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TI TLE OF THE | NVENTI ON Magnet o-optical pick-up with optical nodule
BACKGROUND OF THE I NVENTION 1. Field of the invention The present invention
relfat ess%¥ o a nagneto- optical pick-up for an optical recording and
reproduci ng apparatus used in an external data storage device storing audio
and video files, text files, and otherlconputer data by repeatedly witing
and reading said information by neans of an optical beam and the
magnet o-opti cal effect. 2.Description of the prior art
Phot o- el ectro-magneti c recordi ng and reproduci ng devi ces have been

devel oped i nqpreeenbryeRESTIRIERGEOkYPEe of optical recording and reproducing
devi ce capable of repeatedly rewiting and reading data to the sane nmedi um
The magnet o-optical piBagnptosopt ioalaubek-ahp cabio nept i edl tihedule
magnet o- opti cal recording and reproduci ng system and technol ogi es reduci ng
the size of BASKARGHNP OBPFTREENVERRIONp have been actively researched. A
convent.i onal magneto-optical eick;u desi gned for conpactness is described
in Japanese ttoRk&L4HBE2EBR34D ﬁﬂﬁl?g descri bed below with reference to

Figs. 20A and 20B fron%ﬁgkggésgﬁé%ggééghion relates to a magneto-

optical pick-up for an optical recording and reproducing
apparatus used in an external data storage device storing
audio and video files, text files, and otﬁer computer data
by repeatedly writing and reading said information by means
of an optical beam and the magneto-optical effect.
2.Dbescription of the prior art

Photo~electro-magnetic recording and repro&ucing
devices have been developed in recent years as one type of
optical recording and reproducing device capable of
repeatedly rewriting and reading data to the same medium.
The magneto-optical pick-up is a fundamental component of
the magneto-optical recording and reproducing systen, an@
technologies reducing the size of the magneto-optical pick-
up have been actively resea;qﬁed.

A conventional magneto-optical pick-up designed
for compactness is described in Japanese tokkai H5-205339,
and is described below with reference to Figs. 20A and 20B
from tokkai H5-205339.

As shown in Fig. 20A, photodiodes 113 and 114 are

formed on silicon substrate 112, and are divided into three



As shown in Fig. 20A, photodi odes 113 and 114 are fornmed on silicon
substrate 112, and are divided into three . -2- segnents A- Cand D- F

i n*fthe gane direction as the photodi ode orientation, as illustrated in Fig.
20B, and the direction perpendicular thereto. The polarizing film 115

di sposed over the conplete surface of 4He Si substrate 112 passes only
P-polarized |ight and reflects S-polarized light. A non-polarizing film 121
with 50%reflectivity is also forned on the sloping sides of the mcroprism
formed on the polarizing film 115 above the phot odi odes 113 and 114. A

quarter-wavegbefdhspaaleclldgi s Lof et?%}’seanﬁé"'%i&récﬁf‘ﬂo]rﬁ%s & is coated

with a total réflection film118. Anot | substrate 123 1s al so forned
on the polar %ﬁbﬁ&dib&m d2beitaBi®sidd oM BRPGSE LA tiie FEIAPIZWB,S dhkiaeaeof
the prism 116. The |aser diode 125 is disposed on the Si substrate 123, and
emts |ight direbtidntbperpehdicubdr dthextetme. | Thengldlzed zAmgddgilmed160 t he

i nci dence pl ane of the non-polarizing film121. Another photodi ode 124 is
al so provi de@8iBRoseR oyex Ble reempiete furfanssiaf dheo Pl fakstyate 112

passes only P-polarized light and reflects S-polarized
light. A non-polarizing £ilm 121 with 50% reflectivity is
also formed on the sloping sides of the microprism formed
on the polarizing film 115 above the photodiodes 113 and
114. A quarter-wave length plate 117 is formed above the
prism 116, and is coated with a total reflection film 118,
Another Si substrate 123 is also formed oﬁ the polarizing
£ilm 115 a£ a position opposing the sloping surface of the
prism 116. The laser diode 125 is disposed on the si
substrate 123, and emits light of whiéh the polarization
plane is inclined 45 deqreeé to the incidence plane of the
non-polarizing £ilm 121. Another photodiode 124 is also
provided on the $i substrate 123 at a position on the side
opposite the side facing the non-polarizing film 121 of the
laser diode 125. An objective lens 126 is also provided
above the inclined surface of the prism 116.

The basic operation of the magneto-optical pick-
up thus comprised acéording to the prior art is described
below.

The light 128 emitted from the laser diode 125 is

incident to the non-polarizing film 121, which reflects



opposite the side facing the non-polarizing film 121 of the | aser diode
125. An objective lens 126 is al so provided above the inclined surface of
the?prism 116. The basic operation of the magneto-optical pick- up thus
conprised according to the prior art is described below The |light 128
emtted fromthe |laser diode 125 is rn2ident to the non-polarizing film
121, which reflects -3- only 50% of the light 128 upward. The light 128
reflected by the non-polarizing film121 is focused by the objective |ens
126 on the photo-el ectro-magnetic recordi ng nedium 129 (nmagneto-opti cal

0, 5) o BRAPEES, BPLLAR DGR 3o"Ghghed DInidr BIPSAE FLFMMLceq
recordi ng neﬁkwhpﬁoaaﬁagaﬁa&ﬂggblmemm f&tfé{&:sﬁ&i'sbﬂzélé‘%jb%é S
i nci dent on the non-polarizing frl 21; 50% of this incident |7ght passes
t he non- pol ageasng26i bm tRé. plbeokeybetidSnpgseilc tieesghi ndianedium 129
non-pol arizing film 121
(magneto-optical disk), and the polarization plane is
rotated by the magnetic signal recorded to the recording
medium 129.

The light 128 reflected from the recording medium
129 passes through the objective lens 126 again and is
incident on the non-polarizing film 121; S0% of this
incident light passes the non-polarizing film 121. The
light 128 passed through the non-polarizing £ilm 121
travels through the prism 116 and is incident on the
polarizing film 115.

Of the light incident on the polarizing ﬁilm 115,
only the P-polarized 1i§ht component passes and is incident
to the photodiode 113. The S-polarized light component is
reflected by the polarizing film 115. This reflected S-
polarized light travels through the prism 116, passes the
gquarter-wave length plate 117 and is incident on the total
reflection film.lls, and is thus reflected by the total
reflection film 118 and passed again through the quarter-
wave length plate 117. The S-polarized light component of
the emitted light 128 thus travels twice through the
quarter-wave length plate 117, and is thereby converted to

P-polarized light. While the light 128 reflected by the



travel s through the prism 116 and is incident on the polarizing film 115.
O the light incident on the polarizing film 115, only the P-polarized

| i ght camponent passes and is incident to the photodi ode 113. The
S-pol ari zed Iight conponent is reflected by the polarizing film2115. This
reflected S polarized |ight travel s t#rGugh the prism 116, passes the
quarter-wave length plate 117 and is incident on the total reflection film
118, and is thus reflected by the total reflection film 118 and passed
agai n through the quarter- wave length plate 117. The S-polarized |ight

conponent of gl ergdéredigteihdd vt lahaie! enkvues theopehshhele ana

quarter-wave length plate 117, and is thereby converted to P-polarized

i ght. Wil e ideideidntl 2 raefd quilad ibinighe€ilm 145,t ehal 1dghkeakBofsf il m
118 travel s through the prism 116 and is incident on the polarizing film
115, the |i gmowl z®nverhed donrmadanigeR ddohti asddesghibad gbovei 8@ above

and t herefore passes through the polarizing film,115 gnd IS _incident on the
ot her phot odiigifrefrre PASSAfHdrguety the polarizing film 115 and 1s

incident on the other photodiode 114. The photo-electro-
magnefic signal RF is thus obtained by differential
detection where RF = (A+ B + C) - (D + E + F).

When the magneto-optical pick-up is focused on
the recording medium 129, the light 128 is focused on the
total reflection film 118 as shown in Fig. 20B, and the
light spots on the photodiodes 113 and 114 have the same
diameter. The focus error signal FE éan thus also be
obtained by differential detection where FE = (A + C + E} -
(B + D + F).

The light 128 emitted from the laser diode 125 in
the direction away from the non-polarizing film 121 is
incident on photodiode 124. The change in the amount of
light 128 emitted from the laser diode 125 can thus be
determined by detecting the change in the amount of light
128 received by the photodiode 124.

With the configuration thus described, the
operation reflecting the light 128 emitted from the laser
diode 125, and the oﬁeration passing the light reflected
from the recording medium 129, are both achieved by a non-

polarizing film 121 of which the reflectivity and



magnetic signal RF is thus obtained by differential detection where [err].
When the magneto-optical pick-up is focused on the recording nedium 129,
the-?lightt 128 is focused on the total reflection film 118 as shown in Fig.
20B, and the light spots on the photodi odes 113 and 114 have the sane

di aneter. The focus error signal FE Gar thus al so be obt ai ned by
differential detection where [err] (B+ D+ F). The light 128 emtted from
the | aser diode 125 in the direction away fromthe non-polarizing film 121
i's incident on photodi ode 124. The change in the anmount of |ight 128

emitted fromghgd@sEarkiddso Iide Chtiutee wWetteledieddii dielorciigltt he
change in the anount of light 128 received by the photodi ode 124.. Wth the

confi gur at i onpdlwwsi ztetsion bedBeddiesopertat ithre neffllecttiiivg. ttyhend ght 128
emtted fromthe | aser diode 125, and the operation passing the |ight

s

reflected frowramsmitiane: mf i s napeolard 2isch TidM d2dd 252 & A6H-

pol ari zing fi.‘!“c@ ,1211ig01It Vt\/{]*l'i.i?{]iztaht?icgt? felfefci:['cii\gr;[ ainsd poor. This makes an
expensive, high outpuf laser diode 125 necessary. Because
the transmittance of the polarization component rotated
only a minimal angle by the magnetic signal recorded to the
recording medium 129 is also poor, i.e., the transmittance
of the photo-electro-magnetic signal is also poor, a
sufficient signal/noise ratio (S/N ratio) is not achieved
in the photo-electro-magnetic signal, and good performance
is not obtained from the magneto-optical pick-up.

A second Si substrate 123 is also regquired in
addition to the Si substrate 112 in order to mount the
laser diode 125, photodiode 124, and expensive quarter-wave
length plate 117, which is made, for example, of quartz.
The number of components in the magneto-optical pick-up is
therefore large, and achieving a low cost magneto-optic;l
pick-up is extremely difficu;t.

SUMMARY OF THE INVENTION

) . Therefore, the object of the present invention is
to provide a compact magneto-optical pick-up for a photo-
electro-magnetic recording and reproducing apparatus where

the light utilization efficiency of the magneto-optical

pick-up is good, a good S/N ratio can be obtained, and



transm ttance do not contribute to the direction of |ight polarization.
Because both the reflectivity and transmttance of this non-polarizing film
121.are a low 50% light utilization efficiency is poor. This makes an
expensi ve, high output |aser diode 12§qupessary. Because the transmttance
of the polarization conponent rotated only a mninmal angle by the nagnetic
signal recorded to the recordinhg nedium 129 is al so poor, i.e., the
transmttance of the photo-el ectro-magnetic signal is also poor, a
sufficient signal/noise ratio (S/Nratio) is not achieved in the

phot 0- el ect r oexpgneive Bidietem it i Qs rnitey mEC @ e elompliinginted afreom

t he magneto-optical pick-up. A second Si substrate 123 is also required in
addition to thetSreguimedate 112 in order to nmount the | aser di ode 125,
phot odi ode 124, and expensive, quarter-wave |length plate 117, which is nmade,
for exanple, of quartz.ToURSHi/FR S higstents meanefe-PRiicad- BAckeyp

D1 ckoup [ 5 exErETRITE T SRS (T SRImAP QIS CRIBRITER MoPBFOFRL ¢ he
obj ect of 't NeyBaRE oyl P bl S dilad 1 -E0RAT g TRIBRLALOBRGCA
pi ck-up for a photo- el'ectro-Tagnetic Tecordi'ng and reproducl ng appar at us
wher e receptor element having plural light reception areas, and a
diffraction grating on the light incidence/emission plane;
a condeﬁsing element for irradiéting light emitted from the
light-emitting element to the information recording medium;
a polarizing prism provided integrally to the optical
nodule in the light path between the light;emitting element
and the condensing element, and characterized by the
reflectivity and transmittance of the polarizing prism
differing for P-polarized light and S-polarized light; and
an analyzer p:ovidéd internally or integrally to the
optical module for dividing the light reflected or passed
by-the polarizing prism into light having af least two
mutually-perpendicular polarization components.
[Operation]
With the polarizing prism of the invention, the
.reflectivity and transmittance differ for P-polarized light
and S-polarized light, thereby improving the efficiency
with which the light enitted from the light-emitting

element is reflected or transmitted, and improving the

efficiency with which the photo—elect;o-magnetic signal



the light utilization efficiency of the magneto-optical pick-up is good, a
good S/N ratio can be obtained, and -6- expensive light-emtting

el ement s'’and ot her conponents are not required. To achieve this object, a
nmagnet o-opti cal pick-up according to t present invention conprises an
optical nodul e conprising an integral ght-emtting el ement and receptor
el ement having plural |ight reception areas, and a diffraction grating on
the light incidence/eni ssion plane; a condensing elenent for irradiating
light emtted fromthe light-emtting element to the information recording
medi um  a pol ebmpoAgnkl yefephe¥idby thé egl Bghy rictativrp@f Gile Nodul e in the
i ght path between the light-emtting el enrent and the condensing el enent,
and characterpmédrﬁyatﬁenrptheetbyityeamhbtwfatﬁdﬁnnmﬁagnﬂtﬁdurqmﬂnﬂﬂnd ng

prismdiffering for P-polarized |ight and S-polarized || and an
anal yzer provmeééumnﬂérﬁaﬁﬂ9cBﬁdlﬁ?éﬁ?%@$%ﬂﬁ§ﬁ4ruaﬂﬁﬁl tho&mléﬁﬂﬂtIOD
ﬂ;zzﬁéngttPgagﬁghﬁbggégeggegh §5§§9m?y %&Qfg%éj fynrégf% L%%ht

be assured.

Because the light utilization efficiency is gooqd,
a high cost, high output light-emitting element is not
needed, and the quarter wave length pl&te and plural
substrates are not needed. Unit cost is therefore easily
reduced. By also integrating-the optical module and
polarizing prism while disposing the analyzer inside the
optical module, an extremely small magneto-optical pick-up
can also be achieved. .

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully
understood from the detailed description given below and
the accompanying diagrams wherein:

Fig. 1 is a conceptual side view of a magneto-
optical pick-up according to the first embodiment of the
invention, and Fig. 2 is a plan view of the receptor
element, light-emitting element, and analyzer in the first
embodiment;

Fig. 3 is a side view of a magneto-optical pick-
up according to the second embodiment of the invention,

Fig. 4 is a plan view of the receptor element, light-



mut ual | y- per pendi cul ar pol ari zati on conponents. [Operation] Wth the

pol arizing prismof the invention, the reflectivity and transmttance

di ffer for P-polarized light and S-polarized light, thereby inproving the
efficiency with which the Iight enltted fromthe light-emtting el enent. is
reflected or transmtted, and inproving 8t he efficiency with which the
phot o- el ectro- magneti c S|gnal -7- conponent generated by the slight
rotation of the polarization plane by the photo-el ectro-magnetic recording
mediumis reflected or transmtted. The light utilization efficiency is

thus inprovedenditdingsdibinenent adaNahal i fes ain Penasseesty SRsaanferte |1 ght

utilization efficiency is good, a high cost, high output |ight- en1tt|ng
el ement i s notandedded, sade hheogua&éeroﬁatneIdﬁtﬁﬁa¢ﬂxﬁm&qfﬁt$ﬂ¢VaJ
substrates are not needed. Unit cost is therefore easily reduced. By al so
integrating the optical FigdubeanddFpgh a7 i a¥agdbfferanihi$idelivioss maf tehe

anal yzer inside the
magneto-optical pick-up according to the third embodiment

of the invention, and Fig. 8 is a plan view of the receptor
element and light-emitting element;

Fig. 9 and Fig. 10 are differenﬁ side views of a
magneto-optical pick-up according to the fourth embodiment
of the invention, and Fig. 11 is a plan view of the
receptor element ahd light-emitting elemeﬂt;

Fig. 12 is a conceptual side view of a magneto-
optical pick-up according to the fifth embodiment of the
invention, and Fig. 13 is a plan view of the receptor
element, light-emitting element, and analyzer;

Fig. 14 is a conceptual side view of a magneto-
optical pick-up according to the sixth embodiment of the
invention, and Fig. 15 is a plan view of the receptor
element and light-emitting element;

FPig. 16 is a conceptual side view of a magneto-
optical pick-up according to the seventh embodiment of the
invention, and Fig. 17 is a plan view of the receptor
element and light-emitting element;

Fig. 18 is a conceptual side view of a magneto-
optical pick-up according to the eighth embodiment of the

invention;



optical nodule, an extrenely small magneto-optical pick-up can al so be
achi eved. BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention wll
beconme more fully understood fromthe detailed description given bel ow and
t he acconpanying di agrans wherein: Fig. 1 is a conceptual side view of a
magnet o- optical pick-up according t© The first embodi ment of the

i nvention, and Fig. 2 is a plan view of the receptor el enent,
light-emtting elenent, and analyzer in the first enbodinment; Fig. 3 is a
side view of a magneto-optical pick- up according to the second enbodi nent

of the invention, Fig. f4.513 Rkag %isw #ed Nor resent ke pt6FEB embh gt -
emtting elenent, and anal yzer in the second enbodinent, and Fig. 5is a

top view of tdfima diiightaemietiggakbiagentgand and Fig. 7 are different side
views of a magneto-optical pick-up according to the third enbodi nent of the
invention, and Fig. 8 iFdgs.pRaA sndwzoB ihe acseptivnal epfm and
light-emtting el enent; ' .
conventional optical module and an enlarged plan view of
photodiodes of Fig. 20A, respectively.
DESCRIPTION OF PREFERRED EMBODIMENTS
The preferred embodiments of a magneto-optical
pick-up according_to the present invention are described
below with reference to the accompanying figures.
Fig. 1 is a side view of a magneto-optical pick-
up according to the first embodiment of the invention, and-
Fig. 2 is a plan view of the receptor element, light-
emitting element, and analyzer in the first embodiment.
As shown in Figs. 1 and 2, a substrate 16 is
'provided inside the optical module 15 having a box-like
casing made of a resin or metal. A laser diode 17 as the
light-emitting element, and photodiodes 18, 19, and 20 as
receptor elements, are provided on said substrate 16. The
laser diode 17 is disposed w%th the light~emitting chip
inside a recess having sides sloping at an approximately 45
degree angle provided in the substrate 16. When the laser
diode 17 emits, the emitted light hits the 45° sloping
sides, and is reflected upward. The photodiodes 18 and 19

each comprise six elements 18a -~ 18f and 19a -~ 19f as shown

in Fig. 2. Photodiocde 20 comprises two elements 20a and



Fig. 9 and Fig. 10 are different side views of a magneto-optical pick-up
according to the fourth enbodi nent of the invention, and Fig. 11 is a plan
view of -the receptor elenment and light-emtting elenent; Fig. 12 is a
conceptual side view of a magneto- optical pick-up accordlng to the fifth
embodi ment of the invention, and Fig: ¥ 1s a plan view of the receptor
elenment, light-emtting elenent and anal yzer; Fig. 14 is a conceptual side
vi ew of a nmagneto- optical pick-up according to the sixth enbodi nrent of the
invention, and Fig. 15 is a plan view.of the receptor elenment and

light-em ttinghwls08Rfeq Bl anlg.pb§'o§1ﬁg‘E8§9t g3l dééP@thﬂﬁ’le t8 fRgneto-

optical pick-up according to the seventh enbodi ment of t I nvention, and
Fig. 17 is a qdimhtatdwnofoft photoaepties ebeapatiand light-emtting elenent,

Fig. 18 is a conceptual side view of a magneto- optical pick-up according

to the eighth enbodi nedt tofnsparenteatubghrate 29-made of glass or resin
seals the optical module 15, and comprises.thereon at the
surface area opposing the laser diode 17 a holoérap@ic
diffraction grating 22 (diffraction grating). This
holographic diffraction grating 22 has a lens effect
whereby the focal point of +/~1lst order diffracted ligh;
diffracted 5 -~ 20 degrees differs. .

The polarizing prism 23 has a trapezoidal cross
section formed by bonding a prism with a triangular cross
section to a prigm with a parallelogram cross section. The
bonding surface is a polarized light separation plane 23a.
When the light emitted from the laser diode 17 is, for
example, P-polarized light, the transmittance and
reflectivity of the polarized light separation plane 23a to
P-polarized light is approximately 70% and 30%,
respectively, and the reflectivity to S-polarized light is
approximately 100%. The polarizing prism 23 is formed
integrally to the transparent substrate 21, and the slope
23b of the polarizing prism 23 is inclined to guide light
into the optical module 15.

A prism-type analyzer 24 is similarly formed with -
a trapezoidal cross section formed by bonding a prism with

a triangular cross section to a prism with a parallelogram



Fig. 19 is a plan view of the receptor elenent and light-emtting el enent;
and Figs. 20A and 20B are a sectional of a conventional optical nodul e and
an ‘enl arged pl an vi ew of photodi odes of Fig. 20A, respectively. DESCRI PTION
OF PREFERRED EMBODI MENTS The preferred enbodi nents of a magnet o-opti cal

pi ck-up according to the present invVehfion are described bel ow with
reference to the acconpanying figures. Fig. 1 is a side view of a
magnet o- opti cal pick- up according to the first enbodi nent of the

invention, and Fig. 2 is a plan view of the receptor elenent, |ight-
emtting el egepls 204 88al Y I I dsiefidodi laésizﬁg ha Figs. 1
and 2, a substra?e %6 ?gﬁprﬁgéﬁed %ég?%kat e op?%ta ri%ﬁ)dule 1 Wﬁgyﬁhg a

box-11ike caskafapRtieoffpBahi@sifa f Miath thd agensiiiadanke ao phe
light-emtting el enment, and photodi odes 18, 19, and 20 as receptor

el enents, arpopavizeddlightals aposixiatatelfy IH0E,| aset thieodefléctivditgposed

with the light-emtting chip inside a recess having sides sloping at an
appr oxi mat el $o48-BetRrebzehgl Bk olF RFEQ PREFEOEIIGEIA 40P - WEBR t he | aser
diode 17 emits, the emtted light hits th %rro]n%loin %id%s, %nd I s

e_ substrate 1 over

reflected upREFHER" RS AR & PF RRPY;

the photodiode 20 such that the polarized- light separation
plane 24a is disposed above element 20a of the photodiocde
20, and slope 24b is disposed above element 20b of the
photodiode 20. As a result, the triangular cross section
prism element of the prism-type analyzer 24 is positioned
above elenent 20a of the photodiode 20, and the
parallelogram cross section prism element is positioned
above element 20b.

The objective lens 25 is a condensing element
provided above the polarizing prism 23 to focus light on
the magneto~optical recording medium 26 used as the
.information recording medium.

It should be noted that the holographic
diffraction grating 22 may be disposed on the top of the
transparent substrate 21 at a position opposing the
polarizing prism 23 rather than on the bottom of thg
transparent substrate 21.at a position opposing the laser
diode 17.

It is also possible to eliminate the transparent

substrate 21, and provide the holographic diffraction



each conprise six elements 18a - 18f and 19a - 19f as shown in Fig. 2.
Phot odi ode 20 conprises two el enents 20a and - 10 - 20b arrayed at an
approxi nately 45 degree angle to the orientation of photodi odes 18 and 19.
A transparent substrate 21 nmade of glags or resin seals the optical nodul e
15, and conprises thereon at the surf €e”area opposing the |laser diode 17 a
hol ographic diffraction grating 22 (diffraction grating). This hol ographic
diffraction grating 22 has a |l ens effect whereby the focal point of +/-1st
order diffracted light diffracted 5 - 20 degrees differs. The polarizing
prism 23 hasg@atingezoi dae6t0gSosclié Yol IEthPpridizg & ismwith a
triangular cross section to a prismw th a parallel ogramcross section. The
bondi ng surf position pppasingdthe glisexephiicala Ay .pl ane 23a. When the |ight
emtted fromthe laser diode 17 is, for exanple, P-polarized Iight, the
transnmittance and ref| Be¥Ehexpoxg. il hatly e iRfRrSgiqh mdstpi2d3ne 23a

to P-pol arized,l LalL,l & apPLOX JBLel Y, 1% AL 0%s naving

trapezoidal cross section formed by bonding a prism with a
triangular cross section to a prism with a parallelogram
cross section, it is also possible to achieve this
trapezoidal shape by bonding three triangular cross section
prisms.

As illustrated in Fig. 1 schematically, the
optical module 15 is installed in a pick~up frame PF made
of a resin or a metal and the objective lens 25 is
suﬁported by the frame PF in a well-known manner so that
the light beam is focused on the magneto~optical recording
medium 26 correctly. Plural lead terminals L are drawn out
from a side wall of the package of the module 15 to the
outside of the pick-up frame PF. One end of each lead
terminal L is connected to a corresponding device by a wire
bonding and the other end thereof is connected to a control
circuit CC for electrically controlling the pick-up in a
manner well known to those skilled in the art.

It is desirable to fill an inert gas such as Ar
or the like in the inner space of the optical module 15 to
protect elements and devices housed inside the optical

nodule 15 from deterioration.



respectively, and the reflectivity to S-polarized light is approxi mately
100% The polarizing prism23 is fornmed integrally to the transparent
substrat®e 21, and the slope 23b of the polarizing prism23 is inclined to
guide light into the optical nodule 15. A prismtype analyzer 24 is
simlarly formed with a trapezoidal'bﬁ&s§ section formed by bonding a prism
with a triangular cross sectionto a prismwith a parallelogram Cross
section. The bonding surface is a polarized |light separation plane 24a of
which the transmittance to P- polarized light is approximately 100% and

the reflectivity to S pgkabhgge bpahhtisnabsorRd MhdyndBs-Sope 1O opihe
prismtype analyzer 24 is provided on the substrate 16 over 't he phot odi ode

20 such t hat ubhacpekaihgedol thbt psepantt i nvept bore Plathss dbapmshrkalbiove
el enent 20a of the photodi ode 20, and slope 24b is di sposed above el enent
20b of the pdescdibdd Pelows a result, the triangular cross section prism
el emrent of the prisn}tgpe anal yzer_ 24 is positioned ahove el enent 20a of

t he phot odi ode 20, and t'ﬁ@%ﬁf‘é?ﬁe*%%‘?%n?%ﬁ‘%’é%d dan e riaspe BRaR 47

posi tioned passes the holographic diffraction grating 22 forméd on
the transparent substrate 21, and is incident on the
polarized light separation plane 23a of the polarizing
prism 23. Because the reflectivity and transmittance of
this polarized light separation plane é3a to P-polarized
light are appfoximately 30% and 70%, respectively, and the
reflectivity to S-polarized light is approximately 100%,
approximately 70% of the light passes the polarized light
separation plane 23a and is focused on the magneto-optical
recording medium 26 by the objective lens 25. The
polarization plane of this light is rotated approximately
0.5 degree by the photo-electro-magnetic signal recorded to
the magneto-optical recording medium 26, and is reflected
as a photo-electro-magnetic signal component with a nominal
S-polarized light componeﬁt.. This reflected light passes
back through the objective lens 25.and is incident on the
polarized light separation plang 23a of the polarizing
prism 23. _

Because the reflectivity and transmittance of

this polarized light separation plane 23a to P-polarized

light are approximately 30% and 70%, respectively, and the



above el ement 20b. The objective lens 25 is a condensing el enent provided
above the polarizing prism23 to focus light on the nagneto-optical
recordi ng medi um 26 used as the information recording medium It should be
noted that the hol ographic diffraction grating 22 may be di sposed on the
top of the transparent substrate 21 étlg Pposition opposing the polarizing
prism 23 rather than on the bottom of the transparent substrate 21 at a
position opposing the |aser diode 17. It is also possible to elimnate-the
transparent substrate 21, and provide the hol ographic diffraction - 12 -

grating 22 diF&elddt Bt B-d ZdriiGdd i159ne3 iat a@psasziihhemgpﬁ@a%pg the
| aser diode 17. Furthernore, while both the polarizing prism 23 and
prismtype arspgpredinteie AEmEtthd@Hpadaxizedpaightdaktonponensepasoss
formed by bonding a prismwith a triangular cross section to a prismwth a
paral | el ogr arthrough while approximately 30% of the P-polarized light
component and 100% of the S-polarized light, which is the
photo-electro-magnetic signal component, are reflected.
The light reflected by the polarized light separation plane
23a is reflected by the slope 23b, passes the transparent
substrate 21 to enter the optical module 15, and is
incident .on the polarized light separation plane 24a of the
prism-type analyzer 24.
_ Because the transmittance to P—pblafized light is
approximately 100% and the reflectivity to S-polarized
light is also approximately 100% at this polarized light
separation plane 24a, the P-polarized light component
passes through and is incident on element 20a of the
photodiode 20. The S—-polarized light component is
reflected from the polarized light separation plane 24a to
slope 24b, and is reflected by slope 24b to photodicde
element 20. 'Thus, if the signals obtained by elements 20a
and 20b of the photodiode 20 are expressed with the same
sign, the photo~electro-magnetic signal-ﬁF.can be obtained
by the difference detection
RF = 20a - 20b. _ (1]
The light passing the polarized light separation

plane 23a of the polarizing prism 23 is incident on the



cross section, it is also possible to achieve this trapezoidal shape by
bondi ng three triangular cross section prisns. As illustrated inFig. 1
schemati'cal |y, the optical nmodule 15 is installed in a pick-up frane PF
made of a resin or a netal and the objective lens 25 is supported by the
franme PF in a well-known manner so thdt® the |ight beamis focused on the
magnet o- opti cal recordi ng nmedium 26 correctly. Plural lead terminals L are
drawn out froma side wall of the package of the nodule 15 to the outside
of the pick-up frane PF. One end of each lead termnal L is connected to a

cor r espondi N ek ety 8iWie8RABfli goapiflytHP ALhRL oG ter eof i s

connected to a control circul electrically controlling the pick-up

in a manner wiahsipagentt eubBegateki bhed TRiéhendident t1igntdesdrable to fill
an inert gas such as Ar or the like in the inner space of the optical

modul e 15 t o @ifdrected| entht 8 dinfifdegties dmybeds repricotimatopty cal- rasdul e
15 from deterioration. - 13 -
degrées such that, for example, the +1st order diffracted
light is incident on the one photodiode 18, and the -1st
order diffracted light is incident on the other photodiode
19. Because the holographic diffraction grating 22 has a
lens effect whereby the focal points of +1st ordexr and -1st
order diffracted light ﬁiffer, the +1st order diffracted
light is focused, for example, at a point closer to the
holographic diffraction grating 22 than the photodiode 18,
and the -1st order diffracted light is focused at a point
beyond the photodiode 19. As a result, when the magneto-
optical pick-~up is focused on the magneto-optical recording
medium 26, the light spots formed on the photodiodes 18 and
19 have the same diameter as shown in Fig. 2. The focus
exror signal FE can thus be obtained by the difference
detection
FE = {{(18a + 18c + 184 + 18f) + (1%b + 19e}}

- {(18b + 18e) + (1%a + 19¢ + 1994 + 19.f)} [2]

If_the magneto-optical pick—-up-is disposed such
that the dividing line separating elements 18a -~ 18c and
elements 18d - 18f of.the one photodiode 18, and the

dividing line separating elements 19a - 19c and elenments

19d - 19f of the one photodiode 19, are parallel to the



The basic operation of the magneto-optical pick- up according to the
present invention as thus conprised is described bel ow. P-polarized |ight
em'tted fromthe | aser diode 17 passes the hol ographic diffraction grating
22 fornmed on the transparent substrate 21, and is incident on the polarized
| i ght separation plane 23a of the pdl &% 7ing prism 23. Because the
reflectivity and transmttance of this polarized |light separation plane 23a
to P-polarized light are approximately 30% and 70% respectively, and the
reflectivity to S-polarized light is approximately 100% approxinmately 70%

of the |ight q33esR3IchhePehal isaed kirdBkssspatgabi ARgRb8BERBRaNd i s focused
on the magneto-optical recording nedium 26 by the objective |l ens 25. The

pol ari zat i on rplcardinhg medium Qlst, ither aightdspppsofonmédl ynOthedegree by the
phot o- el ectro-magnetic signal recorded to the magneto-optical recording
medi um 26, aPdotedieflescd8dand aA%pWikad- mp¥et respaghévetysignbheconponent
with a nomnal, S-pqlarized |ight conmponent, This reflected |jght passes
back t hr ough StK&S BP@@tPPB°Fé%§ SBe ddrpetinpi drherdrcERRI pbh r@?gﬂ | i ght

separati on plane, 288 8" ¢h1°RghathZbpE1 8L ) SP &R nFoBRYS et S E SLL SELLY T 1Y
the data track of the magneto-—optical recording medium 26.
Tracking error can thus be determined by obtaining the
tracking error signal TE with a similar difference
detection operation where .
TE = {(18a + 18b + 18c) + (19a + 1%b + 19c)}

- {(18d + 18e + 18f) + (19d + 19e + 19f)}. 3]

The magneto-optical pick-up according to the
present invention can therefore be built compactly with
high light utilization efficiency and a sufficient S/N
ratio in the photo-electro-magnetic signal by providing
integrally to the optical module 15 a polarizing prism 23
whereof the reflectivity and transmittance differ with pP-
polarizéd light and S-polarized light.

Furthermore, by providing a substrate 16
integrally comprising a laser diode 17 and photodiodes 18,
1%, and 20 inside the optical module 15, and integrally
disposing a prism~type analyzer 24 on this same substrate
16, the need for a quarter wave length plate and plural
substrates is eliminated, and the magneto-optical pick-up

can be easily comprised compactly and at a low cost.



this polarized |ight separation plane 23a to P-polarized light are

approxi mately 30% and 70% respectively, and the - 14 - reflectivity to
S-polarized light is approximately 100% approxi mately 70% of the
P-pol ari zed |ight conponent passes thrfygh whi | e approxi mately 30% of the
P-pol ari zed |ight conmponent and 100% of‘the S-polarized light, which is the
phot o- el ectro-magneti c signal conponent, are reflected. The light reflected
by the polarized |light separation plane 23a is reflected by the slope 23b,
passes the transparent substrate 21 to enter the optical nodule 15, and is

incident on the pol ari zrgiiawhiisepaidtdupapildke #4@nokekbechr itom type

anal yzer 24. Because the transmttance to P-polarized light is

appr oxi mat el ych@ngesinin t benpefaoots \drtd/ humiS8ipyl eahzedsbi et impraived by
approxi mately 100% at this polarized Iight separation plane 24a, the

P- pol ari zed I$gﬁ%1%%dﬁ%ﬁeh@5b%%s%%*ﬂﬁ?GﬁﬁﬁcaﬁdmpéuiﬁcﬂgeWFtBnaelenent 20a
of the photod%ode 20. The & olagized | i ght conponent is reflected fromthe
pol ari zed |i ght2REPATERY oﬂ%&a’fﬁ S44to

{Embodiment 2]} )

An alternative embodiment of a magneto-optical
pick-up according to the present invention is described
below with reference to Figs. 3 and 4. Note that like
parts in this embodiment and that described above are
identified by like references, and further detailed
description thereof is omitted below.

FPig. 3 is a side view of a magneto-optical pick-
up according to the second embodimené of the invention,
.Fige 4 is a plan view of the receptor element, light-
emitting element, and analyzer in this embodiment, and Fig.
5 is a top view of the diffraction grating in this
embodiment.

What differs between this embodiment as shown in
Fig. 3 and the first embodimgnt in Fig. 1 is that the
centers of photodiodes 18 and 19 are each divided into
three elements 18i - 18k and 19i - 19k, respectively, in
the direction perpendicular to the orientation of the
photodiodes 18 and 19. These center elements 18i - 18k and
19i -~ 19k are then bracketed by four corner elements 18qg,

18h and 181, 18m, and 19g, 1¢h and 191, 19m, respectively,



sl ope 24b, and is reflected by slope 24b to photodi ode el enent 20. Thus, if
the signals obtained by el enents 20a and 20b of the photodi ode 20 are
expressed with the same sign, the photo-el ectro-magnetic signal RF can be
obtained by the difference detection RE = 20a - 20b.

[1] The light passing the polarized"lﬁahf separation plane 23a of the
polarizing prism23 is incident on the - 15 - holographic diffraction
grating 22 forned on the transparent substrate 21. This incident light is
diffracted with a diffraction angle of approximately 5 - 25 degrees such
that, for exafYagedt ha thet samndebriehtdttsechs itHE protstiskees om dhe one
phot odi ode 18, and the -1st order diffracted light is incident on the other
phot odi ode 19.9.Bedassgmehtetiohofjegpdpiticlidiffizatioyrgtatnin® 22 haks aalens
effect whereby the focal points of +1st order and -1st order diffracted

light differ Usedeasisheoddsfrartioncraring s it cimkes Inrpkogame, at a
b closer 42 109o02L0053PQL £ AL LACI A AU NG A2l A e photodiode
embodiment.

The segmented holographic diffraction grating 27
also has a lens effect with the pupil area thereof divided
into six segments 27a - 27f, each of which has a different
pattern. The +1st order diffracted light diffracted by
segment 27a of the.segmented holographic diffraction
grating 27 is guided to.element 18h of ;he.one photodiode
18, and the -~lst order diffracted light is guided to
element 19m of the other photodiode 19. In a similar
manner, the +/-~1st order diffracted light from segment 274
is guided to elements 18g and 191 of photodiodes 18 and 19;
that from segment 27c is guided to elements 18m and 18h;
and that from seément 27f is guided to elements 181 and
1%9g. The +/-1st order diffracted light from segments 27b
and 27e is also guided in parallel to the three center
segments 18i - 18k and 19i - 19k of the photodiodes 18 and
19. The size of the partial light spot formed on segments
18g, 18h, 181, and 18m, and 19g, 19h, 191, and 19m of the
photodiodes 18 and 19, respectively, is sufficiently
snaller than the afea of those segments, and the length of

the segments 18i - 18k and 19i - 19k in the direction



and the -1st order diffracted light is focused at a point beyond the

phot odi ode 19. As a result, when the nmagneto- optical pick-up is focused on
t heé' magriet o- opt i cal recordlng medi um 26, the light spots fornmed on the

phot odi odes 18 and 19 have the sarre_d'g neter as shown in Fig. 2. The focus

error signal FE can thus be obtained by the difference detection FE = [(18a
+ 18c + 18d + 18f) + (19b + 19e)] - {(18b + 18e) + (19a + 19c + 19d + 19f)}
[2] If the nagneto-optical pick-up is disposed such that the dividing |ine

separating elenents 18a - 18c and elenents 18d - 18f of the one photodi ode

18, and the iaradiled ionéheepaiattayich contlse Pewotodbodendiel andnts iPHd -

19f of the one photodi ode 19, are parallel to the - 16 - direction of
t he data tra@k‘sffépllemlﬁhéﬁégerobbii@a#h? etbreli o theliseamentedelighht spots
formed on the photodiqdes 18 and 19 will nove respectively in the

directions ofpesi FECLAYEH P¥cBROR FHIRERERting the data track when the
magnet o-optical pick-up,begones OfISGl: dI0Mon 1ignt emitting by the

laser diode 17 until the photo-electro-magnetic signal RF
is obtained is identical to that of the first embodiment
above and is therefore omitted below. Similarly to the
holographic diffraction grating 22 of the first embodiment,
the segmented holographic difffaction grating 27 of this
embodiment also has a lens efféct whereby the focal points
of +/-1st order diffracted light differ. As a result, the
focus error signal FE can be obtained by the difference
detection
FE = (18i + 18k + 19j) - (183 + 19i + 19k). [4)
In addition, if the interference region of the
diffracted light at the data tréck of the magneto-optical
recording medium 26 passes segments 27a, 27c, 274, and 27f
of the segmented holographic diffraction grating 27, the
tracking error signal TE can be cobtained by the difference
detection
TE = (18g + 181 + 19g + 191) -
(18h + 1em + 15h + 19m). [5]
As with the first embodiment above, it is
therefore possible by means of this second embodiment to

achieve a magneto-optical pick-up having high light



the data track of the magneto-optical recording nedium 26. Tracking error
can thus be determ ned by obtaining the tracking error signal TE with a
sim'lar difference detection operation where TE = {(18a + 18b + 18c) + (19a
+ 19b + 19¢)} - {(18d + 18e + 18f) + &19d + 19e + 19f)}. [3] The
magnet o- optical pick-up according t& t9 present invention can therefore be
built conpactly with high light utilization efficiency and a sufficient S/N
ratio in the photo-el ectro-magnetic signal by providing integrally to the
optical nodule 15 a polarizing prism 23 whereof the reflectivity and

transmi tt anceedinfikat Wt BePscRehay| 268dshEsbEiaRe SypobaEigeth bt .
Furthernore, by providing a substrate 16 integrally conprising a |aser
di ode 17 and phisdicodiledesotiaghBtiangdigRal pshikgh thel Db Thty pasidie 15, and
integrally disposing a prismtype analyzer 24 on this sane substrate 16,
t he need for dargbddity,wawé henghhaptat owundost renstxpsticnes It is
el i m nated, and the magneto-optical pick-up can be easily copprised
conpact |y an@1se RoE§iPegsgt however, to achieve a magneto-optical pick-
up whereby the segmented light spot received by the
photodiode does not deviate froﬁ the respective receptor
elemgnt segments, i.e., the magneto-optical pick-up is
resistant to the effects of wavelength disturbance, even
when the wavelength of the emissions from the laser diode
17 varies due to external noise and the diffraction angle
of the segmented holographic diffraction grating 27 thus
fluctuates. This is because the size of the partial light
spot formed on segments 18g, 18h, 181, and 18m, and 19%q,
ioh, 191, and 19m of the photodiodes 18 and 19,
respectively, is sufficiently smaller than the area of
those segments, and the length of the segments 18i - 18k
and 19i ~ 19k in the direction parallel to the orientation
of the photodiodes 18 and 19 is sufficiently longer than
the size of the segmented 1i§ht spot received by said
segmnents.
{Embodiment 3]}
A third embodiment of a magneto-optical pick-up
according to the present invention is described below with

reference to Figs. 6 - 8. Note that like parts in this

embodiment and that described above are identified by like



- 17 - Reliability and durability with respect to changes in tenperature
and humdity can also be inproved by sealing the inside of the optical
nmodul e 15 with a transparent substrate 21. [Enbodi ment 2] An alternative
enbodi ment of a magneto-optical pick- p accor ding to the present invention
I s described below with reference to Figs. 3 and 4. Note that |like parts in
this enbodi nent and that described above are identified by |ike references,
and further detailed description thereof is omtted below. Fig. 3 is a side
vi ew of a nagneto-optical pick- up according to the second enbodi nent of

t he i nventi oneférencds; samd pfantherxwieta el rdeaptipt shrengnredt gi -
emtting elenent, and analyzer in this enbodinent, and Fig. 5is a top view
of the diffremiteedgeedowig in this enmbodi nent. What differs between this
enbodi ment as shown in Fig. 3 and the first enbodinent in Fig. 1 is that

the centers of photodifodes ARHhF D F exdifisraitd $34% Yirwe ol énent s
18i - 18k [y - ' | ' X | recti R di | toth
! anxg?&?%téo_gp%&carleipf&i%e ;ycéo'}cﬁ'}xeg U §5ld Vhie PENdAWS, to the

orientation O
of the invention, and Fig. 8 is a plan view of the receptor

element and light-emitting element in this eﬁbodiment.

What differs between this embodimént as shown in
Fig, 6 and the first embodiment in Fig. 1 is the structure
of the photodiode 28 used in place of the photodiode 20,
and the structure of the flat polarizing diffraction
grating 29 used in place of the prism-type analyzer 24.
More specifically, the photodiode 28 is divided into three
elements 28a, 28b, and 28c in the direction perpendicular
to the orientation axis of the photodiodes 1§ and 19, and
the polarizing diffraction grating 29 is made from lithium
niobate.

The flat polarizing diffraction grating 29
separates the light incident thereon into two mutually-
perpendiculaf linear polarizgd light components, emits one
of these linear polarized light components as zero order
light, and emits the other linear polarized light component
as +/-1st érder light. The polarizing diffraction grating
29 is provided on the surface of the transparent substrate
21 inside the optiéal module 15, and thus guides the zero

order light to segment 28b of the photodiode 28, and guides



phot odi odes 18 and 19. These center elenents 18 - 18k and 19i - 19k are
then bracketed by four corner elements 18g, 18h and 181, 18m and 19g, 19h
and' 191," 19m respectively, arrayed in the same orientation as’ the
phot odi odes 18 and 19. A segnented holggraphic diffraction grating 27 is
al so used as the diffraction grating 6f The Cains in pl ace of the

hol ographic diffraction grating 22 of the first enbodi nent. The segnented
hol ographic diffraction grating 27 also has a |l ens effect with the pupi
area thereof divided into six segnents 27a - 27f, each of which has a

di fferent pathers/-I&e oddér o ilghit did fprasticell ddegbegtiehtsacBadahy 2eguent
27a of the segnented holographic diffraction grating 27 is guided to

el ement 18h of the oneflphcrasiodepastian fden lightoendittdngf bycthd | i ght

is guided to_el enent 19m of the other photodiode 19. In_a simlar manner,
the +/ -1st ot#efr diiftact edintihtthe ARy BRI FdINE1gHEJRRI: brarkuBdt s

190 and 191 oL BhoLAsh S, 1Dt el 'ARIBITED BREy BrOEY 2,
and first embodiment above and is therefore omitted below,

except that the light reflected from the polarized light
separation plane 23a is reflected by the slope 23b, passes
the transparent substrate 21, and enters the optical médule
15 where it is incident on the polarizing diffraction
grating 29. Because the light incident on the polarizing
diffraction grating 29 is divided into t&o_mutually—
perpendicular linear polarized light components, emitted as
zero and +/-1st order light, and guided to the elements
28a, 28b, and 28c of the photodiode 28, the photo-electro-
magnetic signal RF can be obtained by the difference
detection

RF = (28a + 28c) ~ 28b. | {6}

As with the first embodiment above, it is

therefore possible by means of this embodiment to achieve a
magneto-optical pick-up having high light utilization
efficiency, a sufficient S/N ratio in the photo-electro-
magnetic signal, high.reliability, high durabiiity, and a
compact, lew-cost construction. It is also possible,
however, to further reduce the size of the magneto-optical

pick-up because the substrate 16 can be made smaller by



199. The +/-1st order diffracted |ight fromsegnents 27b and 27e is al so
guided in parallel to the three center segnents 18i - 18k and 19i - 19k of
t he” phot'odi odes 18 and 19. The size of the partial |ight spot formed on
segnents 18g, 18h, 181, and 18m and 19g, 19h, 191, and 19m of the

photodi odes 18 and 19, respectively,”i% Sufficiently smaller than the area
of those segnents, and the length of the segnents 18i - 18k and 19i - 19k
in the direction - 19 - parallel to the orientation of the photodi odes
18 and 19 is sufficiently longer than the size of the segnented |ight spot

recei ved by saliflgSa0pRBkaaibuR BASLEveRBALhes tAPEL! LbeREL 300 Sy e

| aser diode 17 until "the photo-electro-nagnetic signal RF 1s obtali is

i dentical toandabsel ibhenk diteckhiodi pappenldvelandts Sthdesei oneatidd t ed
below. Simlarly to the hol ographic diffraction grating 22 of the first
enbodi ment, &késsednitheephbdoddrdphi t8dandr 28t i ofn gadditipR/ Wethis
enbodi rent al so has a | ens effect whereby the focal points of +/-1st order
diffracted | t§hekareFePf Aieamagigfe ophical pick-up can be further

reduced by using the flat polarizing diffraction grating 29
disposed on the surface of the transparent substrate 21
inside the optical module 15 as the analyzer. '

It is to be noted that while the flat polarizing
diffraction grating 29 is provided on the surface of the
transparent substrate 21 inside the optical module 15 in
this embodiment, the same effect can obviously be obtained
by providing the polarizing diffraction grating 29 between
the polarizing prism 23 and the transparent substrate 21.
[Embodiment 4]

A fourth embodiment of a magneto-optical pick-up
according to the present invention is described below with
reference to Figs. 9 - 11. Note that like parts in this
embodiment and that described above are identified by like
references, and further detailed description thereof is
omitted below.

Fig. 9 and Fig. 10 are different side views of a
magneto-optical pick-up according to the fourth embodiment
of the invention, and Fig. 11 is a plan view of the
receptor element and light-emitting element in this

embodinment.



focus error signal FE can be obtained by the difference detection [err] In
addition, if the interference region of the diffracted |ight at the data
track of the magneto-optical recording nmedium 26 passes segnents 27a, 27c,
27d, and 27f of the segnented holog[a% ic diffraction grating 27, the-
tracking error signal TE can be obtainned by the difference detection TE =
(18g + 181 + 199 + 191) - (18h + 18m + 19h + 19m).
[5] As with the first enbodi nent above, it is therefore possible by neans
of this second enbodi ment to achieve a magneto-optical pick-up having high
l'i ght - 20 - utilizahaenaekFeesepeywednsthis cémivdafiadht aas oshowi hih
phot o- el ectro-magnetic signal, high reliability, high durability, and a
conpact, | owFdgst 9cendt thet tbardl embedivhent pissFbf e, 6 hbsetlrat tttheachi eve a
magnet o-opti cal pick- up whereby the segnented |ight_ spot received by the
polarizing prism 23  is not formed by bonding a prism with a
triangular cross section to a prism with a parallelogram
cross section, but rather by bonding together three
'triangular cross section prisms. The bonding surface
between the first triangular prism 230 and the second
triangular prism 231 forms polarized light separation plane
23a. A thin polarized light divider 30 is used in place of
the flat polarizing diffraction grating 29, and is disposed
between the second triangular prism 231 and the third
triangular prism 232. This increases the distance between
the polarized light divider 30 and the photodiode 28, and
reduces the diffraction separation angle of the polarized
light divider 30. 1In other wofds, the polarizing prism 23
and the thin polarized light divider 30 used as the
analyzer are integrated. The polarized light divider 30 is
a polarized light-dividing diffraction grating made, for
example, from lithium niobate, and performs the same
operation as the polarizing diffraction grating 29 shown in
Fig. 6.
The basic operation from light emitting by the
laser diode 17 until the photo-electro-magnetic signal RF,
focus error signal FE, and tracking error signal TE are

detected is identical to that of the first and third



phot odi ode does not deviate fromthe respective receptor el enent segnents,

I .e., the magneto-optical pick-up is resistant to the effects of wavel ength
di st urbance, even when the wavel ength of the enmissions fromthe | aser diode
17 varies due to external noise and the diffraction angle of the segnented
hol ographic diffraction grating 27 £h2s 4| uctuates. This is because the
size of the partial |ight spot fornmed on segnents 18g, 18h, 181, and 18m
and 19g, 19h, 191, and 19m of the photodi odes 18 and 19, respectively, is
sufficiently smaller than the area of those segnents, and the length of the

ts 18i -, 18k and 19i - 19k.in t di ti lel to th
z(ra?gﬁ? atS i onI ﬁlf‘b?%é“%?}oﬁ oa?f!?%"éeesa’l%llgsna:r;'%ére:éé%%u:o?"?'g?’%hta#’fi?ghger '? han t he
size of the segnmented jJd gy \sRGfe AGE V%Q}b%éiﬁl@h@ gggggnt S+ L;Fnbodi ment 3]
|

A third embodi ment of a magneto-optical pick-up accor Ag to the present
i nvention i syileserdie Ghdid a1 VM HeRin@ @#Cenlie Eh8sdifent8toMNatRikbatal i ke

parts in this enbodi nent and that descri bed above are identified by |ike
magneto-optical pick-up having high light utilization
efficiency, a sufficient S/N ratio in the photo-electro-
magnetic signal, high reliability, high durability, and a
compact, low—-cost construction. It is also possible,
however, to use a thin polarized light divider 30 that has
a small, easy-to-manufacture diffraction separation angle
because the distance between the photodiode 28 and the thin
polarized light divider 30 is great. This makes it
possible to further reduce the cost of the magneto~optical
pick-up. |
It should be noted that a thin Wollaston prism

can also be used for the thin polarized light divider 30.
‘A Wollaston prism operates to separate the incident light
into two mutually perpendicular linear polarized light
components, which it then emits as +1st order and -1st
order light. Thus, if the mggnéto~optical pick-up is
constructed such that the segment 285 6f the photodiode 28
receives the +1st order light and segment 28c receives the
~1st order light, the photo-electro-magnetic signal RF can
be obtained by the difference detection operation

RF = 28a - 28c (7]

and segment 28b of the photodiode 28 is not needed. It is



- 21 - references, and further detailed description thereof is omtted
below. Fig. 6 and Fig. 7 are different side views of a nmagneto-optical

pi ck-up ‘according to the third enbodi nent of the invention, and Fig. 8 is a
pl an view of the receptor elenent and light-emtting elenent in this

enbodi ment. WWat differs between thisygnhodi rent as shown in Fig. 6 and the
first enbodinment in Fig. 1 is the structure of the photodi ode 28 used in

pl ace of the photodi ode 20, and the structure of the flat polarizing
diffraction grating 29 used in place of the prismtype analyzer 24. Mre
specifically, the photodiode 28 is divided into three elenents 28a, 28b,
and 28c in tkbedpferei paspibpentie civxtapose Regnents RfdPnRkiBaf thus

phot odi odes 18 and 19, and the polarizing diffraction grating 29 is nade
fromIithi unPRABHARE. f‘FﬁEh‘FFaFe%b‘F%WTﬁ ntf P rSkAe (ﬂf“&%&?‘?\gf%@ﬂ&eepar at es

the light ingident thereon.into two nutuallys rpendi cud ar. | inear

pol ari zed |1 8%9“8%3138%%?‘1?3} %#r‘f. su%nbey olfe‘%‘ﬁ% ’é&ﬁlﬁeezf?e%rgerq e § iogfnt
conponents agh%eg9b9£g§£el*ght, and emts the other linear polarized |ight
conmponent as +/-1st order light. The polarizing diffraction grating

(Embodiment 5]

A fifth embodiment of a magneto-optical pick-up
according to the present invention is described below with
reference to Figs. 12 and 13. Note that like parts in this
embodiment and that described above are identified by like
references, and further detai;ed description thereof is
omitted below. '

Fig. 12 is a conceptual side view of a magneto-
optical pick-up according to the fifth embodiment of the
invention, and Fig. 13 is a plan view of the receptor
element, light-emitting element, and analyzer in this
embodiment.

What differs between this embodiment as shown in
Fig. 12 and the first embodiment in Fig. 1 is that a
monitor photodioae 31 is provided on the substrate 16 as
the monitoring receptor element of the Claims; a reflecting
mirror 32 with a triangular cross section is provided on
the surface of the trapezoidal cross section polarizing
prism 23 opposite the slope 23b thereof. As a result, the
light emitted from the laser diode 17 and reflected by the

polarized light separation plane 23a is reflected by the



29 is provided on the surface of the transparent substrate 21 inside the
optical nodule 15, and thus guides the zero order |light to segnent 28b of

t he phot'odi ode 28, and gui des - 22 - the +/-1st order light to
phot odi ode segnents 28a and 28c. The basic operation fromlight emtting by
the |l aser diode 17 until the focus efraor signal FE and tracking error

signal TE are detected is identical to that of the first enbodi nent above
and is therefore omtted bel ow, except that the light reflected fromthe
pol ari zed |light separation plane 23a is reflected by the slope 23b, passes

the transparent..suhstrate 21, d.enters the optica dyle_15 where it is
| nci dent - on CTRESRUTEIo MY 5 Pradl GRegPapigE 28hoEeRaade Pe |1 oht

i nci dent on the pol ari &‘r{ég wlifild %%%5:9%1 B%kﬁﬂ 29ghE Q{n‘ihféﬁﬂ% p%oaﬁéé‘“
mut ual | y- perpendi cul ar 11 near potfarized |1ight cofponents, e ed as zero
and +/ -1 st ordefed iGae and ugitiidednophBeockbe8BE6-R8Gne88k, s28Ha28RFOf the

phot odi ode 28, the photo-electro- nmagnetic signal RF can be obtained by t he

di fference defcgmis @rror signal FE, and tracking error signal TE are -
detected is identical to that of the first embodiment above
and is therefore omitted below. Because the transmiftande
.and reflectivity of the polarized light separation plane
23a to P-polarized light are approximately 70% and 30%,
respectively, and the reflectivity to S-polarized light is
approximately 100%, approximately 30% of the light émitted
from the laser diode 17 is reflected by the polarized light
separation plane 23a, reflected again by the reflecting
mirror 32, and is incident on the moﬁitor photodiode 31.
It is therefore possible to detect the change in the light
guantity emitted from the laser diode 17 by detecting the
change in the 1light qﬁantity received by the monitor
photodiode 31.

As with the first embodiment above, it is

therefore possible by means of this embodiment to achieve a
magneto-optical pick-up having high light utilization
efficiency, a sufficient S/N ratio in the photo-electro-~-
magnetic signal, high reliability, high durability, and a
compact, low-cost construction.

It is also possible to determine within the

optical module 15 the change in the light gquantity emitted



RF = (28a + 28c) - 28b. _ [6] As with the first
enbodi ment above, it is therefore possible by neans of this enbodinent to
achi eve ‘a magneto-optical pick-up having high light utilization efficiency,
a sufficient SINratio in the photo-electro- magnetic signal, high
reliability, high durability, and a tdfact, |ow cost construction. It is
al so possi ble, however, to further reduce the size of the nagneto-optical
pi ck-up because the substrate 16 can be nade snal |l er by - 23 - using a
phot odi ode 28 divided into three el enents 28a, 28b, and 28c in the

phot od! i cl ement s 28a, c i |
1o, “In add B (R o SaooRl P “ehdR TRESCLCAPR DR CRER S pised”

further reduged Peddta® Iddthlal dgokakl 1&3&%&%@9&%0@@9{_@&& NErd® the
di sposed on the surface of the transparent subStrate 21 inside the opti.cal

modul e 15 as laweraddlogeen? Mases bn khendbedctbat liviht eqhdmetitatcipindgs) zi ng
diffraction grating 29 is provided on the surface of the transparent

substrat e 21 andsiad@aghetopoptdicadppdck-85 With stable performance can

be obtained.
{Embodiment 6]

A sixth embodiment of a magneto-optical pick-up
according to the present invention is described below with
reference to Figs. 14 and 15. ﬁbte that like parts in this
embodiment and that described above are identified by like
references, and further detailed description thereof is
omitted below.

Fig. 14 is a conceptual side view of a magneto-
optical pick~up according to the sixth embodiment of the
invention, and Fig. 15 is a plan view of the receptor
element and light-emitting element.

What differs between this embodiment as shown in
Fig. 14 and the embodiment in Fig. 6 is that a second
polarized light separation plane 23c¢ is provided between
the slope 23b and the first polarized light separation
plane 23a of the polarizing prism 23; the flat polarizing
diffraction grating 29 and photodiode 28 are provided not
below the slope 23b, but below tﬁe second polarized light
separation plane 23c; and a photodiode 33 divided in the

same direction as the orientation axis of the photodiodes



this enbodi ment, the same effect can obviously be obtained by providing the
pol ari zi ng dlffractlon grating 29 between the polarizing prism?23 and the
transparent substrate 21. [Enbodiment 4] A fourth enbodi nent of a

magnet o-opti cal pick-up according to the present invention is described
below with reference to Figs. 9 - 17 2bte that like parts in this

enbodi nent and that described above are identified by |ike references, and
further detailed description thereof is omtted below Fig. 9 and Fig. 10
are different side views of a magneto-optical pick-up according to the

fourth embodiyg dwt RS N QAR end d3§hgana13?]§ ﬂsﬁ%@gﬂ(hg%ﬁ’ gLibhe

recept or elenent an ght-emtting elenent 1n - 24 -

Wat differs é}f‘é\&@g)é fyss) emppdi RRRhsAStERAVE bR £hE- s8cand ?Bﬁawhéd
enbodiment in Fig is that the polarizing prism23 is not forned by

bondi ng a prikight tSepariatiiangpllaheceogstseptpobat bzadplightwish a

par al | el ogram
approximately 30%, the reflectivity to P-polarized light is
approximately 70%, and the reflectivity to S~polarized
light is approximately 100%.

The photodiodes 18 and 19 are also divided
perpendicularly to the orientation axes thereof into three
elements 18n, 180, and 18p, and 19n, 190, and 19p. The
length of each of these elements parallel to the
orientation axis of the photodiode'is sufficiently greatef
than the diameter of the light spots formed on the
photodioddes.

The operational difference between the embodiment
shown in Fig. 14 and that in Fig. 6 is that the foéus error
signal FE and the tracking error signal TE are detected by
different photodiodes. As in the embodiment shown 'in Fig.
6, the focus error signal FE is obtained by the difference
detection operation ‘

FE = (18n + 18p + 196) - (180 + 19n + 19p). (8]
The tracking error signal TE is obtained by the difference
detection opefation

TE = 33a - 33b ' (9]
because only approximately 30% of the light from the

polarized light separation plane 23a incident on the second



cross section, but rather by bonding together three triangular cross
section prisnms. The bondi ng surface between the first triangular prism 230
and the''second triangular prism231 forns pol arized |ight separation plane
23a. A thin polarized light divider 36 88 tsed in place of the flat

pol arizing diffraction grating 29, and is di sposed between the second
triangular prism231 and the third triangular prism 232. This increases the
di stance between the polarized |ight divider 30 and the phot odi ode 28, and

red he diff ' ' I h larized | jgh L Vi 30.

|0 ot her vor dBCIERG 158 TG SARAT IR AP ThiPToRar | S PF FEEe

divid 30 t I Jd Nty | ar | .l kght_ divid

301 s & pol ar EYe St P Amae AT AT el A g peotsdi ot e,

fromlithium niobate, apgep &w&rﬁaﬁéa%g@@ﬁi Ag1 IRe PglaiF{&'#gga
asi I g

diffraction grating 29 sho In Fig. 6. The c operation froml
enmtting by the kaseriteedeitn E:!Ef'elretﬂ& RPGR! & randBdd hése Sbfetedy

focus error signal FE, and tracking error signa TE are detected is

identical to that of thasfwith ame tfidst embodiment above, it is
therefore possib;e by means of this embodiment to achieve a
magneto-optical pick-up having high light utilization
efficiency, a sufficient S§/N ratio in the photo-electro-
magnetic signal, high reliability, high durability, and a
compact, low-cost construction. In addition, by detecting
the focus error signal FE and the tracking error signal TE
using different photodicdes, it is only necessary to divige
the photodiodes 18 and 19 receiving the +/-1st order light
diffracted by the holographic diffraction grating 22 into
three segments, rather than the six shown in Fig. 8, in
order to detect the focus error signal FE. As a result,
the electrical wiring from each element on the substrate 16
is simplifiéd, and a lower cost can be achieved.

It is also possible'to achieve a magneto-opticall
pick-up whereby the segmented light spot received by the
elements 18n — 18p and 19n - 19p of the photodiodes 18 and
19 does not deviate from the respective receptor element
segments, i.e., the maéneto-optical pick-up is resistant to
the effects of wavelength disturbance, even when the

wavelength of the emissions from the laser diode 17 varies



- 25 - enbodi nents above and is therefore omtted below. As with the first
enbodi nent above, it is therefore possible by neans of this enbodinent to
acHi eve’’a magnet o-optical pick-up having high light “utilization efficiency,
a sufficient SSNratio in the photo-ete®lro- magnetic signal, high
reliability, high durability, and a conpact, |ow cost construction. It is
al so possi bl e, however, to use a thin polarized light divider 30 that has a
smal |, easy-to-manufacture diffraction separation angl e because the

di stance between the photodi.ode .28 an e thi ol.arized light_divider 30
s oreat. Thi SofakBs REEEOak BOd ek, 2 (e SFIRE IR EOGLLS e

magnet o- opti c Lek-up |4 a .0l fon prismcan
al so be used ?%?B%ﬁgePhPﬁ&%gﬁgﬁﬁ%gd%ﬁFg%%%%é&BdéF%§égg22&gkh% on prism
operates to s e i pei:de ' lun t uglel er, Leul

| i near poIariggg&??gﬁ%géonggﬁ%h?%,b&%?%ﬁbi%ﬂ?hgﬁng#?tgkaﬁh%lggsggggg gﬁd
-1st order |igRt. aiPestibh baganagnete- Rk ealieRtakivh | SrCcepst ructed such

that the segment 28a of the photodi ode 28 receives the +1st order |ight and

segment 28c rphety@soliBe 18 and 19 is sufficiently greater than the
diameter of the segmented light spot received by said
segments,

There is also less light loss when light is
received by the photodiodes because there are fewer
dividing lines in each photodiode used for error detection.
As a result, a magneto-optical pick-up with a stable error
detection operation can be achieved.

[Embodiment 7]

A seventh embodiment of a magneto—-optical pick-up
according to the present invention is described below with
reference to Figs. 16 and 17. Note that like parts in this
embodiment and that described above are identified by like
references, and further detailed description thereof is
omitted below. |

Fig. 16 is a conceptual side view of a magneto-
optical pick-up'according to the seventh embodiment of the
invention, and Fig. 17 is a plan view of the receptor
element and light-emitting element in this embodiment.

As shown in Fig. 16, the holographic diffraction

grating 22 and the photodiodes 18 and 19 arrayed on



-1st order light, the photo-el ectro-nmagnetic signal RF can be obtai ned by
the difference detection operation RF = 28a - 28c

[ 7] and’'segnent 28b of the photodi ode 28 is not needed. It is - 26 -
therefore possible to juxtapose segnment3228a and 28c, thus enabling further
reductions in the size and cost of the nagneto-optical pi ck-up by reducing
the required size of the substrate 16. [Enbodinent 5] A fifth enbodi nent of
a magnet o-optical pick-up according to the present invention is described

oot ment anBBPRALEqe SRR P i the Taten Aheds 1ok AFF | S TVt b b Ehis g
furth det ai | t f, tted b | .
Coneoct ot of BEPORSRERE": npkifniine bl °§r%m% %&&f‘ﬁ%ﬁ% Frating
enbodi rent of s hee! aYEALERR: 13 la@@rﬁ glﬁa t B LTI FF R o

el ement, light-emtt
photodiode 35 dlsposed in a positlon receiving the ¢-order

light passed by the polarizing holographic diffraction
grating 34, a photodiode 36 similarly positioned to receive
the +1st order light, and another photodiode 37 positioned
to receive the -1st order 1light.

The polarizing holographic diffraction grating 34
is made, for example, from lifhium niobate, separates the
iight incident thereon inté two mutually-perpendicular
linear polarized light components, emits one of these
linear polarized light components as zero order light, and
emits the other linear polarized light component as +1st or
-~1ist order light. The polarizing holographic diffraction
grating 34 has a‘ lens effect Qhereby the focal points of
+1st order and -1lst order diffracted light differ. As a
result, the +1st order diffracted light is focused, for
example, at a point closer to the polarizing holoéraphic
diffraction grating 34 than the photodiode 36, and the -1st
order diffracted light is focused at a point beyond the
photodiode 37. In addition, the 0-order light is not
focused on the other photodicde 35. As a resﬁlt of these
focal point differences, the diameters of the light spots

formed on the +/-1st order light photodiodes 36 and 37



enbodi nent. What differs between this enbodi nrent as shown in Fig. 12 and
the first enbodiment in Fig. 1 is that a nonitor photodiode 31 is provided
on*the Substrate 16 as the nonitoring receptor elenment of the Clains; a
reflecting mrror 32 with a triangul af 3¥o0ss section is provided on the
surface of the trapezoidal cross section polarizing prism23 opposite the
sl ope 23b thereof. As a result, the light emtted fromthe | aser diode 17
and reflected by the polarized Iight separation plane 23a is reflected by
t he - 27 - reflecting mrror, 32 to the nonitor photodi ode 31. The basic
operation frodffent %ﬁgchﬁgsﬁﬁeﬁhéfl5§6?edp8&§°§?09ﬁﬁI3QI%?d 37 are

hot o- el ectr o- ti ' | RF ' l, F t Ki
S nal TE ar & LER cErEdef s BRAPEATS; BOFREECOY PRESAP SheodBs it Sbove
d is theref i tted hel t i flectivit
of ‘the pol ar 1P TT R s cBieathgVBTHAg=) 18 hhALST A G AMAS Rell! ! Y
appr oxi mat el Y 1/0gs a8ferOft s’ §8RECt B¥E! ¥naahdat bespef | eekbelcitiviedy, in

S-polarized light is
the direction perpendicular to the orientation axis of the
photodiodes, and the other photodiode 35 is divided into
two elements 35a and 35b in the direction parallel to the
orientation axis of the photodiodes 36 and 37.

The basic operation of this embodiment is
identical to that of the preceding embodiments, and further
description is therefore omitted. However, it should be
noted that the photo-electro-magnetic signal RF is obtained
by the difference detection operation

RF = (35a + 35b) -

{(36a + 36b + 36c) + (37a + 37b + 37c)}, [10]
the focus error signal FE is obtained by the difference
detection operation '

FE = (36a + 36c + 37b) - (36b + 37a + 37c) [11]
and the tracking error signal TE is obtained by the
difference detection operation

TE =_35a - 35b ' [12]

As with the first embodiment above, it is
therefore possiblé by means of this embodiment to achieve a
magneto-optical p'ick—up having a sufficient S/N ratio in

the photo-electro-magnetic signal, high reliability, high



approximately 100% approximately 30% of the light emtted fromthe |aser
diode 17 is reflected by the polarized Iight separation plane 23a,
refl{ected again by the reflecting mirror 32, and is incident on the nonitor
phot odi ode 31. It is therefore possibte34¢o-detect the change. in the |ight
gquantity emtted fromthe |aser diode 17 by detecting the change in the

| i ght quantity received by the nonitor photodiode 31. As with the first
enbodi ment above, it is therefore possible by nmeans of this enbodinent to

L OIS, AR M A e, S 7

L DA ko M A SRR Ly WSS 11

L e (AR ey 2 DMCIRARDClhels Tk W o1 o

the laser diodeffrabeicd gRatiiagdelioCitad ight padnl Hetwekdhe laser
diode 17 and magneto-optical recording medium 26 other than
the polarizing prism 23.

By detecting the photo-electro-magnetic signal
RF, focus error signal FE, and tracking error signal TE
with common photbdiodes 35 - 37, the area of the substrate
16 occupied by photodiodes can be reduced, and the size and
cost of the magneto-optical pick-up can therefore also be
further reduced.

[(Embodiment 8)

A seventh embodiment of a magneto-optical pick-up
according to the present'invention is described below with
reference to Figs. 18 and 19. Note that like parts in this
embodiment and that described above are identified by like
references, and further detailed description thereof is
omitted below.

Fig. 18 ié a conceptual side view of a magneto-
optical pick-up according to the eighth embodiment of the
invention, and Fig. 19 is a plan view of the receptor
element and light-emitting element in this embodiment.

Fig. 18 is basically a combination of Fig. 3,

Fig. 6, and Fig. 12. The difference is that the reflecting



and a magneto-optical pick-up with stable performance can be obtai ned.

[ Embodi ment 6] A sixth enbodi nent of a nagneto-optical pick-up according to
the present invention is described below with reference to Figs. 14 and 15. -
Note that like parts in this enbodi nent3@mnd that descri bed above are
identified by |like references, and further detailed description thereof is
omtted below Fig. 14 is a conceptual side view of a magneto- opti cal

pi ck-up according to the sixth embodi ment of the invention, and Fig. 15 is

a plan view of ,the rece r _el.ement, and I.ight-e tt|n elenent What
differs bet weBATFRFs3é nng Pﬁ'l)rf“r&§1§ﬁoﬁﬁl? BRgShoWNa AR FHg -effodtfent in

betwoen the SIBREISIRCHARYERUSP: Pup BETAPERLRS) %8%?35?‘%9 i SR 23 of
the polarizing prism 233}1%“85%%%3.39' a h%i Qrghgébaﬁbho%a%&%t I 2t

phot odi ode 28 are provi not om1t ut bel ow tthe second

pol arized |igbk éﬁparainbaalﬁbaaeagacméﬁéléamhewéhaga 3¢ dne d9¢4t) the
sanme direction as the orientation axis of the phot odi odes

second, third, and fifth embodlments, and further

description is therefore omitted.

It is therefore possible by means of this
embodiment to achieve a magneto-optical pick—up having high
light utilization efficiency, a sufficient S/N ratio in the
photo-electro-magnetic signal, high reliability, high
durability, and a compact, low-cost construction. It is
also possible to determine the change in light quantity
enitted from the laser diode 17,.and to therefore achieve
high performance completely unaffected by waveiength
variations. By integrating the reflecting mirror 32 and
polarizing prism 23, the number'of optical components is
also reduced, thereby further reducing the cost and number
of assembly steps required.

By integrally disposing the laser diode 17,
photodiodes 18, 19, and 28, and the monitor photodiode 31
oh a single substrate 16, circuit connections on the
substrate 16 are also simplified, the cost of the means for
connecting the magneto-optical pick-up to external -
components and the cost of the subgtrate 16 can be further

reduced, and a magneto-optical pick-up with strong



- 29 - 18 and 19 to formelenents 33a and 33b is provided bel ow t he sl ope
23b. The transm ttance of the second pol arized |ight separation plane 23c
to~P-pol‘arized light is approximately 30% the reflectivity to P-polarized
light is approximtely 70% and the refif®ctivity to S-polarized light is
approximately 100% The phot odi odes 18 and 19 are al so divided
perpendicularly to the orientation axes thereof into three elenents 18n,
180, and 18p, and 19n, 190, and 19p. The length of each of these el enents

parallel to tggsggggg%%%gﬁylf?géa %%nt?g ggggggggde is sufficiently greater

t han the di aneter ght spot's forne he phot odi odes. The

oper at i onal dkk&gg@@geo@e@w%panggtggggdinent shown in Fig. 14 and that in
Fig. 6 is that the focus error signal FE and the tracking error signal TE

are detected by differens peeic@dbedenerednabbvéheacahgdbgenbptiewn bicki-g.

6, the focus error signal FE is obtained by the difference detection

operation [erup according to the present invention integrates the
optical module with the polarizing prism of which the
reflectivity and transmittance of P-polarized light and s-
polarized light differ. It is therefore possible to
achieve a compact, high light utilization efficiéncy
magneto-optical pick-up assuring a sufficient S/N ratio in
the photo-electro-magnetic signal. By further integrating
the analyzer with the optical module or providing the
analyzer within the'bptical module, an even more compact,
low cost magneto-optical pick~up can be achieved.

By sealing the optical module, the reliability
and durability of the magneto-optical pick-up can also be
further improved.

The invention being thus described, it will be
obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from the
spirit and scope of the invention, and all such
modifications as would be obvious to one skilled in the art

are intended to be included within the scope of the

following clains.



The tracking error signal TE is obtained by the difference detection

operation TE = 33a - 33b [ 9]
because'only approxi mately 30% of the Iight fromthe polarized |ight
separation plane 23a incident on t hé” sttond - 30 - polarized light

separation plane 23c passes, is reflected by the slope 23b, and is incident
on the phot odi ode 33. The photo-el ectro-nagnetic signal RF is obtained as
described with reference to Fig. 6, and is here omtted. As with the first

enbodi nment agﬂxg,Igtc'gI §ls0r e possi bl e by means of this enbodi nent to
achieve a m - | ' ck-up having high light utilization efficiency,
a sufficient 39/ N rati oal RalghetRhebeiekdChiek-upJeempyisigral , high
reliability, high durability, and a conpact, |ow cost construction. In
addi tion, by detectingahheptdedl evHalesconpriEEngnean HeteagEd igigirt-or
signal TE using different- photodiodes, it is only necessary to divide the
phot odi odes &fisthdngOelewmenti agd: heceptort edenent| hgving lualed 1874 he
hol ographic diffraction grating 22 into . ] \
reception areas, and a diffraction grating on the light
incidence/emission plane;

a condensing element for irradiating light
emitted from said light-emitting element to said
information recording medium;

a polarizing prism provided integrally to said
optical module in the light path between said light-
emitting element and said condensing element, and having
the reflectivity and transmittance differing for P-
polarized light and S-polarized light; and

an analyzer provided internally or integrally to
said optical module for dividing the light reflected by or
passed through said polarizing prism into light having at
least two mutually-perpendicular polarization components,
and guiding the divided light to said receptor e;ement
having plural light reception areas.

2, The magneto-optical pick-up according to Claim 1
wherein said light-emitting element and receptor element
having -plural light reception areas are arrayed on the same
substrate.

3. The magneto-optical pick-up according to Claim 1

R



three segnents, rather than the six shown in Fig. 8, in order to detect the
focus error signal FE. As a result, the electrical wiring fromeach el enent
on the substrate 16 is sinplified, and a | ower cost can be achieved. It is
al so possible to achi eve a nagnet o- opt i3&l~ pi ck-up whereby the segnented

i ght spot received by the elenents 18n - 1p and 19n - 19p of the
phot odi odes 18 and 19 does not deviate fromthe respective receptor el enent
segnents, i.e., the magneto-optical pick-up is resistant to the effects of

Seer “diode 1955PFBosaid! TighE2ani g BIEREANE O dC R R o reteiitn
This is becaulS'PRE PLRERR FORR FelbpLifh' nhal) BhA0catd MRiyaG s The
orientation o;rfgfeghgﬁoghgd§§m;8sgggtggtés sufficiently greater than the
di aneter of the segnented |ight spot received by said segnents. There is
also less |ight | oss wrenel ngfhetS-optical pick-up according to Claim 1
wherein said diffraction grating has a lens effect.
5. The magneto-optical pick-up according to Claim 1
wherein said diffraction grating has a lens effect, and is
divided into plural areas of differing patterns.
6. The-magneto—optical pick-up according to Clainm 1
wherein said analyzer is a polarizing diffraction element
or Wollaston prism.
7. The magneto-optical pick-up according to Cl;im 6
wherein said polarizing prism and analyzer are integrally
comprised.
8. The magneto-optical pick-up according to Claim 1
further comprising internally to said optical module a
monitoring receptor receiving part of the light emitted
from said light-emitting element and reflected or passed by
said polarizing pfismt
9. The magneto-optical pick-up according to Claim 6
wherein said polarizing prism has at least two polarized
light separation planes of which the reflectivity and
transmittance differ for P-polarized light and S-polarized
light.

10. A magneto-optical pick-up comprising .
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recei ved by the phot odi odes because there are fewer dividing lines in each
phot odi ode used for error detection. As.a result, a magneto-optical pick-up
with a stable error detection operatlon can be achi eved. [ Enbodi nent 7] A
sevent h enbodi nent of a magnet o-opti cal %lck up according to the present

i nvention is described belowwth reference to Figs. 16 and 17. Note that
like parts.in this enbodi nent and that described above are identified by

| i ke references, and further detailed description thereof is omtted bel ow

Fig. 16 is a conceptual .5 ?at‘i'c%‘ﬂ %fod%lrgawd_s%ﬁ? %?47 s {é&fgpaﬁﬁ i ng

to the seventh enbodi nrent of the inventio ew of

the receptor ghegefhgaildehbal! 2@ E@d&@)t@re@'&nér& mﬁ@%mntnq?&
shown in Fig. 16, the hol ographic diffraction grating 22 and the

phot odi odes 18e68gtibnaatageqd on - 32 - opposite sides of the |aser

diode 17 are elimnated in this enbodinent. A pol arizing hol ographic

diffraction grating a condensing element for irradiating light
emitted from said light-emitting element to an information
recording medium;

a polarizing prism provided integrally to said
optical module in the light path between said light-
enitting element and said condensing element, and having
the reflectivity and transmittance differing for P-
polarized light and S-polarized light; and

a polarizing diffraction element provided
integrally td said optical module and polarizing prism,
dividing the light reflected by the information recording
medium and passed again through said condensing element
into light having at least two mutually-perpendicular
polarization components, and guiding tﬁe divided light to
sald receptor element having plural light reception areas.
1. A magneto-optical pick-up comprising

a receptor element having plural light reception
areas;

a light-emitting element provided on
substantially the same plane as said receptor element;

a condensing element for irradiating light

emitted from said light-emitting element to an information
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34 is disposed internally to the polarizing prism23 with a photodi ode 35
di sposed,in a position receiving the 0-order |ight passed by the polarizing
hol'ographic diffraction grating 34, a photodiode 36 simlarly positioned to
receive the +1st order |ight, and anoth&® phot odi ode 37 positioned to
receive the -1st order light. The polarizing hol ographic diffraction
grating 34 is made, for exanple, fromlithium niobate, separates the |ight

i ncident thereon into two nutually-perpendicul ar |'i near polarized |ight

conponents, eql ne of .t e linear polarized |ight conponents as zero
order light, ghéggﬁﬁgg %ﬁ£ﬁ§1 er |inear polarized Iight conponent as +1st
or -1st order light. Th | %) raphi N | Qe L O\ has
a lens effect whereby t%eg-g%lypg‘%n S z%%%st&ol%felrigﬁ% E?fils%ﬁgéf_er d?,eda
diffracted |ight tdbf iegntApaAH Seithieer f&’aihlsltigq{&%mﬂéiﬁ?%f&néﬁtg hfnd s

focused, for exanple, at a point closer to the polarizing hol ographic

di ffraction gsaiangoddehldmg lza gueitgdiagde h3cimnd gl adidedrIiight
diffracted light is focused at a point beyond the photodi ode 37. In :
addi ti on, thesepardéiohi pianes ofowhiichushe aefillestdnnidry @t odi ode 35. As

result of these focal point differences, the dianmeters of the light spots
formed on thet¥angsitspnee dififerpferofi-pedarigeshdyht and S-polarized
light;

a monitoring receptor provided on substantially
the same plane as said receptor element and receiving light
emitted from said light-emitting.element and reflected by
an inclined plane and polarized light separation plane of
said polarizing prism;

a transparent substrate comprising a diffraction
zone having plural different-pattern separation zones each
having a lens effect, and guiding light reflected from the
information fecording medium, passed again through said
condensing element, and then passed through the polarized
light separation plane of said polarizing prism to one of
the plural reception areas of said receptor element; and

an analyzer dividing the light reflected from the
information recording medium, passed again through said
condensing element, and reflected by an inclined'plane and
polarized light separation plane of said polarizing prism
into light having at least two mutually-perpendicular

polarization components, and guiding the divided light to

R0 L



- 33 - differ, and the sizes of these photodi odes 36 and 37 are al so varied
in order, to correctly obtain the focus error signal FE The photodiodes 36
and 37 are divided into three elements 36a - 36¢c and 37a - 37c,
respectively, in the direction perpenm%ﬁﬂeu to the orientation axis of the
phot odi odes, and the other photodiode 35 is divided into two el enents 35a
and 35b in the direction parallel to the orientation axis of the
phot odi odes 36 and 37. The basic operation of this enbodinment is identical
to that of thgnhargeadi Be egtiad'ra%abéoraaieﬁahthﬁavgﬁécbm&hqn ligniherefore
omtted. However, 1t should be notéed that the photo-é&lectro-nmagnetic signal
RF is obtalnege@§§tm§nda£§gg9ngﬁddetect|on operation RF = (35a + 35b) -

{(36a + 36b + 36¢c) + (37a + 37b + 37c)} ~[10] the focus error signa
FE i s obtained by the dwhéeeéncsaddt eetephoppelanent hEkving3pauralbaighi7b)
- (36b + 37a + 37c¢) [11] and the tracking error signal TE is

obt ai ned by theception areas, llght—emlttlng element, monitoring

receptor, and analyzer are installed inside a housing,

said housing’is sealed with a transparent
substrate, and

said polarizing prism is disposed integrally to
said transparent substrate.
12. The magheto-optical pick-up according to Claim 11
wherein an inert gas is filled in said housing sealed by

said transparent substrate.
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di fference detection operation TE = 35a - 35b

[12] As with the first enbodi ment above, it is therefore possible by neans
of “t hi s 'enbodi nent to achieve a magnet o- gptlcal pi ck-up having a sufficient
S/'Nratio in the photo-electro- nagnetlc ignal, high reliability, high -
34 - durability, and a conpact, |ow cost construction. The |ight
utilization effici enMAGNEIORDBTICAL PICK-UP 'WMITH\GRITOMC MOBELE here are no

l'i ght-dividing elenments such as diffraction gratings in the light path

bet ween t he | aspTRH @M frRpdpr@emsdwr©®pPt i cal recordi ng nedi um 26 ot her
than the polarizing prism?23. By detecting the photo-el ectro-nmagnetic
signal RF, focus error <A gwednéio-apichddahgkicly-wy rfor stgoardihgwahi conmon
phot odi odes 35 - 37, the area of the substrate 16 occupi ed by photodi odes
can be reducedepmadiudingi it armation t arhel gyt ol opt Feadrging - mediun

therefore also be further reduced. [Enbodi nent 8]
comprises an optical module comprising an integral light

emitting element and receptor element having plural light
reception areas, and a diffraction grating on the light
incident/emission plane, an objective lens, a polarizing
prism proviged integrally to the optical module in the
light path between the light—émitting element and an
objective lens and having the reflectivity and
transmittance differing for P-polarized and S-polarized
lights; and an analyzer provided internally or integrally
to the optical module which divides the light reflected by
or passed through the polarizing prism into light having at
least two mutually-perpendicular polarization components to

guide the divided lights to the receptor element.

Figure 1.



A seventh enbodi ment of a magneto-optical pick-up according to the present
invention is described belowwth reference to Figs. 18 and 19. Note that

li k& parts in this enbodi nent and that described above are identified by

| i ke references, and further detail ed description thereof is omtted bel ow
Fig. 18 is a conceptual side view of a magneto- optical pick-up according
to the eighth enbodi nent of the invention, and Fig. 19 is a plan view of
the receptor elenment and light-emttingAahenent in this enbodinment. Fig. 18
is basically a conbination of Fig. 3, Fig. 6, and Fig. 12. The difference
is that the reflecting - 35 - mrror 32 and polarizing prism23 shown in
Fig. 12 are integrated and use the reflecting surface 23d in conmon. The
essential configuration and basic operation of this enbodi nent are
identical to those of thE: jJ sk, second, third, and fifth enbodi nents, and
further description is t .0ofe omtted. It is therefore possible by neans

of this
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enbodi nent to achi eve a magnet o-opti cal pick-up having high |ight
utilizatjon efficiency, a sufficient S/Nratio in the
phot o- el’ectro-nagnetic signal, high reliability, high durability, and a
conpact, | owcost construction. It is also possible to determ ne the change
in light quantity emtted fromthe | aser diode 17, and to therefore achieve
hi gh performance conpl etely unaffected dyppiwavel ength variations. By
integrating the reflecting mirror 32 and polarizing prism23, the nunber of
optical conponents is also reduced, thereby further reducing the cost and
nunber of assenbly s!E?E;;gyuired. By integrally disposing the |aser diode
17, photodi odes 18, 19} 28, and the nonitor photodi ode 31 on a single
substrate 16, circuit connections on the substrate 16 are also sinplified,
the cost of the means for connect{ g the nagn? o-opti cal p&gt-up to
external conponents and the cost QT the subst %te 16 can beéeijfurther
reduced,, and a nagneto-opﬁbpal prak-up wth st ong -,ﬁﬁ\j qesistance to
\\

noi se can be achi eved. /
18d 19d / 19al ,
18a — : 17 , \\\ ’/' 20b
18b™ &1 ) 20a
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[Effects of the invention] As described herei nabove, a nmagneto-opti cal

pi ck- up, according to the present invention integrates the optical nodule
wi th the polarizing prismof which the reflectivity and transnittance of
P-pol arized light and S- polarized light differ. It is therefore possible
to achieve a conpact, high light utilization efficiency magneto-opti cal

pi ck-up assuring a sufficient S/N ratio3ymthe photo-electro-nmagnetic
signal. By further integrating the analyzer with the optical nodul e or
provi ding the analyzer within the optical nodule, an even nore conpact, |ow
cost magneto-optical pick-up can be achieved. By sealing the optical
nodul e, the reliability and durability of the magneto-optical pick-up can
al so be further inproved. The invention being thus described, it will be
obvi ous that the sane may be varied in many ways. Such variations are not
to be regarded as a departure fromthe spirit and scope of the invention,
and all such nodifications as woul d be obvious to one skilled in the art
are intended to be included within the scope of the follow ng clains.

Fig.4
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- 37 - WHAT IS CLAIMED IS 1. A magnet o- optical pick-up conprising an
optical jodule conprising an integral light- emtting el ement and receptor
el €nent "having plural light reception areas, and a diffraction grating on
the light incidence/em ssion plane; a condensing elenent for irradiating
light emitted fromsaid light-emtting elenment to said information
recordi ng nmedium a polarizing prismprovided integrally to said optical
modul e in the |ight path between said light- emtting el ement and said
condensi ng el ement, and having the reflectivity and transmttance differing
for P- polarized light and S-polarized |ight; and an anal yzer provided
internally or integrally to said optical nodule for dividing the |ight

refl ected by or pass 652r gh said polarizing prisminto |light having at

| east two nutually-per cul ar pol ari zation conmponents, and guiding the

divided light to said rece2fe+—eLe#en%—ha#Tng—pLH#a+—++fﬁE;;eception ar eas.
. 1
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2. The magnet o- opti cal

pi ck-up according to

effect. 5. The magnet o- opti cal

said diffraction gra
areas of differing p

el ement or Wl laston prism 7.
to Caim6 wherein said polarizin

conpri sed.

Claiml

KB ¢

pi ck-up according to Caim21 wherein said
Ilght enetting el ement and receptor elenment having plural |ight reception
areas are arrayed on the sane substrate. 3.
- 38 - wherein said light-emtting el enent,
said receptor elenent having plural |ight reception areas, and said

anal yzer are arrayed on the sanme substrate. 4.
pi ck-up according to aim1l wherein sais/ldiffraction grating has a | ens

The magnet o- opti cal

The magnet o- opti cal

pi ck-up according to Caim1 wherein

a lens effect, and is divided into plural
The magnet o-optical pick-up
according to Caim1 wherein sai d anal yzer is a polarizing diffraction

The magnet o-opti cal pick-up according
prism and %gglyzgg are integrally

16-
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8. The magnet o-optical pick-up according to Claim1 further
conprising internally to said optical nodule a nonitoring receptor
receiving part of the light emitted fromsaid light-emtting el enent and
reflected or passed by said polarizing prism 9. The magnet o- opti cal
pi ck-up according to Claim6 wherein said polarizing prismhas at |east two
pol arized light separation planes of which the reflectivity and.
transmttance differ for P-polarized |ig6tiland S-polarized |light. 10.

A magnet o-optical pick-up conprising - 39 - an optical nodule conprising
an integral light- emtting el ement and receptor el enent having plural

| i ght reception areas; a condensing elenent for irradiating light emtted
fromsaid light-emtting elenent to an information recording nedium a

pol ari zing prismprovided integrally to said optical nodule in the |ight

path between said |ighti;
Fig.10
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emtting el enent and said condensing el enment, and having the reflectivity
and transmttance differing for P- polarized |light and S-polarized |ight;
and a polarizing diffraction el ement provided integrally to said optical
nodul e and polarizing prism dividing the light reflected by the

I nformati on recordi ng nedi um and passed agai n through sai d condensi ng
element into |light having at |east two nutual |l y-perpendi cul ar pol arization
conponents, and guiding the d|V|ded | i glty1ro said receptor el enent having

plural |ight reception-areas. A magnet o-optical pick-up
conprising a recepto qﬂz? haV|ng plural |ight reception areas; a
light-emtting el eneht 20 ed on substantially the sane plane as said

receptor elenent; a condensing elenent for irradiating light emtted from

said light-emtting elenent to an information - 40 - recording nmedium a
roughly trapezoi dal polariglng prism provi fed , S)
| L 26
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in the light path between said |light-emtting el enent and sai d condensi ng
el ement, ,and having a polarized |ight separation plane of which the

reffectivity and transnittance diff
l'i ght;

er for P-polarized light and S-pol arized

a nonitoring receptor provided on substantially the sane plane as

said receptor elenment and receiving light emtted fromsaid light-emtting
el ement and reflected by an inclined plaggiand pol arized |ight separation

pl ane of said polarizing prism at

ransparent substrate conprising a

diffraction zone having plural different-pattern separation zones each
having a | ens EffECtt:ZEf éfﬁng light reflected fromthe information
recordi ng nmedi um paSsé&®¥fadai®n through said condensing el enent, and then
passed t hrough the polarized |ight separation plane of said polarizing

prismto one of th§ plural receptid
anal yzer dividing t
medi um passed agai n through said g

inclined plane and pol ari zed |ight

n areas of sai eceptor elenent; and an
rimati on recording
ondensi ng el e 5, and reflected by an

separation plane of said polarizing

prisminto |ight havin aingast t\
t hesdi vi de
A

o, mut ualFy=per pendi cul ar pol ari zation
A i ght Ao .
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conmponents, and guidin
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41 - one area of said receptor elenment having plural |ight reception areas;
and wherein said receptor elenent having plural light reception areas,
light-e€mtting elenent, nonitoring receptor, and anal yzer are installed

i nside a housing, said housing is sealed with a transparent substrate, and
said polarizing prismis disposed integrally to said transparent substrate.
12. The magnet o-optical pick-up agaarding to Caim 11l wherein an
inert gas is filled in said housing seal ed by said transparent substrate.

Fig.16
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