HOLOGRAM RECORDING AND REPRODUCTION APPARATUS BACKGROUND OF THE
INVENTION This invention relates to a hologram recording and reproduction apparatus which records
and reproduces a hologram in accordance with a shift multiplexing method, and more particularly to
reduction in size and improvement in recording density of a hologram recording and reproduction
apparatus of the type mentioned. In the field of hologram memories which can achieve a large
recording capacity by recording information three-dimensionally on a recording medium, various
recording and reproduction methods such as angle multiplexing, shift multiplexing, wavelength
multiplexing and phase modulation multiplexing have been heretofore proposed. Above all, it is
preferable to adopt the $iHOBRAED|BROYRRTEAIAYIM SRRV cacadirpandampsoduction of a
hologram for which a rotational medium represented by a disk is used. A conventional recording and
reproduction apparatus which performs the shift multiplexing hologram recording has such a general
configuration as shown in FIG. 5. Referring to FIG. 5, in order to record data on a hologram recording
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This invention relates to a hologram recording and
reproduction apparatus which records and reproduces a
hologram in accordance with a shift multiplexing method,
and mere particularly to reduction in size and
improvement in recording density of a hologram recording
and reproduction apparatus of the type mentioned.

In the field of hologram memories which can achisve
a large recording capacity by recording information
three-dimensionally on a recording medium, wvarious
recording and reproduction methods such as angle
multiplexing, shift multiplexing; wavelength multiplexing
and phase modulatiop multiplexing have been heretcfore
proposed. Above &ll, it is preferable to adopt the shift
multiplexing recording method for recording and
reproduction c¢f a hologram for which a rotational medium
represented by a disk is used.

A conventional recording and reproduction apparatus
which performs the shift multiplexing hcologram recording
has such a general configuration as shown in FIG. 5.
Referring to FIG. 3, in order to recerd data on a

hologram recording medium 12, a data page to be recorded



is displayed on a spatial optical modulator (liquid crystal display apparatus of the light transmission
type) 8 while a shutter 3 remains closed. Then, a spindle motor 24 is rotated to determine a recording
place (recording area) of the hologram recording medium 12, and then the shutter 3 is opened.
Consequently, a coherent laser beam emitted from a laser light source 2 passes through the shutter 3
and enters a beam splitter 4, by which it is split into recording light 100 and reference light 200. The
recording light 100 is introduced to the spatial optical modulator 8 by a mirror 6. When the recording
light 100 passes through the spatial optical modulator 8 on which the data page is displayed, it is
spatially optically modulated (amplitude modulated) by the spatial optical modulator 8. The modulated
recording light is consiensedyea arecordingrdren efithedalogram reeerding medium 12 by a
recording light lens (optical lens) 10. Meanwhile, the reference light 200 is reflected to change its
advancing directionvisy almirkoicls: andns dvert vilumindted byiateng-18sorthas itdnterseets in a fixed
angle with the recording light 100 to generate interference fringes within the hologram recording
medium 12. ThePddta'pagé (K6IBgFah) desEMbed abeveisfecordee 2 spindle motor

24 is rotated to determine a recording place.(recoxding
area) of the hclogram recording medium 12, and then the
shutter 3 is opened.

Conseguently, a coherent laser beam emitted from a
laser light source 2 passes through the shutter 3 and
enters a beam splitter 4, by which it is split into
recording light 100 and reference l1ight 200. The
recording light 100 is introduced to .the spatial optical
modulator 8 by a mirror 6. When the recording light 100
passes through the spatial optical modulateor 8 on which
the data page is displayed, it is spatially optically
modulated (amplitude modulated) by the spatial optical
modulater 8. The modulated recording light is coﬁdensed
on a recording'area of the hologram recording medium 12
by a recofding light lens (optical lens) 10.

Meanwhile, the reference light 200 is reflected to
change its advancing direction by a mirror 14 and is then
iliuminated by a lens 18 so that it intersects in a fixed
angle with the recording light 100 to gesnerate
interference fringes within the hologram recording medium

12. The data page (hologram) described above 1s recorded



2 as a refractive index distribution according to a spatial distribution of the interference fringes. After
one hologram is recorded, the hologram recording medium 12 is moved by a fixed distance relative to
the optical system, and then a next hologram is recorded. In the arrangement of FIG. 5, every time
one hologram is recorded on the recording medium 12, the disk type hologram medium 12 is rotated
by a fixed angle by the spindle motor 24. Then, after the hologram recording medium 12 makes one
rotation, the optical system or the hologram recording medium 12 is moved in a radial direction of the
hologram recording medium 12, and the recording in a circumferential direction of the medium is
performed again. The sequence of operations described is repeated to record a large number of
holograms over &% everali aned 0f the hdtogranms tectrdingomedium 12 1y otdertosteproduce a
hologram recorded in such a manner as described above, reference light (same as reproduction
illumination light)“ofYhe e Shavef froRe is iikpiRatanfentehiensane position as that upon recording
of the hologram on the h(}_\ll(%gram recorigliq medium 12. Consequently, diffracted light corresponding

to interference fringes re¢orded on a reSordiig fradk of ecorded, the hologram
recording medium 12 is moved by a fixed distance relative
to the optical system, and then a next hologram is
recorded. In the arrangement of FIG. 5, every time one
hologram is recorded on the recording medium 12, the disk
type hologram medium 12 is rotated by a fixed angle by
the spindle motor 24. Then, after the hologram recording
medium 12 makes one rotation, the optical system or the
hologram recording medium 12 is moved in a radial
direction of the hologram recording medium 12, and the
recording in a circumferential direction of the medium is
performed again. The segquence of operations described is
overall area of the hologram recording medium 12.

In order to reproduce a hologram recorded in such a
manner as described above, reference light (same as
reproduction iliumination light) of the same wave front
is illuminated from the same position as that upon
recording of the hologram on the hologram recording
medium 12. Ceonsequently, diffracted light corresponding

to interference fringes recorded on a recording track of

the hologram recording medium 12 is generated and is



the hologram recording medium 12 is generated and is 3 condensed by a lens 20 on and received by
an image pickup element in a detector 22. Then, a resulting signal from the image pickup element is
analyzed to restore the original image data (data page). It has been proposed, for example, in
Japanese Patent Laid-Open No. 2000-89648 that, where the hologram recording medium 12 is
sufficiently thick when compared with the wavelength used for the recording, even if different
holograms partially overlap with each other spatially, only a target hologram is reproduced if the shift
amount between the holograms is greater than a fixed value. The fixed value of the shift amount relies
upon the intersecting angle between the reference light 200 and the recording light 100, the f values
of the individual {ernsésn sl thigkressobtheCholograr  resoedingdmedivm 12vand spfoithpHowever, it

is possible to realize, with regard to the along-track direction, a value of approximately several 9m to
several tens gm. §t- §865*be Hotéd HRAC THste 2sphéficdl wave ’Suddd BS thedretdrerc@ight,
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anisotropy appearg an the St gelectivty i the cross track directon becomes, approdmately

original image data (data page).

It has been proposed, for example, in Japanese
Patent Laid-Open No. 2000~83648 that, where the hologram
recording medium 12 is sufficiently thick when compared
with the wavelength used for the recording, even if
different holograms partially overlap with sach cother
spatially, only a target hologram is reproduced if the
shift amount between the hcolograms is greater than a
fixed value. The fixed wvalue of the shift amount relies
upon the intersecting angle between the reference light
200 and the recording light 100, the f values of the
individual lenses, the thickness of the hologram
recording medium 12 and so forth. However, it is possikle
to realize, with regard tc the along-track direction, a
value of approximately several um to several tens um. It
is to-be noted that, where a spherical wave is used as
the reference light, anisotropy appears and the shift
selectivity in the cross-track direction becomes
gpproximately 1 mm.

However, where cases of an optical disk recording

and reproduction apparatus which are commercially



However, where cases of an optical disk recording and reproduction apparatus which are
commercially 4 established in the conventional field of optical memories are considered, one of
significant factors in apparatus miniaturization is miniaturization of an optical pickup. Meanwhile, in a
hologram recording and reproduction apparatus of the shift multiplexing type, such elements as the
lenses 18, 10 and 20 for reference light, recording light and reproduction light act similarly to the
optical pickup of the optical disk recording and reproduction apparatus. Each of the lenses 18, 10 and
20 must be moved so as'to follow up the information recording or reproduction position of the
hologram recording medium 12. As the number of lenses to be moved is great, actuators for moving
the lenses are obiigeaktdi beegbmplicated andvizavel incegasekSizes aAncrserva Systems 1 ake
complicated, which decreases the degree of freedom in design. This makes it less easy to design a
miniaturized appAF&tUECThtRSHSs diffiedt & nidiggurizeca ol 6gram recémlingaadaepsoduction
apparatus of the shift multiplexing type equivalently to existing o;tical disk recording and reproduction

apparatus. Furth8r; & shif Aftitoiexht 8 dnithdd Gheren ©f an optical pickup.

Meanwhile, in a hologram recording and reproduction
apparatus of the shift multiplexing type, such elements
as the lenses 18, 10 and 20 for reference light,
recording light and reproduction light act similarly to
the optical pickup of the optical disk recording and
reproduction apparatus. Each of the lenses 18, 10 and 20
must be moved so as to follow up the information
recprding or reproduction position of the hologram
recording medium 12. As the number of lenses to be moved
is great, actuators for moving the lenses are obliged to
be complicated and have increased sizes and servo systems
are complicated, which decreases the degree of freedom in
design. This makes it less easy to design a miniaturized
apparatus, Thus, 1t is difficult to miniaturize a
hologram recording and reproduction apparatus of the
shift multiplexing type eguivalently to existing optical
disk receording and reproduction apparatus.

Further; the shift multiplexing is a method wherein
the recording place of the hologram recording medium is
successively moved parallelly little by little to perform

multiplexed recording. However, since a spherical wave is



the recording place of the hologram recording medium is successively moved parallelly little by little to
perform multiplexed recording. However, since a spherical wave is 5 as the reference light, the
recording density can be raised only in one direction due to the anisotropy. In particular, in the case
of a disk type recording medium, while the shift selectivity of 10 Mm can be taken in the along-track
direction to achieve a high density, the shift selectivity in the cross-track direction is approximately 1
mm. Thus, there is a characteristic that the recording track pitch is great and the recording density

cannot be raised, S M%ggrgjfchE I,ENCTAQI\LE&Q i nis 0 p: i@/agfqtilg provide a hologram
tus whic g}ﬁeeo re%

recording and reproduction appara can raise the dom in design to achieve

miniaturization thereof anghcan raisedhe helogramn recerding deasity, ot theshift multiplexing type.
The above advantages can be achieved by configuring a hologram recording and reproduction
apparatus generally suchahat, uparneecarding; & spatially aptieally sneddlated rfirst light beam
(recording light) and a second light beam (reference light) having a wave front disturbed at random
"while the shift selectivity of 10 Mm can be taken in the
along-track direction to achieve a high density, the shift
selectivity in the cross-track direction is approximately
1 mm. Thus, there is a characteristic that the recording

track pitch is great and the recording density cannot be

raised.

SUMMARY OF THE INVENTION

Embodiments of the invention provide a hologram
recording and reproduction apparatus which can raise the
degree of freedom in design to achieve miniaturization
thereof and can raise the hologram recording density of
the ghift multiplexing type.

The above advantages can be achieved by configuring
a hologram recording and reproducticn apparatus generally
such that, upon recording, a spatially optically modulated
first light beam {reccrding light) and a second light beam
(reference 1light) having a wave front disturbed at random
are coupled so as to have a common optical axis and

introduced to a recording area of a



are coupled so as to have a common optical axis and introduced to a recording area of a 6 hologram
recording medium whereas, upon reproduction, diffracted light which is generated by illuminating
reproduction reference light solely on the hologram recording medium is reflected by a reflecting
member formed on the hologram recording medium so as to return in the incoming direction of the
reference light. According to one aspect of the present invention, there is provided a hologram
recording and reproduction apparatus for recording interference fringes produced by interference of a

spatially optical Todulated first %qht bearg and a,second Ii%ht beam in a recarding area of a
o] or%r%m recoxr l’lﬁ.l medium Whereas 801‘1 r%%rc%duc lonb. :
hologram recording ‘medium, comprising: a randomizing phase member for disturbing a wave front of

the second light beam at-randemyand,an optical axisLoupling,optical system farcoupling the
spatially optically modulated first light beam and the second light beam having the  randomly

disturbed wave frept-saastodravesZ cosraen 1optical axisand propagatedndhesame direction,
further comprising an image pickup device for receiving diffracted light generated by the hologram
recording medium i1s reflected by a reflecting member
formed on the holeogram recording medium so as to return in
the iﬁcoming direction of the reference light.

According to one aspect of the present
invention, there 1s provided a hologram recording and
reprcoduction apparatus for recording interference
fringes produced by interference of a spatially
optically modulated first light beam and a second
light beam in a recording area of a hologram recording
medium, comprising: a randomizing phase member for
disturbing a wave front of the second light beam at
random; and an optical axis coupling optical system
for coupling the spatialiy optically modulated first
light beam and the second light beam having the
randomly disturbed wave front so as to have a common
cptical axis and precpagate in the same direction,
further comprising an image pickup device for
receiving diffracted light generated by the hologram
recording'medium when the second light beam having the
cptical axis common to the optical axis of the first
light beam illuminates the hclogram recording medium,

to obtain a reproduction signal, and further



recording medium when the second light beam having the optical axis common to the optical axis of
the first light beam illuminates the hologram recording medium, to obtain a reproduction signal, and
further 7 comprising a light beam removing device for removing the second light beam from the
diffracted light. In the hologram recording and reproduction apparatus, a spatially optically modulated
first light beam (recording light) and a second light beam (reference light) having a wave front
disturbed at random are coupled so as to have a common optical axis thereby to 7a produce
interference frin%(les of the two Ilighé]be ms, Then, the interfercgonce, fringes are recorded in a recording
r edi T

area of a holograi recording u .%o@m%%ﬁugﬁﬂﬂf‘fﬁél?e dihgSight &nd T refBfence light which
have a common.galical asiz£ap e intioduiged fafhe fepording aready meghs of a common lens.

Therefore, the number of lenses which must be moved so as to follow up thé variation of the position
of the recording area canhe teduced.dpenrecarding: 1o akleast ope-Gansegdently, an actuator for

moving the lens can be simplified and miniaturized, and the degree of freedom in design
apparatus, a spatially optically mocdulated first light
beam (recording light} and a second light beam (reference

light) having a wave front disturbed at random are

coupled so as to have a common optical axis thereby to

Ta



increases and designing of an apparatus for miniaturization can be performed readily. Further, since
the wave front of the reference light is disturbed at random by the randomizing phase member,
incoincidence in wave front between the original reference light and the reference light after moved
can be obtained from movement by a very small distance. Consequently, a sharp shift selectivity can
be assured in both of the along-track direction and the cross-track direction. Therefore, the shift
amount of the hologram recording medium can be reduced and the recording density of the hologram
recording medium can be enhanced significantly. Further, where the hologram recording and
reproduction apparatus 8 further includes an optical lens for causing the second light beam (reference
light) having the Faisdbmly distarded-aave fionitarresthelspdtalliropticatip tmodeatsted fiisetight beam
(recording light) to be condensed in different condensation states from each other at the position of
the hologram rchP&mbWE%ﬂﬁﬁﬁ%ﬁ% poSSIAE T TatisE i EeMpR, the R&sTealEfoR Brtference light
to diverge at an |mIagci aB n$rdeV|ce Q. as to deccfase th amount of tIle refehence light illuminated

m T“QCOI ing me onsequen
on the hologram recor um upon

recording light and the reference light which have a
common coptical axis can be introduced to the recording
area by means of a common lens. Therefore, the number of
lenses which must be moved so as to follow up the
variation of the pesition of the recording area can be
reduced, upon recording, to at least one. Conseqguently,
an actuator for moving the lens can be simplified and
miniaturized, and the degree of freedom in design
increases and designing of an apparatus for
miniaturization can be performed readily. Further, since
the wave front of the refersnce light is disturbed at
random by the randomizing phase member, incoincidence in
wave front between the original reference light and the
reference light after moved can be cobtained from movement
by a very small distance. Consesquently, & sharp shift
selectivity can be assured in both of the along-track
direction and the cross-track direction. Therefore, the
shift amount of the hologram recording medium can be
reduced and the recording density of the hologram
recording medium can be enhanced significantly. Further,

where the hologram reccording and reproduction apparatus



reproduction which light is mixed into the diffracted light and introduced to the image pickup device.
Consequently, the S/N ratio of the reproduction signal can be improved. Further, where the hologram
recording and reproduction apparatus further includes a light beam removing device for removing the
second light beam (reproduction reference light) from the diffracted light, since the reproduction
reference light to be illuminated upon the hologram recording medium upon reproduction is removed
positively so as not to mix into the diffracted light, the S/N ratio of the reproduction signal can be
further improved. According to another aspect of the present invention, there is provided a hologram
recording and 9 reproduction apparatus for recording interference fringes produced by interference of
a spatially opticafiprrnoelulated first=ightheamt aralla $ecend lightdseanrin a-recerdingarea of a
hologram recording medium, including the hologram recording medium having a reflecting member
formed on a faceléﬁﬁéslféiféﬂa face tiereet to\vikieh the Viirstandl setonddighy beams come in, for

reflecting light, a randorglzygé{phasef mergber gor dlsturblng a wave front oflthe second light beam at
random, an opticaf Ais" ave front and the spa ly optically

modulated first light beam {reccrding light) to be
condensed in different condensation states from each
other at the position of the hologram recording medium,
it is possible to cause, for example, the reproduction

fyﬁ reference light to diverge at an image pickup device so
as to decrease the amount of the reference light
illuminated on the hologram reccrding medium upon
reproduction which light is mixed into the diffracted
light and introduced to the image pickup device.
Conseguently, the 3/N ratic of the reproduction signal
can be improved. Further, where the holcogram recording
and reproduction apparatus further includes a light beam
removing device for removing the second light beam

{" (reproduction reference light) from the diffracted light,
since the reproduction reference light to be illuminated
upon the hologram recording medium upon repreduction is
removed positively so as not to mix into the diffracted
light, the S/N ratio cf the reproduction signal can be
further improved.

According to another aspect of the present

invention, there is provided a hologram recording and



coupling optical system for coupling the spatially optically modulated first light beam and the second
light beam having the randomly disturbed wave front so as to have a common optical axis and
propagate in the same direction, a first optical lens for condensing the first light beam having the
optical axis common to the optical axis of the second light beam on a recording area of the hologram
recording medium, and an image pickup device on which reflected light from the reflecting member of
the program recording medium originating from diffracted light, which is generated by the hologram
recording medium when the second light beam having the optical axis common to the optical axis of
the first light beam is illuminated solely on the hologram recording medium through the first optical
lens, is condensed:throdghthe:1 C:first optical lens. Incdhednlogram teedeling.and repregdiction
apparatus, a spatially optically modulated first light beam (recording light) and a second light beam
(reference light) asthigradvéne fronedistundedeatréndonrarel €blplerbsd asltdshave a common

optical axis thereby to_produce interference fringes of the two light beams. Then, the interference
fringes are record&d i a78Cording Greg 9~ beam and a second light beam in a

recording area of a hologram recording medium, inciuding
the hologram recording medium having a reflecting member
formed on a face opposite te a face thereof, to which the
first and second light beams come in, for reflecting
light, a randomizing phase member for disturbing a wave
front of the second light beam at random, an optical axis
coupling optical system for coupling the spatially
optically modulated first light beam and the second light
beam having the randomly disturbed wave front so as to
have a common optical axis and propagate in the same
direction, a first optical lens for condensing the first
light beam having the optical axis common to the optical
axis of the second light beam on a recording arsa of the
{'_ hologram recording medium, and an image pickup device on
which reflected light from the reflecting member of the
program recording medium originating from diffracted
light, which is generated by the hologram recording
medium when the second light beam having the optical axis
common to the optical axis cof the first light beam is
illuminated solely on the hologram recording medium

through the first optical lens, 1s condensed through the

10



of a hologram recording medium. Consequently, the recording light and the reference light which have
a common optical axis can be introduced to the recording area by means of the common lens.
Therefore, the number of lenses which must be moved so as to follow up the variation of the position
of the recording area and the reproduction area of the hologram recording medium can be reduced.
Further, since diffracted light, which is generated by the hologram recording medium when the
reference light having the optical axis common to the optical axis of the recording light is illuminated
solely on the hologram recording medium through the common lens, is reflected so as to return along
the incoming direction of the reference light by means of the reflecting member formed on the
program recording: medivmi the diffracted light can be condensed on the image pickup device through
11 the common lens. Consequently, it is only necessary to cause at least one lens to move so as to
follow up the variation of tRe Peitivh. SRR YeEBFdinG st8azid ther ¥eprodutton area of the hologram
recording medium. Therefore, the number of lenses which must be moved so as to follow up the

variation of the pBBitioh°fthe feddtding arca ARG tHé teprodtiction trda Ehnte rédiited

beam (recording light) and a second light beam (reference
light) having a wave front disturbed at random are
coupled so as to have a common optical axis thereby to
produce interference fringes of the twe light beams. Then,
the interference fringes are recorded in a recording area
of a hologram recording medium. Consequently, the
recording light and the reference light which have a
common optical axis can be introduced to the recording
area by means of the common lens. Therefore, the number
0f lenses which must be moved so as to follow up the
variation of the pesition of the recording area and the
reproduction area of the hologram recording medium can be
reduced. Further, since diffracted light, which is
generated by. the hologram recording medium when the
reference light having the optical axis commen to the
optical axis of the recording light is illuminated solely
on the hologram recording medium through the common lens,
is reflected so as to return along the incoming direction
of the reference light by means of the reflecting member
formed on the program recording medium, the diffracted

light can be condensed on the image pickup device through

11



significantly. Consequently, actuators for moving the lenses can be simplified and miniaturized, and
the degree of freedom in design increases and designing of an apparatus for miniaturization can be
performed more readily. Further, since the wave front of the reference light is disturbed at random by
the randomizing phase member, incoincidence in wave front between the original reference light and
the reference light after moved can be obtained from movement by a very small distance.
Consequently, a sharp shift selectivity can be assured in both of the along-track direction and the
cross-track direction. Therefore, the shift amount of the hologram recording medium can be reduced
in regard to both of the along-track direction and the cross-track direction and the recording density of
the hologram recddrdingereeiumetan bé embanced sighificanths Rurherpwhese the hologram
recording and reproduction apparatus further 12 includes a second optical lens for causing the second
light beam (referefcéight) REAAG thE Fan8dmly-idteirSed W@ front&nd e Spafidify optically

modulated first Ii%\tr beam rec%rqcig% Igi]ght to.be cgpdtekqsed in different condens%ti%rll]gtates from

latio og1tion . . recording area an
each other at the pos?tlon of the hologram recording mediunT, g

reproduction area of the hologram recording medium.
Therefore, the number of lenses which must be moved so as
te follow up the variaticon of the position of the
recording area and the reproduction area can be reduced
significantly. Consequently, actuators for moving the
lenses can be simplified and miniaturized, and the degree
of freedom in design increases and designing of an
apparatus for miniaturization can be performed more
readily. Further, since the wave front of the reference
light is disturbed at random by the randomizing phase
member, incoincidence in wave Iront between the original
reference light and the reference light after moved can
be obtained from movement by a very small distance.
Consequently, a sharp shift selectivity can be assured in
both of the along-track direction and the cross-track
direction. Therefore, the shift amount of the hologram
recording medium can be reduced in regard to both of the
along-track direction and the cross-track direction and
the recording density of the hologram recording medium
can be enhanced significantly. Further, where the

heologram recording and reproduction apparatus further

i2



it is possible to cause, for example, reproduction reference light same as the reproduction reference
light to diverge at the image pickup device. Consequently, deterioration of the S/N ratio of the
reproduction signal caused by the reproduction reference light mixing into the diffracted light can be
prevented, and a reproduction signal having a good S/N ratio can be obtained. In summary, with both
of the hologram recording and reproduction apparatus, since a spatially optically modulated first light
beam (recording light) and a second light beam (reference light) having a wave front disturbed at
random are coupled so as to have a common optical axis and introduced to a recording area of a
hologram recording medium, the number of lenses which must be moved so as to follow up the
variation of the positiodef the recardingarea-ean berredased ¢a incregsenthesdegree of freedom in
design, and consequently, designing of an apparatus for miniaturization is 13 facilitated and the
hologram recordirigiand peprodictibn rapparatasican Beaminiaturized: Eultherysince diffracted light,

which is generated by the hologram recording medium when reproduction reference light same as
therekwenceﬁgﬁfﬁ&&fﬁﬁgnwave front and the spatially optically

modulated first light beam (recording light) to be
condensed in different condensation states from each
other at the position of the hologram recording medium,
it is possible to cause, for example, reproduction
reference light same as the reproduction reference light
to diverge at the image pickup device. Consequently,
deterioration of the S/N ratio of the reproducticn signal
caused by the reproduction reference light mixing into
the diffracted light can be prevented, and a reproduction
signal having a good 3/N ratic can be obtained.

In summary, with both of the hologram recording and
reproduction apparatus, since a spatially optically
modulated first light beam (recording light) and a second
light beam (reference light) having a wave front
disturbed at random are coupled so as to have a common
optical axis and introduced to a recording area of a
hologram reccrding medium, the number cf lenses which
must be moved so as to follow up the variation of the
position of the recording area can be reduced to increase
the degree of freedom in design, and conseguently,

designing of an apparatus for miniaturization is

13



recording is illuminated, upon reproduction, solely on the hologram recording medium, is reflected so
as to return along the incoming direction of the reference light by means of the reflecting member
formed on the program recording medium, the diffracted light can be condensed on the image pickup
device using the lens provided for introducing the recording light and the reference light having a
common optical axis to the recording area of the hologram recording medium. Therefore, the number
of lenses which must be moved so as to follow up the variation of the position of the recording area
and the reproduction area of the hologram recording medium can be reduced to at least one, and the
number of lenses which must be moved so as to follow up the variation of the position of the recording

area and the repraduction atep ehthe:helogramrecarding medivg Lpon-tgeording-and,upon
reproduction can be reduced significantly. Consequently, designing of an apparatus for
miniaturization is#apiitated ancemitiatuization.ofithe hologram recording and reproduction
apparatus can be further promoted. Furthermore, since the wave front of the reference light with
which the reference light 4 tifteferéigce diffracted light, which is generated

by the holegram recording medium when reproduction
reference light same as the reference light used upon
recording is illuminated, upon reproduction, sclely on
the hologram recording medium, is reflected so as to
return along the incoming direction of the reference
light by means of the reflecting member formed on the
program.ﬁecording medium, tThe diffracied light can be
condensed on the image pickup device using the lens
provided for introducing the recording light and the
reference light having & common optical axis to the
recording area of the hologram recording medium.
Therefore, the number of lenses which must be moved so as
toe follow up the variation of the position of the

Q E recording area and the reproduction area of the hologram
recording medium can be reduced to at least one, and the
number of lenses which must be moved so as to follow up
the variation of the position of the recording area and
the reproduction area of the hologram recording medium
upon recording and upon reproduction can be reduced
significantly. Consequently, designing of an apparatus

for miniaturization is facilitated and miniaturization of

14



disturbed at random, a sharp shift selectivity can be assured in both of the along-track direction and
the cross-track direction and the recording density of the hologram recording medium according to
the shift multiplexing system can be enhanced significantly. Further, where the hologram recording
and reproduction apparatus further includes an optical lens for causing the reference light having the
randomly disturbed wave front and the spatially optically modulated recording light to be condensed
in different condensation states from each other at the position of the hologram recording medium, it
is possible to cause, for example, reproduction reference light same as the reference light to diverge
at the image pickup device. Consequently, deterioration of the S/N ratio of the reproduction signal
caused by the repreduction;referermectightimixing imtepthecdifftacied dightean be prevented. Further,
where the hologram recording and reproduction apparatus further includes a device for positively
removing the repr8dtiéfién PefereiéElight so that the 15 reproduction reference light may not mix into

the diffracted light, the S/N ratio of the reproduction signal can be further improved.
furthermore, since the wave front of the rsference

light with which the reference light is to interfere is
disturbed at random, a sharp shift selectivity can be
assured in both of the along-track direction and the
cross—track direction and the recording density of the
{N  hologram recording medium according to the shift
multiplexing system can be enhanced significantly.
Further, where the hologram reccrding and
reproduction apparatus further includes an optical lens
for causing the reference iight having the randomly
disturbed wave front and the spatially optically
modulated recording light to be condensed in different
condensation states from each other at the position of
the hologram recording medium, it is possible to cause,
for example, reproduction reference light same as the
reference light to diverge at the image pickup device.
Consequently, deterioration of the 3/N ratio of the
reproduction signal caused by the reproduction reference
light mixing into the diffracted light can be prevented.
Further, where the hologram recording and reproduction
apparatus further includes a device for positively

removing the reproduction reference light sc¢ that the
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The above and other objects, features and advantages of the present invention will become apparent
from the following description and the appended claims, taken in conjunction with the accompanying
drawings in which like parts or elements denoted by like reference symbols. BRIEF DESCRIPTION
OF THE DRAWINGS FIG. 1 is a schematic view showing a configuration of a hologram recording and
reproduction apparatus according to a first embodiment of the present invention; FIGS. 2A and 2B are
schematic views illustrating a function of a lens shown in FIG. 1; FIG. 3 is a schematic view showing a
configuration of a hologram recording and reproduction apparatus according to a second
embodiment of the present invention; FIG. 4 is a schematic view showing a configuration of a

hologram recordingrand reprostiction appatatus: gaeording @ a third ermbedipent of the present
invention; and 16 FIG. 5 is a schematic view showing an example of a configuration of a conventional
hologram recordithgfdnd creproddetion apparatdd which peddrrissshife prltiplexing

signal can be further improved.

- The above and other objects, features and
advantages of the present invention will become apparent
frem the following déscri@tion and the appended claims,
taken in cenjunction with the accompanying drawings in
which like parts or elements denoted by like reference

symbols.

BRIEF DESCRIPTION OF THE DRAWINGS

FIiG, 1 is a schematic view showing a configuration
of a hologram recordiﬁg and reproduction apparatus
according to a first embodiment of the present invention;

FIG3., 2A and 2B are schematic views illustrating a
function of a lens shown in FIG. 1;

FIG. 3 is a schematic view showing a configuraticn
cf a hologram recording and reproduction apparatus
according to a second embodiment of the present
invention;

FIG. 4 is a schematic view showing a configuration
of a hologram recording and reproduction apparatus

according te a third embodiment of the present invention;

and
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hologram recording. DESCRIPTION OF THE PREFERRED EMBODIMENTS Embodiment | Referring
to FIG. 1, there is shown a configuration of a hologram recording and reproduction apparatus
according to a first embodiment of the present invention. The hologram recording and reproduction
apparatus 80 shown includes a laser light source 2, a shutter 3, a beam splitter 4, a mirror 6, a spatial
optical modulator 8, another beam splitter 26, and a lens 10. The hologram recording and
reproduction apparatus 80 further includes a hologram recording medium 12 in the form of a disk
made of a photopolymer material or the like. The hologram recording and reproduction apparatus 80
further includes another mirror 14, a randomizing phase mask 16 for disturbing a wave front of a laser
beam at random, anothersleas I8, asfuithetiens 20 aweiector 22iwhichn mayshe e CED image sensor
or a CMOS image sensor, and a spindle motor 24. Different from the conventional hologram recording
17 and reproductisrapparatys,an thé Holegrans nedording and ceproduetiorrdpparatus 80 of the

present embodiment, the randomizing phase mask 16 is interposed on a light path
reproduction apparatus which performs shift multiplexing

hologram rscording.

DESCRIPTION COF THE PREFERRED EMBODIMENTS
Embcdiment 1

;fi_ Referring to FIG. 1, there is shown a configuration
of a hologram recording and reproduction apparatus
according to a first embodiment of the present invention.
The hologram recording and reproduction apparatus 80
shown includes a laser light source 2, a shutter 3, a
beam splitter 4, a mirror 6, a spatial optical modulator
8, another beam splitter 26, and a lens 10. The hologram
recording and repreoduction apparatus 80 Further includes
a holegram recording medium 12 in the form of a disk made
of a photcpelymer material or the like. The hologram
recording and reproduction apparatus 80 further includes
ancther mirror 14, a randomizing phase mask 16 for
disturbing a wave front of a léser beam at random,
another lens 18, a further lens 20, a detector 22 which
may be a CCD image sensor or a CMOS image sensor, and a

spindle motor 24.

Different from the conventional hologram recording
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of reference light 200. The randomizing phase mask 16 is preferably formed from a glass plate having
a large number of irregular ups and downs on the surface thereof like, for example, a ground glass
plate. The randomizing phase mask 16 of the type described can be produced by patterning of the
surface of a glass plate by a combination of lithography and etching, and a large number of articles
can be produced by-the method. The positions of the randomizing phase mask 16 and the lens 18
may be any positions between the beam splitter 4 and the beam splitter 26 only if the randomizing
phase mask 16 is positioned nearer to the beam splitter 4 while the lens 18 is positioned nearer to
the beam splitter 26. In this instance, however, the distance between the beam splitter 4 and the lens

18 and the distancribetween the lens 18 anethedologram Jsecordiggmedim 12;myst satisfy such
conditions that the condensed states of the reference light 200 and recording light 100 are different

from each other at¢bhe dvblogram regosdingumediune 12tand that dhe referenee Hight:20@ for example,
diverges at the detector 22. 18 Meanwhile, the laser light source 2 may be any laser only if it
generates a |aserrWﬁg @hase mask 16 is iﬂterposed O a light path

of reference light 200. The randomizing phase mask 16 is
_preferably formed from a glass plate having a large
‘number cf irregular ups and downs on the surface thereof
like, for example, a gﬁound glass plate. Thes randomizing
rhase mask 16 of the type described can be produced by
patterning of the surface of a glass plate by a
combination of lithography and etching, and a large
number of articles can be produced by the method.

The pesitions of the randomizing'phase mask 16 and
the lens 18 may be any positions betweén the beam
sPlitter 4 and the beam splitter 26 only if the
randomizing phase mask 16 is positioned nearer to the
beam splitter 4 while the lens 18 is pesitioned nearer to

g ) the beam splitter 26. In this instance, however, the
distance between the beam splitter 4 and the lens 18 and
the distance between the lens 18 and the hologram
recording medium 12 must satisfy such conditions that the
condensed states of the reference light 200 and recording
light 100 are different from each other at the hologram
recording medium 12 and that the reference light 200, for

example, diverges at the detecteor 22.
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coherence length of several cm or more with which hologram recording is possible. However, the
wavelength of the laser beam preferably is within the visible wavelength range within which a
hologram recording medium 12 usually has a sensitivity, particularly within a range of approximately
400 nm to 650 nm. Now, operation of the hologram recording and reproduction apparatus 80 is
described. Referring to FIG. 1, in order to record data on the hologram recording medium 12, while
the shutter 3 remains closed, a data page to be recorded is displayed on the spatial optical modulator
8 (liquid crystal display apparatus of the transmission type) and the spindle motor 24 is rotated to
determine a recording place (recording area) of the hologram recording medium 12. Thereatfter, the
shutter 3 is opened. Condequehtiy.ca cohererit d@serlbedrm emitteddrémmehe laseatight source 2
passes through the shutter 3 and enters the beam splitter 4, by which it is split into recording light 100
and reference light200. TheY récortiin RGIREEIG S réfledfRiby 8 niiABEBSGthat it is introduced into

the spatial optical modulator 8. 19 When_the recor(EiLing light 100 passes through the spatial
coherence lengtn of severa m-or more with whith

hologram recording is possible. However, the wavelength
of the laser beam preferably is within the visible
wavelength range within which a hologram recording medium
12 usually has a sensitivity, particularly within a range
of approximately 40C nm to 650 nm.

How, operation of the hologram recording and
reproduction apparatus 80 is described. Referring to
FIG. 1, in order to recoid data on the hologram recording
medium 12, while the shutter 3 remains closed, a data
page to be récorded is displayed on the spatial optical
modulater 8 (liguid crystal display apparatus of the
Ttransmission type) and the spindle motor 24 is rotated to
determine a recording place (recording area) of the
hologram recording medium 12. Thersafter, the shutter 3
ig opened.

Consequently, a ccherent laser beam emitted from
the laser light source 2 passes through the shutter 3 and
enters the beam splitter 4, by which it is split into
recording light 100 and reference light 200. The
recording light 100 is reflected by the mirror & sc that

it is introduced into the spatial optical modulator 8.
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optical modulator 8 on which the data page is displayed, it is spatially optically modulated (amplitude
modulated). The modulated recording light is introduced into the beam splitter 26. Meanwhile, the
reference light 200 is introduced by the mirror 14 to the randomizing phase mask 16, by which the
wave front of the reference light 200 is disturbed or disordered at random (randomized). The
reference light 200 thereafter passes through the lens 18 and introduced into the beam splitter 26.
The spatially optically modulated recording light 100 and the reference light 200 whose wave front is
disturbed at random are combined by the beam splitter 26 and enters the lens 10. Here, the image to
be recorded as a hologram may be a real image displayed on the spatial optical modulator 8 by the
lens 10 or a Fouértransfermeddmagerof thehreal dmagesefthespasial bptisal medulaior 8. However,
the method of recording a Fourier transformed image is popularly employed because the size per one
hologram can bé&Ridde offpdirately sthalhreguiiyiand thedniagerisdess sikely1d besdnfluenced by a

defect appearing.on the hologram recording medium 12, B%/ locating both of the spatial optical
modulator 8 20 it 1s spatially optifally modulated {amplitude modulated).

The modulated recording light is introduced into the beam
splitter 26, |

Meanwhile, the reference light 200 is introduced by
the mirror 14 to the randomizing phase mask 16, by which
the wave front of the reference light 200 is disturbed or
disordered at random (randomized). The reference light
200 thereafter passes through the lens 18 and introduced
into the beam splitter 26. The spatially cptically
modulated recording light 100 and the reference light 200
whose wave front is disturbed at random are combined by
the beam.splitter 26 and enters the lens 10.

Here, the image to be recorded as a hologram may be
a real image displayed on the spatial optical modulator 8
by the lens 10 or a Fourier transformed image of the real
image of the spatial optical modulator 8. However, the
method of recording a Fourier transformed image is
populgrly employed because the size per cone hologram can
be made comparatively small readily and the image is less
likely to be influenced by a defect appearing on the
hologram recording medium 12.

By locating both of the spatial optical modulator 8
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and the hologram recording medium 12 at places spaced by the focal length f of the lens 10 from the
principal plane of the lens 10, a Fourier transformed hologram can be recorded in the hologram
recording medium 12. Here, since the reference light 200 enters the lens 10 through the lens 18 in a
different condensed state from that of the recording light 100, it is condensed at a different position
from the recording light condensed position in the hologram recording medium 12. Thereatfter, the
shutter 3 is closed. Then, a data page to be recorded next is displayed on the spatial optical
modulator 8, and the spindle motor 24 is rotated a little to move the hologram recording medium 12
by 6. Thereupon, the portion of the hologram recording medium 12 at which the recording light 100

and the referenee:light206.a1e: ta be concdensedyelalively. moves by 6; Whendhe shugier 3 is opened
in this state, the data page to be recorded next is recorded as a hologram in the condensed region
(recording area) ©fithe aeeobrdirgdight 100anththelreferentedigin 200:=inthenhofogram recording
medium 12. If it is assumed that the randomizing phase mask 16 does not exist in the light path of the

reference light Z002%Rer the Féfetérice fdht 200 EiMbfinatearafgrmed hologram. can

be recorded in the hologram reccrding medium 12. Here,
since the reference light 200 enters the lens 10 through
the lens 18 in a different condensed state from that of
the recording light 100, it is condensed at a different
position from the recording light condensed position in
the hologram recording medium 12. Thereafter, the shutter
3 is closed.

Then, a data page to be recorded next is dis?layed
on the spatial optical modulator 8, and the spindle motor
24 is rotated a little to move the hcologram recording
medium 12 by 0. Thereupon, the portion of the.hologram
recording medium 12 at which the recording light 100 and
the reference light 200 are to be condensed relatively
moves by 0. When the shutter 3 is opened in this state,
the data page to be recorded next is recorded as a
hologram in the condensed region (recording area) of the
recording light 100 and the reference light 200 in the
hologram recording medium 12.

If it is assumed that the randomizing phase mask 16
does_not exist in the light path of the reference light

200, then the reference light 200 is illuminated as a
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21 mere spherical wave in a state wherein it shares an optical axis commonly with the recording light
100 in the hologram recording medium 12. In this instance, since the spatial variation of the reference
light wave front is moderate, it is necessary to take a very great distance over which the reference
light wave front is to be moved spatially in order to record a next hologram after a data page
(hologram) is recorded (the shift selectivity is slow) . Therefore, overlapping writing of holograms
really becomes impossible, and the recording density is very low. However, where the phase of the
reference light 200 is spatially modulated at random by the randomizing phase mask 16 as in the
present embodiment, the reference light wave front becomes much complicated, and consequently,

only if the refereneerlightiis shifted adifiles incoincidence psewrsiwith the wavefrapt between the
reference light before the movement and the reference light after the movement. Therefore, the shift
selectivity becomestds:sharras approximatelyisgveralgme ircali dirgclidrns withiro thensutface of the
hologram recording medium 12. Consequently, overlapping writing of holograms is allowed, and the
recording densit ﬁéaﬁﬂ§§§%ﬁﬂﬁﬁ§mﬁﬁéium 12. In this instance, since the

spatial variation of the reference light wave front is
moderate, it is necessary to take a very great distance
over which the reference light wave front is to be moved
spatially in oxder to record a next hologram after a data
page (hologram) is recorded (the shift selectivity is
slow). Therefore, overlapping writing of holograms really
becomes impossible, and the recording &@nsity is very low.

However, where the phase of the reference light 200
is spatially modulated at randem by the randeomizing phase
mask 16 as in the present embodiment, the reference light
wave front becomes much complicated, and consequently,
only if the reference light is shifted a little,
incoincidence occurs with the wave front between the
reference light before the movement and the reference
light after thé movemeﬁt. Therefore, the shift
selectivity becomes as sharp as approximately several um
in all directions within the surface of the heologram
recording medium 12. Consequently, overlapping writing of
holograms is allowed, and the recording density can be
raised significantly.

Now, operation of the hologram recording and
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Now, operation of the hologram recording and 22 reproduction apparatus when it reproduces data
from the hologram recording medium 12 on which data pages are recorded in such a manner as
described above is described. First, a shutter not shown interposed between the beam splitter 4 and
the mirror 6 is closed, and reference light (reproduction reference light) same as the reference light
200 used upon recording is illuminated on a recording track of the hologram recording medium 12
through the beam splitter 4, mirror 14, randomizing phase mask 16, lens 18, beam splitter 26 and lens
10. Consequently, diffracted light corresponding to interference fringes recorded on the recording
track of the hologram recording medium 12 is generated. The diffracted light (reproduction light) is

condensed by the clens20-and:reeeiveddyuthedmage pickyp-element insthe, detestor22. A resulting
signal from the image pickup element is analyzed to restore the original image data (data page).

Where reproductioh! referenceslitpitcsemge medthenréférencedightt20:and haying theesame wave front is

illuminated from the same position as that upon recording of the hologram on the hologram recording
medium 12 in recorded in such a manner as described above is described.

First, a shutter ﬁot shown interposed between the beam
splitter 4 and the mirror 6 is closed, and reference
light ({(reproduction reference light) same as the
reference light 200 used upon recording is illuminated on
a recording track of the hologram recording medium 12
through the beém splitter 4, mirror 14, randomizing phase
mask 16, lens 18, beam splitter 26 and lens 10.
Censeguently, diffracted light corresponding to
interference fringes recorded on the recording track of
the hologram recording medium 12 is generated. The
diffracted light (reproduction light) is condensed by the
lens 20 and received by the image pickup eleﬁant in the
detector 22. A resulting signal from the image pickup
element is analyrzed to restore the original imége data
(data page).

Where reproduction reference light same as the
reference light 200 and havihg the same wave front is
illuminated from the same position as that upon recording
of the hologram on the hologram recording medium 12 in
this manner, even if the reprcduction reference light is

illuminated inevitably on a hologram different from a
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this manner, even if the reproduction reference light is illuminated inevitably on a hologram different
from a 23 target hologram, since the wave fronts of the reference lights used for recording of the
holograms do not coincide with each other, the signal from the hologram other than the target
hologram is not reproduced. An image of the reproduced hologram is formed on the detector 22 by
the lens 20 as described above where the hologram recording medium 12 does not have a reflecting
film thereon; Where a hologram recorded on the hologram recording medium 12 otherwise is a real
image of the spatial optical modulator 8, the lens 20 is disposed otherwise such that an image of the
hologram is formed on the detector 22. However, where the hologram recorded is a Fourier image of
the spatial opticat smedulatari; dhenhologram regerdiagnedivnt 12 and-the detesterare placed at

positions spaced by the focal length f of the lens 20 from the lens 20. In this instance, not only the
reproduction light b A opedeproductivrrrsference fight Hoimgatedsonithe:hblogram recording
medium 12 enter the detector 22. However, if the focal length and the location of the lens 18 are
sebcuxjsunabW?ﬂﬁﬂ?lde with each other, the signal from the holeogram

other than the target hologram is not reproduced. An

image of the reproduced hologram is formed on the

detector 22 by the lens 20 as described above where the

hologram recording medium 12 does not have a reflecting

film thereon.

Where & hologram recorded on the hologram reccrding

medium 12 otherwise is a real image of the spatial

optical modulator 8, the lens 20 is disposed otherwise

guch that an image of the hologram is formed on the

detector Z2. However, where the hologram recorded is a

Fourier image of the spatial optical modulator 8, the

hologram recording medium 12 and the detector 22 are

placed at positions spaced by the focal length f of the

lens 20 from the lens 20. In this instance, not only the

repreoduction light but also the reproduction reférence

light illuminated on the hologram recording medium 12

enter the detector 22. However, if the focal length and

the location of the lens 18 are selected suitably, then

it is possible to cause the reproduction reference light

to diverge by a great amcunt on the detector 22.

Accordingly, the intensity of the reference light to
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it is possible to cause the reproduction reference light to diverge by a great amount on the detector

22. Accordingly, the intensity of the reference light to 24 enter the detector 22 can be reduced
significantly when compared with the intensity of the reproduction light, and consequently, a signal to
noise (S/N) ratio sufficient for reproduction of the recorded signal can be obtained. With the hologram
recording and reproduction apparatus 80 according to the present embodiment, since it adopts the
configuration that the recording light 100 and the reference light 200 having a common optical axis

are illuminated on the hologram recording medium 12 using the same lens 10, it is necessary only for -
the lens 10 and the lens 20 to be moved by actuators not shown so as to follow up the variation of the

position of the reggrding areasandthereprodustionarea afitheshelogram; regordingmedium 12.
Consequently, the number of lenses can be reduced by one from that in the conventional hologram

recording and reprodyetien apparattise Thetefore, - thecdctuiatorssgarnchbie simplified ghd miniaturized,
and the degree of freedom in design increases and designing for miniaturization of the apparatus can
bepeﬁonnedrea@mQ_consequently, a signal to noise (8/N) ratio
sufficient for reproduction of the recorded signal can be
obtained.

With the hologram recording and reproducticn
apparatus 80 according to the present embodiment, since
it adopts the configuration that the recording light 1C0
and ﬁhe reference light 200 having a common optical axis
are 1lluminated on the hologram recording medium 12 using
the same lens 10, it is necessary only for the lens 10
and the lens 20 to be moved by actuators not shown so as
to fellow up the variation of the position of the
recerding area and the reproduction area of the hologram
recording medium 12. Conseguently, the number of lenées
can be reduced by cne from that in the conventional
hologram recording and reproduction apparatus. Therefore,
the actuators can be simplified and miniaturized, and the
degree of freedom in design increases and designing for
miniaturization of the épparatus can be performed readily.
Further, since a servo system including the actuators can
"be simplified, the production cost therefor can be
reduced and the apparatus can be produced at a reduced

cost.
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Further, since a servo system including the actuators can be simplified, the production cost therefor
can be reduced and the apparatus can be produced at a reduced cost. 25 Further, since the wave
front of the reference light 200 is disturbed at random by the randomizing phase mask 16, a sharp
shift selectivity can be assured in both directions of the along-track direction and the cross- track
direction. Therefore, the shift amount of the hologram recording medium 12 can be reduced thereby to
raise the recording density of the hologram recording medium 12 significantly. Further, since the
optical axes of the recording light 100 and the reference light 200 are made coincide with each other,
although reproduction reference light upon reproduction enters the detector 22 together with

reproduction light, since the repraductionsefergnce, light is caused to diverge hy g great extent on the
detector 22 by the lens 18, a reproduction signal having a good S/N ratio can be obtained. It is to be

noted that, althoughytin the @nikodimenirdescrited-abave:; anly the reproguetiondight isseendensed on
the detector 22 while the reproductlon reference light

mask 16, a sharp shift selectivity can be assured in both

directicns of the along-track direction and the cross-

track direction. Therefore, the shift amount of the

hcologram recording medium 12 can be reduced thereby to

raise the recording density of the hologram recording

medium 12 significantly.

Further, since the optical axes of the recording
light 100 and the reference light 200 are made coincids
with each other, although reproduction reference light
upon reproduction enters the detector 22 together with
reproduction light, since the reproducticn reference
light is caused to diverge by a great extent on the
detector 22 by the lens 18, a reproduction signal having
a good $/N ratio can be obtained.

It is to be noted that, alﬁhough, in the embodiment
described above, only the reproduction light is condensed
on the detector 22 while the reproduction reference light
diverges, the reproduction reference light need not
necessarily be diverged, but only it is necessary for the
intensity of the reproducticn reference light incoming to

the detector 22 to be sufficiently low when compared with

that of the reprcduction light because of displacement
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diverges, the reproduction reference light need not necessarily be diverged, but only it is necessary for
the intensity of the reproduction reference light incoming to the detector 22 to be sufficiently low when
compared with that of the reproduction light because of displacement 26 between the condensation
points of the reproduction light and the reproduction reference light. Such displacement between the
condensation points is performed by a function of the lens 18. In particular, for the displacement, the
lens 18 is disposed such that the reference light 200 (also the reproduction reference light) is
condensed on the front side with respect to the hologram recording medium 12 as seen in FIG. 2A or
otherwise on the rear side with respect to the hologram recording medium 12 as seen in FIG. 2B so

that the condensgatiqn state:of the reference #ght 200 may, e -different,fromthat of theyrecording light
100 which is condensed without fail in the recording area of the hologram recording medium 12.

Embodiment 2 F#&d3 shows:aconfigttation efahotegrani geeordinganditeprodustien apparatus
according to a second embodiment of the present invention. Referring to
between the condensaticn points is performed by a
function ¢f the lens 18. In particular, for the
displacement, the lens 18 is disposed such that the
reference light 200 {alsc the reproduction referenée
light) is condensed on the front side with respect to the
hologram recording medium 12 as seen in FIG. 2A or
otherwise on the rear side wiﬁh respect to the hologram
- recording medium 12 as seen in FIG. 2B so that the
condensatiocn state of the reference light 200 may be
different from that of the recording light 100 which is

condensed without fail in the recording area of the

hologram recording medium 12.

Embodiment 2

FIG. 3 shows a configuration of a hologram
recording and reproduction apparatus according to a
second embodiment cof the present invention. Referring to
FIG. 3, the hologram recording and reproduction apparatus
81 of the present embodiment includes a spatial optical
modulater 8, a beam splitter 26, a lens 10, a hologram
recording medium 12, another lens 20, a further lens 30,

an aperture member 32 having an aperture therein, a still
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FIG. 3, the hologram recording and reproduction apparatus 81 of the present embodiment includes a
spatial optical modulator 8, a beam splitter 26, a lens 10, a hologram recording medium 12, another
lens 20, a further lens 30, an aperture member 32 having an aperture therein, a still 27 further lens 34,
a detector 22 and a yet further lens 18. The lenses 20 and 30, aperture member 32 and lens 34 are
disposed along an optical axis of reproduction light on the lower side of the hologram recording
medium 12, and the detector 22 is disposed at the lowermost stage. The lenses 10, 20, 30 and 34
have an equal focal length f and are spaced away from each other by 2f. Further, the spatial optical
modulator 8 and the lens 10, the detector 22 and the lens 34, the hologram recording medium 12 and

the lens 10, and @q&@gg@u&qeggergger 32@&%5@@@@3@1@@ gpac fro each oth her by f.

Upon reproduction in this instance, the condensation position of the rep repro uctlonr eterenice light by
the lens 20 is farther frepxthe lems20ithay) the.eondensatiopposition eftheselerencg light by the lens

20. As a result, the reproduction reference light is diverges by the lens 30. Accordingly, if a suitable
aperture member 82ps irRsertedbrat aapositionda the praximityaithe condensationht on

the lower side of the hologram recording medium 12, and

the detector 22 is disposed at the lowermost stage.

The lenses 10, 20, 20 and 34 have an egqual focal
length f and are spaced away from each other by 2f.
Further, the spatial optical modulatcr 8 and the lens 10,
the detector 22 and the lens 34, the hologram recording
medium 12 and the lens 10, and the aperture member 32 and
the lens 34 are spaced away from each other by f£. Upon
reproduction in this instance, the condensation position
of the reproduction reference light by the lens 20 is
farther from the lens 20 than the condensation position
of the reference light by the lens 20. As a result, the
reproducticn reference light is diverges by the lens 30.
Accordingly, if a suitable aperture member 32 is inserted
at a position in the proximity of the céndensauﬁon
position of the reproduction light by the lens 30, then
although the reproduction light passes through the
aperture member 22, since the reproduction reference
light diverges at the aperture mémber 32, most part of
the reproduction reference light can be intercepted by

the aperture member 32.

28



position of the reproduction light by the lens 30, then although the reproduction light passes through
the aperture member 32, since the reproduction reference light diverges at the aperture member 32,
most part of the reproduction reference light can be intercepted by the aperture member 32. 28 In the
hologram recording and reproduction apparatus of the present embodiment, reproduction light
generated by the hologram recording medium 12 forms, after it passes through the aperture member
32, an image on the detector 22 finally by means of the lens 34. Meanwhile, reproduction reference
light diverges at the aperture member 32, and consequently, the reproduction reference light can be
removed almost completely by the aperture member 32. Therefore, the S/N ratio of the reproduction

signal obtained from the defectQr 22,¢a8-be, fuitherimproved sFvaher although part of the
reproduction reference signal having passed through the aperture member 32 mixes into the

reproduction lightpwhichfarms Arciteage ondhe deteetor 22n sincesheotitensityyof thenreproduction
reference light is very low when compared with that of the reproduction light and besides the
reproduction referénes dighthhs atfieedrologram recording medium 12 forms,

after it passes through the apertﬁre member 32, an image
on the detector 22 finally by means of the lens 34.
Meanwhile, reproduction reference light diverges at the
aperture member 32, and conssquently, the reproduction
reference light can be removed almost completely by the
aperture member 32. Therefore, the S$/N ratioc of the
reproduction signal obtained from the detector 22 can be
further_improved. Further, although part of the
reproduction reference signal having passed through the
aperture member 32 mixes intc the reproduction light
which forms arn image on the detecter 22, since the
intensity of the reproduction reference light is very low
when compared with that of the reprcduction light and
besides the reproduction reference light has a fixed
spatial modulation pattern, it is easy to remove only the
spatial modulation pattern cof the reproducticn reference
light from the cverall szignal incoming to the detector 22
through an electric signal. Conseguently, the S/N ratio
of the reproduction signal can be further improved.

While the foregoing description relates to a case

of a Feurier transform hologram where the condensation
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spatial modulation pattern, it is easy to remove only the spatial modulation pattern of the reproduction
reference light from the overall signal incoming to the detector 22 through an electric signal.
Consequently, the S/N ratio of the reproduction signal can be further improved. While the foregoing
description relates to a case of a Fourier transform hologram where the condensation 29 position of
the reference light 200 by the lens 10 is on the nearer side of the lens 10 than the condensation
position of the recording light 100, also where the condensation position of the reference light 200 by
the lens 10 is on the farther side of the lens 10 than the condensation position of the recording light
100 or the holograms are real images of the spatial optical modulator 8, most part of reproduction

reference light canbe-interceptad,by inserting an ap gu&reQr@@n@gertq{@ M@b%pggitigg in the light
path similarly as described above. Embodiment 3 FIG. 4 shows a configuration of a hologram

recording and reprogustienapparattscacoatdingatosa third rembediment-of 4he present invention and
particularly shows a reproduction system of the hologram recording and
position of the recording light 100, alsoc where the
condensation position of the reference light 200 Ey the
lens 10 is on the farther side of the lens 10 than the
condensation position of the recording light 100 or the
holograms.are real images of the spatial optical
modulator 8, most part of reproduction reference light
can be intercepted by inserting an aperture member at a

suitable position in the light path similarly as

described above.

Embodiment 3

FIG. 4 shows a configuration of a hologram
recording and reproduction apparatus according to a third
embodiment of the present invention and particulariy
shows a reproduction system of the hologram recording and
reproduction apparatus. The reproduction system of the
helogram recording and reproduction apparatus of the
present embodiment is generally configured such that a
reflecting film is provided on a face of a hologram
recording medium remote from a lens for illuminating
reference light and recording light. Although the

hologram recording and reproduction apparatus further
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reproduction apparatus. The reproduction system of the hologram recording and reproduction
apparatus of the present embodiment is generally configured such that a reflecting film is provided on
a face of a hologram recording medium remote from a lens for illuminating reference light and
recording light. Although the hologram recording and reproduction apparatus further 30 includes a
recording system, the recording system is same as that of the hologram recording and reproduction
apparatus of the first embodiment described hereinabove with reference to FIG. 1. Therefore, the
recording system is not shown in FIG. 4 and overlapping description of the same is omitted herein to
avoid redundancy. Referring to FIG. 4, the hologram recording and reproduction apparatus 90 of the

present embodiment ineludes adasewlight soprear, abeamsphitter dgaspierl4sadandomizing
phase mask 16, a lens 18, a beam splitter 26, another lens 10, a hologram recording medium 36 in
the form of a disk made of afphdiepblyinermateriat cordthedikend detpetod:22-and a spindle motor 24.
The hologram recording medium 36 has a reflecting film 361 on the surface thereof remote from the
lens 10. It is ass@RTeEFthat hofdlgrais dretreeotdbdithiet described hereinabove

with reference to FIG. 1. Therefore, the recording system
is not shown in FIG. 4 and oﬁerlapping description of the
same 1s omitted herein to avoid redundancy.

Referring to FIG. 4, the hologram recording and
reproduction apparatus 90 of the present embodiment
includes a laser light source 2, a beam splitter 4, a
mirror 14, a randomizing phase mask 16, a lens 18, a beam
splitter 26, another lens 10, a hologram recording medium
36 in the form of a disk made of a photopolymer material
or the like, & detector 22 and a spindle motor 24. The
hologram recording medium 36 has a reflecting £film 361 on
the surface thereof remote from the lens 10.

It is assumed that holograms are reccrded on the
hologram reccrding medium 36 by the recording system
mentioned above. Upon reproduction, a laser beam emitied
from the laser light source 2 is converted into
reproductiocn reference light by the beam splitter 4. The
reproduction reference light successively passes the
mirror 14, randomizing phase mask 16, lens 18, beam
splitter 26 and lens 10 and is condensed on a recording

track of the hologram recording medium 36. Conseguently,
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hologram recording medium 36 by the recording system mentioned above. Upon reproduction, a laser
beam emitted from the laser light source 2 is converted into reproduction reference light by the beam
splitter 4. The reproduction reference light successively passes the mirror 14, randomizing phase
mask 16, lens 18, beam splitter 26 and lens 10 and is condensed on a recording track of the
hologram recording medium 36. Consequently, 31 diffracted light (reproduction light) corresponding to
interference fringes recorded on the recording track of the hologram recording medium 36 is
generated. The reproduction light is reflected back by the reflecting film 361 and returns to the lens
10, whereatfter it passes through the beam splitter 26 and is condensed on the detector 22, by which
it is reproduced as. flates Acsdrdinghto thedpologram reeording andcreproduction appatatus of the
present embodiment, where the hologram recording medium 36 with the reflecting film 361 is used,
reproduction referghes fighebar ber comdensedondt@é ulogrsm recortiig enadiank36 by the lens 10,
and the reproduction light reflected back by the reflecting film 361 from the hologram recording

medium 36 can bRToHIEEETbIF BRedeiedored tidhg’thelengerrated.  The

reproduction light is reflected back by the reflecting
film 361 and returns to the lens 10, whereafter it passes
through the heam splitter 26 and is condensed on the
detector 22, by which it is reproduced as data.

According to the hologram recording and
reproduction apparatus of the present embodiment, where
the hclogram recording medium 36 with the reflecting film
361 is used, reproduction reference light can be
condensed on the hologram recording medium 36 by the lens
10, and the reproduction light reflected back by the
reflecting film 361 from the hologram recording medium 36
can be condensed on the detector 22 using the lens 10.
Consequently, the hologram recording and reproduction

. apparatus of the present embodiment does not reguire the
lens 20 exclusive use for condensing reproductien light
cn the detector 22 as in the hologram recording and
reproduction apparatus of the first embodiment. Therefore,
it is necessary only for the lens 10 to follow up the
recording and/or reproduction position of the hologram
recording medium 36, and the number of lenses reguired

can be reduced by two from that of the conventiocnal
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Consequently, the hologram recording and reproduction apparatus of the present embodiment does
not require the lens 20 exclusive use for condensing reproduction light on the detector 22 as in the
hologram recording and reproduction apparatus of the first embodiment. Therefore, it is necessary
only for the lens 10 to follow up the recording and/or reproduction position of the hologram recording
medium 36, and the number of lenses required can be reduced by two from that of the conventional
32 hologram recording and reproduction apparatus. Accordingly, the actuator can be simplified and
miniaturized further than those of the hologram recording and reproduction apparatus of the first
embodiment, and the degree of freedom in design is further enhanced and designing for

miniaturization oftail apparatusearvhe oprefermed tutherdeadilyJourther: since the servo system
including the actuator is simple, the production cost can be reduced and the apparatus can be
produced at a fufthepiolicost. It IS® be hotddthatzif tiwe lerisgslddriespemding to the lens 30 and
the lens 34 and an aperture member similar to those in the hologram recording and reproduction

apparatus of the &8ofid ehigSdnTert deseribagn these of the hologram recording

and reproduction apparatus of the first embodiment, and
the degree of freedom in design is further enhanced and
designing for miniaturization of an apparatus can be
preformed further readily. Further, since the servo
system including the actuator is simple, the preduction
cost can be reduced and the apparatus can be produced at
a further low cost.

It is to be noted that, if two lenses corresponding
to the lens 30 and the lens 34 and.an aperture member
similar to those in the hologram recording and
reproduction apparatus of the second embodiment described
hereinabove with reference to FIG. 3 are interposed
between the beam splitter 26 and the detector 22, then
most part of the reproduction reference light reflected
by the reflecting film 361 tc return to the lens 10 can
be intercepted. Conseguently, the §/N ratio of the
reproduction signal can be improved significantly
similarly as in the hologram recording and reproduction
apparatus of the second embodiment.

While preferred embodiments of the present

invention have been described using specific terms, such
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hereinabove with reference to FIG. 3 are interposed between the beam splitter 26 and the detector
22, then most part of the reproduction reference light reflected by the reflecting film 361 to return to
the lens 10 can be intercepted. Consequently, the S/N ratio of the reproduction signal can be
improved significantly similarly as in the hologram recording and reproduction apparatus of the
second embodiment. While preferred embodiments of the present invention have been described
using specific terms, such 33 description is for illustrative purposes only, and it is to be understood
that changes and variations may be made without departing from the spirit or scope of the following
claims. 34 Claims: 1. A hologram recording and reproduction apparatus for recording interference
fringes produceddsy irtererencelof & cspatially optieally engdulateckfirstlight, beamn and assecond light
beam in a recording area of a hologram recording medium, comprising: a randomizing phase member
for disturbing a wave ot & fié Sedoid lighEbeameat riflontrdmdions may be made

without departing from the spirit or scope of the

following claims.
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an optical axis coupling optical system for coupling the spatially optically modulated first light beam
and the second light beam having the randomly disturbed wave front so as to have a common optical
axis and propagate in the same direction, further comprising an image pickup device for receiving
diffracted light generated by the hologram recording medium when the second light beam having the
optical axis common to the optical axis of the first light beam illuminates the hologram recording
medium, to obtain a reproduction signal, and further comprising a light beam removing device for
removing the second light beam from the diffracted light. 35 2. A hologram recording and reproduction
apparatus at@éftfing to claim 1, wherein said light beam removing device includes an aperture
member having an_aperture therein, and aﬁg@dlurality of optical lenses for converging the diffracted light

in the light beam s6 as’to Fa&S AhFBugit SR apertB3. K RbRGIaT Poofding &id FeptSduction

apparatus,according to. any ope of the preceding claims, further comprising an optical lens for
causing th}fa second %ghzt" beam ﬁa\%ng the rar?&omly%?s(,%tfﬂ(r:ged wave front and ?ﬁé%spgtfall)% optically

modulated fiest fight peayptode eondensed.in. different.condensatign states, from eaghother at the
position
light beam in a recording area of a hologram recording medium,
comprisings:
2 randomizing phase member for disturbing a wave front
of the second light beam at random; and
an optical axis coupling optical system for coupling the
spatially optically modulated first light beam and the second
light beam having the randomly disturbed wave front so as to
have a common optical axis and propagate in the same direction,
further comprising an image pilckup device for receiving
diffracted light generated by the hologram recording medium
when the second light beam having the optical axis common to
the optical axis of the first 1light beam illuminates the
hologram recording medium, to obtain a reproduction signal, and

further comprising a light beam removing device for

removing the second light beam from the diffracted light.
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of the hologram recording medium. 4. A hologram recording and reproduction apparatus for recording
interference fringes produced by interference of a spatially optically modulated first light beam and a
second 36 light beam in a recording area of a hologram recording medium, comprising: the hologram
recording medium having a reflecting member formed on a face opposite to a face thereof, to which
the first and second light beams come in, for reflecting light; a randomizing phase member for
disturbing a wave front of the second light beam at random; an optical axis coupling optical system for
coupling the spatially optically modulated first light beam and the second light beam having the
randomly disturbed wave front so as to have a common optical axis and propagate in the same

- direction; a first optical lens for condensing the first light beam having the optical axis common to the
optical axis of the second light beam on a recording area of the hologram recording medium; and an
image pickup degice op wdtlictljgeflectedrl[ght Ergm, the re Iecti%%w%%g er of the program recording

b
medium originating from |ﬁrac?é:31ﬁght, which %élaenéalr% ed B:y Fc}fﬁgrrh ré¢oT Tr?é“rlr?edium when

theseconQdEﬁ%é&ﬁﬁnh@Mmgébgﬁwﬂcﬁl wherein said 1light beam removing

device includes an aperture member having an aperture
therein, and a plurality of optical lenses for converging
the diffracted 1ight in the 1light beam so as to pass

through said aperture.

3. A hologram recording and reproduction apparatus
according to any one of the preceding c¢laims, further
comprising an optical lens for causing the second light
beam having the randomly disturbed wave front and the spatially
optically modulated first light beam to be condensed in
different condensation states from each cther at the position

of the helogram recording medium.
4. A hologram recording and reproduction apparatus

for recording interference fringes produced by interference of

a spatially optically modulated first light beam and a second
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axis common to the optical axis of the first light beam is illuminated solely on the hologram recording
medium through said first optical lens, is condensed through said first optical lens. 5. A hologram
recording and reproduction apparatus according to claim 4, further comprising a light beam removing
37 device for removing the second light beam from the light beam condensed said image pickup
device through said first optical lens. 6. A hologram recording and reproduction apparatus according
to claim 5, wherein said light beam removing device includes an aperture member having an aperture
therein, and a plurality of third optical lenses for converging the diffracted light in the light beam so as
to passithroeftisaithapertdiec7r Allslograft reedrding afdT8prEduEEe apparatds Heebrding to any
one of claims 4 to 6, further comprising a second optical lens for causing the second light beam
havifgithe Tandomly disturbed wave front and the spatially optically modulated first light beam to be

(r::en(;z:ﬁnmsegsm dlffecrgnt %onden%%uorne%@%si If{q()m e EQmOth% % the pos on gf the hologram recording

formed on a face opposite to a face thereof, to which the first
and seccond light beams come in, for reflecting light;

a randomizing phase member for disturbing a wave front of
the second light beam at random;

an optical axis coupling optical system for coupling the
spatially optically mcdulated first light beam and the sacond
light beam having the randomly disturbed wave front so as to
have a common optical axis and propagate in the same direction;

a first cptical lens for condensing the first light beam
having the optical axis common to the optical axis of the
second light beam on a recording area of the hologram recording
medium; and

an ilmage pickup device on which reflected light from, the
reflecting member of the program recording medium originating
from diffracted light, which is generated by the hologranm
recording medium when the second light beam having the optical
axis common to the optical axis of the first light beam is
iliuminated sclely on the hologram recording medium through
said first optical lens, 1is condensed through said first
optical lens.

5. A hologram recording and reproduction apparatus

according to claim 4, further comprising a light beam removing
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device for removing the second light beam from the light beam
condensed sald image pickup device through said first optical
lens.

6. A  holeogram recording and reproduction apparatus
according to claim 5, wherein said light beam removing
device includes an aperture member having an aperture
therein, and a plurality of third optical lenses for
converging the diffracted light In the light beam so as
to pass through said aperture.

7. A hologram recording and reproduction apparatus
according to any one of claims 4 to 6, further comprising a
second optical lens for causing the second Iight bean
having the randomly disturbed wave Zfrent and the spatially
optically modulated f£first light Dbeam to be condensed in
different condensation states from each other at the

pesition of the hologram recording medium.

38



