- 1 OPTICAL Pl CKUP APPARATUS Field of the Invention
The present invention relates to an optical pickup

appar atus whi ch records, reproduces or erases _
information to/froman optircal -i nformati on recording
medi um such as an optical nedium for exanple, _

optical disk, optical card or nagneto-optical nedium
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technol ogy using an optical information recording
medi um having a pit-shaped pattern as a _
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like depends on an optical system.

Basic functions of the optical pickup apparatus which is
principally composedof anoptical systemcanbe roughly divided
into light condensing that forms micro spots of diffraction
limits,focuscontrolandtrackingcontroloftheopticalsystem
and detection of pit signals. These functions are realized
by combinations of various types of optical systems and
photoelectrical conversion/detection systems according to
their purposes and applications. 1In recent years, a
diffraction element (hologram) is used to reduce the size and
thickness of the optical pickup apparatus (e.g., see Japanese
Patent Laid-Open No. 2001-176119).

This type of optical pickup apparatus is shown in FIG.
5. Patent Document 1 describes a case where two wavelengths
are used, but an apparatus using three wavelengths will be

shown here and operations thereof will be explained.



5. Patent Docunment 1 describes a case where two
wavel engths are used, but an apparatus using three
wavel engths will be shown here and operations thereof
will be explained. - 2 A li-ght source 101A is a |ight
source which enmts light having a first wavel ength
and a light source 101E is a light source which emts
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element 103 where it is diffracted so as to selectively enter
the predetermined photodetectors 102 (102A to 102D).

That is, if the light diffracted toward the right in the
figure by the diffraction element 103 is defined as - (minus)
and the light diffracted toward the left is defined as + (plus),
of the diffracted 1ight of the first to third wavelengths,
+1st order diffracted light is input to the same rhotodetector
1022, andwithregardto-1storderdiffractedlight, diffracted
light of the first wavelength light enters the photodetector
102Banddiffracted1ightofthesecondwavelengﬂllightenters
the photodetector 102C and diffracted light of the third
wavelength light enters the photodetector 102D. An electric
signal is then output according to the amount of light received

from the photodetectors 102A to 102D.
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light of the first wavelength |ight enters the

phot odet ector 102B and diffracted |ight of the second

wavel ength light enters the photodetector 102C and
diffracted light of the third3 wavel ength |ight enters

t he phot odetector 102D. An electric signal is then

out put according to the anount of |ight received from
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further increases. In this way, when the part size of the
light-receiving element increases, the overall size of the
opticél pickup apparatus increases.

The present invention has been implemented in view of the
above described problems and it is an object of the present
invention to reduce the size of an optical pickup apparatus
using three wavelengths.

In order to attain the above described object, the optical
pickup apparatus of the present invention is an optical pickup
apparatus including light sources for emitting light rays
having first, second, third wavelengths, an optical path
coupling member for bringing the light rays having the first
to third wavelengths to be in a common traveling direction,
a light condensing member for condensing 1ight from the optical
pathcoupling member onanoptical information recording medium,

a diffraction element for diffracting reflected light from



above described problens and it is an object of the
present invention to reduce the size of an optica

pi ckup apparatus using three wavel engths. In order to
attain the above described object, the optical pickup
apparatus of the present invention is an optical
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hehqsifgitectors. The diffraction element hav1ng a sawteooth or
square wave shaped cross section can be preferably used. The
Eirst wavelength may be 405 nm, second wavelength may be 650

nm, and third wavelength may be 780 nm.

Brief Description of the Drawings
FIG. 1 shows a schematic construction of an optical pickup

apparatus of the present invention:

FIG. 2 shows a correlation between a grating pitch and
angle of diffréction of diffracted light used for the optical
pickup apparatus in FIG. 1;

FIG. 3A and FIG. 3B show a correlation between a grating
depth and diffraction efficiency of adiffraction element that

can be used for the optical pickup apparatus in FIG. 1;



wavel ength |ight and third wavel ength [ight and the
phot odet ectors. The diffraction el enent having a

sawmt oot h or square wave shaped cross section can be
preferably used. The first-wgvel ength may be 405 nm
second wavel ength may be 650 nm and third wavel ength
may be 780 nm Brief Description of the Drawings FIG
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is 780 nm used, for example, for CD (Compact Disc). A
semiconductor laser is used for these light sources 101A and
101B.

A diffraction element 103, optical path coupling member
104 and 1light condensing member 105 are disposed in that order
from the light source 101B side between the light source 101B
and an optical information recording medium 106. The light
source 101A is disposed so as to directly emit light to the
optical path coupling member 104. A plurality of
photodetectors 102 (102A, 102C, 102BD) which output electric
signals according to the amount of light received are disposed
on one side of the diffraction element 103, behind which the
optical path coupling member 104 is disposed.

A photo-detection diode formed on a semiconductor (Si)
substrate is used as the photodetector 102, a hologram element
is used as the diffraction element 103, a polarization beam
splitter is used as the optical coupling member 104 and an

actuator provided with a collimator lens and objective lens
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member 104, enters the diffraction element 103, where it is
diffracted so as to selectively enter any one of the
photodetectors 102.

What this optical pickup apparatus differs from the
conventional oneexplainedaboveusing FIG. 5is that theoptical
path coupling member 104 substantially aligns the optical axis
of the first wavelength light with that of the third wavelength
light. '

Furthermore, another difference is that when light
diffracted toward the right in the figure by the diffraction
element 103 is defined as - (minus) and light diffracted toward
the left is defined as + (plus), the photodetectors 102 are
arranged so that +2nd order diffracted light of the first
wavelength light and +1st order diffracted light of the second
wavelength light and third wavelength light enter the
photodetector 102A, -2nd order diffracted light of the first
wavelength light and -1st order diffracted light of the third



101B passes through the diffraction el enent 103 and
optical path coupling nenber 104, is condensed by the
| i ght condensing nenber 105, irradiated onto the
optical information recording7 nedium 106 and _
reflected light reflected by the optical information
recordi ng nedium 106 i s condensed by the I'i ght
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wavelengths. This is intended to generate signals to apply
focusservosothatbothlight3potsizesonbothphotodetectors
become constant against vertical fluctuations of the optical
information recording medium 106. For this purpose, the
diffraction grating of the diffraction element 103 is given
& curvature so that the focus position of one diffracted light
ray is below the single photodetector (here, photodetector
102a) and the focus position of the other diffracted light
is above theplurality of photodetectors (here, photodetectors
102C, 102BD). The photodetectors 102 preferably include an
anti-reflection coating corresponding to light rays having
wavelengths of 405 nm, 650 nm and 780 nm, for example, formed
on their surfaces.

FIG. 2 shows a relationship between a grating pitch and
angle of diffraction for 2nd order diffracted light of the
first wavelength light (wavelength 405 nm) and 1st order
diffracted light of the third wavelength light (wavelength



to the conventional apparatus explained using FIG 5.
Therefore, it is possible to reduce the overall size

of the optical pickup apparatus conpared to the
conventional one. The aforernefti-oned pol ari zati on beam
splitter or the like can be used as the optical path
coupling nmenber 104, but it would be nore convenient
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tl'galr féigm&gtidﬁgrﬁré){iﬁgeiéi I 8keaveLEagEN AL ANt 280da kSt the
2nd order diffraction efficiency of the first wavelength light
(wavelength 405 nm) and peaks of the 1st order diffraction
efficiency of the second wavelength light (wavelength 650 nm)
and third wavelength light (wavelength 780 nm) appear at
separate positions of grating depth.

On the contrary, as shown in FIG. 3B, when the diffraction
grating has a sawtooth cross section, a peak of the 2nd order
diffraction efficiency of the first wavelength light
(wavelength 405 nm) and peaks of the 1st order diffraction
efficiency of the second wavelength 1ight (wavelength 650 nm)
and third wavelength light (wavelength 780 nm) appear at
substantially the same position of grating depth.

Therefore, the sawtooth diffraction element as shown in
FIG. 3B is more preferable for the optical pickup apparatus

according to the present invention using diffracted light from

the diffraction element.



diffracted light of the third wavel ength |ight have
substantially the sane angle of diffraction for their
respective grating pitch values. Taki ng advant age of

this characteristic, the -2nfl erder diffracted |ight

of the first wavelength |ight and the -1st order
diffracted light of the third wavelength light are

det ephedopyilcha Hitthé PJ!;.%QQSE@Qt Qhow%ozlgplﬂﬁ; 1 has the
descrlbed above. It is normnal gasu ficient if [2nd

At déR cdriqite SemAT Y ikt Pdim o5Td Pietstesmdieddaht source 101B
ahlaob ]::LElait]i)aEﬁd&Suﬁﬁghg rﬁémgéi‘fi@&t I %flnhl'la[ld effects can

wavel engt h I's W c\;@%rees FI G an
be @thBnﬁ%\ﬁV@W é‘lhétf} dntshutvp et e b at ge an | hge ag,mlh:al path
c8g 19kl fhembleen @ﬁféﬁaeiﬁhﬁ’fcéﬂ@eﬁypﬁé npénggé?tlw or inside
shapes used for the diffraction el enent uppose t
thefiiget condegsisdnshnenbsral ¢ 2farae et veenndex 1dght sgndensmg
Ir atphicn 0] I
m@ﬂgeg 3lisN QG P Bta1 ingoﬁmgltléi tSLJhéqe‘e M&c%)‘p} acﬁ%%ﬁm 106.

when the cross-sectional shape o
gr atfwgthernpke. dil'SQ]ll&IQé'lﬁl\EVBrC& Pbebk agfd phetogletectors 102

aPéd%{‘réjl?&Ea ébQPﬁ%Eggc' Bﬂq:ys hithe relf?gct\ga}fgbeﬂgt thalned

I ght wavel engt peaks the
eﬁenfvb@m R isteocadedy um‘ltt htel gdmﬂd Wbaa/ehem@t hsbughe 101B
@B%lﬂe@%%mlo?”ﬁré hiﬁ@e?@\é%l %ng_t h In the
mave ength 780 nm) appear epar at e p03| ons of

Ugtﬁgmgedelmht ewhd rc §FGr-ad aa@ RHdow4 B.ntheGLi8Bt source
1@@@”1& hglgbf tn%%t?lttle% orgraadélﬁgspflétg ??V}K 9%'1&{ otzsc?rresponds

section, a peak of the 2nd ord raction
t%ftfli%uaéqw gfesdmiied sltlg/iia'&/et%ngihihgghle(ﬂwa\tél engwmch the

plf'&éo@meéegr?eaiﬁé o(fl&é}? 1f’62 rdfbﬁg.?n %@%t 'fQB: en thnght

ficiency of the second waverl engt (wavel
ergo-edy) framdthiei Ad oldy el gt lﬁghtlémaeéﬂ@n@ﬁﬂ'hﬁ)a micro

mf‘ﬂ)o:.app@gr afl O§EQ§1tt%rg 'Lﬁiv!r ré hfnsggﬁﬁgggltlt qurl'eQ:ftlon

grating dept Ther ef or e, e saw oot fraction
eIeﬁénﬂﬂﬁ?Eﬂhﬂ@1abpvﬁlGQHSBHQSqnﬁkﬁqﬂwﬁxﬂtmmeabparatus

addr &4 G LRCEHBsBARE AR tion, the optical path coupling
member aligns the optical axis directed to the light condensing
member of the first wavelength light having the shortest
wavelength with that of the third wavelength light having the
longest wavelength and irradiates light onto the optical
information recording medium. The diffraction element then
condenses the +2nd order diffracted light of the first
wavelength light and the +1st order diffracted light of the
second wavelength light and third wavelength light onto the
first photodetector, condenses the -2nd order diffracted light
of the first wavelength light and the -1lst order diffracted
light of the third wavelength light onto the second
photodetector and condenses the -1st order diffracted light
of theremaining secondwavelength light onto the photodetector
102C using the #2nd order diffracted light of the first
wavelength light and #1st order diffracted 1light of the second
wavelength light and third wavelength light as signal light



according to the present invention using diffracted
light from the diffraction elenent. - 9 The optica
pi ckup apparatus shown in FIG 1 has the diffraction
el enent 103 pl aced between -t he |4 ght source 101B and
optical path coupling nmenber 104, but simlar effects
can be obtained even when it is placed between the
£l €RL dﬁéﬁafqmd%mgec%ﬁy rldcfifim Conﬂfé‘%h%ntlon
menber 105 or inside the |i ensi ng nmenb
15 rseEfset R RRBRE @énaéﬁgeﬁlg Phﬁeﬁﬁfbﬁi‘tqg‘éoﬁﬁd“’hen three
%u@aﬂg tHY ol P@th 98y " ghal 8eRg ARULN HOG: o FUi t fERERLC o f
t he ht source 101B and photodetectors 102 are
P&PFQ e avlligh pllowpniheoveifadck §iggnopdhe apparatus
[MpYeTe en Mhed ;an r Iyt [
P b 1 OTh © A SPGradat aopana, Bimgdcan1 e dppara cus
whathgrareddss ysedodusasher enregmsatadoumat isiroweifrom a BD
4 d K & he |ight source 101B is also
(ﬁggﬁPegvgﬂ a[gﬁ%sﬁgé%% 107 (which corresponds to the
above described |ight-receiving el enent) on which the
phot odet ectors 102 (102A, 102C, 102BD) are forned.
Light emtted fromthe |ight source 101B is refl ected
by a mcro mrror 108 and oriented upward in vertica
direction. As described above, in the optical pickup
apparatus according to the present invention, the
optical path coupling nenber aligns the optical axis
directed to the Iight condensing nenber of the first
wavel ength |ight having the shortest wavelength with
that of the third wavel ength |ight having the || ongest
wavel ength and irradiates |ight onto the optical '
informati on recordi ng medium The diffraction el enent
then condenses the +2nd order diffracted |ight of the
first wavelength light and the +1st order diffracted
light of the second wavelength light and third
wavel ength light onto the first photodetector,
condenses the -2nd order diffracted |ight



of the first wavelength |light and the -1st order
diffracted light of the third wavel ength Iight onto
the second photodetector and condenses the -1st order
diffracted light of the remaimming second wavel ength
l'ight onto the photodetector 102C using the 2nd order
diffracted light of the first wavelength |ight and

whstk qreder; gifddacsed i ght of the second wavel ength
l'ight and third wavel ength |light as signal light - 10
1f-r ond® h@P bpERdaP Lickidt ARPHRA FBEOFAMAG IsEMIUM The

i nvent dpp sdlﬁq@sa?.%% élﬁ?tEHHBeflé:ﬁt $h8aving 1rst second
hot odet ect ors wh hree wavel'engthS are use

aGécFé&§€bWﬁM?%Qﬂ%ﬁhﬁUnber of photodetectors, mhlch
al | oy dhe; over@din Séé@p?ﬁ.n&hﬁeﬁﬂggr ?Bysbr%ﬁgQ%g light rays

reduced. This i's useful as a snmall conpat
happaFacasd Rhireh tecdtdsd rwl@ljmeb,h@rt'erhsesn a traveling

akpEocashi qp Egﬁﬁkgpna BD (or HD-DVD), DVD or CD. - 11
What 1s clainmed 1s: 1. An optical pickup apparatus

corrp?'r Hdiohd: chinglen ssing eembfer fom condgrisigd lgye from said
OBE‘Y&QQ I‘).'a'i:ﬁt Co%% %{’g rﬁ%ﬂ%gp' gtwa\é%l %Hzg.l fo:S“/matlon

optical " path cou pl1 ng brlnglng |gh
repeerdgngamgdfiumst to third mavelengths to bein a

t ra\éeéigﬂragﬁ:agﬁtéfé}né{fltgf%{mfff?alcltglﬁtg J:Ce?l Ca{?ﬂag ight from

condensi ng rom sal
S%Uilmpﬁgcnéwberfoo‘ma(ﬂam ope¢enflingf mleniatmnon arrtiacor d| ng

medi, uml Ci ;{%{ng;?ln@ gé? gEtoQ'r (%l frf [AG J_qg.ng diffracted

reflecte ok opt|cal °Rf Or Mt
119hﬁntﬁh§ ﬁEGmuﬁﬁth@xfﬁﬁawaionye@émphatomﬁaﬂﬁxns

for c I ] _
o RGO Cats TOOBARA oot Lcas aei
dx:ltﬂ,qﬂegchgorf@n@é.p.@q gas damsdpid nahbaxi st the tfirst wavelength

light having a shortest wavelength with that of the third
wavelength light having a longest wavelength, and

said diffraction element condenses +2nd order diffracted
light of the first wavelength light and +1st order diffracted
light of the second wavelength 1ight and third wavelength light
into a first photodetector, and condenses the -2nd order
diffracted 1light of the first wavelength light and -1st order
diffracted light of the third wavelength light into a second
photodetector, using *2nd order diffracted light of the first
wavelength 1ight and *1st order diffracted 1light of the second
wavelength light and third wavelength light as signal light

from said optical information recording medium.

2. The optical pickup apparatus according toclaim1l, wherein
the light sources for emitting the light rays having the second
wavelength and third wavelength and the photodetectors are

integrated.



directed to the lIight condensing nmenber of the first

wavel ength |ight having a shortest wavel ength with

that of the third wavelength |ight having a | ongest

wavel engt h, and sai d diffractizon el enent condenses

+2nd order diffracted Ilight of the first wavel ength

light and +l st order diffracted |ight of the second

wav e I

TR e Ly 70r, Qb Tt £ Pathg Yo 1R £, wherein
tbﬁf@?—ﬁéﬂfé@ Yijcghte lemerite as st saenteicarigolr siaglatr eameve shaped
c % Qrder; o fi ffracted light of the third wavel ength

FI t |nto a second photodetector, using 2nd order
dlffracted l'ight of the first mavelength i ght and

1st r | engt h .
4I'i ghllt%éaj% %arlds\%g\%g n%?‘l% ?Eu t* as ﬁ?gn%ltq? ﬁtlmglf'rg}:hereln
tbaiﬂiuptiwaWahdﬂyuhun&nu&&xnnxhsgpmmﬂlM@Vezenﬁhh is 650 nm

t] pi. Gk [af us. cordlng to claim1, wherein
a?ﬁetﬁ?ggtw%gﬁgé%éf orl§n1 ? the light rays having

the second wavel ength and thlrd wavel ength and the

phot odet ectors are integrated. - 12 3. The optica

pi ckup apparatus according to claim1, wherein the

diffraction el ement has a saw ooth or square wave

shaped <cross section. 4. The optical pickup apparatus

according to claim1l1, wherein the first wavelength is

405 nm second wavel ength is 650 nm and third

wavel ength is 780 nm



