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The present invention relates to an optical system for 10 an optical
pick-up that is capable of using two kinds of optical discs having
different recording densities. Background of the Invention In general,
diameter of a beam spot formed on a recording layer of an optical disc is
closely related to the recording density of the optical disc. That is, the
spot diameter is required to have a suitable size for appropriately
covering a 15 track on the recording layer in width. The disc with higher
When the spot diameter is much larger than the track width, 20 reproduced
signal may includejitter,whichisundesirableeffect recording density has
narrower track width, which requires a smaller spot size . On the contrary
) the disc with lower recording density has wider track width, which
requires a larger spot size. of the reflected light from adjacent tracks on
the reproduced signal. On the other hand, When the spot diameter is much
smaller than the track width, particularly for an optical system that
reproduces the recorded signal from an optical disc such as a 25 compact
disc ( CD ) through the use of diffraction of light , the system may miss
reproducing the signal due to insufficient diffraction.   WO 00/54262 2 0 3
s~~ 2~ PCT/JP00/01213 Since the spot diameter becomes smaller as a
wavelength 



of light becomes shorter and numerical aperture (NA) becomes larger, the
optical system for a digital versatile disc (DVD) with high recording
density requires shorter wavelength and , 5 higher NA, and the optical disc
for the CD with low recording density requires longer wavelength and lower
NA. A conventional optical pick-up that is compatible between the CD and
the DVD is provided with a pair of optical systems that are specifically
designed for the CD and the DVD, 10 respectively. However, such an optical
pick-up increases the total size of the device and increases manufacturing
cost. An another conventional optical pick-up is provided with a pair of
semiconductor lasers whose emission wavelength are different to each other,
an optical system including an objective 15 lens that is common for the CD
and the DVD and an aperture mechanism to change NA in response to the type
of the disc. However, when the aperture mechanism is mounted on a movable
portion that is driven for a tracking servo , the weight of the movable
portion increases, which lowers a tracking response. 20 On the other hand,
when the aperture mechanism is mounted on other than the movable portion,
and particularly when the aperture limits the beam diameter to be small ,
the incident light quantity on the ob j ective lens varies due to the
tracking movement of the objective lens, which varies a level of the
reproducing 25 signal. That is, since the diameter of the incident laser
beam into the objective lens is larger than the diameter of the objective
lens in general, the tracking movement of the ob jective   0 3 SEP 2(13 JP
000001213 15-02-2001 3 lens within the beam diameter does not chazige the
incident light quantity. However, when the incident laser beam is limited
by the aperture, a part of the objective Zens may go out of the laser beam
due to the tracking movement, which varies the incident light 5 quantzty.
Fig. 7 of NL-A-1 008 739 discloses an objective lens of an optical gi.ck-up
with a holographic grating. Further, Fig. 3DH of ~P-A-0 747 893 discloses
an aperture ~.imiting element with a holographic grating. The grating of
the aperture limiting 10 element coatraJ.s transmittar_ce such that the
transmittance far 



a laser beam at G35 nm is larger than that of a beam at 785 nm. However,
these pnblicatians do not discuss dutp ratio of a width of recessed surface
to a width of adjacent protuberant surfaaa. Hriaf ~e~~rs,~) ion ~,f t~~ion
r zt i s therafdre nn object of the present f.nvention to provide an
optical system of an optical pick-up ( which is eapab7.e of adjusting the
beam spot size in accordance with the recording density of the optical disc
without using the aperture mechanism. 2o For the above object ) according
to the present invent~.on, there a.s provided an improved optiCdl system of
an optical pick-up that is Capable of using at .east two types of optical
discs having r3ifferent recording density) J.ncluding a ligrt source
portion for selectively emitting a first lesser beam and a second laser 25
beam having longer wavelength than the first laser beam; and an ob jective
lens for converging the laser beam from the light source portion onto a
recording layer of the optical disc , ahaxaaterized AMENDED SHEET !   0 3
SEP 20D3 J P 000001213 15-02-2001 .t is that the ob jeGtive lens i,s
provided xith a tran~m ~ ttance controlling phase grating in a. peripheral
region to have a wavelength dependence such that the transmittance for the
f first laser beam is higher than the trans~ittance far the second laser 5
beam, the transmittance controlling phase grating is formed as a plurality
of concentric grooves each of which has a rectangular cross-section in a
plane containing are optical axis of the objective Lens. Side walls of the
grooves are substantiallg parallel to tha opt~.ca3 axis, recessed surfaces
of the grooves 10 and protuberant surfaces between the grooves are
sub$tantially coincident with the macroscopic shape of the lens surface,
respeativaiy. The l~.ght source portion satisfies the following condition
(1), and the transmittance controlling phase grating satisfies one of the
tol7.awing conditions (2) and (3); I5 0.8I < ~7,1~,2 < 0.85 '-'(i) 1.2 <
R1/R2 < 3.0 '~'{2} 1.2' ~C R2JRI ~ 3.0 ~"(3} where ?~1 is the wavelength of
said first laser beam, i~2 is the wavelength of said second laser beam, R1
and R2 are widths 20 of the zecessed surface and tlxe adjacent protuberant
surface, respectively) in a radial direction of the objective Lens. Ths
perigheral region. is outside of the transmitting region of the 3.aser beam
ha~r~.ng a predetermined N~. required far the 



optical disk having lower recording density. 2t should be noted 25 that the
'transmittance" is defined as a ratio of the light quantity o the laser
beam that forms a beam spot together with the light beam passing through
the central. region inside the AMENDED SHEET   fl 3 SEP 2003 JP 000001213
15-02-2001 5 peripheral region to the light quantity of the laser beam that
is incident on the peripheral region. When the optical disc having higher
recording density is used) the light source portion emits the first laser
beam having 5 shorter ~ravelength. Since the transmittance controlling
phase grating has h3ghez~ transm3ttance for the first laser beam, the first
laser beam passes not only the central region but also the peripheral
region of the objective lens. As a z~esult, an NA of the objective lens for
the first laser beam becomes 10 relatively high) which reduces the size of
the beam spot on the optical disc. When the optical disc haring lower
zecording density is used, the light source portion emits the second laser
beam having Longer wavelength. S3.nce the transmi.ttanae controlling phase
15 grating ha.s lower transmittanae for the second laser beam) it i cuts
off the seoond laser beam and the seoond 7.aser beam mainly gasses the
central region of the objective lens. As a result) the NA of the objective
lens for the second Laser beam becomes relatively low, which enlarges tk~e
size of the beam spot on the 20 optical disc. Preferably, the duty ratio
R3./R2 varies depending on a position in a radial direction in the
peripheral region. For instance , an absolute difference ~ R1 - R? ~ may
decrease towards the outer side fxom the inner side in the peripheral
region. The 25 tz-ansmittn~-~ce controlling phase grating may satisfy Rl <
R2 in 



at least one pair of the recessed surface and the adjacent protuberant
suz~face . AMENDED SHEET   0 3 SEP 20p3 15-02-2001 s JP 000001213 zn the
specification) the objective lens is defined as a lens having at Ieast
converging function and transmittance controlling function, irrespective of
number of xens element. That is, the objective lens may be a single lens or
a combination 5 of a pJ.ural3ty of elements. Further, the transmittance
controlling f~unctian ma,y be separated from the converging furiation . The
ob,jeotive lens may be a combination of a converging lens and a flat plate
having the transmittance controlling phase grating. 1o it is preferable
that the transmittance oontrohing phase gzating gives optical path
difference that is equal tc~ "p" times (p is integer) of the wavelength of
the first Zaser beam and, that is ecZual to 'q + 0 . 5 " tames ( q is
integer) 4f the wavelength of the second laser beam. For instance) p a 3
and q = 2. 15 The central region itzside the peripheral region mad be a
continuous surface whose cross section aloag the radial direction is a
single curve. zn such a case, the light source portion selectively emits
the first and second laser beams such that the first laser beam is incident
on the objective leas as a parallel 20 beam and the second laser beam is
incident on the ab jective lens as a divergent beam. On the other hand, a
diffractive leas structure r.~eq be formed in the central region. The
diffractive lens structure is formed a.s a plurality of aoneentz~ic rings
eaoh of which has ~5 a wedge Cross Section to ha~tre wavelength dependence
such that spher~.cal aberration varies in the undercorreated direction as
wavelength of incident light increases. In such a case, the AMENDED SHEET
~ 3 SAP 2U03 WO 00/54262 PCTlJP00/01213 



7 _ light source portion selectively emits the first and second laser beams
such that the first and second laser beams are incident on the objective
lens as parallel beams. 5 Brief Description of the Accompanying Drawings
Fig. 1 shows an optical system of the optical pick-up according to a first
embodiment with a DVD; Fig. 2 shows the optical system of the optical
pick-up according to the first embodiment with a CD; 10 Fig. 3A is a
cross-sectional view of the objective lens in the optical system according
to the first embodiment; Fig. 38 is an enlarged view of a peripheral region
of the objective lens in Fig. 3A; Fig. 4 is a cross-sectional view of an
objective lens in 15 an optical system according to a second embodiment;
Fig. 5 is a lens diagram of an objective lens according to a first
numerical example with the DVD; Fig. 6A is a graph showing spherical
aberration of the optical system in Fig. 5; 20 Fig. 6H is a graph showing
astigmatism of the optical system in Fig. 5; Fig. 7 is a lens diagram of
the objective lens according to the first numerical example with the CD;
Fig. 8A is a graph showing spherical aberration of the 25 optical system in
Fig. 7; Fig . 88 is a graph showing astigmatism of the optical system in
Fig. 7;   W O 00/54262 8 0 3 SEP p~ PC'T/JP00I01213 Fig. 9 is a lens
diagram of an objective lens according to a second numerical example with
the DVD; 



Fig . 10A is a graph showing spherical aberration of the optical system in
Fig. 9; 5 Fig. 10B is a graph showing astigmatism of the optical system in
Fig. 9; Fig . 11 is a lens diagram of the ob j ective lens according to the
second numerical example with the CD; Fig. 12A is a graph showing spherical
aberration of the 10 optical system in Fig. 11; and Fig. 12B is a graph
showing astigmatism of the optical system in Fig. 11. Description of the
Embodiments 15 First Embodiment Figs . 1 and 2 show an optical system of
the optical pick-up according to a first embodiment . The optical pick-up
is applied to an optical disc apparatus that is capable of 20
recording/reproducing the DVD whose recording density is relatively high
and the CD whose recording density is relatively low. The optical system
records/reproduces signals into/from the DVD as shown in Fig . 1, and it
reproduces signal from the CD as shown in Fig 2. Fig. 3A is a
cross-sectional view of the 25 objective lens used in the optical system of
Figs. 1 and 2. As shown in Figs. 1 and 2) the optical system includes a
light source portion 10, a beam shaping/separating prism 20,   WO 00/54262
9 0 3 SEP 2p~ PCTIJP00101213 an objective lens 30 and a light receiving
portion 40. The light source portion 10 is provided with a first
semiconductor laser 11 that emits a first laser beam having relatively
short wavelength when the DVD is used, a second semiconductor laser 5 12
that emits a second laser beam having relatively long wavelength when the
CD is used, a polarizing beam splitter 13 and a collimator lens 14 . The
light source portion 10 selectively emits the first laser beam and the
second laser beam. The first semiconductor laser 11 is arranged such that
10 the first laser beam is incident on the polarizing beam splitter 13 as a
P-polarized light ) and the second semiconductor laser 12 is arranged such
that the second laser beam is incident on 



the polarizing beam splitter 13 as an S-polarized light. The collimator
lens 14 is a single piece positive lens 15 that has refractive power to
convert the divergent beam from the first semiconductor laser 11 into a
parallel beam. The first laser beam from the first semiconductor laser 11
is incident on the objective lens 30 as a parallel beam as shown in Fig. 1.
On the other hand, the second laser beam from the second 20 semiconductor
laser 12 is incident on the objective lens as a divergent beam as shown in
Fig. 2. The beam shaping/separating prism 20, which is composed of a pair
of prisms 21 and 22 , shapes cross sections of the laser beams and reflects
the reflected beam from the optical disc DVD 25 or CD to be incident on the
light receiving portion 40. The objective lens 30) which is made from
plastic such as PMMA, is a single piece lens whose first and second lens
surfaces   0 3 SEP 2t'03 WO 00/S4262 PCT/JP00101213 _ 10 30a and 30b are
aspherical. The ob~ect3.ve lens 30 converges the laser beam from the light
source portion 10 onto a recording layer of the optical disc DVD or CD. A
transmittance controlling phase grating 32 is formed in a peripheral region
of the first 5 surface 30a, and acentral region is formed as a continuous
surface 31 whose cross section along the radial direction is a single
curve. The light receiving portion 40 includes a condenser lens 41 to
converge the reflected light beam from the beam 10 shaping/separating prism
20 , a polarizing beam splitter 42 , a pair of cylindrical lenses 43 and 45
, and a pair of photodetectors 44 and 46 . The first laser beam reflected
from the optical disc passes through the polarizing beam splitter 42 and
the cylindrical lens 43 to be incident on the first photodetector 15 44.
The second laser beam reflected from the optical disc is reflected by the
polarizing beam splitter 42 and passes through the cylindrical lens 45 to
be incident on the second photodetector 46. A detail of the objective lens
30 will be described with 20 reference to Figs. 3A and 3B. Fig. 3A is a
cross-sectional view of the objective lens 30 and Fig. 3H is an enlarged
view of the peripheral region . The transmittance controlling phase grating
32 in the peripheral region is formed as a plurality of concentric grooves
and has a wavelength dependence such that the 25 transmittance for the
first laser beam is higher than the transmittance for the second laser
beam. Each of the grooves has a rectangular cross-section in a plane
containing an optical   WO 00/54262 11 PCT/JP00/01213 



axis Ax of the objective lens 30. Namely, side walls 32a of the grooves are
substantially parallel to the optical axis Ax, recessed surfaces 32b of the
grooves and protuberant surfaces 32c between the grooves are substantially
coincident with the 5 macroscopic shape of the lens surface, respectively.
The first surface 30a is defined as a virtual surface that contains the
protuberant surfaces 32c. Further, an intermediate surface 30c is defined
as a virtual surface that contains the recessed surfaces 32b as shown by a
dotted line in Fig. 3A. In the first 10 embodiment ( the continuous surface
31 in the central region is coincident with the first surface 30a. However,
the continuous surface 31 may be coincident with the intermediate surface
30c. It should be noted that Fig. 3A emphasizes the grooves as compared
with the actual construction. A larger number of finer grooves 15 are
formed in the actual construction. Since the transmittance controlling
phase grating 32 provides higher transmittance for the first laser beam)
the first laser beam passes not only the central region but also the
peripheral region of the objective lens 30. As a result, an 20 NA of the
objective lens 30 for the first laser beam becomes relatively high , which
f orms the small beam spot that is suitable for the DVD. Since the
transmittance controlling phase grating 32 cuts off the second laser beam,
the second laser beam passes the central 25 region only. As a result, the
NA of the objective lens for the second laser beam becomes relatively low)
which forms the large beam spot that is suitable for the CD.   0 3 SEP 2pp3
WO 00/54Z62 PCTIJP00/01213 ' 12 The peripheral region is outside of the
transmitting region of the laser beam having a predetermined NA required
for the optical disk having lower recording density. Since the NA required
f or the CD is about 0 . 4 5 , the peripheral region is def fined 5 as
outside of the transmitting region of the laser beam having NA = 0.45, for
example. The transmittance controlling phase grating 32 gives optical path
difference that is equal to "p" times (p is integer) of the wavelength of
the first laser beam and that is equal to 10 "q + 0.5" times (q is integer)
of the wavelength of the second laser beam. When the optical path
difference is an integral multiple of the wavelength, an optical function
of the phase grating 32 is the same as a flat surface without grooves, the
laser beam passes with high transmittance. On the other hand, 15 when the
optical path difference is "integer + 0.5" times of the wavelength) the
laser beam through the recessed surface 32b counteracts the laser beam
through the protuberant surface 32c, which lowers the transmittance.
Requirements for the transmittance controlling phase 20 grating 32 are
listed as follows: 



(a) To maximize the transmittance of the first laser beam as a zero order
diffraction light (non-diffraction light); ( b ) to minimize the
transmittance of the second laser beam as a zero order diffraction light;
and 25 ( c ) to minimize the incident light quantity of the second laser
beam that is diffracted by the transmittance controlling phase grating 32
and is incident on the photodetectors 44 and 46.   0 3 S E P 2003 WO
00I54262 PCT/JP00/01213 13 ' Regarding the diffraction by the transmittance
controlling phase grating 32 , when the diffractive order of the second
laser beam that is incident on the optical disc is an opposite number
(number with an opposite sign but the same 5 absolute value) of the
diffractive order of the second laser beam that is reflected from the
optical disc toward the photodetector, the diffraction laser beam travels
along the same optical path as the non-diffraction laser beam and then
reaches the photodetector. For instance, when the incident laser beam 10 is
diffracted at -1st order and the reflected laser beam is diffracted at +lst
order, the diffraction laser beam travels along the same optical path as
the .non-diffraction laser beam. Since the diffraction laser beam is
dispersed over a too large area on the optical disc to reproduce the
recorded signal ( the 15
intensityofthereflectedbeamcorrespondstoaveragedintensity among many
recorded signals and it is almost constant. The constant component gives a
DC offset to the reproducing signal and lowers an S/N ratio. Therefore, it
is important to satisfy not only the requirements (a) and (b) but also (c).
20 The large positional difference between the recessed surface 32b and the
protuberant surface 32c along the optical axis direction reduces the
transmittance due to increasing of diffraction loss, even if the optical
path difference is an integral multiple of the wavelength. Thus, the
difference 25 between the recessed surface and the protuberant surface
should be small as possible to satisfy the requirement (a) and to ease
manufacturing. That is, it is preferable that the values "p"   0 3 SEP 2~
15-02-2001 I4 JP 000001213 and~'q" are small as possible. There is a
necessity to differ ~rave~.ength 3~1 of the first laser beam from
wavelength ~,2 of the second laser beam for some amount in order to
minimize the values .p~ ~d w~w. preferably, the wavelengths ~.Z arrd ~.2
satisfy the ~C110Wirig Cdnd~.t10i1 ( 1 0.8~ ~ ~,zfa.2 ~ a.s~ ...~~~. In
consideration of a practical selection of semiconductor lasers, when the
first wavelength ~.1 is 650 nrn and the second wavelength ~.2 xs 780 nm,
the condition (1) is satisfied (h1172 to - o _ 833 ) and the optical Bath
difference is 1. 9S (Um when p = ~ and q 9 2. In such a case, the
Dositional difference between the recessed surf ace and the protuberant
surface slang the aptxcal axis direction becomes 3.90 qua when the lens
whose refractive fndex is 1.5 is used in a~.r. lb It is preexable that a
ratio of a ~ridth Ri of the recessed r surface td a width RZ of the
sd~aoent protuberant surface ~.s close to 1 : 1 to satisfy the
requiT_~ement (b ) . The ratio Rl f RZ is defined as a duty ratio. On the
otr.er hand, it zs preferable that the duty ratio 2D R1 : R2 is not 1 : 1
to satisfy the requirement (c) . Therefore, it is necessary to find e.
paint o compromise between the requirements (b) and (c) that are
incompatible with eacr other_ The following TAI~LE 1 shows relationship
between a variation of the duty ratio Rl : R2 and rliffractian efficiencies
of the second 



25 laser beam when the optical path difference is equal to a half
wavelength. The diffraction efficienep is a ratio of the diffraction light
quantity to the incident Light quantity AMENDED SHEET   15-02-2001
expressed by percentage. TABLE 1 Diffr~ 15 5
actionDutyratio00.0%1.04.U9.0I6.02S.0-~140.5%39.535.73Z.226.520.3~20.0%1.03
.56.89.210.110
*34.5%3.61.60.10.42.2t40.0$0.92.3Z.30.90.0f51.6%Q.80.00.$1.60.8 0 3 SEP
2003 JP 000001213 When the duty ratio ix 0 . 5 s 0 . 3 , the zero oz'der
diffraction 15 light (non-diffracted light) is 0.0%, the baam spot does cot
becomes to4 small for the CD. However, 81% of the sacand laser beam
incident on the trans~uittance contro111ag phase grating 32 becomes 1st
order diffraction light that spreads over a circle whose diameter is about
100 Eun. The sum of the quantity of the 20 nois$ laser beam 8iffracted at
+lst order toward the optical disc and at -1st order towrard the
photodetector, and tha gu.antity of the noise laser beam cLffraated at -1st
order toward tha optical disc and at +lst order toward the photodetectoz,
is equal to about 33% of the incident light quantity in an amp~.itude
value. Z5 can the other hand, when the duty ratio is 0.25 : 0.75 or o.75 .
o.25, the diffractive efficiency of the zero order diffraction light
becomes 25%. xn such a case) 50% (in the AMENDED SHEET   WO 00/54262 16 0 3
SEP ~ PCT/JPOO/OI213 amplitude value) of the second laser beam incident on
the transmittance controlling phase grating 32 is converged to form the
beam spot on the optical disc , the beam spot formed by the second laser
beam becomes too small for the CD. The quantity 5 of the noise laser beam
that is diffracted at the predetermined order toward the optical disk and
is diffracted at the order of the opposite number toward the photodetector
becomes about 10~. Therefore, the transmittance controlling phase grating
10 32 is designed such that one of the following conditions (2) and ( 3 )
is satisfied in at least one pair of the recessed surface and the adjacent
protuberant surface to compromise the requirements ( b ) and ( c ) . The
condition ( 2 ) or ( 3 ) is preferably satisfied in an inner half region of
the peripheral region. 15 1.2 < R1/R2 < 3.0 "'(2) 1.2 < R2/R1 < 3.0 ~~~{3) 



When the duty ratio R1/R2 or its reciprocal number R2/R1 is smaller than 1.
2 , light quantity of the noise laser beam becomes too large, which
violates the requirement(c). Contrarily, when 20 the ratio is larger than
3.0, the zero order diffraction light of the second laser beam exceeds 50~
in the amplitude value, which violates the requirement (b). That is, the
beam spot becomes too small for the CD. Further, the duty ratio R1 /R2 may
be constant in the entire 25 region of the peripheral region, while it is
preferable that the duty ratio R1/R2 varies depending on a position in a
radial direction in the peripheral region in order to find a better   WO
00/54262 17 0 3 SEP 2(~ PCT/JP00/01213 point of compromise between the
requirements ( b ) and ( c ) . The laser beam passing through the outer
portion in the peripheral region contributes to reduce the spot size rather
than the laser beam passing through the inner portion in the peripheral
region. 5 The requirement ( b ) should be satisfied particularly in the
outer portion in the peripheral region in order to avoid too much reduction
of the spot size. ' Therefore, it is preferable that an absolute difference
~ R1,- R2 ~ may decrease towards the outer side from the inner side within
the peripheral region. 10 The transmittance controlling phase grating whose
duty ratio R1 : R2 equals x : y has the same optical performance as the
phase grating whose duty ratio R1 : R2 equals y : x. Further, when the mold
is manufactured by a precision lathe and the ob~eative lens is made as a
replica using the mold, the wider 15 the depression of the mold is , the
easier the manufacturing of the mold is . The width of the depression of
the mold corresponds to the width R2 of the protuberant surface of the lens
. Therefore, it is preferable that the condition R1 < R2 is satisfied in
the peripheral region, particularly in the outer portion thereof, 20 to
eases manufacturing of the mold. The DVD and the CD are different to each
other not only in the recording density but also is a thickness of a cover
layer. The cover layer of the CD has the thickness of 1.2 mm, and the
thickness of the cover layer of the DVD is 0.6 mm. The 25 displacement of
the recording layer due to the difference of the cover layers can be
compensated by a auto-focusing mechanism provided in the optical pick-up.



Q 3 SEP 2W3 PCTIJP00/01213 WO 00/542b2 18 Although a paraxial beam spot
moves as the objective lens is moved, the change of the thickness of the
cover layer changes spherical aberration. If the optical pick-up only moves
the objective lens when the disc is replaced, wave front aberration 5 of
the laser beam is deteriorated. Since the objective lens 30 is designed to
minimize the spherical aberration for the DVD, the spherical aberration
will be overcorrected when the ob jective lens 30 is used for the CD under
the same condition. Therefore, the optical pick-up of the first embodiment
changes the 10 convergence of the laser beam incident on the objective lens
30. That is, the first laser beam is incident on the objective lens 30 as a
parallel beam, while the second laser beam is incident on the objective
lens as a divergent beam. The larger the divergence of the light is ( the
greater the spherical aberration 15 in an under-corrected direction is.
Therefore. the under-correctedspherical aberration due to the divergent
laser beam cancels the over-corrected spherical aberration caused by the
cover layer of the CD. 20 Second Embodiment gig . 4 shows an objective lens
50 according to the second embodiment. For the purpose of the spherical
aberration correction, a diffractive lens structure may be formed in the
central region. The diffractive lens structure has wavelength 25 dependence
such that spherical aberration varies in the undercorrected direction as
wavelength of incident light increases. The objective lens 50 is provided
with a   D 3 SEP 2003 WO 00/54262 PCT/JP00/01213 _ 19 transmittance
controlling phase grating 52 in the peripheral region as with the ob
jective lens 30 , and the diffractive lens structure 51 that is formed as a
plurality of concentric rings each of which has a wedge cross section in a
plane containing 5 an optical axis . When the optical pick-up adopts the
objective lens 50, the light source portion 10 selectively emits the first
and second laser beams such that the first and second laser beams are
incident on the objective lens 50 as parallel beams. 10 Numerical examples
that correspond to the objective lenses 30 and 50 shown in Figs . 3 and 4
will be described hereinafter. First example The objective lens of the
first example corresponds to 15 Fig. 3. The transmittance controlling phase
grating is formed in the peripheral region of the f irst surf ace , and the
central region inside the peripheral region is formed as the continuous
refractive surface without grooves. Fig. 5 is a lens diagram of an
objective lens 30 according to the first example with the 20 DVD. Fig. 7
shows the objective lens 30 with the CD. It should be noted that the phase
grating is not shown in the lens diagram. The numerical constructions
thereof are described in TABLE 2. The surfaces #1 and #2 represent the
objective lens 30 and the surfaces #3 and #4 represent the cover layer of
the optical 25 disc. The surface M represents the intermediate surface 30c 



(see Fig. 3A). In TABLE 2 , 7~1 ( unit : nm ) denotes the wavelength of the
0 3 SEP 2~~'3 WO 00/54262 PCT/JP00101213 20 first laser beam for the DVD,
~.Z ( unit : nm) denotes the wavelength of the second laser beam for the CD
, f 1 ( unit : mm ) denotes the total focal length when the DVD is used, fZ
(unit : mm) denotes the total focal length when the CD is used, M1 denotes
5 magnification when the DVD is used, M2 denotes magnification when the CD
is used, r (unit : mm) denotes a radius of curvature of a lens surface (the
values at the vertex for aspherical surfaces) , d (unit : mm) denotes a
distance between the surfaces along the optical axis, n~, denotes a
refractive index at a 10 wavelength ~. nm and vd denotes an Abbe number.
For the d2 and d3,~ left values are valid when the DVD is used, right
values are valid when the CD is used. When the DVD is used, the first laser
beam is incident on the objective lens 30 as a parallel beam, an object
point 15 is located at an infinite distance from the first surface of the
objective lens 30. On the other hand, when the CD is used, the second laser
beam is incident on the ob jective lens 30 as a divergent beam, the object
distance from the first surface to the object point is -84.0 mm. 20 All of
the first surface 30a { surface #1 ) , the intermediate surface 30c (
surface M) and the second surface 30b ( surf ace #2 ) of the ob jective
lens 30 are rotationally symmetrical aspherical surfaces. The rotationally
symmetrical aspherical surface is expressed by the following equation: 2 25
~h) = h c + A4h4 + A6h6 + ABha + Alohio + A12hI2 + D 1 + 1 - (1 + K~2C2
X(h) is a SAG, that is, a distance of a curve from a   15-02-2001 5 21 0 3
SEp 2p~ JP 000001213 tangential plane at a point on the surface where the
height from the optical axis is h. Symbol c is a curvature ( i/r) of the
vertex of the surface, K is a conic constant, A,, A6. A8, A~o A~~ and d are
aspberiaal surface coefficients of fourth, sixth, eighth. tenth, twelfth
a.nd zero orders, respectively. The constant K and coeff.icien~ts A;
through Al~ and J are shown in the following (ABLE 3. TABLE Z lfl ~1~650nm
f1~4.00mrn MlaQ.O 1~2~780nm f2~4.03atm M2~-0.050 Surface 



Numberrd nb50 n780 v#I2.496260.0036lIS M2.495802,40000 I.54082 1.53677
55.6#2-l~?.?89002.270JZ.ZIS#3'a0.600 M.200 1.5803d 1.57346 29.9# 4a 20
TABLE 3 ~P #1~rfaS ~ '~~~urface #2r2.49626, 2.49500,
-I0.78900K-O.440-0.440D.000A4-5.865x1D--5.$67x10 ~7.378n30-925
A6-2.887x1D-5-2.837x10-S-9.690x10'A8-2.2'74x10-5-2.274x10-'
'2.830k10-'A103.393x10~r3.393x10-1.500x1D'~' A~AFNI~F~1 ~NFFT   15-02-2001
5 objective lens 30 according to the first example when the DVD 0 3 SEP p~
JP 000001213 A12 ' -8.400x10'? -8.365x10' a o.ovo o.ooo o.ooa o.ooo Figs.
6A and 6H show third ordez~ aberrations of the 8A and 88 show the spherical
aberration and the astigmatism o the objective lens 30 when the CD is used
at wavelength of ?80 nrn. TABLE 4 shows the construction of the
tz~ansmittance is used at wavelength of 650 nm. Fig. 6A shows spherical
aberration SA and sinra condition SC, Fig. 6H shows astigmatism (S:
Sagittal, M: Meridional) . rn Figs. 6A and 6H, the vertical ages represent
numerical aperture NA and the horizontal axis lu represent amount of
aberrazion_ Units og the axes are "rnm' . Figs,. 15 controlling phase
grating 32 when the duty ratio Rl : R2 equals 0.5 . 0.5. Nurnexical values
in TABLE 4 represent the distance h from the optical axis. In TABLE 4~, the
distance h represents a radius of a circle that is boundary between the
recessed surface 32b and the protuberant surface 32b. Each of concentric
rings 20 of the recessed surfaces 32b and the protuberant surfaces 32c 25
are defined by the radius of the inner boundary circle and the radius of
the outer boundaz-y circle. TABL~ 4 shows the range of radii of the inner
and outer boundazy circles for each of the z~ecessed surfaces 32b and the
protuberant surfaces 32b. TABLE 4 Protuberant ~iollow x 



AMENDED SHEET '   WO 00/54Z62 23 SurfaceSurface(0.000- 1.872)1.872
-1.9011.901 -1.9301.930 -1.9581.958 -I.9865 1.986 -2.0132.013 -2.0392.039
-2.0662.066 -2.0912.091 -2.1172.117 -2.I422.142 -2.1662.166 -2.1912.191
-2.2142.214 -2.23810 2.238 -2.2612.261 -2.2842.284 -2.3072.307 -2.3292.329
-2.3512.351 -2.3732.373- 2.400 0 3 SEP 2pp3 PCT/JP00/01213 15 The
intermediate surf ace 30c contains the recessed surfaces 32b and the first
surface 30a contains the protuberant surfaces 32b. For instance, the
continuous refractive surface 31 { 0 . 00 s h s 1. 872 ) is contained in
the intermediate surface 30c, and the next ring ( 1. 872 s h s 1. 90l )
becomes the protuberant 20 surface that is coincident with the first
surface 30a. In this respect, the lens of the first example is different
from the lens shown in Fig. 3A. When the duty ratio is 0 . 5 : 0 . 5 , the
second laser beam (780 nm) does not pass the transmittance controlling
phase 25 grating 32 as the zero order diffraction light as described. In
this case, the transmittance controlling phase grating 32 can reduce the
light amount of the second laser beam with narrow   WO 00/54262 24 p 3 SEP
2C03 PCT/.1P00/01213 width. Thus, the transmittance controlling phase
grating 32 is formed in the peripheral region that is outside of the circle
whose radius is about 1.9 mm. This circle corresponds to the central region
through which the laser beam having NA 0 . 45 passes . 5 When the duty
ratio Rl : R2 equals 0 . 7 : 0 . 3 ( the construction of the transmittance
controlling phase grating 32 may be designed as the following TABLE 5. Iri
such a case, transmittance of the second laser beam ( 780 nm) as the zero
order diffraction light is 16%, the transmittance controlling phase grating
32 requires 10 wider width to sufficiently reduce the light amount of the
second laser beam. Thus, the transmittance controlling phase grating 32 is
formed in the peripheral region that is outside of the circle whose radius
is about 1.6 mm. 15 TABLE 5 ProtuberantHollowSurf aceSurf ace{0.000-
l.616)1.616- 1.6371.637 -1.6841.684 -1.70420 1.704 -1.752Z.752 -1.7691.769
-1.8121.812 -1.831I.831 -1.8721.872 -1.8901.890 -1.9301.930 -1.9471.947
-l.9861.986 -2.00225 2.002 -2.0392.039 -2.0552.055 -2.0912.091 -2.1072.107
-2.1422.142 -2.156   5 10 15 20 25 WO 00I54262 2.156 -2.1912.205
-2.2382.252 -2.2842.298- 2.3292.343- 2.3732.386- 2.400 25 2.191
-2.2052.238- 2.2522.284- 2.2982.329- 2.3432.373- 2.386 



0 3 SEP 2('13 PCT/JP00/01213 In the examples shown in TABLES 4 and 5, the
duty ratio is constant in the entire region of the peripheral region . On
the other hand, in the example shown in TABLE 6, an absolute difference ~
R1 - R2 ~ decreases towards the outer side from the inner side in the
peripheral region. The duty ratio in the innermost side is 0 . 7 : 0 . 3
and that gradually varies to approach 0.5 . 0.5. TABLE 6 Protuberant
Surface Hollow Surface 2.0l3 -2.0522.066 -2.1042.117 -2.1522.166
-2.1982.214 -2.2432.261 -2.2872.307 -2.3292.351- 2.373 (0.000- 2.0I3)2.052
-2.0662.104 -2.1172.152 -2.1662.198 -2.2142.243 -2.2612.287- 2.3072.329-
2.3512.373- 2.400   WO 00I54262 26 0 3 SEP 200 PCTIJP00/01213 Second
Example The objective lens of the second example corresponds to Fig. 4 .
The transmittance controlling phase grating 52 is formed 5 in the
peripheral region of the first surface, and the diffractive lens structure
51 that compensates the spherical aberration is formed in the central
region inside the peripheral region. Fig. 9 is a lens diagram of an
objective lens 50 according to the second example with the DVD. Fig. 11
shows the objective lens 10 50 with the CD. The numerical constructions
thereof are described in TABLE 7. A plurality of concentric rings are
formed on the first surface 50a of the objective lens 50. A number N is
assigned to each of the concentric rings. The number of the region 15
including the optical axis Ax is  0" and the number increases toward the
outside. The rings whose numbers are 0 through 16 are formed as the
diffractive lens structure each of which has a wedge cross section in a
plane containing the optical axis Ax. The rings whose numbers are larger
than 17 are formed as 20 the transmittance controlling phase grating 52.
Since the diffractive lens structure 51 compensates the variation of the
spherical aberration due to the change of thickness of the cover layer, the
first and second laser beams are incident on the objective lens 50 as
parallel beams. It 25 is preferable to compensate chromatic aberration of
the collimator lens when the objective lens 50 of the second example is
used.  



0 3 SEP 2003 JP 00000121 15-02-2001 2i TABLE 8 shows the ra.ziges of the
rings rahose number is o thr4ugh 16 . TABLE 9 shOwS cpnstants K and
coeffteients R~ through .Al= and 0 of a base durve of the First surface 50a
(surf ace #IJ within the 15th zing and the second surface 50b (surface #2).
5 The base aur^~e is a macroscopic shape of the surface without
diffraat3.ve structure, TABLE 7 ~.1=fi50nm fl=3.30mm ld ~2=780nm
f2=3.32tran Surf a.ce Number r ~) 65,Q n784 #1 Z.11906 2.40000 1.54082
1.5367T 55.5 #2 -7.254 1.592/1.222 1~5 ~3 ~ 0 . 600 j~, . 200 I .58030 1.
573db 29 . 9 r #4 TABi~E 8 20 00.000 -fl.4369I.2-01 -1.28910.436
-0.689102.283 -Z.32220.689 -a.833111.322 -1.35$30.$33- 0.936121.358
-l.39144.935- 1.017Z31.391- 1.42225 51.0I'7- 1.085141.422- 1.45261.085-
1..143I51.452- 1.48071.143- 1.195I61.480- 1.500 AMENDED SHEET   ~15-02-2001
8 ~ 1.I95 - 1.241 TABLE 9 SLrface ,~~1_ ~, Zrf~r x -a.~aoa o.oooo 1D 15 20
25
A4-0.2560x10-`0.18$2x10-~Afi-0.$4TOx10'~-0.5235x10-zA80.$$OOxIO~'~0.3275r0-
~A10-0.7500x10'50.3235x10-~AI2-0.6200x~,0'S0.0000 0 3 SEP Z~ JP 000001213
The diffractive lens structure 51 is a diffraative lens whose blazed
wavelength is 7J.5 run. An additional optical path length added by' a phase
grating structure is expressed by the following optical path difference
function ~(h): ~ ( h) ~ ( P~3~` + p,h' + Pshs -r . . . ) x 5~ where PZ, P4
and P9 are coefficients of second, fourth and sixth orders, h is a height
from the optical axis and ~. is a design wavelength. The function ~ (h)
represents an optiaai path di f~e='enCe between an imaginary ray that is
assumed not to be diffract ed by the grating and a ray that is diffracted
by the grating, at a point on the phase grating structure where the height
rom the optical ax~.s xs h. An actual. microscopic shape of the phzse
grating structure is defined like a Fresnel lens having a large number of
concentric 



AMENDED SHEET   ~15-02-2001 0 3 SEP 2~~p~ J P 000001213 29 rings. The
actual shape ~' (h) is defined by subtracting J~ x m (m : integer) fz~om
~(h) as follows. ~?' (h)=(MODtI?~h= + F,h' +  .+ C, 1) _ C) x 7.. Syr~hol C
i.s a constant defining a phase at a boundary between 5 adgacent rings (0 ~
1). The function MOD(x, y) represents the remainder when x is divided by y.
MOD(PrhztPth4+  +C, 1) is equal to zero at the boundary. The priass grating
structure is ornted on the base curve: that is the lens surface of the
refractive lens , Inclines and steps of the ring areas are designed such
that 10 the optical path differences rsre defined bg ~' (h) . TABLE 10
3adicates respective coefficients of second, 15 fourth, sixth, eighth and
tenth ordsrs P~, P,, Ps) Ps and P,o of the optical path difference function
4?(h) to define the di.ftractive lens structure 51. l TALE 10 P2 -2.3272 P4
-1.5269 P6 -5.5184x10't 20 P8 1.8292X20-' PIO -1.6178x24-l Further, the
incident surfaces of the rings of Grhich number N ~.s i7 through 16 are
defined blr substituting the Curvature C.~, 25 the conic constant K" and
the coeffiaientg A~~, through AlzN and ~ Shawn in TABLE 11 in the foLLowing
aspherical fornzula. AMENDED SHEET   15-02-2001 30 p 3 SEP 2003 J P
000001213 ~h) ~ hZCN 2 + ~ + ~~6 + B + Al ~L ~ + A~ ~~L z + ~N 



1 + i - (1 + ~cHb~c `'8~ TABLE 11 rN ~ 2.08970 t 0.000~167xN 5 KN =-Q.400
A4N =-7.400x10'4-t-1.56Z5x10-~xN A6N d 1.000x10-5 A8N --1.700x10'+ AZON -
5.104x,105 10 A12N =-1.280x10-$+1.8750x10'exN :~N --0.00~.32$xN The duty
ratio of the transm~,.ttanae controlling pha.sa grating 52, which is
composed of the rings whose number rr .i.s 15 larger than 17 ( may be
designed as the same manner in the first example. ~Tha min~.mum width of
the ring should be larger than 10 Nm. The recessed surfaces aad the
protuberant surfaoes are included in the respective aspherical surfaces
that are defined in TAHZE 12. 20 TA~T.E 12 protuberant Flollo~nt Surface
Surface r 2.09778 2.0g903 x5 x -o.a4a -.o.~a~o A4 -8 . 754 x 10~` -$ .
730.x1a'` AMENDED SHEET ~    p 3 SAP 2~3 15-02-2001 ~ JP 000001213 31 A6 '
-L.260x10'; -1.200x3.0'` A8 -6.230x10' -5.170x10- A10 fi.700x10-` 6.670X10'
A12 -6.230x10-6 -6.200x10-6 5 a 0.015624 -0.Q19230 The transmittanoe
controlling phase grating can be formed not only an tY~e ob~ecti~re lens as
the above described examples, but also on a separate element such as a flat
plate arrangsd 1a adjacent to the objective lens . Tn such a case , the
phase grating can be formed by lithography, which eases to fottrt sharp
edges of the grooves. further) taken the traasmittance controlling phase
grating is ferrned on the flat plate, the diffractive light whose
diffractive order is not zero is cut off by' the pupil of 15 the vb~ective
lens os the like, which zeduces the noise laser beam that goes back to the
photodetector. AMENDED SHEET   15-02-2001 0 3 SEP 200g JP 000001213 32 1.
An optical. system of an optical gick-~:p that is capable of using at least
two types of optical discs [DVD, CD] having different recording density,
including a light source portion [lfl ] for selectively emitting a first
laser beam anrl a second laser beam having longer wavelength than said
first laser beam; and an objective lens [3Q] for converging said laser beam
front said light source portion r IO ] onto an recording layer of saiC
optical disc, oharaateriaed in that said objective lens (30] is
grovidedwithatransmittance controllingphase grating j32 in a peripheral
region that is outside of the transmitting region [ 31 ] of the laser beam
haling a predetermined NA required 



for said ogtical disk [CD] having lower record~,ng density, wherein s~eid
transmittance ovntrolling phase grating [32 ] is formed as a plurality ef
concentric ring-shaped grooves to hare a wavelez~gth dependence such that
the tzans~rittance for said first laser beam is higher than the
transmittance for said second laser beam, wherein each of said grooves has
a rectangular cross-section in a plane containing an optical axis [Ax] of
said objective lens [30j, si.da walls [32a1 of said grooves are
substantially parallel to sa~.d optical axis [~tx], recessed surfaces [ 32b
] of said groo ves and protuberant surfaoes f 32a ] between said grooves
are substantially coincident with the AMENDED SHEET   15-02-2001 0 3 SEP
20p3 JP 000001213 3.3 macroscopic shape of said lens surface) respectively,
wherein said first and second laser beams satls~y the following condition
(1?, and said transmittance controlling phase grating (32) satisfies one of
the following conditions ( 2 ) and ( 3 ) 3n at least one pair of said
recessed surface [ 32b ] and the adjacent protuberant surface (32eJ; o.a1 <
m/i~2 < o.~~ ~~~(1} 1.2 < R1./~Z < 3.0 "-(2) 1.2 < R2181 < 3.0 -"(3) where
~.1 is the wavelength of said first laser beam, ~2 is the ~xavalength of
said second laser beam, R1 and R2 are widths of said recessed surface and
the adjacent protuberant surrece, respectively, in a radial, direction of
said objective lens [34]. 2. The optical system according to claim 1,
wherein said transm3.ttance controlling phase grating gives optical path
difference that is equal to "p' times (p being an integer) of the
wavelength of said first laser 'beam cad that is equal to "q + 0 . 5" times
( q being are ~.nteger ) of the wavelength of said second laser beam. 3.
The optical system accozding to c3,aim 2) whezein said magnifications "p'
and "q" satisfy p = 3 and q = 2. AMENDED SHEET  



3~~ 0 3 SEP 2()p3 4. The optical system according to claims 1 through 4,
wherein a ratio R1i R2 var~.es depending on a position in a radial
direction in said peripheral region, where R1 is a width of said recessed
surface and R2 is a width of the adjacent protuberant surface in a radial
direction of said ob~eative lens. TMe optical systeia according to claim 4)
wherein an absolute diff erence ~ R1 - R2 ~ decrEases towards the cuter
side from the inner side in said peripheral region. 6. The optical system
according to claim 4, wherein said transmittance controlling phase grating
satisfies R1 < R2 in at least one pair of said recessed surface and the
adjacerat protuberant surface. 7. The optical system accardi.ng to claim Z)
wherein a central region inside said peripheral region is a continuous
surface whose cross section along the radial direction is a single curves,
and wherein said light sourcgportion selectively emits said first and
second be~as such that said first laser   0 3 SEP ~ 35 beac~i is incident
on sa~td obj eative lens as a parallel beam and . said second laser beam is
incidant on said objective lens as a divergent beam. the optical sgstem
according to claim 1) Wherein. a diffractive lens structure is formed in a
central region inside said peripheral region, said d~.ffractive J.ens
structure zs formed as a plurality of concentric rings eaoh of which has a
wedge crass section to knave wavelength dependence such that spherical
aberrat3.on varies in the underooxrected direction as Wavelength of
incident light increases, and wherein said light source portien
select~.velq emits said first and second beams such that said first and
second laser beams are ~.cident on said objective lens as parallel beams. r
.A.A.A9L.ALA9.AUL.A&A9.A.A.A,.A.A.Al.A5.A&A9.A9.A{.A.AL.A.A[.AYL.AL.Al(.A2.
AN.AS.@.A9.A9.A%.AL.ALL.AL.L.Ah2.A.A@<>_kz/K;
z3w5EQS^m~ytoid_YU]ca]c$a]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
c^a]ca]ca]ca]ca]cTaU]ca]ca]c^a]ca]ca]ca]caU]ca m ^ G ~   2o"
&h"Z[|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!;=u<{
M`d{0{upkfa\Wmhc^Y]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]caU]ca]ca]ca]ca]ca]caU]ca
]caU]ca]ca]ca]ca]ca]ca]caU]ca U]c^a]ca]ca]caU]ca 0JC@6\O]XZ Y
}xrmhc]X]]caU]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Y j
"!c!!!!""#"%"2"i"k"""&#`#+$g$g%%"&c&&&&7't'''8(|wrmhc^Y]]]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca!8(t(((((1)Z)\))))$*Q****+S++++$,>,~,,,,%-B-----{vqlgb\W]caU]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]
caU]ca]ca]ca]ca!----.U.o....$/~//////00800&1c1{1}111
2W22222zupje_ZUlgb\W]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]ca]ca]caU]ca]caU]ca]
c^a]ca]c^a]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca
223324u444&5@5B5e5556S6667J7777)8i88888#919L9Q99zuoje_ZU]ca]caU]ca]ca]caU]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca
]ca]caU]ca!9O::;
J<<<=K=O===>>>>>>?*?/?2?>?????@@AUAAA}xrmhc^YTje_Z]ca]ca]ca]ca]ca]caU]ca]ca
U]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]ca]c
a]ca]ca ABRBC>CsCCC,DlDDDD;
E}EEEEFPFcHHXI8JmJJKkK.L=LXLMM}xsnic^Xje_Z]caU]ca]caU]ca]ca]ca]ca]caU]ca]ca
]ca]caU]ca]ca]caU]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca
M{NNvOOO.PPQ 



RRRRRRSSSTTT1TlTTT3UVVVV+WoWnX|wrmhc^Yje_Z]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]caU]ca]ca]ca
nXXX#Y4Y?YXY^YgYjYrY+Z/ZFZ`ZyZ{ZZZZZZ[\\(\)]\]^]k]m]]~ysmhb]Wmhc^Yje_Z]cU]c
a]caU]ca]caU]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca
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ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca```aEa`ayaaaaa7bybbbcLcccddd'd6d:eetff
gggghzupke`ZUje_Z]]caU]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca]caU]ca]ca]ca]ca]caU]
ca]caU]ca]ca]caU]ca]caU]ca]ca]ca]ca]caU]ca]caU]ca
hiNiiijGjjjjjjjFnoppppp.qoqqq.rorrr(siswsssysnib]Xje_Z]]c]ca]ca
U]c^a]ca]caU]caU]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]caU]caU]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca st!t1ttt0uruuu+vjvyvvvvvvv
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