HOLOGRAM RECORDI NG AND REPRODUCTI ON APPARATUS BACKGROUND OF THE | NVENTI ON
This invention relates to a hologramrecordi ng and reproduction apparatus
whi ch records and reproduces a hologramin accordance with a shift

mul tipl exi ng nethod, and nore particularly to reduction in size and

i nprovenent in recording density of a hologramrecording and reproduction
apparatus of the type nmentioned. In the field of hol ogram nmenories which
can achieve a large recording capacity by recording infornmation

t hree-di nensionally on a recording nedium various recording and
reproduction nethods such as angle nultiplexing, shift nultiplexing,

wavel engt h nmul ti pl EREAGRAM REGIRRINGAND| BREPRPPUGR M) AFPRRGTHAVE been
heret of ore proposed. Above all, it is preferable to adopt the shift

mul ti pl exi ng recordi ng nethod for recording and reproduction of a hol ogram
for which a rotational medium represented by a disk is used. A
convent i onal BAEGRPUNG aQRdTHE pBENRTOYN apparatus which perforns the shift
mul ti pl exi ng hol ogram recording has such a general configuration as shown
in FIG 5. Referriflgisolmeatisn raletderte @ redoadataraconding lgidgr am
recording nedium 12, a data page to be recorded 1 is displayed on a spati al
* opti cal nDdL”gﬁgﬁod@ppégpdapparatus 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 heretcfore
proposed. Above all, it is preferable to adopt the shift
multiplexing recording method for recording and
reproduction 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

helogram recording medium 12, a data page to be recorded



crystal display apparatus of the light transm ssion type) 8 while a
shutter 3 remains closed. Then, a spindle notor 24 is rotated to determ ne
a recording place (recording area) of the hol ogramrecordi ng nmedi um 12,
and then the shutter 3 is opened. Consequently, a coherent |aser beam
emtted froma I|aser |light source 2 passes through the shutter 3 and
enters a beamsplitter 4, by which it is split into recording light 100
and reference |ight 200. The recording light 100 is introduced to the
spatial optical nodulator 8 by a mirror 6. Wien the recording |ight 100
passes through the spatial optical nodulator 8 on which the data page is
di spl ayed, itis Jisgpdtaivebl ynopt spatial apddekat mdd¢baipds t tideraiodul at ed) by.
the spatial optical nodulator 8. The nodul ated recording light is
condensed orcwstedoddispdanr eppafature dioltbgr Adphecorahang ssEdnumyt2) by a
recording light lens (optical lens) 10. Meanwhile, the reference |ight 200
is refl ected & ovhidlfaggehixtsendy ansiaiadialestedon Thera @ spondld mebr s t hen
illumnated by a lens 18 so that it intersects in a fixed angle with the
recordi ng |i gt I00Atetgéneradetéerniord er gvcerfithagebayi t ecorkenbol ogram
recording nmedium 12. The data page (hol ogram described above is recorded
2 as a refracaism iofdéredhsetlegbamixgrearséoadimegdito 32 spatd gfhen 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 i1s displayed, it is spatially optically
modulated {amplitude modulated) by the spatial optical
modulator 8. The modulated recording light is condensed
on a recording area of the hologram recording medium 12
by a recording light lens {optical lens)} 10.

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

12. The data page (hologram) described above is recorded



distribution of the interference fringes. After one hologramis recorded,
the hologram recording nmedium 12 is noved by a fixed distance relative to
the optical system and then a next hologramis recorded. In the
arrangenent of FIG 5, every time one hologramis recorded on the
recordi ng nmedium 12, the disk type hologramnedium12 is rotated by a
fixed angle by the spindle notor 24. Then, after the hol ogram recording
medi um 12 rmakes one rotation, the optical systemor the hol ogramrecording
medium 12 is noved in a radial direction of the hol ogramrecordi ng nmedi um
12, and the recording in a circunferential direction of the nediumis
perforned agais.2 MeLracqivncenddx ohartatibofnd odegerdbdichd o reppatédlt o
record a | arge nunber of hologranms over an overall area of the hol ogram
recor di ng mediimRridutignopferhe olregiiedgrecathdneegs am recorded in such a
manner as descri bed above, reference |ight (same as reproduction
illumination |ight)2&fer enesdifdogaes LpoRecorded) |tne Asttedrafom t he sane

position as that upon recording of the hol ogramon the hol ogram recording
medi um 12. wﬁ%w@m Peddppf tAct edrdvisghycer E&spdndt siganaco reeéiver ence

fringes recorded on a recording track of the hol ogramrecording nedi um 12
i s generated H#hdhs PtisAdepsetehy 3d éhs26e BAXANMCYEE WS by an i mage
pi ckup

recorded. In the arrangement of FIG. 5, every time one
helogram is recorded on the recording medium 12, the disk
type hologram medium 12 is rotated by a fized angle by
the spindle motor 24. Then, after the hologram recording
medium 12 makes one rotation, the optical system or the
heologram recording medium 12 is moved in a radial
direction of the heolegram 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 an
overall area of the hologram recording medium 12.

In ordexr to reproduce a hologram recorded in such a
manner as described above, reference light (same as
repreduction illumination light) ©f the same wave front
is illuminated from the same position as that upeon
recording of the hologram on the helogram recording
medium 12. Conseguently, diffracted light corresponding
to interference fringes recorded on a recording track of

the hologram recording medium 12 is generated and is



element in a detector 22. Then, a resulting signal from the inmage pickup
el enment is analyzed to restore the original inmage data (data page). It has
been proposed, for exanple, in Japanese Patent Laid-Cpen No. 2000-89648
that, where the hologram recording medium 12 is sufficiently thick when
conpared w th the wavel ength used for the recording, even if different

hol ograns partially overlap with each other spatially, only a target

hol ogramis reproduced if the shift anmount between the holograns is
greater than a fixed value. The fixed value of the shift anmount relies
upon the intersecting angle between the reference |light 200 and the
recording |i gRNAOGES by £ Yansedl oin tang riegdiveduby densege rhekvhi ckness
of the hologram recording nedium 12 and so forth. However, it is possible
to realize, v@i¥nerdgdndat gethetal otdy-t FheR, déreesuloring sigakliefopm
approximately several j umto several tens gm It is to be noted that,
where a spherf@ling@fe Pilskysetlament He madyerbetpi ghttormitdst ropy appears
and the shift selectivity in the cross-track direction becones

appr oxi mat el Y- HR2HIMeger dafmel@@engE@geof- an optical disk recording and
reproduction apparatus which are commercially 4 established in the
conventional field &f bptikes: mufposes, 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 hclograms 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 £ walues of the
individual lenses, the thickness of the hologram
recerding medium 12 and so forth. However, it is possible
to realize, with regard to the along-track direction, a
value of approximately several um to several tens pgm. 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
approximately 1 mm.

However, where cases of an optical disk recording

and repreoduction apparatus which are commercially



are consi dered, one of significant factors in apparatus mniaturization is
m niaturization of an optical pickup. Meanwhile, in a hol ogramrecording
and reproduction apparatus of the shift nultiplexing type, such elenents
as the lenses 18, 10 and 20 for reference light, recording |ight and
reproduction light act simlarly to the optical pickup of the optical disk
recordi ng and reproduction apparatus. Each of the |enses 18, 10 and 20
nmust be noved so as to follow up the information recording or reproduction
position of the hologram recording nedium 12. As the nunber of |enses to
be noved is great, actuators for noving the |lenses are obliged to be
conpl i cat ed &fardviéhefAcibatiedl soventdstadefyeldysf eristicale meowpliceat ed,

whi ch decreases the degree of freedomin design. This nakes it |ess easy
to design a Mm% &omsigegedapper tusiomiddcapt FacHpRd | ulapreaafiagi at uri ze a
hoIogran1recorﬁLn%%and reproduction apparatus of the shift multiplexing
type equi val ERINPF G LERESPT nyS dpt MV T igieskoneedr @i nep el Ir @picddact i on
apparatus. Further, the shift nultiplexin%'is a method wherein the

recordi ng pl d&estidRe BBl BgrARF D IECegIhed andi sepsedidsisinvel y noved
parallelly little by little to perform nultiplexed recordi ng. However,
since a spherdRPAT e Of stBe uSlf a i PLEREPENEEPE | gitch tsHEMRBEST di ng

density can be
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
recgrding or reproduction position of the helogram
receording medium 12. As the nﬁmber 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, it is difficult to miniaturize a
hologram recording and reproduction apparatus of the
shift multiplexing type equivalently to existing optical
disk recording 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



raised only in one direction due to the anisotropy. In particular, in the
case of a disk type recording nedium while the shift selectivity of 10 gm
can be taken in the along-track direction to achieve a high density, the
shift selectivity in the cross-track direction is approximately 1 nm

Thus, there is a characteristic that the recording track pitch is great
and the recording density cannot be raised. SUVWARY OF THE INVENTION It is
an object of the present invention to provide a hol ogramrecordi ng and
reproducti on apparatus which can raise the degree of freedomin design to
achieve mniaturization thereof and can raise the hologram recording
density of tHEeshiakt thel repeesacry tighd, theareorrdine densitivheapriesent
invention, the object described above is achieved by configuring a
hoIogran1rech%ﬁ%ﬁ§ andyr &protridirtdppadueuso gereratiiisptropyh that, upon
recording, a spatially optically nodulated first |ight beam (recording
|ight) and a REddRYiary ght Pearfgsefdr éndéski §Wes radudgna wadéuwhr ont

di sturbed at random are coupled so as to have a commobn optical axis and

i ntroduced t &'t eetbrdEhgthr ealaftiyigyholfodP athinr eeor e ntakemli imtliser eas,

upon reproducti on, diffracted_liqﬁt which is generated by illum nating
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

It is an object of the present invention to 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 shift multiplexing type.

In accordance with the present invention, the
object described above is achieved by configuring a
hologram recording and reproduction apparatus generally
such that, upon recording, 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



reproduction reference light solely on the hologram recording nmediumis
reflected by a reflecting nenber forned on the hol ogramrecordi ng nedi um
so as to return in the incomng direction of the reference light. In
particular, according to a first aspect of the present invention, there is
provi ded a hol ogramrecording and reproduction apparatus for recording
interference fringes produced by interference of a spatially optically
nodul ated first |light beamand a second |light beamin a recording area of
a hol ogramrecording nedium including a random zing phase nenber for

di sturbing a wave front of the second |light beam at random and an opti cal
axi s coupl i plopmiaghlrespsdeny frdidauphiergasheuspat e toduasprineal |y

modul ated first |ight beam and the second |ight beam having the randonmly
di st ur bed wavelffmtteso laght owvhaly el sa asosmwetiedpby chl luxirs tdmd propagate in
the sane direction. In the hol ogramrecording and reproduction apparatus,
a spatial |y optRxeducEigpdapieeenes risioht ghtelbeam thedvrldiarg™ i ght) and a
second |light beam (reference |ight) having a wave front disturbed at
random are CHRMAEHFoTESIvE haveed asdwforYopt reblealdng meEbely to 7
produce interference fringes of the two |ight beanms. Then, the

i nt er f er ence F9MfFeLraiber BebPHRN HEPTICd0Er BFAGUArEy a5 to return

in the incoming direction of the reference light.

| In particular, according to a first aspect of the
present invention, there is provided a hologram recording
and reproduction apparatus for recording interference
fringes produced by interference of a spatially optically
modulated first light beam and a second light beam in a
rececrding area of a hologram recording medium, including
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 spatially
optically modulated first light beam and the second light
beam having the randomly disturbed wave front sc¢ as to
have a common cptical axis and propagate in the same
direction.

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



of a hol ogram recordi ng nedium Consequently, the recording light and the
reference |ight which have a comon optical axis can be introduced to the
recording area by nmeans of a common | ens. Therefore, the nunber of |enses
whi ch nust be noved so as to follow up the variation of the position of
the recording area can be reduced, upon recording, to at |east one.
Consequently, an actuator for noving the lens can be sinplified and

m niaturized, and the degree of freedomin design increases and desi gning
of an apparatus for mniaturization can be perfornmed readily. Further,
since the wave front of the reference light is disturbed at random by the
randoni zi ng FHEseiceeiBErr feneRraicitiadss iod thaveve rbighthdamen tHeewri gi nal
reference light and the reference |ight after noved can be obtained from
nmovenent by @& emfesFarprae sfaiees Covssgaentey, in srmaersingt area
selectivity can be assured in both of the along-track direction and the
cross-track it ectiodRITFHeFeFOFSING MEAiSR f t CAURAAENGL Yy hERBOl ogr am
recording nedi um can be reduced and the recording density of the hol ogram
recor di ng nediffAréaRdbdiehhameed-hg giriceant| yiourttHeh haikere t he

hol ogram recordi ng and reproducti on _apparatus 8 further includes an optical
lens for causTPFIThEPEEEBRIA*TT FRD BREarhRErefBreRcke | Thfh e RAGLAY t he
random y

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 position of the recording area can be
reduced, upon recording, to at least one. Consequently,
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 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



di sturbed wave front and the spatially optically nodulated first |ight
beam (recording light) to be condensed in different condensation states
fromeach other at the position of the hologramrecording medium it is
possi ble to cause, for exanple, the reproduction reference light to

di verge at an image pickup device so as to decrease the anopunt of the
reference light illum nated on the hol ogramrecordi ng nmedi um upon
reproduction which light is mxed into the diffracted |ight and introduced
to the i mage pickup device. Consequently, the SINratio of the
reproduction signal can be inproved. Further, where the hol ogram recording
and reproductForFbgspdrnstudes vt reptiqrd Je8s Aori ghusiarhe emoendg devi ce
for renoving the second |ight beam (reproduction reference light) fromthe
di ffracted IiyHfRt bspRcdrehareape Hlokavapgr BReer#nditlt o be illuni nated
upon -t he hol ogram recordi ng_nedi um upon reproduction is renoved positively
so as not to #%%Fqﬁﬁﬁﬁ PREedfFPracadl the gretishey Pty of the
reproduction skgnal can _be further inproved. According to another aspect
of the presedtCHifleRt fdRstt hevlt iRe3h oviegeddarfol bgraim e &6r di ng and 9
reproduction apparatus for recording interference fringes produced by
in?erference ?éHQ?QﬁﬁgtFﬁlﬁ}f6%¥??§ﬂq%Pdensatlon states from each

other at the position of the hologram recording medium,
it is possible to cause, for example, the reproduction
reference light to diverge at an image pickup device so
as to decrease the amount of the reference light
illuminated on the hologram recording medium upon
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 ancother aspect of the present

invention, there is provided a hologram recording and



nodul ated first |ight beamand a second |light beamin a recording area of
a hol ogram recordi ng nedi um including the hol ogramrecordi ng nmedi um
having a reflecting nenber forned on a face opposite to a face thereof, to
which the first and second |ight beans cone in, for reflecting light, a
random zi ng phase nenber for disturbing a wave front of the second |ight
beam at random an optical axis coupling optical systemfor coupling the
spatially optically nodulated first |ight beam and the second |ight beam
having the randomy di sturbed wave front so as to have a comopn optica
axis and propagate in the sane direction, a first optical lens for
condensi ng t HeEFGaICtippgAPPYERFH A Fechedspy | taterig reneemsAnNoest he
optical axis of the second |ight beamon a recording area of the hologram
recor di ng nediffucesdPEnirkegEemndeupidavispatbal lynerH gadfivect ed |i ght from
the reflecting nenber of the programrecording mediumoriginating from
diffracted IHflateRi EArPE Heglr oo Byt ReshoPRyraritedead A§ amedi um
when the second |ight beam having the optical axis comon to the optical
axi s of the fiFrIrgherpaadntid NYYIIRF aLEEr SOPB| BT hd I MEgREm
recording medium_  through the first optical |ens, is condensed through the
10 first opti'd8 BodRgrafnrererddid Ve BEF dNe R afRiE ¥ iriodu eerbaT

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 device on
which reflected light from the reflecting member of the
program recording medium originatipg 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
ililuminated solely on the hologram recording medium

through the first optical lens, is condensed through the

10



apparatus, a spatially optically nodulated first Iight beam (recording
light) and a second |ight beam (reference 1light) having a wave front

di sturbed at random are coupled so as to have a common optical axis
thereby to produce interference fringes of the two |ight beans. Then, the
interference fringes are recorded in a recording area of a hol ogram
recordi ng medium Consequently, the recording light and the reference

| i ght which have a conmon optical axis can be introduced to the recording
area by neans of the conmmon |lens. Therefore, the nunber of |enses which
must be noved so as to follow up the variation of the position of the
recordi ng ar & %&td oplécat epemduct i on area of the hol ogram recordi ng medi um
can be reduced. Further, since diffracted light, which is generated by,

t he hol ogr am r ecor di gt didmonien referdied ansh@erricghetheni ng the optica
axis coommon to the optical axis of the recording light is illumnated
solely on tPHeRYPantr eRdF R Y Pediicmlihr pedniatnd ddmednliehs, is
reflected so as to return along the incoming direction of the reference

i ght by neak®a®sf (ERecreirectidf nemder seepRedl bt heapy dgednreeedr di ng
medium the diffracted, |ight can be condensed on the image pickup device
through 11 t He%SAnbAVIRASE s dipdt B stirrbed dh|5ANdeEeds8ry to cause at

| east one lens tQ nove so as to follow up the, .
coupled so as to have a common optical axis thereby to

produce interference fringes of the two 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
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 1ight 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 medium, the diffracted

light can be condensed on the image pickup device through

11



variation of the position of the recording area and the reproduction area
of the hol ogramrecordi ng nedium Therefore, the nunber of |enses which
nmust be noved so as to follow up the variation of the position of the
recording area and the reproduction area can be reduced significantly.
Consequently, actuators for noving the |enses can be sinplified and
mniaturized, and the degree of freedomin design increases and desi gni ng
of an apparatus for mniaturization can be perfornmed nore readily.
Further, since the wave front of the reference Ilight is disturbed at
random by the random zi ng phase nenber, incoincidence in wave front

bet ween t he dft®)ideaImony dpBEende@nsieghenshd: tHe fefoerdenceckighty afe er noved
can be obtained fromnovenent by a very small distance. Consequently, a
sharp shift s&%§ iah tbpachnobe baxurted moye Bet &s ofo tirel lavong- thack
direction and the cross-track direction. Therefore, the shift anmount of

t he hol ogr am V3 &&ridn§ tnéle uRe THH Be afedliecderar¢ Byhrar <o ap6t Khef t he
along-track direction and the cross-track direction and the recording
density of t HEHABGLARTr 8ESR dP hgtlifediakeoratnr pecehinthawdisigni fi cant [ y.
Further, where the hol ogramrecording and reproduction apparatus further
12 i ncl udes §%ﬂ¥%pf8€apu%% Forl P%68i HhLFRwHe G MAYGHt SBedfn

(reference Iighgg havi ng t he randomnly o
o follow up the variation 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
membex, 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 recording medium
can be enhanced significantly. Further, where the

hologram recording and reproduction apparatus further

12



di sturbed wave front and the spatially optically nodulated first |ight
beam (recording light) to be condensed in different condensation states
fromeach other at the position of the hologramrecording medium it is
possi ble to cause, for exanple, reproduction reference |light sane as the
reproduction reference light to diverge at the inmage pickup device.
Consequently, deterioration of the SINratio of the reproduction signal
caused by the reproduction reference light mxing into the diffracted

| ight can be prevented, and a reproduction signal having a good SIN ratio
can be obtained.. In summary, with both of the hol ogramrecording and
reproduct i on PPAEtuE, SeFAte WkirRl dimy SpEi ARt g idwulseceadfirst | i ght
beam (recording |ight) and a second _|ight beam (reference light) having a
wave front diGhlr Bedal reipERRTare Boupheyise Bae twaniamdya conmon  opti cal
axi s and intngduceg to a recording area of a, hol ogramrecordi ng medi um

t he number 1O IHPER TheRt B id\fedPabiasly oPR 6190 Yup the vari ation
of the position._of the,recordiqg area can be reduced to increase the
degree of fr atgdgddrgh, LLoRE RTSe dFESOFGing gbsIRfni i B° an appar at us
for mniaturizatjon is.13 fgﬁilitated and the holqgran1recording and

repr oduct i on CHEATECuS PRt BRE TR hicANsERsagion 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 reproduction signal
caused by the reproduction reference light mixing into
the diffracted light can be prevented, and a reproduction
signal having a good 3/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
position of the recording area can be reduced to increase
the degree of freedom in design, and consequently,

designing of an apparatus for miniaturization is

13



Further, since diffracted light, which is generated by the hol ogram
recordi ng medi um when reproduction reference. light same as the reference
| i ght used upon recording is illumnated, upon reproduction, solely on

t he hol ogramrecording medium is reflected so as to return along the
incom ng direction of the reference 1|ight by nmeans of the reflecting
menber formed on the programrecording nmedium the diffracted |ight can be
condensed on the inmage pickup device using the | ens provided for
introducing the recording light and the reference |ight having a commobn
optical axis to the recording area of the hol ogramrecordi ng nedi um

Theref ore, theddifétesf andnses WMy afusecpedimy ezhd orepyrodugtiiohl ow up t he
variation of the position of the recording area and the reproduction area
of the hol ogr3RaL3dEsr 8RrRgP Areeh ik eHii 486 -r educed to at | east one, and the
nunmber of |enses which nust be noved so as to follow up the variation of
the position of theFREERF® rigrwcedidhgacta FeProdudticsniar eaneraterd

hol ogram recordi ng medi um upon recordi ng and upon reproduction can be
reduced si grit¥ it&@ntioy cItBRsERRRHING TG BnFRED oF eREPHBPACRt us  for
mniaturization is facilitated and m niaturization of 14 the hol ogram

recor di ng andF$EFEEEEc L BNt aPFEE fUSThCakeberenge t hghtyusast egon

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 soc as
to follow up the variation of the positicn 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 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
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Furthernore, since the wave front of the reference Ilight 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

hol ogram r ecor di ng

medi um according to the shift nultiplexing systemcan be enhanced

significantly. Further, where the hol ogramrecordi ng and

repr oducti on

apparatus further includes an optical lens for causing the reference |ight
havi ng the randomy disturbed wave front and the spatially optically

nodul at ed recordin% light to be condensed in different
from each ot Here dto

condensation states

CgaposEEoBRiT andthaekobdyebher camatiatgsmednube it i s

possi ble to cause, for exanple, reproduction reference light sane as the

reference |ighirtiherdpremgeedi the i mage pi ckup devi ce.

Consequent |y,

deterioration of the SINratio of the reproduction signal caused by the
reproduction ref er eReethgymghte,misdkngg theovatr idfty &t &bel rghtrense be
prevented. Further, where the holo ran1recordi2§ and reproduction

Y

appar at us f urkifdt miéhulbich deixafsrencgodiohy

tq dimheirdgrehés

reproduction reference |light so that the 15 reproduction reference |ight
may not - mi x iTHFUREd atf Fraeed 3 igRrp ehéfl fetegtiyidly k@ Peproduction

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 recoxding 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 ratioc 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 so that the
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signal can be further inproved. The above and ot her objects, features and
advant ages of the present invention will becone apparent fromthe
foll owi ng description and the appended clains, taken in conjunction with

t he acconpanying drawings in which like parts or elenents denoted by |ike
reference synbols. BRI EF DESCRI PTION OF THE DRAWNGS FIG | is a schematic
vi ew showi ng a configuration of a hologramrecording and reproduction
apparatus according to a first enbodi nent 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 hol ogram
recor di ng andrergadydiiéehone &t Usighicmardinal ik drdecdhd enbodi ment  of
the present invention; FIG 4 is a schematic view showing a configuration
of a hol ogr ardiridemcdiefglaadt r eprodudl ireiappar theisrermesioicdiing to a third
enbodi nrent of the present invention; and 16 FIG 5 is a schematic view
showi ng an ex@igilad eRnabecHafirr amPa®vetl-a conventional hol ogram recordi ng

and reproduction apﬁaratus whi ch gerforns shift multiplexing
The above and other cbjects, features and

advantages of the present invention will become apparent
from the fellowing description and the appended claims,
taken in conjunction with the accompanying drawings in

which like parts or elements dencted by like reference

symbols.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing a configuration
of a hologram recordiﬁg 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 recording and reproduction apparatus
according to a third embodiment of the present invention;

and
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hol ogram recordi ng. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Enbodi nent 1
Referring to FIG 1, there is shown a configuration of a hol ogram

recordi ng and reproduction apparatus according to a first enbodi nent of
the present invention. The hol ogramrecordi ng and reproduction apparatus
80 shown includes a | aser light source 2, a shutter 3, a beamsplitter 4,
a mrror 6, a spatial optical nodulator 8, another beamsplitter 26, and a
| ens 10. The hol ogram recording and reproduction apparatus 80 further
includes a hologramrecording nmedium112 in the formof a disk nmade of a
phot opol yner material or the like. The hol ogram recording and reproduction
apparatus 80 furtheFIfncPutes SHGIREACnViEpBrshawing pangsareliagehHase mask
16 for disturbing a wave front of a |aser beam at random_  another |ens
18, a furt herSPEh@w@Etigngetett ePP e hragapen araxyydimggendensor or a
CMOS i mage sensor, and a spindle notor 24. Different fromthe conventional
hol ogr am r ec o RAR{UCE QR 2PRAF BER t IO F apsafartie, shhf § e lidipdgrandr ecor di ng
and reproduction apparatus 80 of the present enbodi nent, the random zing
phase mask 16h?33095ﬁ“grrﬁ8§6818ﬂ'a light path of reference light 200. The
random zi ng phase nmask 16 is

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiment 1

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 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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preferably forned froma glass plate having a | arge nunber of irregular
ups and downs on the surface thereof |ike, for exanple, a ground gl ass

pl ate. The random zing phase mask 16 of the type described can be produced
by patterning of the surface of a glass plate by a conbination of

| i thography and etching, and a |l arge nunber of articles can be produced by
the nmethod. The positions of the random zi ng phase mask 16 and the |lens 16
may be any positions between the beam splitter 4 and the beamsplitter 26
only if the random zi.ng phase mask 16 is positioned nearer to the beam
splitter 4 while the lens 18 is positioned nearer to the beamsplitter 26.
In this instate r9pepeiet ion heppaliatimnc dnbehaekal odreamh ezmosplingt end4 and
the lens 18 and the distance between the | ens 18 and the hol ogram
recordi ng nmeditRAcHRcHien sapasdtus fith afordiet Poaserhamiidiimepdndéhsed st ates
of the reference |ight 200 and recording 1|ight 100 are different from each
ot her at the FEIFLE&HIr ebasdi mRp el dm intgndosedton e Listhdr eack | i ght

200, for exanple, diverges at the detector 22. 18 Meanwhile, the |aser

| i ght source 2 mfsgengRylivlasei0bnl Fhipf randeeiming ehagel meek beahs having a
coherence length of several cmor nore with which hologramrecording is
possi bl e. HoviRferaby haveeention @ 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 methed.

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 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 detector 22.
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of the | aser beampreferably is within the visible wavelength range within
whi ch a hologramrecordi ng nedium 12 usually has a sensitivity,
particularly within a range of approximately 400 nmto 650 nm Now,
operation of the hologramrecording and reproduction apparatus 80 is
described. Referring to FIG 1, in order to record data on the hol ogram
recording nedium 12, while the shutter 3 remains closed, a data page to
be recorded is displayed on the spatial optical nodulator 8 (liquid
crystal display apparatus of the transm ssion type) and the spindle notor
24 is rotated to determ ne a recording place (recording area) of the

hol ogr am r ecor di ng Mednvi o, theedegkrelighheswiune & M@y bs apened.
Consequent |y, a coherent |aser beamenitted from the laser |ight source 2
passes t hroughiHe GHut ér i8 gererafrsers lelserbbapamsidvinemr 4, by which it
is split into recording light 100 and reference |ight 200. The recording
| i ght 100 is FEF9%cEd lBi}gFgeofri FEHTE §8 eharorgtwith iwiticddduced into the
spatial optical nodulator 8 19 Wen the recording |ight 100 passes through
the spatial WptITEam FEEArdivg Bs Pastidle -t hdowritar pade Weveleptblyed, it is
spatially optically nodul ated (anplitude nodul at ed%. The nodul at ed
recording |idght $%€ ilfersdhesn PreEiaRd hdaniithin 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, cperation 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
modﬁlator 8 (liquid crystal display apparatus of the
transmission type) and the spindle motor 24 is rotated to
determine & recording place (recording area) of the
hologram recording medium 12. Thereafter, the shutter 3
is opened.

Consequently, a cocherent 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 6 so that

it is introduced into the spatial optical modulator 8.
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splitter 26. Meanwhile, the reference light 200 is introduced by the

mrror 14 to the random zi ng phase mask 16, by which t

he wave front of the

reference light 200 is disturbed or disordered at random (random zed). The
reference light 200 thereafter passes through the |lens 18 and introduced
into the beamsplitter 26. The spatially optically nodul ated recording

| ight 100 and the reference |light 200 whose wave front

is disturbed at

random are conbined by the beamsplitter 26 and enters the | ens 10. Here,

the image to be recorded as a hologrammay be a real i

mage di spl ayed on

t he spatial optical nodulator 8 by the lens 10 or a Fourier transforned

i mage of the WA thenggecsiinhel itk (140 Bpereal thirngattde gpakbakver, the
met hod of recording a Fourier transfornmed inmage is popul arl enployed
because the {Bf mBHBl%CP%gﬁ*eﬁﬁ & chp&haadeta o dis dapylanafil readily

and the image is Iess i.kely to be_ influenced by a def

ect appearing on the

hologran1rechﬁl%ﬁ)%ﬁﬁﬁlﬁ%ﬁizOPﬁycﬁ%Ehtm?EP%ﬁﬁQ¢»oﬁHEHét§BatW8¢u%¢%¢Q%ﬂ

nodul at or 8 20 and the hol ogram recaordi ng nmedi um 12 at

pl aces spaced by

the focal |ength™Bfathd Ferrrdiad fdmhithésprikerPited pndfetbe PR ens 10,

a Fourier transforned hologran1can be recorded in the
medi um 12. HeRditte

Meanwhile, the reference light 200 is

hol ogram recor di ng

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 Fourier transformed image of the real

image of the spatial optical modulator 8. However, the

method of recording a Fourier transformed image is

popularly employed because the size per one 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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since the reference |ight 200 enters the lens 10 through the lens 18 in a
different condensed state fromthat of the recording light 100, it is
condensed at a different position fromthe recording |ight condensed
position in the hologramrecording nedium 12. Thereafter, the shutter 3
is closed. Then, a data page to be recorded next is displayed on the
spatial optical nodulator 8, and the spindle notor 24 is rotated a little
to nove the hol ogramrecordi ng medium 12 by 6. Thereupon, the portion of

t he hol ogram recording nedium 12 at which the recording light 100 and the
reference light 200 are to be condensed relatively noves by 6. \Wen the
shutter 3 is aperd¢ pPaletreanstetardinghaedava pagt td dsesr sperdddonext is
recorded as a hologramin the condensed region (recording area) of the
recordi ng |i gHie foGaandentieh refalf diige Lenghi 0 2000m reheheorimglingtam recor di ng
medium 12. If it is assuned that the random zi ng phase nmask 16 does not
exi st in the #iagkt ofatheolenhel Gefiefongéeri ghans Domed hed opliemr eder ence
light 200 is illumnated as a 21 nere spherical wave in a state wherein it
shares an of9 &&icoadrs ebnimlelwigram hecepedbrainriiumgL . 10021ey t he

hol ogram recordi ng medium 12. In this instance, since the spatial

vari ati on of %€ &her saterengmhil e 20Popntess 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 disélayed
on the spatial optical modulator 8, and the spindle motor
24 is rotated a little to move the hologram 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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noderate, it is necessary to take a very great distance over which the
reference light wave front is to be noved spatially in order to record a
next hol ogram after a data page (hologram is recorded (the shift
selectivity is slow). Therefore, overlapping witing of holograns really
beconmes i npossible, and the recording density is very |ow. However, where
the phase of the reference light 200 is spatially nodulated at random by

t he random zi ng phase nask 16 as in the present enbodi ment, the reference
light wave front becones nmuch conplicated, and consequently, only if the
reference light is shifted a little, incoincidence occurs with the wave
front betweerdl@4fe SPhEréFahcEaTe gt deftate Whersdweherfthadisd Bhe reference
light after the novenent. Therefore, the shift selectivity becones as
sharp as apprdGifdlePyiseveparniamwith &be gpresdivhsiighthil0t he sbeface of
t he hol ogram_recordi ng nmedium 12, Consequently, overl apping witing of

hol ograns i s PAHGHED, *ERATEHRT MRGIHh g -dehRi tii cdmskenceaj sbece the
significantly. Now, operation of the hol ogramrecording and 22 reproduction
appar at us whetP3tlale SREABEER™ dt £HS SRfeRENCROL e Brifa & drdnfkgifedi um 12 on
whi ch data pages are recorded in such a manner as descri bed above is
descri bed. Gaeraty shbt t2rPHOTSWFEMT HEEPpBSBRF bt isdn dLrE2BEam

over which the reference light wave front is to be moved
spatially in order to record a next hologram after a data
pége {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,
cnly 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 the movement. Therefore, the shift
selectivity becomes as sharp as approximately several um
in all directions within the surface of the hologram
recording medium 12. Conseguently, 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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splitter 4 and the mrror 6 is closed, and reference |ight (reproduction
reference light) same as the reference |light 200 used upon recording is
illumnated on a recording track of the hol ogram recordi ng nedium 12

t hrough the beamsplitter 4, mrror 14, random zi ng phase M3k 16, |ens
18, beamsplitter 26 and |lens 10. Consequently, diffracted |ight
corresponding to interference fringes recorded on the recording track of
t he hol ogram recordi ng nedium 12 is generated. The diffracted |ight
(reproduction light) is condensed by the |ens 20 and received by the inmge
pickup elenment in the detector 22. A resulting signal fromthe imge

pi ckup el eneffiPHSIUEHAP) zREPR PR s (hied LheTOPFOiwReES ididge fdamathedat a
page). Were reproduction reference Iaght sanme as the reference |ight 200

and havi ng t H®lare™Wageordord medivum [ldnPRavbéck réafia mag9SEnBIBosi tion as

that upon recordi ng of the hol ogram on the hol ogramrecordi ng medium 12 in
this manner, AAFSEE tRe SHERr BdIRPRDN F2fREHIPAG GheVes 15| BRaRT Hagdd
inevitably on a hologramdifferent froma 23 target hol ogram since the
wave fronts df*iHe PefBPRERRE n??gﬁﬂ%?nuéé&eFBPS?%gQﬁ¥ﬁQﬂT et R&€a%ol ogr ams do
not coincide with each other, the si%nal fromthe hol ogram other than the
target hol ogrdthitetof PBPrbRICRETOM® 1s 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
lens 20 and received by the image pickup element in the
detector 22, A resulting signal from the image pickup
element is analyzed to restore the original image data
(data page) .

Where reproduction reference light same as the
reference light 200 and having 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 reproduction reference light is

illuminated inevitably on a hologram different from a
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i mge of the reproduced hologramis fornmed on the detector 22 by the |ens
20 as descri bed above where the hologramrecordi ng nedium 12 does not have
a reflecting filmthereon. Were a hol ogramrecorded on the hol ogram
recording nedium 12 otherwise is a real inmage of the spatial optical

nmodul ator 8, the lens 20 is disposed otherwise such that an inmage of the
hol ogramis forned on the detector 22. However, where the hol ogram
recorded is a Fourier inage of the spatial optical nodulator 8, the

hol ogram recordi ng nedium 12 and the detector 22 are placed at positions
spaced by the focal length f of the lens 20 fromthe lens 20. In this

i nst ance, nottHFGF tied oTraPr oBtees dha iWgive Buenhs sof tiHe mediesencei on
reference light illum nated on the hol ogramrecording medium 12 enter the
det ector 22. Ekﬂkkf\/‘%ru,seidf fpRer¢erEdinemft Ahgniiclegeany i ind¥ of the lens 18
are selected sujtably, then it is possible to_cause the reproduction

ref erence |i gfR1ndEdiiERgBasy athfeatthensiaradniter da delooran.,
Accordingly, the intensity of the reference light to 24 enter the detector
22 can be rediddF &hgRi thRahRTgewish oksfpaFelohi ¥epEIriiqast-enBRty of t he
reproduction |ight, and consequently, a signal to noise %SI N) ratio
sufficient forRg%Hddeei BRPEPIEFRE MEUGOFen $FgharmRAPhéhe

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 optical modulator 8, the
hologram recording medium 12 and the detector 22 are
placed at positions spaced by the focal length £ of the
lens 20 from the lens 20. In this instance, not only the
reproduction light but also the reproduction reference
light illuminated on the hologram recording medium 12
enter the detector 22. Howevexr, 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 amount on the detector 22.

Accordingly, the intensity of the reference light to
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obtained. Wth the hol ogram recordi ng and reproducti on apparatus 80
according to the present enbodinent, since it adopts the configuration
that the recording light 100 and the reference |ight 200 having a common
optical axis are illumnated on the hol ogramrecordi ng medi um 12 usi ng

the sane lens 10, it is necessary only for the lens 10 and the lens 20 to
be noved by actuators not shown so as to follow up the variation of the
position of the recording area and the reproduction area of the hol ogram
recordi ng nmedium 12. Consequently, the nunber of |enses can be reduced by
one fromthat in the conventional hologramrecording and reproduction
appar atus. Th¥toride dehecherudt dtan & 15euspRppi 9B eateF iy wheturi zed,
and the degree of freedomin design increases and designing for

i ni at uri zat | SFRATh&i&Ppabat LRteah We 9fethsr seArPREe 132 Lightther, since
a servo systemincluding the actuators can be singlifieﬁ, t he production
cost ther ef or28AFWESRERESY af SR frareise 8Mber#ri®iuced at a reduced
cost. 25 Further, since the wave front of the reference light 200 is

di sturbed at THAAGMBY £RE FERESMITIRG FHadbe FRSRTI®! it Faghpet
selectivity can he assured in both directions of the along-track direction
and the cross2tained.

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 1s 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
recording area and the reproduction area of the hologram
recording medium 12. Consequently, the number of lenses
can be reduced by one 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 apparatus 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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track direction. Therefore, the shift amount of the hol ogramrecording
medi um 12 can be reduced thereby to raise the recording density of the
hol ogram recording nedium 12 significantly. Further, since the optical
axes of the recording Ilight 100 and the reference Iight 200 are nmade
coincide wth each other, although reproduction reference |light upon
reproduction enters the detector 22 together with reproduction |ight,
since the reproduction reference |light is caused to diverge by a great
extent on the detector 22 by the |lens 18, a reproduction signal having a
good SIN ratio can be obtained. It is to be noted that, although, in the
enbodi nent  descri bEBr &R, SIGHYy thke VREDr BERIE iTh thiegkefrseremdensed on
the detector 22 while the reEroduction reference |ight diverges, the

repr oduct i on Yt €90 1pi gheCHERR it niedeEshri Fiye pendamdzded, Phese only it
is necessary for the intensity of the reproduction reference |ight

i nconing to WA dévelt §P25B $-He RUIFGLEVARY| G21 O VST ESnPar BAEMN t h
that of the reprodyction _|ight because of displacenent 26 between the
condensat i on {;ﬁQﬁ§$9SF Pﬁetgﬁp?%ﬁﬁﬁﬁqﬁﬂ?H PgRECtarR b Y FEQEeTi on
reference qu§£k¥8uch di spl acenent _between the condensation points is

perforned by RARERERIBR - t HESTEFo 8. The St Gmosrt pérthtie

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 reproduction reference
light is caused to diverge by a 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, altheough, 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 reproduction reference light incoming to
the detector 22 to be sufficiently low when compared with

that of the reproduction light because of displacement
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di spl acenent, the lens 18 is disposed such that the reference |light 200
(also the reproduction reference |ight) is condensed on the front side
with respect to the hologramrecording nmedium 12 as seen in FIG 2A or
otherwise on the rear side with respect to the hologram recording nedi um
12 as seen in FIG 2B so that the condensation state of the reference

| ight 200 may be different fromthat of the recording light 100 which is
condensed without fail in the recording area of the hol ogramrecording
medi um 12. Enbodinment 2 FIG 3 shows a configuration of a hol ogram
recording and reproduction apparatus according to a second enbodi ment of
the present iRRfRCSoANeRePRISRIRL IS PRRGES30ft Hee hesropcamtiosol iy and
reproduction apparatus 81 of the present enbodi ment includes a spati al
optical rnodARst dhegrerrpdant syt itaferepse dipgbhs E@mchadhspbgeement ecor di ng
medi um 12, another lens 20, a further lens 30, an aperture nenber 32
havi ng an apéittifeen hBpefpndensatiqn ppintst harreeheresl by detector 22 and a
yet further lens 18. The |enses 20 and 30, aperture menber 32 and |ens 34
are di sposed GG aRfopl? cBxiS of nrpFHERItkdTan forgkheon  the | ower

side of the holo ran1recordin%_nediun112,_and the detector 22 is disposed
at the | ower rfb<P §§ent, 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
condensation 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 of the present invention. Referring to
FIG. 3, the hologram recording and reproduction apparatus
8l 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
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The | enses 10, .20, 30 and 34 have an equal focal Ilength f and are spaced
away fromeach other by 2f. Further, the spatial optical nodul ator 8 and
the lens 10, the detector 22 and the I ens 34, the hol ogram recordi ng
medi um 12 and the lens 10, and the aperture nenber 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 I ens 20
is farther fromthe lens 20 than the condensation position of the
reference light by the lens 20. As a result, the reproduction reference
light is diverges by the lens 30. Accordingly, if a suitable aperture
menber 32 is furtdraredenat 34, pasdetiartdm 22henpr axyei tfumthetrhdecent@nsat i on
position of the reproduction light by the Iens 30, then although the

repr oduct i on Thgghtensass@8 ahd o3Qh arkee tvapemeunber ndhirerd 32nssiBdcerthe
reproduction reference |ight diverges at the aperture nmenber 32, nost part
of the reprolirRRdsed BéPegeptecdigtl candsbefi nepredyptisicbrby ighbecapert ure
menber 32. 28 In the hol ogramrecording and reproducti on apparatus of the
present enbodifertoverepidduef i tie lligivgrageneratretndyngdierhdlRegrad r ecor di ng
medium 12 forns, after it passes through the aperture nenber 32, an inage
on the det ect'die Zrteichar| ¥2bys nbigprssid gltethentogermost 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 the aperture member 32 and
the lens 34 are spaced away from each other by f£. Upon
repreoduction 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
reproduction reference light is diverges by the lens 30.
Acceorxrdingly, if a suitable aperture member 32 is inserted
at a position in the proximity of the condensation
position of the reproduction light by the lens 30, then
although the reproduction light passes through the
aperture member 32, since the reproducticn reference
light diverges at the aperture member 32, most part of
the reproduction reference light can be intercepted by

the aperture member 32.
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Meanwhi | e, reproduction reference |ight diverges at the aperture nenber
32, and consequently, the reproduction reference |ight can be renoved

al nost conpletely by the aperture nenber 32. Therefore, the SINratio of
the reproduction signal obtained fromthe detector 22 can be further

i nproved. Further, although part of the reproduction reference signal
havi ng passed through the aperture nenber 32 m xes into the reproduction
light which forms an i mage on the detector 22, since the intensity of the
reproduction reference light is very ow when conpared with that of the
reproduction |light and besides the reproduction reference |ight has a
fixed spatial noduf@tteh YpaeeR reeordinasind Goparevetdany the spati al
modul ation pattern of the reproduction reference I|ight fromthe overal

si gnal i ncom #PAEHFecdetReiDFeENt CHPEGdReRR eFeREITUCdiognafight
Consequently, the SINratio of the reproduction sjgnal can be further

i mproved. Whi IS4 S0 PEgbP A P HREEFp rieGRTHEN Gt BRITE" 4 £96™Sof a Fouri er
t ransf orm hol ogr am where the condensati on 29 position of the reference
light 200 by 3H&H eisP26SFS biroudhe thearerrirge Bi™ee 3%ens16™MEHaN t he

condensati on osition of the recording |ight 100, also where the
condensat i on Cﬁgs@’ﬁ G t6F-Phe’? e#Jé}aelr}é’e%V 5‘%?“?0@’5 bY"% HéS s 10 is on the

farther side of the. lens 10 than the
ﬁéanwﬁile, reproduction reference light diverges at the

aperture member 32, and consequently, the reproduction
lreference 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 into the reproduction light
which forms an image on the detector 22, since the
intensity of the reproduction reference light is very low
when compared with that of the reproduction light and
besides the reproduction reference light has a fixed
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. Consegquently, 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
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condensation position of the recording light 100 or the holograns are real
i mges of the spatial optical nodulator 8, nost part of reproduction
reference light can be intercepted by inserting an aperture nenber at a
suitable position in the light path simlarly as described above.

Enbodi nrent 3 FIG 4 shows a configuration of a hologram recording and
reproducti on apparatus according to a third enbodinent of the present
invention and particularly shows a reproduction system of the hol ogram
recording and reproduction apparatus. The reproduction system of the

hol ogram r ecor di ng and regroduction apparatus of the present enbodi nment is
general |y cofIred Sbchlenaefarencst [dehitng0Pi P e pravd dédisnon face of
a hologram recording nmediumrenote froma lens for illumnating reference
light and recOtIiFGFREgRtde APt hotRyH ¥ 10n6hagr e rexnsiadiseg iand
reproduction apparatus further 30 includes a recording system the

recordi ng sy 59Ts 8fe tPEsTRFREVIGNT t1HE Ko 88r aﬂ?%c‘gﬁﬁ%&hﬁnd |
reproduction apparatus of the, first enbodi ment descri bed herei nabove wth
ref erence to FESILAHRBr BPBLELOT IR rdCorEERgeRet BHADG £UPoPYskB®n in FI G

4 and overl appi n escription of the sane is omtted herein to avoid
r edundancy. F%%négf% %s og 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 particularly
shows a reproduction system of the hologram recording and
reproduction apparatus. The reproduction system of the
hologram recording and reproduction apparatus of the
present embodiment is generally configured such that a
reflecting f£ilm is piovided 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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Referring to FIG 4, the hologramrecording and reproduction apparatus 90
of the present enbodi nent includes a |aser |ight source 2, a beamsplitter
4, a mrror 14, a random zi ng phase mask 16, a lens 18, a beam splitter
26, another lens 10, a hologramrecording nedium 36 in the formof a disk
made of a photopolymer material or the like, a detector 22 and a spindle
not or 24. The hol ogramrecordi ng nmedium 36 has a reflecting film 361 on
the surface thereof renmote fromthe lens 10. It is assunmed that hol ograns
are recorded on the hologramrecording medium 36 by the recording system
ment i oned above. Upon reproduction, a |laser beamenmtted fromthe |aser

| i ght sour ce GlQdesnpereedriing sydodiéei sacerdpemysigrghis bymehe beam
splitter 4. The reproduction reference |ight successively passes the
mrror 14, ra@afddhicd 9§ phaskohesten geqoandnggangeneprapidttiter 26 and | ens
10 and is condensed on a recording track of the hol ogramrecording nedi um
36. ConsequerfARATaFPsdPEf Ehet B 3t gmedisprnsddessvibed dirneiamsbegsponding to
interference fringes recorded on the recording track of the hol ogram
recor di ng nediiff 36fesegepetat BEG- The TBpFotRERi dihd irgherisng esyeamed back
by the reflecting film361 and returns to the lens 10, whereafter it
passes t hrough e shekm &Pl Fit er? ZhRyerdapBhuendesroirtipe of the

same is omitted herein to avoid redundancy.

Referring te 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, a 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 recorded on the
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,
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detector 22, by which it is reproduced as data. According to the hol ogram
recordi ng and reproduction apparatus of the present enbodi nent, where the
hol ogram recordi ng medium 36 with the reflecting film 361 is used,
reproduction reference |ight can be condensed on the hol ogram recording
medi um 36 by the lens 10, and the reproduction light reflected back by the
reflecting film361 fromthe hol ogramrecordi ng nedium 36 can be condensed
on the detector 22 using the lens 10. Consequently, the hol ogram recordi ng
and reproduction apparatus of the present enbodi nent does not require the
| ens 20 exclusjyve use for condensing reproduction |ight on the detector 22
as in the hol SgridiATECortdPRE AFRPTIBIdAtc it BRAt hppRF ERSRETSH NENEOf 1 st
enbodi ment. Therefore, it is necessary only for the lens 10 to follow up
the recordi P ETFSEFEPEEHERRT Oif odi 8R Bhet FReEisiiggr d&rackeedr di ng

medi um 36, an%ﬁ%gﬁtnunber of | enses required can be reduced by two from
that of the ¢ LogRAM S9CHEHREF ARTRE0LE Ay SPRETERDduEReon appar at us.
Accordingly, the actuator_can be sinplified and mniaturized further than
those of the HETGYGT-PEcoOF Brhgts legse8dbeek ory dbparzafdecéinghe first
enbodi nent , %%ﬁl Eﬂﬁ_degree of freedomin design is further enhanced and
desi gni ng f ortmithi"atuPPZat FERERE &h aFRfusVcafhpepatter it passes

through the beam 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 hologram recording medium 36 with the reflecting film
36l 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 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
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preformed further readily. Further, since the servo systemincluding the
actuator is sinple, the production cost can be reduced and the apparatus
can be produced at a further low cost. It is to be noted that, if two

| enses corresponding to the lens 30 and the |lens 34 and an aperture nenber
simlar to those in the hologramrecording and reproduction apparatus of

t he second enbodi nent described hereinabove with reference to FIG 3 are

i nterposed between the beamsplitter 26 and the detector 22, then nopst
part of the reproduction reference light reflected by the reflecting film
361 to return to the lens 10 can be intercepted. Consequently, the SIN
rati o of the PREPFGHUEECERIsNGnaRd craPassiucpPBveRPETRfiS cantiy simlarly
as in the hol ogramrecording and reproduction afparatus of the second
enbodi nent . I Preierr B endbiiR FRINtCNobet RémpteEisd archventi on have been
descri bed using specific ternms, such 33 descriptionis for illustrative

pur poses onl Y fFYTLZes fugther Jiwmet dhese Pﬁagh%h%@kﬂﬁ¥6§hée@§¢ﬁéﬂgons may

be made without departing fromthe spirit or scope of the follow ng
clains. 34 Vvﬁﬁd|%§Q§q%Uﬁ§aopS§pparatus 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 production
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 to return to the lens 10 can
be intercepted. Conseguently, 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
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1. A hologramrecordi ng and reproduction apparatus for recording
interference fringes produced by interference of a spatially optically
nodul ated first |ight beam and a second |ight beamin a recording area of
a hol ogram recordi ng nedium conprising: a random zi ng phase nmenber for

di sturbing a wave front of the second |light beam at random and an opti cal
axi s coupling optical systemfor coupling the spatially optically

nodul ated first light beam and the second |ight beam having the randony
di sturbed wave front so as to have a conmon optical axis and propagate in
the same diregtion. 2. A hol ogramrecordi ng and reproducti on apparat us
accor di ng t o CISTHPELIOPUAFhEPT chhidts idiatd VanPrARRES DI Bl adevilselsor
receiving diffracted |ight, which is generated by the hol ogramrecording
nedi um when t%%&‘&ﬁ&rgmﬂ@ thelaRliEiEesg aRHe Vopt 2 tin ey g@rrﬁt@ﬁeto t he
optical axis of the first. light beamis illumnated solely on the

hol ogr am r ec PR EGPERF 11 DB e SPABLEdREL $otPe Sfgifdle. 3. A hol ogram
recordi ng and.reprqduction apparatus according to claim2, further

conpri si ng a.ﬁ?{}ﬁ“ﬁ&gaﬁhaF@ﬁnving device for rempving the second |ight beam
from35 the diffracted Iight.
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4. A hol ogramrecording and reproducti on apparatus according to claim 3,
wherein said |light beamrenoving device includes an aperture nenber having
an aperture therein, and a plurality of optical |enses for converging the
diffracted light in the |light beamso as to pass through said aperture. 5.
A hol ogram recordi ng and reproduction apparatus according to any one of
the preceding clainms, further conprising an optical |ens for causing the
second |ight beam having the randomy disturbed wave front and the
spatially optically nodulated first |ight beamto be condensed in

di fferent cog&§$satiog states fromeach other at the position of the

hol ogr am r ecdF@mgSnEdrtHT< 655 A hol ogram recordi ng and reproducti on
apparatus for recording. interference fringes produced by interference of
a spatially opticaliy Folal 9P Bt ¥ ST I R dp ESRF 8REC B Yo CERA PRt beam
in a recordig% area of ., a hol ogramrec rding@nediunl conprising: the

hol ogr am r ecordi g REAT U HAWA T RECEr FELPPREY PHtied £8rmed on a face
opposite to a fac% t her eof 0 _ whi t he tirii and, second Li?ht beans cone
r

t
in, for ref BCErAGEFRGRt Ot & rRAoH ZvnGPhhaRE! vttt o6 ditSPhrbing a wave

36 front of tfy%h%egggg Lﬁghé gggggd?&i%%@dggém in a recording area of

a holegram 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 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.

2. A hologram recording and reproduction apparatus
according to claim 1, further comprising an image pickup
device for receiving 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, to obtain a reproduction
signal.

3. A hologram recording and reproduction apparatus
according to claim 2, further comprising a light beam

removing device for removing the second light beam from
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an optical axis coupling optical systemfor coupling the spatially
optically nodul ated first light beamand the second |ight beam having the
randomy disturbed wave front so as to have a conmon optical axis and
propagate in the sanme direction; a first optical |ens for condensing the
first light beamhaving the optical axis common to the optical axis of

t he second |ight beamon a recording area of the hologramrecording

medi um and an i mage pi ckup device on which reflected light fromthe
reflecting menber of the programrecording mnediumoriginating from

diffracted Iight, ' ' rated by the hol ogram recordi ng nedi um when
the second Iig%td%ggﬁgﬁg%%ﬁ%%?ﬁé optical axis common to the optical axis

of the first light beam,ig_]| m nated ,.solely on the hol ogram recordi ng
medi um t hr ough sai d 43'f %s?o%%%’?ac%relce"ﬁ‘é{mﬁsa{*}énﬁ%ﬁ?ﬁé FTHBUGPPEEPE I 1 st

opti ool | ens, +Tcchatologs amIced o9, 80 LeRl el on sbostaLye, accor ding

to claimé, further nprising a’lrg VIt !
dovi co through vaara T T o gt s5P PP RS RO R Rar0g atPPELER] ng and
reproduction apRALaLUSing o plurality of optical lenses for converging
the diffracted light in the light beam so as to pass
through said aperture.

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

6. A hologram recording and reproduction apparatus
for recording interferénce 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:

the hologram recording medium having a reflecting
member formed on a face opposite to a face therecf, to
which the first and second light beams come in, for

reflecting light;

a randomizing phase member for disturbing a wave
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according to claim7, wherein said |light beamrenoving device includes an
aperture nenber having an aperture therein, and a plurality of third
optical lenses for converging the diffracted light in the |ight beam so as
to pass through said aperture. 9. A hol ogramrecordi ng and reproduction
apparatus according to any one of clains 6 to 8, further conprising a
second optical lens for causing the second |ight beam having the randomy
di sturbed wave front and the spatially optically nodulated first |ight
beamto be condensed in different condensation states from each other at

the .position_of the hol ogramrecording nmedium 38
front of the Second light beam at random;

an optical axis coupling optical system for
coupliﬁg 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 recocrding
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 holcogram recording medium through said
first optical lens, is condensed through said first
optical lens.

7. A hologram recording and reproduction apparatus
according to claim 6, further comprising a light beam
removing device for removing the second light beam from
the light beam condensed said image pickup device through

said first optical lens.
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8. A hologram recording and repreoduction apparatusr
according to claim 7, 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.

9. A hologram recording and reproduction apparatus
according to any one of claims 6 to 8, further comprising a
second 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 other at the

.position of the hologram recording medium.
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