OPTI CAL Pl CKUP APPARATUS This invention relates to“&g

optical pickup dpparatus. More particularly, this invention
relatg - to an optical pickup apparatus for reading informatioen
storek in ann iinformation carrier disc by directing 5 smal | read-out
spotst of light to the disc and 1 detecting the [ight
refle¢ted -therefrom by, a phot osensiti ve detector.

I nforimtion cafri‘er discs aredenuwnr re1dEUAMAPPARATUS Where data are
stored and arranged along a spiral 10 track conprising a succession of
refle¢tive el ements. TnisThaveneﬁbecerataelEneansoptbnanipmtku@ t he
track generally take the formof hollows called "pits",

whi ch: hol d audi gypasateas or Boher peRtoFHBRIGN i Bhis lnvenﬁigntablﬁ§E$l The

information carriers al so dubbed as
+o an ot:)’f:.:.c:a\.‘I pickup apparatus for reading information

stored in an information carrier disc by directing

small read-out spots of light to the disc and
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detecting the light reflected therefrom by a
photosensitive detector.
Information carrier discs are known in the art
where data are stored and arranged along a spiral
10 track comprising a succession of reflective elements.
The reflective elements constituting the track
generally take the form of hollows called Ypits",
which hold audio, video or other information in
digital form. The inforwmation carriers also dubbed as
15 optical discs are finding their way rapidly into such
industries as music, movie and computer
In order to read out the information stored in
the carrier disc, an optical read-out or pickup device
is used. Fig. 1 schematically illustrates the
20 arrangement of a typical prior-art optical pickup
device where the three-beam method for tracking servo
control and the astigmatic detection for focusing
servo control are employed. Before having a detailed

description of Fig. 1, the three~beam method and
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astigmatic detection are briefly explained with
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15 optical discs are finding their way rapidly into such

I ndustries as nusic, novie and conputer. In order to read out
the information stored in the carrier disc, an optical read-out or
pi ckup devi ce s used. Fig. 1 schematically illustrates the
20 arrangenment of a typical prior-art optical pickup devi ce
where the three-beam nethod for tracking servo control and the
astigmatic detection for focusing 2 servo control are enpl oyed.

Bef ore havi ng azgetailed . ?eSCéiﬁtion of Fig. 1, the three-beam
method and 2Fefer YT ghBt 95 tef eRBFon' are briefly explained with

2 refer encefr\‘iPnthS-toz ?99 3'2, the three-k;régrpl ﬁ%t&z%d'zl 901‘2’ the

t hr ee- beam net hod for
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tracking servo control uses three beams of light: a
main beam to be concentrated into a main reading spot
18a and a pair of sub-beams to be focused into a pair
of sub-reading spots 18b and 18c on the opposite sides
of the main reading spot 18a. A tracking error signal
is obtained by sensing the difference in amount
between the pair of reflected sub-beams.

Turning next to Fig. 3, the astigmatic detection
for focusing servo control makes use of a cylindrical
lens which acts as a lens with respect to light in one
direction but does not with respect to light in the
opposition direction. A beam of light passing through
the cylindrical lens forms a circular spot at the
focal point, and distorted circular spots or
elliptical spots on the far and near sides of the
focal point. Any variation in shape of the reading
spot of beam is electrically detected to thereby
generate a focus error signal.

Now referring to Fig. 1, the optical pickup or
read—-out device includes a source of laser 1. A beam
of laser 16 emitted by the laser source 1 is directed
to a diffraction grating 12 where it is diffracted
into a zero-order diffracted main beam 17a and a pair

of first-order diffracted sub-beamns 17b and 17c¢. The



tracki ng servo control uses three beans of light: a mai n beamto be

concentrated into a main reading spot 5 18a and a pair of sub-beans to
be focused into a pair of sub-readi ng spots 18b and 18c on the
opposite sides of the main reading spot 18a. A tracking error
si gnal I s obtained by sensing tBe difference in anount
between the pair of reflected sub-beans, 10 Turning next to Fig.
3, the astign@gip H@F@bﬁ?ﬁ1ls for rgaingcedtnihrecPib dpAPrBRtARKes use of
a cylindrical iﬁ§g|Ch acts as a lens, mnt? res ect to light in
one dFpECFASH 6’6& sd’rﬁﬁ qu %sf)%’&?l’f“é PEHE Pﬂ F’h”é°r'
opposition dir o] _ si_n ough % t he
cylindrical | gﬁéi?ogﬁ% a C|rc Z g ﬂy& dre et 85I5688%HF and
distorted CigeUbRl ngSRAL S, °<5r fai ureelolf' Car&aﬁ?"%éﬁﬂn%*‘?ﬁ%ﬁr and near
sides of the focal "point’ ny variation e readi ng
spot 0% beam ‘rﬁee|@%éé03diﬁ’fld£é€£é e‘i’:éa‘hé h‘i"f‘éby 139 and 993 akged focus
error Signal. Now referring to Fig. I, the optical pickup or
directed to a planar beam splitter 13 provided with a
half-silvered surface or mirror 13a where they are
reflected toward a collimating lens 5. As the three
beams pass out of the collimating lens 5, they are
10 rendered parallel. The collimated beams continue to
an objective lens 6 which focuses them into three
spots 18a, 18b and 18c on the surface of the
information carrying disc 7 in a pattern as shown in
Fig. 2. The main reading spot 18a derives from the
15 main beam 17a, whereas the sub-spots 18b and 18c from
the sub-beams 17b and 17c. The spot forming beams
l17a, 17b and 17c are modulated by the data carrying
track on the disc and reflected back through the
objective lens 6 and the collimating lens 5 toward the
20 beam splitter 13, following substantially the
identical path. The beam splitter being disposed
obliquely or at an angle with respect to the optical
path of the returning beams, the return beams impinge
obliquely on the beam splitter 13 and pass
25 therethrough. The length of optical paths, for

example, 1 and m within the beam splitter for the



read- out device includes a source of laser 1. A beam of | aser
emited by the laser source 1 is directed
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and a pair of first-order diffracted sub-beanms 17b and 17c.
mai n beam 17a is for reading qut the pit information
br ded on the disc and for sensing focusing error,
beans 17biagttlbeamsephssingnNth8gethrough vasgkdderding & tail ure of
The three diffracted beans 17a, 17b and
locditriecisecht owhiphatdioskecapesid | steikéd3theowpdeadtezn h a

-are

to a diffraction grating

is diffracted 25 into a zero-order diffracted mai n beam

The

while the two

f-silvered surface or mrror 13a where they are reflected toward
a col |'i mati ngThenned wesule ofirtlkis is simpdaws tpageoimgt thraugh a

limating lens 5 they are 10 rendered parallel. The collinmated
bealms conti nuéyddndrical lens, and, thus, astigmatism is developed. .

5

10

15

20

25

The returning beams transmitted through the beam

- splitter 13 proceed to a plane concave lens 14 by

which the incident beams are axially or longitudinally
magnified and focused into spots 19a, 19b and i9c onto
a six-~segment photosensitive detector 15. These beam
spots 1%a, 1%b and 19c are projected on the
photodetector 15 in various patterns as shown in Figs.
4A-4C depending on the positions of the disc 7
reiétive to objective lens 6. It is noted that the
spot 19a is derived from the main beam 17a, while the
spots 19b and 19c are derived from the sub-beams 17b
and 17c, respectively.

Turning to Figs. 4A-4C, the photodetector 15
comprises photosensitive segments A-D arranged in
square configuration to receive the main spot of beanm
l19a, and a pair of similar photosensitive segments E
and F disposed on both sides of the square array A-D
for receiving the sub-spots 19b and 19c of the beamn.
When the surface of the information carrying disc 7 is
situated right in the focal plane of the objective
lens 6, thereby making it possible for the reading

spots to be focused in the data track of the disc, the



an objective lens 6 which focuses theminto three spots 18a, 18b

and 18c on the surface of the i nformation carrying disc 7 in
a pattern as shown in Fig. 2. The main readi ng spot 18a derives
fromthe 15 mai n beam 17a, whereas the sub-spots 18b and 18c from

t he sub-beans 17b and 17c. The spot fdrm ng beans 17a, 17b and 17c
are nodul ated by the data carrying track on the disc and refl ected
back throughPera spots 19¢hjl8s iare IRwi -kt arh&honhiarmdstpdtor 5 toward
the 20 heam splitter 13, follow_ng substantlall t he

i denti cal pafh. thmeSBRR® Of KNS 1ihf) &l sdedn the Paqﬂﬂq%nﬁﬁy or at

an angle with respect t.he returnin beans

the return b & £ tth pt&&&?ﬁﬁmﬁﬁsc %ur?ﬁge B@aﬁlQﬁﬁth r
and pass S@?t%%ﬁ% egpﬂr}ndt t:!teggftor}:atﬁ‘vpoﬂ% ! 'Cae paé hEQhe f or

exanple, 1 an
5 disc surface is positioned on the near side of the
. focal point of the objective lens, then the projected
beam spots take the form of ellipses or oval circles
arranged as shown in Fig. 4A. On the other hand, when
the disc surface is farther than the focal point of

10 the objective lens i.e. when the disc surface is
positioned on the far side of the focal point of the
objective lens, the beam spots 19a~19c are projected
on the photodetector 15 in the form of oval circles
and in the pattern as shown in Fig. 4C.

15 A pit signal RF obtained by reading the pits in
the data track of the disc with the read-out light
spots is expressed by the following equation:

RF=a+b+c+d
where a, b, ¢ and d represent electrical signals
20 corresponding to the amounts of light received on the
photosensitive segments A, B, C and D, respectively.
A tracking error signal TES provided by the
three~beam method is expressed as follows:
TES = e - £
25 where e and f 1represent electrical signals

proportional to the amounts of light projected and



4 | i ght beans passing therethrough vary dependi ng on the

| ocati ons at which those beans strike the splitter. The net result
of this is simlar to going through a cylindrical |ens, and, thus,
astigmati smis devel oped. 5 The returning beans transmtted through
t he beam splitter 13 proceed to a plane concave |ens 14 by

whi ch the incident beans are axially or longitudinally - .magni fi ed
and focused into spots 19a, 19b and ¥c onto a si x-segment

phot osensi tive ,detector 15. These beam,k 10 spots 19a, 19b and 19c
are proj eEEERLVER PRe £Re pm"iﬁﬁﬁ’lﬁl’eft’e‘é‘? oS eSS/ afi ogBdpa’ i erns as

shown in Figs . 4A-4C depending on the positions of the disc
7 F%FEFF\‘/:é‘Vte&dej ective lens 6. It is noted that the spot

ars erved 1ot ¢ ol BERE 1At AL e AU T T
Turning tosEkqgmatAct Getldtd RIWLAILEM M D as follows:
5. FES = (a + d) - (b + c)
Whenever tracking error is sensed by a tracking
error detector 41, a lens actuator or driver 44
operates in response to the output signal from the
detector 41 to move the objective lens 6 in a
0 direction and amount to correct the error. Likewise,
when focus'ing error is sensed by a focusing error
detector 42, a lens actuator or driver 43 operates
responsive to the output signal from the detector 42
to move the objective lens 6 in a direcfion and amount

5 to correct the focusing error. In this manner, the
position of the objective lens 6 relative to the disc .
7 is always adjusted so that the disc surface is kept
in the focal plane of the objective lens and tﬁe
reading beam spots are focused right on the data track

20 of the disc, assuring accurate and reliable read-out
of the pits in the data track.

In Fig. 5, there is schematically illustrated
another prior-art optical pickup device which
incorporates a holographic grating. The pickup device

25 relies on the push-pull method for tracking servo

control and on the wedge prism method for focusirg



conpri ses photosensitive segments A-D arranged in square
configuration to receive the nmain spot of beam 20 19a, and a pair of
Si W?Lar phot osensitive segnents E and F di sposed on both sides of
thef'square array A-D for receiving the sub-spots 19b and 19c of

t he! beam When the surface of the information carrying disc 7 is
situated right in the focal plane of the objective 25 | ens 6, thereby
maki ng it possébie ¢ontrhé.reading spots to be focused in the data
track of the disc, the beam spots 19a-19c are projected on
t he phot odet ect or Before h@ﬁlﬂﬁea deger wtiouss GP@CPB§1§R& PACEHE pattern
as shown in Fi | f the disc surface is, close

t he
obj ective | en@e‘b%?%ncf’gt sF:‘f%'cals'poFlﬁf" ipushypule andg Wedg(ﬁ s?réﬁf”f ace is

positioned on the pear side 9L:t08 in bries.

5 Turning to Fig. 7, the push-pull detection
employs a single spot of beam for reading the
.information stored in the form of a pit on the disc.
When the reading spot illuminated on tﬁe information
track is in perfect registration with the data pit as
10 represented by the centre spot in Fig. 7, two
photosensitive segments of a photodetector 45 receive
equal amounts of reflected 1light. However, any
lateral deviation of the projected light spot with
respect to the data pit causes a difference in the
15 intensity of light impinging on the photosensitive
segments. This difference sensed by the photodetector

45 produces a signal indicating the tracking error.
The wedge prism method for focusing servo control
employs a wedge prism 46 shown in Fig. 8A. One face
.20 of the prism is 'contoured in the form of sa V-shaped
valley. A beam of light incident on the wedge prism
emanates therefrom in two beams of light as
illustrated in Fig. 8B. At its focal point F, the
transmitted beams are converged into tiny spots, while
25 at positions X and Y on the near and far sides,

respectively, of the focal point, the beams form



focal point of the objective lens, then the projected beam spot s
take the formof ellipses or oval circles arranged as shown in Fig.
4A. On the other hand, when the disc surface is farther than the
focal point of 10 the objective lens i.e. when the disc surface is
positioned on the far side of the focal gpoint of the "obj ective

| ens, the beam spots 19a-19c are projected - on the phot odetector 15

in the form ofegyahiréungheSspots of ddRderBnthe;ibatl haENodsentaWiddl Fig. 4C
15 A pit signal RF obtained by reading the pits in t he

data track ofrhée whrseindgt Benieireadaout spotht of lightspseamss apepr essed
by the foll ow ng equati on: RF=a+b+c+d where a,
b, c and d repepsedt & eet rphoatodepeter, 26hich qurodspesdielgdato ice
anmounts of light received on the . photosensitive segnents A B, C
and D, respeceRyphys indicating fogusdekiedF®is-or signal TES provided by

t he t hree-beam nethod i s expressed as follows: ., . TES = e
- f 5 Now turning to Fig. 5, the optical pickup device

includes a source of laser 1. A laser beam 22 from
the source of laser 1 is directed to the'holographic
grating 20. Fig. 6 4illustrates the holographic
grating 20 in an enlarged perspective view. The
10 holographic grating 20 comprises a glass or plastic
plate member formed with a number of fine curved
grooves or slits for diffracting the 1light beam
passing therethrough. In order for the diffraction .
grating 20 to function like a wedge prism, the grating

15 is divided into two sections 20a and 20b.
Turning back to Fig. 5, the holographic grating
20 diffracts the laser beam 22 from the source into
several diffraction orders. Among them, only zero-
order diffraction beam continues to a collimating lens
20 5. The first-order diffraction beam wholly misses the
collimating lens 5 because of its larger diffraction
angle. The zero-order diffraction beam through the
collimating lens 5 is turned into parallel beams. The
collimated beams are oriented to an objective lens 6
25 which focuses them into a spot of light on the surface

of the information carrier disc 7. The impinging beam



25 wher e e and f represent electrical signal s
proportional to the amounts of |ight projected and

6 recei ved on the photosensitive segnents E and F,

regpectively. A focus error signal FES generated by the
as@gmatic detection is expressed as foll ows: 5 FES = (a + d) -
(b c) VWhenever tracking error is sensed by a tracking

er@r detector 41, a lens actuator or drd ver 44 operates in
regponse to the output signal fromthe detector 41 to nove the
objgective lens$H +8fBectd@ by HHECHEAR NdaARDURE FOLEOKLECEO! henerror.

Li lgew se, when focusing error is sensed by a focusing error

detfector 42, aditraatinvt@ratingr zveralhPpstipséEsntially the same
optical path. The return beam is diffracted into
several orders by the diffraction grating 20. 2Zero-
5 order diffraction beam proceeds toward the source of
laser 1, while first-order diffraction beam is

directed to a four-segment photodetector 21. As

stated hereinabove in connection with Fig. 6, the
holoéraphic grating 20 is divided into grating

10 sections 20a and 20b along a line oriented in a
tangential direction of the disc 7 (while the dividing

line 1is conspicuous in the drawihg to show the
boundary between the grating sections, no such line

exists in an actual holographic grating). Aas can also

15 be seen in Fig. 6, the sections 20a and'20b are formed
. with grating grooves of different design or pattern so
that the first-order diffracted beams emanating from

these sections are converged onto different points.

More specifically, the two first-order diffracted

20 beams 24a and 24b emanate from the holographic grating
20 due to its composite structure. The beams 24a and

24b impinge on a four-segment photodetector 21 to form

spots of light 25a and 25b. The formations of light

spots 25a and 25b on the photodetector 21.are shown in

25 enlargement in Figs. 9A-9C where the alphabetical

letters A, B, C and D denote photosensitive segments



responsive to the output signal fromthe detector 42 to nove the
objective lens 6 in a direction and anobunt 15 to correct the focusing
error. In this manner, the position of the objective lens 6
relative to the disc 7 is always adjusted so that the disc surface
I's kept in the focal plane of the objective lens and the-
readi ng beam spots are focused right ommd he data track 20 of the disc,
assuring accurate and reliabl e read-out of the pits in the data
track. comprisipgdFitdie 5phofiedetiectosheddt i calhy an | esrraceous
another prior-art optical pickup device which , I ncorporates a
hol ogr aphi ¢ gF&RPngut Thetprtkap weerecthesglise 7 diiesscdnsemetpushepul |
net hod for tragking,ser 0 copntrol and on the wedge prism, nmethod for
f ocusi ng objective lens 6 beyond 1ts focal point, I.e. it is
located within the focal length of the objective lens
5 6, semicircular spots 25a and 25b are formed on the
outermost photosensitive segments A and D as shown in
Fig. 9A. When the disc 7 lies in the focal plane of
the objective lens 6, i.e. the disc is at the focus of
the objective lens, tiny spots of light are projected
10 on the photodetector 21 as shown in Fig. 9B. If the
disc 7 lies farther away from the objective lens
beyond its focal point, i.e. if it is positioned
outside the focal 1length -of the objective lens,
semicircular spots 25a and 25b are illuminated on the
15 innermost photosensitive segments B and C as shown in
Fig. 9cC.
A pit signal RF obtained by optically reading the
disc 7 is expressed as follows:
RF=a+b+c+ d
20 where a, b, ¢ and 4 fepresent electrical signals
corresponding to the amounts of light received by the
photosensitive segments A, B, C and D, respectively.
A tracking error signal TES provided by the push-
pull method is expressed as follows:

25 TES = (a + b) - (¢ + d)

The wedge prism method provides a focusing error



servo control. Bef ore having a description of the optical

pi ckup device of Fig. 5, the push-pull and wedge prism

nmet'hods are explained in brief. 5 Turning to Fig. 7, the
push-pul | detection enpl oys a single spot of beamfor reading the
I nformation stored in the formof a pitign the disc. When t he
reading spot illumnated on the information track is in perfect

registration wighatthebsatexprielssasl k0 the felresan esqubyiohhe centre

spot in Fig. 7, two phot osensitive segnents of a photodetector
45 receive FE§ual (aarpdhts (df Hrefd) ected |ight. However, any

| ateral deviation of the projected |ight spot with respect to the
data pit causes a @itfEbpuAadebemeted tizat the qaapdsitefthdlqgrapnist ngi ng on
t he photosensitive . segnents. This difference sensed by the

phot odet ect or grating 285 agtsq @pddcaldivyiatke iivedIhPERe™t racki ng error

The vedge pri sm ethad far, fOouslng S0 PN socusi P S O00°

is sensed by a focusing error detector 42, a lens

actuator 43 operates to drive the objective lens 6 in

a direction and amount to <correct the error.

Likewise, as a tracking error detector 41 senses a

10 tracking error, another actuator 44 operates to move

the objective lens 6 in a direction and amount to

offset the focusing error, thereby achieving an

accurate and reliable reading of the pits on the disc.

The prior-art optical pickup devices of the type

15 described above, while generally satisfactory in
optical read-out operation, suffer some drawbacks.

The optical pickup device of Fig. 1 which employs

the three-beam detection for the tracking servo

control shows an excellent ability to detect tracking

20 error. However, it reqguires both the diffraction

grating 12 and the plane beam splitter 13 for the

diffraction of the laser beam, compared with the one

and single holographic grating for the optical pickup

device of Fig. 5 based on the push-pull detection

25 method. One additional component part means one

additional step of operational adjustment as well as



20 of the prismis contoured in the formof a V-shaped val | ey.

A beam of Iight incident on the wedge prism emanates therefromin
beans of light as illustrated in Fig. 8BisShetHdsBseniRe poi nt
r the transnitted beams are converged into ”m"rlngmﬂl @I le 25
at positions X and Y on the near and far sides, ly, of
the focal point, the beans form em circul ar spots of
different size and orientation. 12 The varylng sem circul ar spots of
| i ght beans nsed by a photodetector, which produces electric
out put s indéﬁgﬁqﬁfq%ﬁnmﬁés errors. 5 hbm1turning to Fig. 5, the

optical pickup deyi ud f ser beam 22
from the source o?h?rasfegﬁ [ gﬁdiﬂpegc g'itug’ t eaﬁhoel ogr ap "ifﬁa

5 relying on the push-pull detection technique, a
single holographic grating 20 is sufficient for the

5 intended diffraction of the laser beam. One less
component part and one less step for the operational
adjustment in this pickup device than in the device
based on the three-beam detection surely leads to a
considerable cost reduction. However, the push-pull

10 type of pickup device is disadvantageous in that the
tracking .error signal fluctuates with wvarying pit
depths, making it impossible to obtain a stable and
constant tracking error signal.

An optical pickup device which uses a separate

15 beam splitter and diffraction grating, like the device
shown in Fig. 1, is known from EP-A-0,226,403.

The use of hologramé in optical pickup devices,
to direct a light beam reflected from a record medium
towards an optical sensor, is Xknown from EP~A~'

20 0,123,048 and EP-A-0,195,657. From these two
documents, it is also known to form an assembly in
which two holograms are adhered to each other by an
optical adhesive.

It is an object of this invention to provide an

()]

optical pickup apparatus for optically reading

information stored in a flat information carrier.



grating 20. Fig. 6 illustrates the hol ographic grating 20 in
an enl arged perspective view. The 10 hol ographi c grating 20
conprises a glass or plastic pl ate nmenber fornmed with a nunber of
fine curved grooves or slits for diffracting the |ight beam
passi ng therethrough. In order for thﬁgdiffraction grating 20 to
function |like a wedge prism the grati'hg 15 Is divided into two
sections 20a and b, : r ien ag g +R, .Ral ographi c
arati ng 2BCaiPr PetneF gbY a5, Do dni oSy bR b 3 phBE: 88 0

several diffgacbbenAndedfexuf\RPPakBell: Ry ARiBally readpPhdeh
diffraction beamcontinues to a collinmating |lens 20 5. The first-order

diffracti on beath Wofbymat$68S ¢derier whiddl ig8d i &g trAseSpbagause of

its larger diffraction angle. The zero-order diffraction beam
t hrough t he method fopltraeking sermso cdrstiall red whiichpdsasirplbeans. The
collimted beans are oriented to an objective lens 6 25 whi ch focuses

them gnto a $potonstriughtioonthhs simfides prior-ardf apperatfasr.mation carrier
dise 7. Th? inpingggg Qgsggntion provides an optical pickup
apparatus for reading information recorded on a track
or tracks on a disc recording medium by causing a
focused light spot to scan along said track or tracks
Lo and by directing light reflected from said medium
toward a photodetector, the apparatus comprising:
first grating means for deriving from a light beam
emitted by a light source a main beam, which is
focused to form said focused light spot, and a pair of
15 sub-beams, which are focused onto the recording medium
for use in sensing tracking error of the main beam;
and second grating means for directing part of the
light beam reflected from said recording medium toward
saild photodetector, wherein said first grating means
20 is arranged between said light source and the second
grating means such that the light beam directed by the
second grating means to said photodetector does not
pass through the first grating means.
In preferred embodiments, the first grating means

25 is a diffraction grating and the second grating means

is a holographic grating.
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9 is reflected by the disc 7 and is returned to the

hol ographic grating 20 al ong substantially the sane optical path.
The return beamis diffracted into several orders by the
diffraction grating 20. Zero- 5 order diffraction beam proceeds
toward the source of | aser 1, while first-order diffraction beamis
directed to a four-segment photodetectpy 21. As - stated

her ei nabove in connection with Fig. 6, the hol ographi c grating 20

is divided into grabi Rreskht inw&etidsy20e @é@o@bmakenapgak!eﬁe oriented
in a tangential direction of the disc 7 (while the dividing

line i s conspremotihel Edilowliran Agtd bl shodesdeiption of bpuedaty-edet ween the
grating sections, no such line
embodiments, taken in conjunction with the
accompanying drawings, in which:
5 Fig. 1 is a schematic illustration showing an
. overall arrangement of a prior-art optical pickup
device; |

Fig. 2 1is a schematic illustration helpful in
understanding some basic working principles of the

10 three—beam detection method for tracking sexrvo
control;

Fig. 3 1is a schematic illustration helpful in
understanding some basic working principles of the
astigmatic detection wmethod for focusing servo

15 control;

Figs. 4A-4C are schematic illustrations showing
light spots formed in different shapes and patterns on
a six-segment photodetector of a prior-art opticél
pickup device which employs a diffraction grating;

20 Fig. 5 1is a schematic illustration showing an
overall arrangement of a prior-art optical pickup
device which employs a holographic grating;

Fig. 6 is an enlarged perspective view of a
holeographic grating;

25 Fig. 7 is a schematic illustration helpful in

understanding the basic working principle of a push-



exists in an actual hol ographic grating). As can also 15 be seen in
Fig. 6, the sections 20a and 20b are forned with grating grooves of
different design or pattern so that the first-order diffracted
beans emanating from t hese sections are converged onto different
poi nt s. More specifically, thasswo first-order diffracted 20
beans 24a and 24b emanate from the hol ographic grating 20 due to
its conposi tmakl rmethe@; The beans 24a and 24b i npi nge on a

f our - segnment photodetector 21 to form spots of light 25a and 25b.
The formations ofFigghBA 1s an seplargsed ReYsrSiEtive hwipWotefletect or 21
are shown in 25 enlargeprent in Figs, 9A-9C where the al phabeti cal
letters A BYRIGHH YPYRABPEIPROEBREAERH ¥B 3cPpBEespPrism method;

10 conprjsin h hot odet ect or i I n_an erroneogu
mJFfb.gag %éja schema gc %ﬁlustraézon helpguf in

5 understanding some basic working principles of the
wedge prism method; '

Figs. 9A-9C are schematic illustrations showing
light spots formed in different shapes and
orientations on a four-segment photodetector of a

.0 prior~art optical pickup device which employs a
holographic grating;

Fig. 10 is an enlarged perspective view of an
optical grating assembly used in an optical pickup
apparatus according to a preferred embodiment of this

15 invention;

Figs. 11A-11F are schematic cross-sectional
illustrations showing successive steps for
manufacturing the optical grating assembly of Fig. 10;

Fig. 12 1is an enlarged cross-=sectional view

20 showing the working of the optical grating assembly of
Fig. 10;

Fig. 13 is a schematic illustration showing the
overall arrangement of an optical pickup apparatus
according to this invention;

25 Figs. 14A-14C are schematic illustrations showing

light spots formed in different shapes and



read-out situation where the disc 7 lies closer to the obj ecti ve

|l ens 6 beyond its focal point, i.e. it is | ocated within the foca
| engt h of the objective |ens 5 6, sem circular spots 25a and .25b are
formed on the out er nost photosensitive segnents A and D as shown in
Fig. 9A. Wen the disc 7 lies in the f d®al pl ane of t he objective

| 6, i.e. th | SC. | t the f f i ti | , ti
oot o il o ", 53 Sskhens v BRRORSE L BE RS, Y
Fig. 9B 1T {h&cay rﬁ:':cllc% _sgggaﬁ@&sf@ftpf% giégyaéé@mmg @é){tg,mve I ens

beyond its focal pol 'S posit utside the foca
| ength of the pRiacidye |ens, sem circul ar spots 25a and 25b are
illumnated on the 15 i nner nost phot osensitive segnents B and C as
shown in FFig. 9524 is an enlardedi befbpBatiRE ohledi rad Hy
optically reading the disc 7 is expressed as follows;

RF = a5+ b + aptichl 26ratinghexssenbly asadd ih repr eptricadl goickapl signals
apparatus according to another embodiment of this
invention;

Fig. 15B is an enlarged perSpectiVe view of an
optical grating assembly used in an optical pickup

10 apparatus according to still another embodiment of
this invention;

Fig. 16 is an enlarged -cross-sectional view
showing the working of the optical grating assemblies -
of Figs. 15A and 15B; -

15 Fig. 17 is an enlarged perspective view of an
optical grating assembly used in an optical pickup
apparatus according to still énother embodiment of
this invention;

Fig. 18 is an enlarged perspective view showing

20 the working of the optical grating assembly of Fig.
17;

Fig. 19 is a schematic illustration showing the
overall arrangement of an optical pickup apparatus
according to this invention which employs the optical

25 grating assembly of Fig. 18;

Figs. 20A~20C are schematic illustrations showing



corresponding to the anmounts of |ight received by the

photosensytlve segnents A, B, C and D, respectively. A
#='or signal TES provided by the push- pull nethod is
, follows: 25 TES = (a + b) - (c + d) The
met hod provides a focusing error - signal FES
by the foll ow ng equati on: 17 FES = (a + d) - (b + ¢)
It be noted that the conposite holographlc grating 20 acts
opt | i ke pigwelge swotssn  fdrmed  in  RdfiéferegtagashapesFi gand, when
af error is sensed by a focusing error detector 42, a lens

413 opesri@stabionsven e sbieseiowenterghetodetector of dtkect i on

f#ht to correct the error. . ‘
' optical pickup apparatus shown in Fig. 19;

Fig. 21 is an enlarged perspective view of an
optical grating assembly used in an optical pickup
- apparatus according to still another embodiment of
this invention;
Fig. 22 is an-enlarged perspective view of an
optical grating assembly used in an optical pickup
10 apparatus according to still another embodiment of
this invention;
"Fig. 23 is an énlarged perspective view showing
the working of the optical grating asseﬁsly of Fig.
22; and
15 Fig. 24 is a schematic illustration showing the
overall arrangement of an optical pickup apparatus
according to this invention which employs the optical
grating assembly of Fig. 22. .
Referring now to Fig. 10, there is illustrated a
20 grating assembly for use in an optical pickup
apparatus according to this invention. As sthn, the
grating assembly 2 has a face 202 turning toward a
source of radiant 1light and provided with a
diffraction grating 4a as a first grating component.
25 The diffraction grating 4a functions to distribute a

light beam from the source into a main beam for



error,
a

e disc.
above,

Li kew se, as a tracking error detector 41 senses a 10 tracki ng
anot h@gasact uat or 44 operates to nove the objective lens 6 in
direc n and anount to of fset the focusing error, thereby -
achi egfng an accurate and reliable reading of the pits on th
The prior-art optical pickup devices of the type 15 descri bed
while generally satisfactory in optical read-out operation,

suffer sone dr gwhatiesy a data pit forhwel apt itdsd ipifkoyetien cemmafy . 1

whi ch enpl oys
control shows
However , it

the three-beam detection for the tracking
atisexcedh@ne sl t 9Lt sudctheams rfeki sgnsiog tragking

requires both the diffraction grating 12 and th

servo

e pl ane
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3 as a second grating component. The holographic

grating 3 comprises a number of curved parallel
grooves arranged to deflect a part of the light beam
impinging upon it. Thus, when incorporated in the
optical pickup apparatus of the invention to be
described iater, the holographic grating 3 works to
turn a portion of the light beam reflected from the
information carrying disc to a photodetector. It
should be noted that the diffraction grating 4a and
the holographic grating 3 are made of plastics or
glass, and formed into the grating assembly 2 of
unitarf or integral structure. However, this
invention is not limited to the uses of plastics and
glass. Other suitable materials can also be used for
the unitary grating assembly.

Fabrication of the unitary grating assembly 2 is
now briefly described with reference to Figs. 11A-11G.

Fig. 11A illustrates the grating assembly 2 in
schematic cross-section. The grating assembly 2 has
the holographic grating 3 on one face and the

diffraction grating 4a on the other face. It is

plckup
I e
ati onal



12 addi ti onal cost. On the other hand, in the pickup

devi commde: Fi g. 5 relying on the push-pull detection technique, a

si ngl graphic grating 20 is sufficient for the 5 i ntended
diffr on of the | aser beam One |ess conponent part and one

| ess P for the operational adjustnment in this pickup device than
I n th@®evi ce based on the three-beam detection surely leads to a
consi bl e cogabrédatedorby Hinevetnctihg plethermbpladbic) syymerdicpi ckup
devic di sadvant ageous in that the tracki ng error signal

a sta uand

".’

constant_tracking error signal.

pi ckup ¥&Bi ce The drowb@s33 sopprdses 130 upp%éaﬁp§éﬁiﬂgem%%ﬁi
on grating, |like the device shown i.n Hé% IS knomn from

26, 403, 33 Provided,pikh FhéOBP@%maéffo#e&llgﬂn
' nolographic grating, and a lower moulding half 33b

they desgred

ruled with a complementary design of the desired
diffraction grating. The mould 33 also.has an inlet
passage 33c formed therein, and glass or plastic
material in the molten or fluid state is introduced
into the mould through the inlet passage 33c¢. A pool
of molten material within the mould 33 is left to set
into a solid body which constitutes the unitary
composite grating structure 2. Other grating
structures according to the invention which will be
described hereinbelow are all fabricated in
substantially the same manner.

Now the forming of the mould half 33a is
described with reference to Figs. 11C-11G. A glaés
pane or a sheet of glass 30 is prepared as shown in
Fig. 11C. A coating 31 of photoresist is applied over
one surface of the glass pane 30 (Fig. 11D).

As a next step, using photolithographic technigue
(and, when necessary, two—-beam interference
technique), the photoresist coating 31 is etched away
to leave a pattern of fine thread-like projections 32

(Fig. 11E). The pattern of the fine projections 32 is

s Wi t hreaiyi mgtprial or glagsptimdo makiondd B3 wheswi line Ftn@-obt ain



The use of holograns in optical pickup devices, to direct a light

beamreflected froma record nedi um 20 towards an optical sensor

is known from EP- A- 0,123,048 and EP-A-0, 195, 657. From these
t wo docunents, it is also known to forman assenbly in

whi ch two hol ograns are adhered to each atdher by an opti cal

adhesi ve. 25

optical pickup

It is an object of this invention to provide an
optical pickup epperedusitth eptdcamting r eddi abectroplatedf avetmwtl oA 36t or ed

ina flat information carrier. It is another object of the
i nvention to prmvu@g a desired thickness (Fig. 11F). the

apparatus for optically read

an

flat information

ng.a. .
carrier which udtechreRiategeaiptal °°at¥ﬁ9h%gdf6§1ﬁ§£ﬂ83ﬁ?s@?§otéﬁntro

and which is si

5

lLer. . AP .
anerlylng glass sheet 30, it is incorporated into the

upper mould half 33a as a grating-forming surface

- layer. A similarly grating—-forming layer for the
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lower moulding half 33b can be fabricated following
substantially the same process as described above.
The optical working of the grating assembly 2 of
Fig. 10 is 1illustrated in Fig. 12 in a greatly
enlarged cross-section taken along the line A-A of
Fig. 10. Refer to Fig. 12, together with Fig. 13
which schematically shows an optical pickup apparatus
according to the present embodiment and having the
grating assembly 2 incorporated therein. The optical
pickup apparatus includes a laser source 1, typically
a semiconductor laser device, and an objective lens 6
positioned close to an information carrier disc 7 for
converging the laser light from fhe source 1 on the
disc. A collimating lens 5 is disposed closer to the
objective lens, while the optical grating assembly 2
is closer to the laser source 1. The pickup apparatus
also includes a six-segment photosensor or
photodetector 8 which produces electric outputs in
response to and as a function of incident radiation of

light.



in construction than simlar prior-art apparatus. 5 The

invepgtion provides an optical pickup apparatus for reading

i nfofmation recorded on a track or tracks on a recordi ng nedi um by
causing a focused | ight spot to scan along said track or tracks and
by directing light reflected fr said mediumtoward a 10 '
phot odet ector, the apparatus conprising first grating nmeans for

deriving froma |igQbybeamiediiisd Biedoperation! bhtheouLtasaraBea beam
which is focused to form said focused light spot, and a pair of

sub-beanms, = pjckuphidgpareeiocusedu® bbanr ecoetingedqedizom f theuse in
15 ~sensing tracking error of the main beam and neans for

directing partlagethedumgld bedalief lect thef diffsaiction gratimgordi ng
medi um toward sai d phot odet ect or, characterised in that said
means for direptowjded ®mn the facecdhd gfatihey grathng sasderpPlyt 2grating
nmeans is 20 arranged between said |ight source and the second

grati ngsmeans Eheh tmaldant | jipteheaheaPr edfed BiffFacted by &fgng

rati ng neans to sai d phot odet ect or does not .
J J . diffractgon grat?ng into a zero-order diffracted beam

9a for reading the data pits on the disc 7, and a pair
of first-order diffracted beams 10a .and 1la for
sensing tracking error of the main read-out beam 9a.
10 These three diffracted beams 9a, 10a and 1la pass
through the holographic grating 3 on the other face
201 of the grating assembly 2, which diffracts the
passing beams into zero-order beams and first-order
beams. OFf these, only three zero-order beams continue
15 to the collimating lens 5. The first-order beams miss
the collimating lens 5 due to their greater
diffraction angles. The three beams 9a, 1ba and 1lia
impinging on the collimating lens 5 are rendered
parallel as they pass therethrough and are directed to
20 the objective lens 6, which focuses them into three
spots 9b, 10b and 11b onto the disc 7 for reading out

the information carried therein.
The spot 9b derives from the major laser beam 9a,
whereas the spots 10b and 1lb from the sub-beams 10a
25 and 1la of the laser, respectively. The three beam

spots are focused on the data carrying surface of the



pass through the first grating neans, and said first and second

grating neans are integrally forned into a 25 grating assenbly.

In preferred enbodi nents, the first grating neans is adiffraction
grating and the second grating neans i's a hol ographic grating.

14 The present invention2ail| beconme nore apparent

fromthe follow ng detail ed description of preferred enbodi nent s,
taken in dlé@nJJthaél mlat\meh arxangement asasbempardn nfidrawi-ngs, in

whi ch: 5 is a schematic illustration show n an

overal | ar rﬁﬁb}ﬁweﬁf‘eoﬁpatﬁr?%%” apd Jelpl?lac,% diseaged tangengdy

Flg 21s aogcggnglélreCnggrg 'Eﬁgrgiéé rotéklon with respect to

the centre spot 9b.
5 The spot-forming laser beams are reflected by the
disc 7 and return along substantially the same optical
| paths through the objective lens 6 and the collimating
lens 5 to the grating assembly 2 where the return
beams fall on the holographic grating 3. The incident
10 beams are then diffracted into zero-order diffraction
beams and first-order diffraction beams. While the
zero—-order beams continue straight back toward the
laser source 1, the first-order diffracted beams 9c¢,
10c and 1llc are deflected sideways. As a consequence,
15 the first-order beams 9c, 10c and 1llc pass out of the
grating assembly 2 through a non-grated area 4b in the
lower face 202, bypassing the diffraction grating 4a.
It is pointed out that the first-order diffracted
beams which pass obliquelf through the grating
20 assembly 2 inevitably undergo an astigmatic effect or
distortion which is used to advantage to produce
electrical signals indicating focusing errors as will
be explained later. The.first—order beams 9c, 10c and
llc passing out through the non-grated area 4b impinge
25 on the six-segment photodetector 8 and form 1light

spots 9d, 10d and 114, reépectively, in various shapes



under st andi ng sone basi c working principles of the 10 t hr ee- beam

6 is an e
Fig.

light spots forned in di f4@rent shapes and patterns on
segrment photodetector .of a pﬂgﬁ-aft

i cal . :
ool oys STRRT PFAEREANians, ARy Shosg i PLgE mep-asc, PLECE TOV O
ration shomnngFgaﬁﬁg.on ﬂémgﬂéu*ﬁﬁﬂEa ﬁggngnogh@ @yﬁmgégﬁeﬂgnica

devi ce enploys a hof ographic grati ng;

IS a schematic illustration hel pful in

standi ng t BRLBASHEntOdE REhPIimee it EoRf BoElSHAs to their shapes
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or arrangements, is similar to that obtained in the

prior art pickup device of Fig. 1 (see Figs. 4A-4C).

Note that the prior art pickup device includes both
the diffraction grating 12 and the plane beam splitter
13 as its essential optical components.

The pickup apparatus of this embodiment shown in
Figs. 12 and 13 makes use of the three—beam detection
for tracking servo control and the astigmatic
detection for focusing servo control as does the
prior-art device of Fig. 1. However, the pickup
apparatus of this embodiment relies only on a single
grating assembly 2 for the  purpose of beam
diffraction, compared to the two optical compbnents in
the prior-art device.

In an erroneous reading situation where the disc
7 is within the focal length of the objective lens 6
or is closer to the objective lens beyond its focal
point, the three spots 9d-11d are formed on the six-
segment photodetector in oblong shape and in
orientation as shown in Fig. 14A. In a correct
reading situation where the disc 7 is in the focal

plane of the objective lens 6, three circular spots

ion nethod for tracking servo control; Fig.
schematic illustration helpful in under st andi ng sone basi c

g principles of the astigmatic detection nmethod for focusing
15 control; Figs. 4A-4C are schematic illustrations

ﬁhgeaagtaert%&e@t i Merib oW Gkuf apparatudBOHRP HiredE® i ng;



15 pul | nethod,; Fig. 8A is an enl arged perspective

view of a typi cal wedge prismenployed in a wedge prism nethod,

Fig. 8Bis a schematic illustration helpful in 5 under st andi ng sone
basi ¢ working principles of the wedge prisnlnethod;

Figs. 9A-9C are schematic |Ilustrat| show ng i ght 'spots

f or med in different shapes orlentatlons on a
fOur-Segnenédnmaogfgeﬁfeﬁee%ea oflzothe sPkLObaRbht ﬁﬂatsagteets%up devi ce
whi ch enpl o hol ographi ¢ grating; 10 is an
enl ar ged peésagcghaenvmws@@ ap4B. In afethésl egfahbaasaﬁéaa‘@hzg used in an
optical pickup apparatus according to a preferred enbodi nent of

this 15 sitasehbhovhere the disc 7 is on the far side of the
focal point of the objective lens 6 or outside its
5 focal length, the three light spots 9d-11d projected
' ~on the photodetector 8 take on oblong shapes oriented
as shown in Fig. 14cC.
A pit signal RF obtained by opticaliy reading the
data pits in the disc 7 is expressed as follows:
10 RF=a+b+c+d
where a, b, c and d represent electrical outputs
corresponding to the amounts of the light received by
the photosensitive segments a, B, C and D.
A tracking error signal TES provided by the
15 three~beam method is expressed as follows:
TES = e - f
where e and £ represeht eleétrical outputs in
proportion to the quantities of light received by the
photosensitive segments E and F, respectiwvely.
20 A focusing error signal FES provided by the
astigmatic detection method is expressed as follows:
FES = (a + d) ~ (b + ©)
Referring again to Fig. 13, when a focus error
detector 42 senses a focusing error _through the
5 photodetector 8, it operates a lens actuator 43 so

that the actuator drives the objective lens 6 in a



Figs. 11A-11F are schenmatic cross-sectional Il lustrations show ng

SUC C Cuums:C st eps for manuf acturing the optical grating
asse -of Fig. 10; Fig. 12 is an enlarged Cross-sectiona
Vi ew showi ng the working of the optical - -gfating assenbly of

Fig. B Fig. 13 is a schem@gc:lllustTatlon show ng t he
over 2EuE ar rangement of an optical pickup apparatus according to
this ention;giréction and dhdisnt M Ackieaite thehedRbiC 'éizh'ﬁéf‘iﬂz ons
show l'ight spots f or med in different shapes nhd

16 or i e4¥ aki OfaRing SietreaAgnEstefboLodat e§énsedf at heracklng
optig pi ckup apparatus of Fig. 13 according to this I nventi on;

error through the photodetector 8, it operates a lens
actuator 44 such that the actuator moves the objective
5 lens 6 in a direction and amount to correct the error.
. An accurate and reliable reading of the data pits on

the disc is attained in this manner.
Referring to Figs. 15A and 15B, there are shown
optical grating assemblies for use in apparatus
according to another embodiment of the invention. The

grating assemblies of Figs. 15A and 15B are

essentially identical in construction to the one shown

in Fig. 10 except for the structural feature to be

described hereinbelow. 'Thus, like component~parts are

15 designated by like reference numerals without having
any further description thereof.

The novel struétural feature of the optical
grating assemblies 2 shown in Figs. 15A and 15B is the
provision of a lens structure 4c¢ in its lower face 202

20 in the area through which the reflected laser beam
deflected by the holographic grating 3 toward the
photodetector passes. In the grating assembly of Fig..
15A, the lens structure 4c¢ is provided in the form of
a cylindrical 1lens, whereas in Figq. 158, the lens

25 structure 4c is in the form of a concave lens.

The optical working of the grating assembly 2



Fig. 15A is an enl arged perspective view of an 5 optical grating

assenfply used in an optical pickup appar atus accordi ng to anot her
enbodiknment of this i nventi on; _ Fig. 15B is.an enl arged
per spective view of an optical,grating assenbly used in an optical
pi ckup 10 apparatus according to %%ill anot her enbodi nent of

this inventigs; i 6 4lS ;@n r ged S§eSectdsenal view
showi ng t he gg?ﬁiﬁgeo#epﬁésggﬁfgé gﬁéff%bsggggn%ﬁiggaq 1e hgﬁgﬂ'l:igs. 15A
and 15B; 15tne cylindili®allfen® atreritan@edrPeigneatshye thiee Wedinsan
optical grating assenbly used in an optical pickup appar at us

accordi ng t opatishhgargidiaigrendiogli Temd ofructure uhdbsgbnuedicearter

Fig. 18 is an enlarged perspective view showing 20
optical gratasyigmeduild @isttokitgon, which,l1¥n turn, is effedliiye ¥® is a

schematic illustration show ng the
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cause the photodetector to generate more distinct
outputs. on the other hand, the concave lens
strucﬁure 4c of PFig. 15B functions to magnify the
transmitted beams in axial or longitudinal direction.
The axially magnified beams are more readily picked up
by the photodetector.

While the cylindrical lens structure 4c has been
separately incorporated as means for enhancing the
astigmatic development, tﬁe holographic grating 3 may
suitably be designed to havé a similar function
instead of providing a separate structure 4c.

An optical grating assembly 2 for use in
apparatué according to still another embodiment of the
invention is shown in Fig. 17. The grating assembly
2 is substantially identical in construction to that
of Fig. 10. Thus, similar parts are indicated by
similar reference numerals. However, the grating
assembly 2 of Fig. 17 differs from that of Fig. 10 in
that its holographic grating 3 is divided into two
sections 3a and 3b along a line 30 which extends in
the tangential or circumferential direction of the

disc 7. The dividing line 30 is added in the drawing

t he worki ng of the



overal | arrangenent of an optical pickup apparatus according to

this invention which enploys the optical 25 grating assenbly of Fig.
18; Fi gs. 20A-20C are schenmatic illustrations show ng

17 light spots formed in different shapes and

orientations on a six-segnent photodﬁ?ector of the optical pickup
appar at us shgwp |, perspective

vi ew of an

bﬂ E&%ﬁs 9of 1nd1cat1ngn%ﬁégbo dééyage %gﬁ

ical grating ass y used 1n"an op

Ica p|ckup

appar at us Qﬁfborg‘i'd"cgl.r{é) ﬁdﬂlo@@i'%nd?rﬁ}pd' Tis@h line is{di&,invention;

Fig. 22 is

an enl arged perspective view of an optical gr

ating

assenbly used ah agcephlcairftokdp stihicturapparahds BescSsiftog o still
anot her enbodi ment of

holographic grating is fabricated following the

procedure described hereinabove in connection with

Figs. 11A-11F.

The operation of an optical pickup apparatus
which incorporates the grating assembly 2 of Fig. 17
is now explained with reference to Fig. 19, together
with Fig. 18 which illustrates the optical working of
the grating assembly.

A laser beam 1 emitted from a.source of laser 1
impinges on a diffraction grating 4a provided in one
face 202 of a gfating assembly 2, where it is
diffracted into a zero-order main beam 9a for reading
the data pits on a disc 7 as well as sensing focusing
error, and a pair of first-order sub-beams 10a and lla
for sensing tracking error. The beams 9a, 105 and lla
pass through the holographic grating sections 3a and
3b which diffract these beams again into zero- and
first-order beams. The first-order beams, being
diffracted through a far greater angle, miss a
collimator lens 5. Thus, only the zero-order
diffracted beams of the incident beams 9%a, 10a and 1lia
continue to the collimator lens 5 to ]'oe cast into

parallel rays. The collimated beams are directed to



this invention; Fig. 23 is an enl arged perspective vi ew show ng

the working of the optical grating assenbly of Fig. 22; and 15
Fig. 24 is a schematic illustration show ng the overal I arrangenent
of an optical pickup apparatus according to this invention which
enpl oys the optical grating a8senbly of Fig. 22.

Referring nowto Fig, 10, there is illustrated a 20 grating assenbly

for use BR %Je%ﬁé%Y%allefp‘-fcI@upWthh fungdiiang uscacker@sndhi® this
i nvention. /As shown rating assenbly 2 has a face 202 turning
toward a mcm“mgohfaéé‘sofmlt&dFQF\’%QI Fgﬁgsa?l}a R AR 3v9r1? PRt
IR TR B S M T LT S
the sourcethggg fogﬁkgdbgﬁgkgoéssume the arrangement as shown in
5 Fig. 2 with the spots 10b and 11b being tangentially
displaced away from the centre spot 9b.
The laser beams which form the spots 9b, 10b and
11b on the disc are reflected by the data surface of
the disc 7 and return along substantially the
0 identical paths through the objective lens 6 and the
collimating lens 5 to the grating assembly 2. The
returning ﬁeams fall on the grating éections 3a and 3b
of the holographic grating 3 which function to

independently and separately diffract the transmitted

beams into zero- and first-order beans. As before,

wi

the zero~order diffracted beams are directed straight
back to the laser source 1. On the other hand, the
first-order beams 9c, 10c and llc diffracted by the
holographic grating section 3a, and the first-order
) beams 9d, 10d and 11d diffracted by the other
holographic grating section 3b pass out of the grating
assembly 2 through a non-grated region in the lower
face 202. The holographic grating sections 3a and 3b
are designed such that the outgoing first-order
diffracted beams converge on different locations.

Accordingly, the diffracted beams 9c¢, 10c and 1llc



18 reading a data pit fornmed on the information carrying

disc, and a pair of sub-beans for sensing tracking error of the
mai n readi ng beam The ot her face 201 of ~  the grating assenbly 2
turning toward the information 5 carrying disc is provided with a
hol ogr aphi c grating 3 as a sé&fnd grating conponent. The

hol ogr aphi 3 c§¥$r|ses an er of _curved paralle

gr ooves arr%ﬂﬁ%ﬂg?otgé?%%gglggp CHOR 1 |5 YlaFn SEX~SEIMEHY ngi ng upon
it. Thus, gggcgg£age@ol%éf <§§ﬁ%ﬂ%§ég%|§gjofBéCEHﬁlc Qparatus of

the invent? desert b he” hol ogr ap grating 3

works to llférb.dffsf(}%téﬁg& xﬁéaxﬁg%d' 9 %‘?@7‘1&%“ ltﬁ%%%r{]ﬁ:‘?@dt he

i nf or mati on" carrylng ot odet ect or . be not ed
that the di f{h&ctd Lot ShGt kESt‘ﬂénaﬂg 1ﬂt§1nge bheche! gabaBRke It Ng 3 are

made of plastics Or ass, and fornmed into the grating assenbly 2

of 3 gntdaE¥rmOthriedt mrﬁ#eresitr WdHL.9f, 10f Hemeveng. thits

is noted here that the light spots 9e and 9f derive

from the main laser beam 9%a, and that the light spots

10e-10f and l1lle-11f come from the sub-beams 10a and

1la, respectively. With the arrangement of the pickup

0 apparatus shown in Figs. 18 and 19, a laser bean from

the source is distributed into one main beam and a

pair of sub-beams by the grating assembly, making

possible the three-beam tracking error detection. At

the same time, each returning beam reflected by the

5 disc is divided into two separate beams by the grating

assembly, making possible focusing error detection in

a manner similar to that achieved by the wedge prism

method.

Formation of the light spots on the photodetector

0 8 under some typical reading situations are shown in
Figs. 20A-20C.

In an erroneous reading situation where the

information disc 7 is loc&ted off the focal point of

the objective lens 6 on the near side thereof, i.e.

5 the disc is positioned within the focal length of the

objective lens, light spots 9e-lle and 9f-11f are



invention is not limted to the uses of plastics and gl ass. O her
suitable materials can al so be used for 20 the unitary grating
assenbl y. Fabrication of the unitary grating assenbly 2 is
now briefly described with reference to Figs. 11A-11G " Fig.
11A illustrates the grating assenbly 0in schematic cross-section
The grating assenbly 2 has 25 th hol ographic grating 3 on one

face and %Q%anegr f:gattggi %Bbéﬁﬁk%gc% 570 <A1 Q1 g O el ea%ﬁrd. tis

19 y introducing  (thernoplastic) ynthetic

resin material £ Fh3Shdddeht? HRUIShFA showmpi§. Fizba, 1In the 11B.  The
moul d 33 conprises an upper noul di ng hal f 33a provided with a

count er part cdezegtt ekadifgdeiitiation whehregraRhiddisy at iikg lodaded | ower
nmoul di ng hal f 33b
on the focal point of the objective lens 6, pinpoint
5 spots 9Ye-lle and 9f-11f are projected on the
~ photodetector in the pattern as shown in Fig. 20B. In
other erroneous reading situation where the disc 7 is
located off the focal point of the objéctive lens on
the far side thereof, i.e. the disc is positioned
.0 outside the focal length of the objective 1lens,
~semicircular light spots 9e-lle and 9f-11f are formed
on the photodetector in an arrangement and orientation
as shown in Fig. 20cC.

A pit signal RF obtained by reading the pits in

the data track of the disc 7 with the read-out light

vt

spots is expressed by the following equation:
RF=a+b+c+d
where a, b, ¢ and d represent electrical signals
corresponding to the amounts of light received on the
photosensitive segments A, B, C and D, respectively.
A tracking error signal TES provided by the three
beam method is expressed as follows:
TES = e ~ £
where e and £ represent electrigal signals
proportional to the amounts of light projected and

received on the photosensitive segments E and F,



ruled with a conpl enmentary design of the desired diffraction
grating. The nould 33 also has an inlet passage 33c forned
therein, and glass or plastic material in the nolten or fluid
state is introduced 10 into the nould through the inlet passage
33c. A pool of nmolten nmeferial within the nould 33 is left to
set into a solid body which constitutes the unitary
conposi te rgspbbBfivesilucture 2. O her grating structures
according to the invention which will be 15 descri bed hereinbel ow

are all f abai €atced eirfror signal FEBILGémetated yby hehsawedgenner .

Now the formng of the nmuld half 33a is described with

ref erence poifmgbypél@eteGtiocA dkasspressed as fpdlews: a sheet of glass 30
Is prepared as shown in 20 Fig. 11C. A coating 31 of photoresist is
applied over FES = (a ¢né)surfhce o) the gl ass pane 30 (Fi.g. 11D)

As a next step, u3|ng phot ol i t hogr aphi ¢ t echni que (and, when

necBssary, twlDBBENRT AntErFkiRGQrror is sensed byhai fueykinge

hotoreS|st coatl i s etched a
P égkector 41, a TQXS actuator or driver 44

operates in response to the output signal from the
detector 41 to move the objective iens 6 'in a
direction and amount to correct the error. Likewise,

0 when a focusing error is sensed by a focusing error
detector 42, a lens actuator or driver 43 operates in
response to the output signal from the detector 42 to
move the objective lens 6 in a direction and quantity
to correct the focusing error. In this manner, the

5 position of the objective lens 6 relative to the disc
7 is always adjusted so that the disc surface is kept
in the focal plane of the objective lens and the
reading beam spots are focused right on the data track
of the disc, assuring accurate and reliable read-out
of the pits in the data track.

In Fig. 21, there is illustrated a grating
assembly for use in apparatus according to still
another embodiment of the invention. The grating
assembly of Fig. 21 is substantially identical in
construction to that shown in Fig. 17, and like parts

are designated by like reference numerals. A diétinct



25

to | eave a pattern of fine thread-like projections 32

(Fig. 11E). The pattern of the fine projections 32 is

20 covered with a coating of electroplated netal 33d
a desired thickness (Fig. 11F). When t he el ectropl ated netal
coating 33d is stripped off the 32 underlying glass sheet 30, it is
I ncorporated into the pper nmould half 33a as a grating-formng
sur f ace featurgy ef. thA grmtnam gsgeablyig2 fof Mgy 12 a0t Founsk
| ower noul di ng h%I f 33b c,an be fabricated fallow n% substantially
the sane préBes§hgs GE& n(9«3d aaﬁﬁﬁ?@ly of Fig. he Igpt itdat vv(?rkl ng of
t he gratlnghaiserrbg*Il e ust{ ted in 12
a greatly ogragitsy gea1 (?P(?ss §85t i oh® %ﬁ%’rf‘%l or‘kfl 1= 15%e A’
Fig. 10. g@%ﬁ 5%1§ﬁ31§1%r$6§5£§e v&%tgh IHol araphlc grating
5 sections 3a and 3b. The holographic grating may be
' made to have an additional function of relieving
influence of the coma. In Fig. 21, the provision of
the anti-astigmatism holographic means is represented
by drawing the grating sections 3a and 3b to have
0 grating configuration or pattern different from the

i

one shown in Fig. 17. The particular holographic
means may be fabricated by photolithographic technigue
which employs two—-beam interference (Fig. 11E). As
can be seen in Fig..ls, the returning light beams are
transmitted obliquely through the grating assembly 2
toward the photodetector 8, which inevitably develops
astigmatic distortion in the transmitted light beans.
As a result, these beams form on the photodetector
light spots of oblong circles or ellipses instead of
regular circles. By providing the anti-astigmatism
holographic means over the holographic grating
sections 3a and 3b, the development of astigmatic
effects on the light beams transmitted through the
grating assembly 2 is prevented, resu]:ting in the
formation of fully round 1light spots on the

photodetector.

havi ng

in



whi ch schematically shows an optical pickup apparatus according to

t he present enbodi nent and having the 15 grating assenbly 2

i ncorporated therein. The optical pi ckup apparatus includes a

| aser source 1, typically a sem conductor | aser device, and an

obj ective lens 6 positioned close to an information carrier disc 7
for converging the laser light3fromthe source 1 on the 20

disc. Acollimating lens 5 is disposed closer to the obj ecti ve

|l ens, while the &ftital adsst ipRFBSRENbEy Hdesign thes halesgarrbdiq he | aser
source 1. The pickup, apparatus , al so . includes a  sSiXx-segnent
phot osensor 9raging ' to haye: &bt dBAGE Smﬂﬁﬁbﬁyngdd§€%°¥ﬁ?RnrQQF'outputs in
25 e, OPORISA Y enE 1 36henE e AL LRI U BA IR eor .

With the enlarged light spots, the photodetector works

5 to generate glectrical outputs of greater intensity.

There is illustrated in Fig. 22 an optical
grating assembly 2 for use in apparatus according to
still another embodiment of the invention, which is
essentially identical in structure to that shown in

10 Fig. 17. Thus, like component parts are designated by
like reference numerals.

In contrast to the grating assembly of Fig. 17,
the grating assembly 2 of Fig. 22 has been divided
into two holographic grating sections 3a and 3b along

.5 a line 30 which extends parallel to the fine grooves
in the diffraction grating 4a on the other face 202 of
the assembly 2. When the dividing line 30 extends
orthogonally with respect to the grating grooves, it
gives rise to the following problems.

b) Turning back to Fig. 18, the wavelength of the
laser beam 9 emitted by the semiconductor source 1
undergoes slightest change with a varying temperature.
As the emanating laser beam changes its wavelength, so
does the return beam reflected by the disc 7. The
relation expressed by the following equation exists

between the wavelength )\ of the reflected beam and

s L AP 1 T e L



Now t o descri be the operation of the illustrated

a |l aser beam 9 emtted fromthe | aser source 1 falls on the

diffraction grating 4a

assenbly 2.

diffraction grating into a zero-order di

5

pi ckup appar at us,

provi ded on the face 202 of:the.graiing

The incident |[aser ?¥ean1 is diffracted. by.’ the

racted beam : 9a for

reading the datdopider Sadbfofli Shgle 3Nkl wnich tndf rbsislcwer

diffracted beans 10a and 1lla

nsing tracking error of the main

read-out beam $aam 4@ aiffhhRsed e didd raetld e Ran:10a and 1la pass

t hrough the hol ographic grating 3 on the other face

grating assenbly 2, sai gh=diffracts the passi ng beans into

zer o-order
zer o- or der
first-order

beans m ss

beans and first-order beans. O these, only three
beans continue 5 to the collimting lens 5. The
the collimating lens 5 due to their greater

201 of the

diffracti on angles. The threk beanms 9a, 10a and 1la | npi ngi ng on

the collimating lens 5 are rendered | paral lel as they pass
t her et hr ough "aW&exiee 4ideRqtrRs tbhe pitch spacing of the holographic

10

15

20

25

grating.

As will be seen from the equation, any variation
in the wavelength of the light beam causes a change in
the diffraction angle e. If the diffraction angle
with respect to the first-order diffracted beam
undergoés fluctuation in response to the varying
wavelength ;& ., the light ééots 9e-1le and 9f-11if
focused on the photodetector 8 are displaced laterally
in the direction toward or away from the source 1 as
seen in.Fig. 18. As a result, the spots %9e-lle are
positioned much closer to one another, making it
difficult to obtain clear and distinct RF Signalé,
tracking error signals as well as focusing error
signals. This is true also of the light spots 9f-11fF.

In order to make allowance for the possible
fluctuation in the wavelength of the laser beam caused
by varying temperature conditions or different
semiconductor devices used as the laser ‘source 1, it
has been necessary to design the optical system of the

pickup apparatus such that the light spots 10e and 10f



20 t he objective lens 6, which focuses theminto three spot s

9b, 10b and 11b onto the disc 7 for readi ng out the information
carried therein. The spot 9b derives fromthe major |aser beam
9a, whereas the spots 10b and 11b fromthe sub-beans 10a 25

and 1la of the l|laser, respectively. The three beam - spoets are
focused on the data carrying surface of t

22 disc jh a e ' arran t ' i g..2. Thus,
the spots 10b an‘J’cliP?ledlaArﬁgﬂ é%l g@edgﬁgﬁggﬁogﬁﬂéf 5, o?gi rrlauéchdi PEcti on

of the disc rotation:uwhLh r o : e t
The spot-forningﬁ+§§%§ﬂ%éans a e%F% e%?%dlgfﬁgﬁegsgkg fP%iégﬂy %%g’return
al ong substanti alby¥pbtBeisaNY.0PMoCAhis end, R NSeddM OUGH ARG oRbeehi ve

|l ens 6 and the coll1mating lens 5 to the grating assenbly 2 where
the return the disc 7 must be made to lie farthest apart from
5 each other, or alternatively additional optical
| component parts should be incorporated. These

propositions are disadvantageous in that they impose

stringent requirements on the mounting accuracy of the

whole apparatus, and also involve higher manufacturing
10 costs and lower operating stability.

The éfore@entioned problems relating to tﬁe
fluctuating wavelength of the 1laser beam are
effectively overcome by the novel grating assembly 2
of Fig. 22 in which the holographic grating 3 is

15 divided into the grating sections 3a aﬁd 3b along the
| line 30 extending parallel to the fine grooves or
slits of the diffraction grating 4a. Now to refer to

Fig. 23 where the optical working of the grating
assembly 2 of Fig. 22 is illustrated, together with

20 Fig. 24 where an optical pickup apparatus employing
the grating assembly of Fig. 22 is' shown. As the
wavelength of the laser beam 9 from the source 1
fluctuates, the 1light spots <focused on  the
photodetector 8 are displaced laterally in a direction

25 away or toward the laser source 1. However, the

spacing between the light spot 10e and 1lle is never



beans fall on the hol ographic grating 3. The incident 10 beans are
then diffracted into zero-order diffraction beans and first-order
diffraction beans. Wil e the zero-order beans continue straight
back toward the | aser source 1, the first-order diffracted beans
9c, 10c and 11c are deflected sideways. As a consequence,

the first-order beans 9c, 10c and 1lc pas36out of the grating
assenbly 2 through a non-grated area 4b _in the | ower face 202,
bypassi ng the dPEPEREENSH -gr §PFngs4Bhe distancetbetween rthel snats HAL t he
first-order diffracted beans whi ch pass obliquely through the
grating 20 apdsekbfy 2 ERBGRrabty diePg§b RERISIHAL O eFebctthe

di stortion which_is.used to advqa#g e to pro el ectrical signals

nai cat i ng | ocuSPRY B GREEEN e L1908 PLRRtETion, apd adeer anthahe
oty e oo PeoBaingl Uil cne 1iHHE BRI GRL R NI S ger,
form liggt thanSRSL219dn g@%f@ﬁ%é%@%nré?”ﬁ%ééfﬁié“sﬂf&ﬂfﬁﬂé46 shapes

Fluctuations of the spacing between the spots 10e

and 10f, and the spacing between the spots i1le and 11f

in the direction toward or away from the source of

laser 1 are effectively compensated for by adjusting

10 the pitch of the grating grooves in the grating

sections 3a and 3b.

As has been described in detail hereinabove, the

optical pickup apparatus of the preferred embodiments

includes the diffracﬁion grating which distributes a

15 light beam from a source into a main beam for reading

the data pits on the information carrier disc, and a

pair of sub-beams for sensing tracking error of the

main reading beam. The diffraction grating ensures

the generation of stable tracking error signals. The

20 pickup apparatus also includes a holographic grating

for directing and converging part of the light beam

reflected by the disc onto the photodetector. The

holographic grating is integrally formed with the

diffraction grating into a unitary grating assembly,

25 which eliminates the need for two separate grating

components. A reduction of the requisite grating



23 and orientations as shown in Figs. 14A-14C.

Formation of the light spots on the six-segnment phot odet ector 8 in
t he pi ckup apparatus of the present enbodi ment of the invention
both as to their shapes 5 or arrangenents, is simlar .to that
obtained in the prior art pickup device of Fig. 1 (see Figs.

4A- 4C) . Note that the prior art pngup devi ce includes both

the diffracti oné:,gor at i n%h%%t g_.neda%etgl aéler%%?eﬁ@ni tg_gr the numbje§- agﬁi ts

essential optic pickup apparatus of S

embodi ment Shmmhé#%ﬁa??d%%eﬁigfonéf Q&ﬂ%%gygﬁg§§ Uffe ObyL g1 § NEESaREAM

det ection 'hg Servo Cco and the astignmatic

of Fig 1 HoyERe SPRUTISIRh Be SanoRtetithe lve or e B
relies only on g 8lfid€us which possesses an excellent ability to
5 sense tracking error of the read-out beam.

Further, in the novel grating assembly used in
the preferred embodiments, the diffraction grating for
diffracting the beam from the source into zero- and
first-order beams, and the holographic grating for

10 orienting part of the light beams reflected by the
disc toward the photodetector are formed integral with
each other. This unitary structure makes it possible
to fabricate both the diffraction grating and the
holographic grating simultaneously in an economical

15 manner as shown in Fig. 11B. The unitary grating

| assembly also makes putting component parts together
into a pickup apparatus easier and less troublesome.

Although the present invention has been described
and illustrated in detail, it is clearly understood

20 that the same is by way of illustration and example
only and is not to be taken by way of limitation, the
scope of the present invention being limited only by

the terms of the appended claims.



grating assenbly 2 for the purpose of beam di ffraction,

conpared to the two optical conponents in the prior-art device.

In an erroneous reading situation where the disc 7 |s mnthln the
focal length of the objective lens 6 or |s cl5 laced j ve
| ens beyond its focal point, the three spots 9 u d on
t he si x- segnent photodetector in oblong '
orientation as shown in Fig. 14A In aﬁﬁfrrect readlng situation
where the disc 7 is in the focal ane of the obj ective | ens 6,
three circul ar . 24

9d- 11d are projéﬂﬂi‘sén t he si x-segnent phot odet ect or 8 as shown in

Fig. 14B. In angtheragréopeess peadhphpparatus HdUaLLAE g the disc 7

is on the far side of the Il Fodnge fon
recorded on a track or tracks on a disc recording medium
(7) by causing a focused light spoct (9b) to scan along
said track or tracks and by directing light reflected

from said medium toward a photodetecter (8), the

(V1Y

apparatus comprising: first grating means (4a) for
- deriving from a light beam (9) emitted by a light source

D (1) a main beam (9%9a), which is focused to form said
focused light spot (9b), and a pair of sub-beams (10a,

0 11a), which are focused onto the.recording medium for
use in sensing tracking error of the main keam; and

second grating means (3) for directing part of the light

beam reflected from said recording medium toward said

photodetector, wherein said first grating means (4a) is

-
w

arranged between said light source (1) and the secend
grating means (3) such that the light beam (9c~1tc)
D | directed by the second grating means (3) to said
a photodetector (8) does not pass through the first

grating means (4a).

20
2. " An optical pickup apparatus according to claim 1,
the arrangement being such that said phoéodetector (8)
detects the light beam (94) dirscted by said second
grating means (3) using the astigma:tic methcd to produce
5 focusing error signals.

R A )



focal point of the objective lens 6 or outside its focal |ength,

the three light spots 9d-11d projected on the phot odetector 8 take
on obl ong shapes oriented as shown in Fig. 14C A pit
signal RF obtained by optically reading the ~data pits in the disc 7
IS expressed as follows: 10 RF=a+b+c+d where a,

b, ¢ and d represent electrical outputs corresponding to the
anounts of the light received by t he photosensitive segnents A, B,
C and D. A tracking error sPQnaI TES provi ded by the 15

t hr ee- beam net hod i exgéessid as. fol TES = f

where e and f TepredRn?PeiE2 rP&SFuBuFBBF§aFHS aCCOrdlﬁBbﬁ@rFﬂGnﬂtdqthe

uantities of v b hot Qse i ve segnents E and
g, respectlvel%ﬁéﬂ%ffgﬁsémggt §9$§€u§ o) 8PF§ s?lén E§e598&06édaﬁy t he
istjl) gfmt 'bc+d§tc?§ﬁé<995 ML Do dise BRURSESE, &ey U4 Wed by said seconm - (@
grating means (3, 3a, 3b) using the wedge prism method

to produce focusing error signals.

4, An optical pickup apparatus according to any one of
claims 1 to 3, wherein said first grating means

comprises a diffraction grating (4a).

5. An optical pickup apparatus according to any
preceding claim, wherein said second grating neans

comprises a holographic grating (3).

6. An optical pickup apparatus according to claim 5,
wherein said holographic grating (3) is divided into two
sections (3a, 3b) in order to obtain focusing error

signals using the wedge prism method.

7. An optical pickup apparatus according to claim 5,
wherein said holographic grating (3) has an additional
fdnétion of relieving influence of astigmatism or coma
in the light beam (9c-11c) reflected by said recording

medium and directed toward said photodetector (8).

8. An optical pickup apparatus according to claim 5,

R



Referring again to Fig. 13, when a focus error detector 42 senses a
focusing error through the 5 phot odetector 8, it operates a | ens
actuggor 43 so that the actuator drives the objective lens 6 in a
25 direction and ampbunt to correct the error. Simlarly,

as afracking error detector 41 senses a tracking error through the
phot ddetector 8, it operates a | ens actuator 44 such that the
actuat or nmoves the objective lens 6 in a direction and anount to
correct the error. An accurate angg eliable reading of the data
pits on the disc is attained in this manner. Ref erring

to Figs. 15A angndpBint heageqarnordipdphic gratoiid Caleagisat 0y anasmbames
for use in apparatus 10 accordi ng to anot her enbodi nent of the
i nvention. The additional function of magnifying the light spots (9d-

11d) formed on said photodetector.

.9. An optical pickup apparatus according to claim 5,
wherein. said holographic grating (3) has an additional -
function of enhancing astigmatism in the light beam (9c-
11lc) reflected by said recording medium and directed

toward said photodetector (8).

10. An optical pickup épparatus according to claim 6,
as appendent to claim 4, Qherein said holographic
grating (3) is divided into said two sections (3a, 3b)
along a line (30, Fig. 22) which extends parallel to the

gratiné lines of said diffraction grating (4a).

AR



grating assenblies of Figs. 15A and 15B are essentially

i dengi cal in construction to the one shown in Fig. 10 except for
~the §tructural feature to be descri bed hereinbel ow. Thus, |ike
conppnent parts are 15 designated by |ike reference nunmerals w thout
havi hg any further description thereof. : The nove
strugtural feature of the optical grating assenblies 2 shown in
Figst 15A and 15B is the provision of a lens structure 4c inits

| ower face 202 20 in the area through which the reflected | aser beam
defl ected by the hol ographic grating 3 toward the phot odet ect or
passes. In the grating assenbly of FIABSTRACT 15A, the lens structure 4c

is provided in the form of a cylindrical lens, whereas in Fig. 15B
the lens 25 structure 48BZLCGHL (ICRUR ARRARARYS cave | ens.

The optical working of the grating assenbly 2
P gh opt{Eaf’pickég apparaghs for reading data stored

in a flat information carrier disc (7) by prbjecting a
5eam of light from a laser source (1) onto the disc
surface and directing light reflected by the disc toward
a photodetector (8). The apparatus includes a
diffraction grating (4a) which derives from the laser
beam a main beam (92), which is focussed on the disc for
data reproduction, and a pair of sub-beams (10a, 1la),
which are focussed on the disc for use in sensing.
tracking error of the main beam. A holographic grating
(3) directs the light reflected by the disc toward the
photodetector (8). The diffraction grating (4a) is
arranged between the laser source (1) and the
holographic grating (3) such that the light bean (Sc-
11lc) directed by the holographic §rating to the
photodetector does not pass through the diffraction

grating.



26 with the lens structure 4c is shown in Fig. 16. Wth

d ndrical lens structure of Fig o 5A, the beans passi ng

1 the | ens structure undergo a“&d ter astigmatic distortion,
inturn, is effective to cause the photodetector to generate

nor e @i stinct out put s. On the other hand, the concave |Iens
strudmure 4c of Fig. 15B functions to magnify the transmtted beans
in ax@al or |ongitudinal direction. The axially magnified beans are
nore Weadily picFé@(Qp] 10 by the phot odetector. Wil e the
cylir@irical lens structure 4c has been separately incorporated as
neang f or enhancing the astigmati c devel opnent, the hol ographic
gratighg 3 may 185uUig abligcbe designed to have a simlar function 15
i nst gad of pr ovi di ng a\sefp'ar’at e struct u_pﬁi4c_ An Opti cal
gratifng a e aﬁparatus according to still another
enbodi nent of the 13
7
¢
I - T
6 44

(o
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invention is shown in Fig. 17. The grating assenbly 21s

substg@tially identical in constructiop to that 20 of Fig. 10.

Thus, @i m | ar parts are indicated by L simlar reference nunerals.
Howevillr, the grating assenbl y f Fig. 17 differs fromthat of
Fig Oin . that its holographic grating 3 is divided into two
sectigns 3a and 3b along a line 30 which extends in 25 t he tangenti al
or cifcunferential direction of the disc 7. The dividing line 30 is
addedgin the draw ng 27 for
t he rpose of indicating the boundary between the two grating
sectipns 3a and 3b. No such line is seen in an actual grating
strudgure. The %ﬂﬂI chon hol ographic grating is fabricated
foll gwi ng the eiﬁ edure described herei nabove in connection with

11A-11F.

' r——‘__—l</PrT
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18a\———z::§;;~18c
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The operation of an optical pickup apparatus whi ch incorporates the

grati ssenbly 2 of Fig. 17 isn explained with reference to
Fig. 5~ t oget her with Fig. 18 illustrates the optical working
of F the grating assenbly. A laser beam1l emtted froma
sour of laser 1 i npinges on a diffraction grating 4a provided in
one face 202 of a grating assenbly 2, where it is 5 diffracted
into zer o- or der [ 0, beam 9a for reading the data pits on a disc 7
as | as sensingﬁ?t@isz;éy error, and a pair of first-order

sub- @ans 10a and 1lla for sensing tracking error. The beans 9a, 10a
and a pass through the hol ographic grating sections 3a and O

3b ch diffracti¥bese beans again intg,zero- and first-order

bea The fgrrrst{order | beans, bg&ng di ffra€tjed through a far
greafger angl e, m collinmatar |

zer oforder
contfnue to th

efps 5. Thus, gnly t he
Beans |bf /t hBli hci dent beans 8§,C10a and 1la 5
ns 5 th eycgst into

L 5

Al

19b+
£ RSa F
A B
/'— {‘19(2
C { f D [15
U/
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19?3 /19c
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parallel rays. The collimated beans are directed to

28 an objective lens 6 which functions to focus the

i nco beans into three spots 9b, 10b 5} 11b on the dat a

reco surface of an information disc he t hree focused spots
assu he arrangenent as shown in 5 Fig. 2 with the spot's 10b and 11b
bei ng@Rngential ly di spl aced away fromthe centre spot- 9b.

The |§r beans which formthe spots 9b, 10b and 11b on the disc
are ected by theﬁpftg rface of the disc 7 and return al ong
subst ially the ntical paths through the objective lens 6 and
the # collimating lens 5 to the grating assenbly 2. The

retud®ng beans fall on the gratlng sec >—3a and 3b of the

;f:phlc grating

43




i ndependently and separately diffract the transmtted 15 beans into

zer o- d first-order beans. As before, the zero-order diffracted
beans e directed straight back { e laser source 1. On the

ot her nd, the first-order beans 9c, 10c- and 11c diffracted by the
hol og hic grating section 3a, and the first-order beanms 9d, 10d
and d diffracted by the other hol ographi c grating section 3b
pass t of the grating assenbly 2 through a non-grated region in
the | r face 202. The hol ographic grating sections 3a and 3b

are i gned such that the outgoing first-order di ffracted beans
conv e on different |ocations. Accordingly, the diffracted beans
9c, and 11c FIG.6 29 t hr ough

the gfating section 3a fall on a six-segnment
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phot odetector 8 to formthree spots 9e, 10e and 1lle, while the

di ffragcted beans 9d, 10d and 11d throuygh the ot her grating section
3b S nge on the photodetector J?Z 8 to formthree different spots 9f,
10f #med 11f. It is noted h that the |light spots 9e and 9f

der i fromthe main | aser beam 9a, and that the light spots
10e@@f and 1le-11f come fromthe sub-beans 10a and 11a,
resjg®tively. Wth the arrangenment of the pickup 10 appar atus shown in
Figg® 18 and 19, a FafEB EF m from the source is distributed into
one §@ai n beam and a ﬁ¥alr of sub-beans by the grating assenbly,
makigfg possi bl e the three-beamtracking error detection. At

the @ane tinme, each returning beamreflected by the 15 di sc is divided

assenbly, making possible
anner simlar to that achi eved by
~Forpggion of the light spots
readirng situations are

gtwo separate beams by the

FOCUS FRROR
A e fc [P SIGNAL




Fi gs. 20A-20C. In an erroneous reading situation where the

inforjion disc 7 is located off the_? | point of t he objective
| ens g&bn the near side thereof, i.e. E%ﬁ the disc is positioned within
t he | engt h of the obj ective 1ens, light spots 9e-1le and
of -1 ' 30 formed on
t he t odetector in semcircular shape and I n an arrangenent as
showrg 20A F1(5. 84 correct reading situation where the
disc g¥is | ocated on the focal point of the objective lens 6,
pi npgint 5 spots 9e-11e and 9f-11f are projected on the
phot gt ector in the pattern as showy in Fig 20B.In ot her
errorggous readi ng situatfion whigre thgidisc J|is écmated of f the
f ocalggpoi nt of the objedtive | gns on e 1

25a | ~25b
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the far side thereof, i.e. the disc is positioned 10 out si de the

focal _length of the objective |ens,, semcircular |ight spots
Oe- 118 d 9f-11f are forned Jﬁhe phot odet ector in an arrangenent
and ent ati on as shown in Fig. 20C A pit signal RF
obt a d by reading the pits in 15 the data track of the disc 7 with

t he out |ight spots is expressed by the foll ow ng equation

RF = + b +c +d where a, b, ¢ and d represent electrical signals
corr onding to the amounts of |ight received on the

phot nsitive segnents A, B, C and D, respectively. A

trac g error signal TES provided by the three beam nethod is

expr ed as foll ows: TES = e - f where e and f

repr égent el ectrical signal s proportional to the anmounts of

| i ght;gor oj ected and recei ved on the photosensitive segnents E and
F, ~4

FI1G.10
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31 respectively.

A focus error signal FES generated by

t he ¥ prismtype detectionus ,expressed as foll ows:

FES +d) - (b+c) 5 er a tracking error is sensed by
atr g error detector 41, a iens actuator or driver 44

oper In response to the output signal fromthe detector 41 to
nove objective lens 6 in a direction and anount to correct the
erro I kewi se, 10 when a focusing error is sensed by a focusing error
det eg 42, a lens actuator or driver 43 operates in response to
the gamut signal fromthe detector 42 to f:;(BVEJgte obj ective lens 6
i n aj ection and quantity to correct t'h 0 ¥ng error. In this
mannga the 15 position of the objective lens 6 relative to the disc
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7 is always adjusted so that the disc surface is kept in the foca

pl ane o e objective lens and the ngging beam spots are focused
right o e data track of the disc,l ébring accurate and reliable
r ead- ouss of the pits in the data track. In Fig. 21
there g | ustrated a grating assenbly for use in apparatus
accordi st o still anot her enbodi nent of the invention. The

grat i noges assenbly of Fig. 21 is substantially identical in

construyga on to that shown in Fig. 17, and |like parts are

desi gn d by |ike reference nunerals. A distinct

32 feature of the grating assenbly 2 of Fig. 21 not found

in the ating assenbly of Fig. 17 is that a _ hol ographi ¢ neans
for evi ng i nfluence of astigmati smis provided over the
hol ogr ic grating
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5 sections 3a and 3b. The hol ographic grating nmay be made to

have pddi ti onal function of relieving P i nfluence of the coma. In
Fig. t he provision of t he anti-agV§6natisn1holographic nmeans i s
repr ted by drawi ng the grating-sections 3a and 3b to have 10
grati configuration or pattern different fromthe one shown in
Fig. The particul ar hol ographic means nay be fabricated by
phot hogr aphi ¢ techni que whi ch enpl oys two-beam i nterference
(Fig 1E). As d?éﬂﬁg een in Fig. 18, the returning |ight beans
are transmtted obTi ?Uﬁthrough the grating assenbly 2

t owa he phot odetector 8, which inevitably devel ops astigmatic

di st on in the transmtted |ight beans. As a result, these beans
form t he phot odet ect or | i gh nots aof oblong circles or ellipses
i nst of e TC i/-astigmati sm

hol ogiaphi c sgctions 3a and 3b,
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grating assenbly 2.is prevented, resulting in the formati on of

full v Il 1ight spots on the photodetector
33 A It is also possible to de5|gﬁQ¥ﬁé hol ogr aphi c
grati} have an i mage magni fyi ng functlon for.”" enl arging the
| i ghtESsaE s f ormed on the photodetector : Wth the enlarged |ight
spot S phot odet ect or wor ks to generate electrical outputs of
gr eat Nt ensi ty. E;ﬁﬁﬁﬁué illustrated in Fig. 22 an optica
grat i ssenbly 2 for use in a ccording to still anot her
enboquet of the invention, which is essentially identical in
struGEsE to t hatOdhown in 10 Fig. 17. Thus, |ike conponent parts are
desi ; ed by 3
f ( F|] 8
A /7%)5
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| i ke reference nunerals. In contrast to the grating assenbly
of Fig 17, the grating assenbly 2 af E?g. 22 has been divi ded

into *hol ographi c grating sections 3a an along 15 a line 30
whi ¢ f'ends parallel to the fine grooves _ in the diffraction

gr at 4a on the other face 202 of 7.7 the assenbly 2. \Wen the
divigame |ine 30 extends orthogonally with respect to the grating
groow it gives rise to the follow ng probl ens.

Tur nig back to Fig. 18, the wavel ength of the | aser beam 9 emtted
by t s em conductor source 1 undergoes slightest change with a
var yigas t enper at ure. As the emanating | aser beam changes its
wavel§qgt h, so does the return beamreflected by the disc 7. The
rel afg®n expressed by the foll ow tA on exists bet ween t he
wavelghgth [err] of the reflectggpgggﬁﬂié%

202




34 _ the diffraction angle [err] through which the reflected

beam diffracted into the first-order beam , Sinf[err] =

[ err] s : d where d‘Heotes the pitch spacing of
t he pgr aphi c grating. o As. will be seen fromthe
equa , any variation in the wayel ength of the |ight beam causes
a ch e in 10 the diffraction angle [err]. If the diffraction angle
W th spect to the first-order diffracted beam under goes

fluc tion in response to the varying wavel ength [err] , the

l'i gh pots 9e-1l1le and 9f - 11f focused on the photodetector 8 are

di splggfed laterally 15 inthe direction toward or away fromthe source
1 as g4 seen in Fig. 18. As a result, the spots 9e-1le are

posi tgoned nuch cl oser to one another, meking it difficult to
obtai® clear and distinct RF signals,
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tracking error signals as well as focusing error 20 signals. This is

true 50 of the light spots 9f-11f. In order to nmake

all ovge for the possible fl uct uati on”Wdhe wavel engt h of the
| aserfiglleam caused by varying tenperature conditions or different
sem cgi@duct or devi ces used as the |aser source 1, it 25 has been

neceslry to design the optical systemof the’ pi ckup apparatus such
that fhe |ight spots 10e and 10f

35 - are displaced on the photodetector 8, as nuch as

possig@ e, away fromthe light spots 1le and 11f, respectively. To
this @nd, the beanms 10b and 11b on the disc 7 nust be made to lie
fartijgst apart from 5 each other, or alternatively additiona

opt i dip conponent parts should be incorporated. These

F1G.17
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proposi tions are di sadvantageous in that they inpose stringent

requi jSlInt s on the nounting accuracy of the . whol e appar atus, and
al so | ve hi gher manufacturing 10 costs afttf Mower operating

stabi§ : The af orenenti oned probl'ens relating to the

fluct@ ng wavelength of the laser beam are effectively
over by the novel grating assen&iy g; of Fig. 22 in which the
hol o ic grating 3 is 15 Fﬁl pde8 into the grating sections 3a and
3b algis t he line 30 extending parallel to the fine grooves or
slit the diffraction grating 4a. Nowto refer to Fig. 23 where
t he cal working of the grati assenbl y of Fig. 22 is

il1lu ed, together mﬁﬂﬁa'ZU”Bg’/f_T\\)ﬁmhere an pptifcal / pi ckup

appa s enpl oyi ng 9 denbly of fFigs 23 is shgon. As

wavel engt h of tn fromthe souycefl

fluctfig@tes, the 1ight 6 S phot odet ector 8
are ¢ppl aced laterally ina directj

soureg 1. - However, the

3a

away or F‘m}o t he3baser
,”<’r 201

“a«,’ )




spaci ng between the |ight spot 10e and 1le is never

di m ni shed. Nor is the distance between { e spots | of

Hence, it is not necessary to set the ~4-Rhﬂ spaci ng bet ween
& spots 10e and 1le, and the spaci ng between the |ight
& and 11f Dbroader 5 t han usual in anticipation of possible
i Fl uctuati ons of the spacing between the spots 10e
and the spaci ng between the_spots, lle and 11f in the

toward or away fromthe soEﬁE 0 | aser 1 are

pl y conpensated for by adjusting 10 the pitch of the grating
in the

grating sections 3a and 3b. As has
r—detar T neret , t he opti cal pickup apparatus

ri beg s
eferfed enbodi nents




includes the diffraction grating which distributes a 15 i ght beam
froma 8Jurce into a main beam for reading the data pits on the

mformaon carrier disc, and a pair of sub- b’dﬁpb'y/for sensi ng
tracki ngf error of the mai n readi ng beam The diffraction grating
ensur es g t he generation of stable tracking error signals. The 20
pi ckup dpparatus al so includes a hol ographic grating for directing
and confferging part of the light bfap(3 2(QA reflected by the disc onto
t he pho##odet ect or. The hol ographic grating is integrally fornmed
W th the dif{ action grating into aqijegitary gratinl assenbly, 25
which g imnates t \O_separat es i ng £ nponents. A
reduct ifon of the rigquisite gratinpA F 8
37 = conmponent s toa F eductTom i n tthg nuf e
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delicate operational adjustnents. The overall result is the

provi gemon of an inexpensive optical pickup .2 Egratus whi ch
posscés an excellent ability to 5 sense tracki d error of the
read-Jt beam Further, in the novel grating assenbly used in
the p&ferred enbodi nents, the diffraction grating for diffracting

t he b@m fromthe source into zero- and first-order beams, and the
hol ogiaphic grating for 10 orienting part of the light beans reflected
by t h di sc toward the photodetector are forned integral with

each @ther. This unitary structure nmakes it possible to fabricate
both #he diffraction grating and the_ - hol ographi c grating

si mul@g aneously in an econom cal ESIG,ZFkanner as shown in Fig. 11B. The
unitdfy grating assenbly al so nakes putting conponent parts

t ogetgher into a pickup apparatus easier and | ess troubl esone.

Al t hdugh the present invention has been descri bed and illustrated
in dgtail, it is clearly understood 20 g that the same is by way of
illustration and exanple




limtation, the scope of the

only and is not to be taken by way of
the terns, of the appended

present invention being limted only by i

cl ai ng. 38 CLAIM5S 1.° An optica

pi ckud apparatus for reading information-recorded on a track or tracks on a
by causing a focused |light spot (9b) to scan al ong

recordi ng nmedi um (7)
track or tracks and by directing light reflected from said nedi um

t he apparatus conprising first grating neans

Q) 28 tted by a light source (1) a-
and

said
toward a phot odetector (8),
(4a) for deriving froma Iight befm|

mai n peam (9a), which is focused to formsaid focused |ight spot (9b),
focused onto the recording

a paif of sub-beans (10a, 1l1la), which are
r of the main beam and neans (3)

medi um for use;hy sergd ng.trackitg ergg
for directing Jggt z@§% q1?ight/be,' ?efl ted fromsaid recording

medi um  t owaYd sa’ﬁbre phot odet ¢ct @17, Aracterised in that said neans
for directing\ s @ sd;ond gratihg freans (3), said first grating neans (4a)
H A Y
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is arranged between sajd Iight source (1) and the second grating neans (3)
such ki ght beam (9c-11c) directed by the second grati ng neans (3)
det ector (8) does not pass through the first °<'-d(céz]ing means
; % first (4a) and second (3) grating neans are integrally
f or meg f grating assenbly (2). 2. An optical pickup apparatus
icl ai m 1, t’he arrangenment being such that said photodetector
'he |ight beam (9d) directed by said second grating neans (3)
usi ng§ g igmatic nethod to profyiﬁéfzéﬁsing error signals.
: ¥pti cal pickup apparatu 5] ng to claim1, the arrangenent
‘hat said photodetector (8) detects the |ight beam (9e, 9f)
sai d second
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grating neans (3, 3a, 3b) using the wedge prism nethod
error signals.
claife 1 to 3,

grating (4a).

preceding claim wherein said second grating nmeans

grating (3).

logdiod mos

to produce focusing

4. An optical pickup apparatus according to any one of
wherein said first grating nmeans conprises a diffraction
5. An optical pickup 1gppar at us according to any

L1ai AP | &&de pi ckup apparatus according to claimb5

conprises a hol ographic

wherein said holographic grating (3) is divided into two sections (3a, 3b)
in order to obtain faxstig ethier hahdpaia tthieng idkuprelioe g icin s hod.

7. An optical

pi ckup apparatus according to claim5, wherein said

hol ogr aphi ¢ grat nge(l-x)lnlgasplanta@dlP¢%1haPU1lurﬁ,€tﬁQﬁt3eﬁn r Sechuigyei nfa uence

of astigmatism or

5
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Date

sxé@fa'holographlc grating 20 is sufficient for the
intended diffraction of the laser bDbeamn. One less
component part and one less step for the operational
adjustment in this pickup device than in the device
based on the three-beam detection surely leads to a
considerable cost reduction. However, the push-pull
type of pickup device is disadvantageous in that the
tracking error signal fluctuates with varying pit
depths, making it impossible to obtain a stable and
constant tracking error signal.

An optical pickup device which uses a separate
beam splitter and diffraction grating, like the device
shown in Fig. 1, is known from EP-A-0,226,403, on
which the preamble of claim 1 is based.

The use of holograms in optical pickup devices,
to direct a light beam reflected from a record medium
towards an optical sensor, is known from EP-A-
0,123,048 and EP-A-0,185,657. From these two
documents, it is also known to form an assembly in
which two holograms are adhered to each other by an
optical adhesive.

It is an object of this invention to provide an
optical pickup apparatus for ‘optically reading
information stored in a flat information carrier.

It is another object of the invention to provide
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in the |ight beam (9c-11c) reflected by said recording nediumand directed

toward said photodetector (8). 8. An optical pickup apparatus according
to claimb5, 40 wherein said

hol ographi c grating nmeans (3) has an addytional function of nmagnifying the
i ght spots (9d- 11d) forned on said photodetector. 9. An optical

pi.ckup appar at USsRCegtdtag bIckhl pbar IR ordr S8pYiRaN0Y 2RR A A 1 N0

(3) has an additional function of enhancing astigmatismin the [i"ght beam
(9c- 1lc) refl efl®d hinfainthtrieeor diang verdi whizhd dseect£d tHmewrskfimi d
phot odet ector (8).

method for tracking servo control and which is simpler

in construction than similar prior-art apparatus.

5 The invention provides an optical pickup
apparatus for reading information recorded on a track
or tracks on a recording medium by causing a focused
light spot to scan along said track or tracks and by
directing light reflected from said medium toward a

10 photodetector, the apparatus comprising first grating
means for deriving from a light beam emitted by a
light source a main beam, which is focused to form
said focused light spot, and a pair of sub-beans,
which are focused onto the recording medium for use in

15 sensing tracking error of the main beam, and means for
directing part of the light beam reflected from said
recording medium toward said photodetector,
characterised in that said means for directing is a
second grating means, said first grating means is

20 arranged between said light source and the second
grating means such that the light beam directed by the
second grating means to said photodetector does not
pass througp the first grating means, and said first
and second grating means are integrally formed into a

25 grating assembly.

In preferréd embddiments, the first grating means
is a diffraction grating and the second grating means

is a holographic grating.
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10. An optical pickup apparatus according to claim®6, as appendent to
claim4, wherein said holographic grating (3) 'is divided into said two
sections (3a, 3b) along a line (30, Fig. 22) which extends parallel to the
grating lines of said diffraction grating (4a).

38

CLAIMS
1. An optical pickup apparatus for reading information
recorded on a track or tracks on a recording medium (7)
by causing a focused light spot (9b) to scan along said
track or tracks and by directing light reflected from
said medium toward a photodetector (8), the apparatus
comprising first grating means (4a) for deriving from a
light beam (9) emitted by a light source (1) a main beam
(9a), which is focused to form said focused light spot
e (b}, and a pair of sub~beams (10a, 1la), which are
focused onto the recording medium for use in sensing
tracking error of the main beam, and means (3) for
directing part of the light beam reflected from said
recording medium toward said photodetector,
characterised in that said means for directing is a
second grating means (3), said first grating means (4a)
is arranged between said light source (1) and the second
grating means (3) such that the light beam (Sc-11c)
directed by the second grating means (3) to said
photodetector (8) does not pass through the first
grating means (4a), and said first (4a) and second (3)
grating means are integrally formed into a grating

assembly (2).

2. An optical pickup apparatus according to claim 1,
the arrangement being such that said photodetector (8)
detects the light beam (9d) directed by said second
grating means (3) using the astigmatic method to produce

focusing error signals.
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