of the recording surface of the
optical disc 22 as    at least one light source (11); the optical conjugate
point In this case, the sum ie of     a resonator (13) for generating a
type 11 the distance in terms of air [err] from the reflective sur-  so
second harmonic laser light beam and compris- face 17R as the outgoing
surface to the deflecting     ing a first reflector (14R), a second
reflector mirror 19 of the resonator and the distance in terms   (18R), a
laser medium (16) provided between of air [err] from the mirror 19 to the
recording surface  said first (14R) and second (18R) reflectors and of the
optical disc 22 as the optical conjugate point is  irradiated a light beam
emitted from said light an (integer plus half integer) times the length in
terms   35  source (11) through said first reflector (14R) and of air L
between the reflective surfaces 15R and 17R   a non-linear optical crystal
element (17) provided of the resonator, that is the effective resonator
length,  between said laser medium (18) and said second that is,
reflector (18R); and Le = [err]                        an optical system
(20) for radiating the In this manner, it becomes possible to reduce the
40  type 11 second harmonic laser light beam emitted interference noise and
to prevent deterioration in sig-  from a virtual luminance point (O) of
said resona- nal characteristics or fluctuations in the laser output  tor
(13) to a conjugate point, otherwise caused by the interference noise. On
the          wherein with an effective length L of said other hand, the
manufacture tolerances of the optical  resonator (13), an effective
distance Le from said components employed the optical system of the opt-
45  resonator (13) to the conjugate point is set to that ical pickup
apparatus, such as the polarization beam               Le = (m + 1/2)L
spitter 25 or the quarter wave plate 27 may be en-     where m is an
integer. larged to enable implementation of an inexpensive system.
2. A laser light beam generating apparatus accord- The return light beam
from the recording surface   50  ing to claim 1, wherein said resonator
(13) further of the optical disc 22 is irradiated to the polarization
comprises a birefringent element (15) provided beam splitter 25 through the
objective lens 21, the    between said first(14R) and second (18R) reflec-
quarter wave plate 27 and the lens 26 and reflected    tors. by a boundary
surface of the polarization beam split- ter 25. The return laserlight beam
reflected bythe po-  55  3. A laser light beam generating apparatus accord-
larization beam splitter 25 is received by a photode-  ing to claim 1,
wherein said optical system (20) tector29 via a multi lens 28, and the
recording signals  comprises a convergentlens (21)forfocusing the are
reproduced.                                       type 11 second harmonic
laser light beam on the 7    13                  EP 0 563 779 B1
14 conjugate point                                     schen dem
Lasermedium (16) und dem zweiten 



Reflektor (18R) vorgesehen let; und 4. An optical pickup apparatus for an
optical record-  ein optisches System (20), um den von einem vir- ing
medium comprising:                              tuellen Luminanzpunkt (0)
emttierten Laser- at least one light source (11);       5       strahl der
zweiten Harmonischen vom Typ II auf a resonator (15R, 17R) for generating a
einen Konjugationspunkt zu strahlen, wobel die type 11 second harmonic
laser light beam and        effektive Lange L des Resonators (13), der
effek- comprising a first reflector (14R), a second re-   tive Abstand Le
von dem Resonator (13) zu dem flector (18R), a laser medium (16) provided
be-     Konjugationspunkt so festgelegt ist, dali tween said first (14R)
and second (18R) reflec-  10  Le = (m + 112)L, wobei m ganzzahlig ist tors
and irradiated a light beam emitted from said light source (11) through
said first reflector (14R)  2. Laserstrahlerzeugende Vorrichtung geminl An-
and a non-linear optical crystal element (17) pro-  spruch 1, vided between
said laser medium (16) and said       wobei der Resonator (13) ferner ein
zwischen second reflector (18R);                    16       dem ersten
(14R) und dem zweiten (18R) Reflek- a deflector (19) for deflecting the
type 11   tor vorgesehenes doppelbrechendes Element second harmonic laser
light beam; and               (15) aufweist. an optical system (20)
comprising an ob- jective lens (21) for focusing the type 11 second  3.
Laserstrahlerzeugende Vorrichtung gemai An- harmonic laser light beam
emitted from a virtual  20  spruch 1, luminance point (O) of said resonator
(15R, 17R)    wobel das optische System (20) eine Sammellin- to a focusing
point on the optical recording me-    se (21) zur Fokussierung des
Laserstrahis der dium (22),
zweiten Harmonischen des Typs II auf den Kon- wherein with an effective
length L of said    jugationspunkt aufweist. resonator (15R, 17R), an
effective distance Le   25 from said resonator (17R) to said focusing point
4. Optische Aufnahmevorrichtung fOr ein optisches of the type II second
harmonic laserlight beam by   Aufzelchnungsmedium aufweisend: said
objective lens (21) is set so that             wenigstens eine Lichtquelle
(11); Le = (m + 1/2)L                        einen Resonator (13) zur
Erzeugung eines La- where m is an integer.                     30
serstrahis der zweiten Harmonischen vom Typ II und aufweisend einen ersten
Reflektor (14R), ei- 5. An optical pickup apparatus according to claim 4,
nen zwelten Reflektor (18R), ein Lasermedium wherein said resonator (1 5R,
17R) comprises a      (16) zwischen dem ersten (14R) und dem zweiten first
reflector (15R), a second reflector (17R), a  (18R) Reflektor, auf welches
ein von der Licht- laser medium (16) provided between said first  35
quelle (11)emittiertbrLichtstrahl uberden ersten (15R) and second (17R)
reflectors and irradiated   Reflektor (14R) elngestrahlt wird und eln nicht
Ili- a light beam emitted from said light beam source    neares optisches
Kristallelement (17), das zwi- (11) through said first reflector (1 5R), a
non-line-  schen dem Lasermedium (16) und dem zweiten ar optical crystal
element (17) provided between   Reflektor (18R) vorgesehen Ist; said laser
medium (16) and said second reflector  40  eine Ablenkeinrichtung (19) zur
Ablenkung des (17R) and a birefringent element (15) provided
LaserstrahIs derzweiten Harmonischen vom Typ between saldfirst (15R) and
second (17R) reflec-   Il; und ein optisches System (20) aufweisend ei-
tors.                                               ne Objektiviinse (21)
zur Fokussierung des von einemvirtuellen Luminanzpunkt(O) des Resona- 45
tors (15R, 17R) emittierten Laserstrahis der PatentansprOche
zweiten Harmonischen vom Typ II auf einen Brennpunkt auf dem optischen
Aufzeichnungs- 1. Laserstrahlerzeugende Vorrichtung aufweisend:
medium (22), wenigatens eine Lchtquelle (11);                    wobel die
effektive Lange L des Resonators einen Resonator (13) zur Erzeugung eines
La-  5o    (15R, 17R), der effektive Abstand Le von dem serstrahis der
zweiten Harmonischen vom Typ II      Resonator (17R) zu dem Brennpunkt des
Laser- und aufweisend einen ersten Reflektor (14R), ei-   strahis der
zweiten Harmonischen vom Typ II nen zweiten Refiektor (18R), ein
Lasermedium        durch die Objektivlinse (21) so festgelegt ist, dali
(16) zwischen dem ersten (14R) und dem zweiten      Le = (m + 112)L wobel m
ganzzahlig ist (18R) Reflektor, auf welches ein von der Llcht-  55 quelle
(11) emittierter Lichtstrahl Oberden ersten  5.
OptischeAufnahmevorrichtunggemilAnspruch Reflektor (14R) eingestrahlt wird,
und ein nichtli-  4, neares optisches Kristallelement (17), das zwi-
wobel derResonator(15R, 17R) elnen ersten Re- 8    15                  EP 0
563 779 B1                  16!    c flektor (1 5R), einen zwelten
Reflektor (1 7R), ein  faisceau de lumiere laser du second harmonique 



zwlschen dim ersten (15R) und dim zweiten            de type 11 et
comprenant un premier reflecteur (17R) Reflektor vorgesehenes Lasermedium
(14R), un second reflecteur (I1R), un milieu la- aufwelst, auf das ein von
der Lichtquelle (11)      ser(16)disposeintrelesditspremier(14R)etse-
emittierter Lichtstrahl Ober den erstin Reflektor   5  cond (1 8R)
reflecteurs et eclaire par un falscoeau (15R) eingestrahltwird, und ein
nichtlineares op-   de lumiere emis par ladite source de lumiere (11)
tisches Kristallelement (17) zwischen dim Laser-     par l'intermedialre
dudit premier reflecteur (14R), medium (16) und dim zwelten Reflektor (17R)
et un element de cristal optique non lineaire (17) vorgesehen ist und ein
doppelbrechendes Ele-        dispos6 entre ledit milieu laser (16) et ledit
se- ment (15) zwischen dim ersten (15R) und dim   10    cond reflectour
(18R); zweiten (17R) Reflektor vorgesehen ist.                   un
deflecteur (19) pour devier le faiscoeau de lumiere laser du second
harmonique de type II; et Revondlcatlons
un systeme optique (20) comprenant une 15     lentille objectif (21) pour
focaliser le faisceau de 1. Dispositif generatbur de falsceau de lumiere
la-    lumiere laser du second harmonique de type 11, ser comprenant:
emis a partir d'un point de luminance virtuel (0) au moins une source de
lumiere (11);           dudit resonateur (15R, 17R) vers un point de fo- un
resonateur (13) pour produire un fais-      calisation sur Is support
d'enregistrement opti- ceau de lumiere laser du second harmonique do   20
que (22); type 11 et comprenant un premierreflecteur(14R),          dana
lequel, pour une longueur efflcace L un second reflecteur (18R), un milieu
laser (16)    dudit resonateur (15R, 17R), la distance efficace dispose
entre lesdits premier (14R) et second        Le duditrhsonateur(17R) audit
pointdefocalisa- (18 R) reflecteurs et eciaire par un faisceau de lu-  tion
du faisceau de lumiere laser du second har- minre emis par ladite source de
lumiere (11) par  25  monique de type 11 par ladite lentille objectif (21)
l'lntermedlaire dudit premier reflecteur (14R), et  est dhterminhe de sorte
quo: un 6lhmentdecristal optique non llnhaire (17) dis-               Le =
(m + 1/2)L pose entre ledit milieu laser (16) et ledit second  ob m est un
nombre ontler. reflecteur (18R); et un systeme optique (20) pour projeter
le  30   5. Dispositif de tete de lecture optique selon la re- falsceau de
lumiere laser du second harmonique      vendication 4, dana loquel ledit
resonateur (15R, de type 11, emis a partir d'un point de luminance    17R)
comprend un premier reflecteur (15R), un virtuel (0) dudit resonateur (13)
vers un point      second reflecteur (17R), un milieu laser (16) dis-
conjugue;                                           pose entre lesdits
premier (1 5R) et second (17R) dans lequel, pour une longueur efficace L
3S  reflecteurs et eclaire par un faisceau de lumiere dudit resonateur
(13), la distance efficace Le du-  emis par ladite source de lumiere (11)
par l'inter- dit resonateur (13) au point conjugue est determi-  mediaire
dudit premier reflecteur (15R), un 616- nee de sorts que:
ment de cristal optique non lineaire (17) dispose Le = (m + 1/2)L
entre ledit milieu laser (16) et ledit second rhfleo- K>      ob m est un
nombre entier.                  40      tour (17R), et un element
birefringent (15) dispo- se entre lesdits premier(15R) etsecond (17R) re-
2. Dispositif generatbur de fabsceau de lumiere la-     flecteurs. ser
selon la revendication 1, dana lequel ledit re- sonateur (13) comprend un
outre un element bl- refringent (15) dispose entre lesdits premier  45
(14R) et second (18R) reflecteurs. 3. Dispositif g6neratbur de faisceau de
lumibre la- serselon la revendlcation 1, dana lequel leditsys- teme optique
(20) comprend une lentille conver-  so gente (21) pour focaliser le
faisceau de lumiere laserdu second harmonique de type 11 surle point
conjugue. 4. Dispositif de t~te de lecture optique pour un sup-  55 port
d'enregistrement optique comprenant: au molns une source de lumiere (11);
un resonateur (1 5R, 17R) pour produIre un 9    


