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REFLECTIVE HOLOGRAPHIC OPTICAL STORAGE METHOD AND 

DEVICE 

 

Technical Field 

[0001] The invention relates to the technical field of holographic optical storage, in 5 

particular to a reflective holographic optical storage method and device. 

 

Background Art 

[0002] A spherical reference beam shift multiplex storage method records a 

hologram using a spherical wave as a reference beam, the hologram cannot be 10 

reproduced by simply shifting the beam a small distance relative to a medium, and 

then a new hologram can be recorded at that position to allow adjacent holograms to 

reproduce independently, which is repeated multiple times, and this method is called 

shift multiplex recording.  In this recording/reproducing method, a transmission type 

has been mainly used, in which a signal light and a reference light are transmitted 15 

through the medium.  However, the method places a recording device and a reading 

device on both sides of the medium respectively, which complicates the drive 

configuration. 

[0003] Therefore, it is necessary to propose a method and a device that can record 

and read the hologram at both sides of the storage medium. 20 

 

Summary of the Invention 

[0004] The present invention aims to overcome at least one of the deficiencies in the 

prior art, provides a reflective holographic optical storage method and device that can 

record and read a hologram on the same side of a storage medium. 25 
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[0005] The present invention provides a reflective holographic optical storage 

method and device, in which a new reference light is formed using a reflection layer, 

thereby obtaining a phase conjugate reproduction signal light of the hologram, and 

recording and reading the hologram on the same side of the storage medium.  The 

whole system becomes more compact, the design difficulty is reduced, and the system 5 

stability is improved. 

[0006] According to the reflective holographic optical storage method provided by 

the invention, a reference light interferes with a signal light to form the hologram on 

the storage medium plated with the reflection layer; when reproducing the hologram, 

the same reference light is used to be incident on the same position to generate a 10 

normal reproduction light that is symmetrical and opposite to the signal light relative 

to a normal line of the storage medium; and a conjugate reference light is loaded to 

generate a conjugate reproduction light that is coaxially and opposite to the signal 

light. 

[0007] When entering the storage medium along the normal line, the reference light 15 

is formed into the conjugate reference light after being reflected by the reflection 

layer. 

[0008] When entering the storage medium not along the normal line, the reference 

light is formed into the conjugate reference light after being reflected by the reflection 

layer and a mirror. 20 

[0009] Preferably, the reference light is reflected by the reflection layer twice in 

succession, and is reflected by the mirror along an original optical path between two 

reflections by the reflection layer to form the conjugate reference light. 

[0010] When a reflected light enters the storage medium along the normal line and a 

holographic light is reproduced, the generated normal reproduction light is in the 25 
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same direction with the conjugate reproduction light. 

[0011] The invention further provides a storage medium, and a reflection layer is 

plated on one side of the storage medium.  The storage medium plated with the 

reflection layer on one side has not recorded data.  The storage medium provided by 

the present invention may be generated by the method described above. 5 

[0012] The reflective holographic optical storage device provided by the present 

invention, including: a conjugate reference light loading device; a normal 

reproduction light receiving device; and a conjugate reproduction light receiving 

device, in which the conjugate reference light loading device forms the reference light 

into the conjugate reference light, the reference light generates the normal 10 

reproduction light, the conjugate reference light generates the conjugate reproduction 

light, and the normal reproduction light is symmetrical and opposite to the signal light 

relative to the normal line of the storage medium, and the conjugate reproduction light 

is coaxially and opposite to the signal light. 

[0013] When the reference light enters the storage medium along the normal line of 15 

the storage medium, the conjugate reference light loading device is the reflection 

layer plated on the storage medium, and the side where the reflection layer is located 

is the other side on which the reference light is incident. 

[0014] When the reference light enters the storage medium not along the normal line 

of the storage medium, the conjugate reference light loading device is the reflection 20 

layer plated on the storage medium and the mirror provided on an optical path of the 

reference light reflected by the reflection layer. 

[0015] When the signal light enters the storage medium along the normal line, the 

generated normal reproduction light is in the same direction with the conjugate 

reproduction light, and the normal reproduction light receiving device and the 25 
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conjugate reproduction light receiving device are the same receiving device. 

[0016] Compared with the prior art, the beneficial effects of the present invention 

are as follows.  A phase conjugate reproduction light can be obtained.  A phase 

conjugate light wave refers to a light wave having the same wavefront spatially as an 

original light wave but propagating in an opposite direction.  In a hologram memory, 5 

the phase conjugate reproduction light has a function of correcting wavefront 

fluctuation, lens aberration, and the like.  In addition, the reproduction light and the 

phase conjugate reproduction light can be reproduced on the same axis.  Therefore, 

the coherent addition of the both can be achieved.  By this coherent addition, the 

intensity of the reproduced image can be improved by four times, and the 10 

signal-to-noise ratio can be improved. 

 

Brief Description of the Drawings 

[0017] FIG. 1 is a principle diagram of shift multiplex recording of a spherical 

reference light. 15 

[0018] FIG. 2 is a principle diagram of cross-shift multiplexing. 

[0019] FIG. 3 is a principle diagram of hologram recording/reproducing of the 

spherical reference light. 

[0020] FIG. 4 is a principle diagram of phase conjugate reflective reproduction of 

the spherical reference light. 20 

[0021] FIG. 5 is a principle diagram of coherent addition of a normal reproduction 

light and a phase conjugate reproduction light of the spherical reference light. 

 

Embodiments 

[0022] The drawings of the present invention are for illustration purpose only and 25 
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are not intended to limit the present invention.  Some components in the drawings 

may be omitted, enlarged, or reduced for better illustrating the embodiments, and 

sizes of these components do not represent sizes of actual products.  For those 

skilled in the art, it will be understood that some known structures in the drawings and 

descriptions thereof may be omitted. 5 

Embodiment 1 

[0023] The present embodiment provides a reflective holographic optical storage 

method.  As shown in FIG. 1, an incident plane of a signal light coincides with that 

of a reference light, and an intersecting line of the incident plane and a medium 

surface is taken as an axis.  The Bragg conditions are mismatched and a hologram 10 

cannot be reproduced by simply moving the medium a small distance along the axis 

after recording one hologram, then a new hologram can be recorded and the adjacent 

holograms can be reproduced independently, which is the shift multiplex recording.  

In this shift multiplex method, the hologram cannot be reproduced by simply moving 

the medium several microns along the axis.  However, due to the fact that a shift 15 

amount required to make the hologram unable to be reproduced in a direction 

perpendicular to the axis is quite large, this method cannot achieve high density 

storage. 

[0024] The present embodiment employs a cross-shift multiplex recording method.  

As shown in FIG. 2, a two-dimensional hologram array is obtained by performing the 20 

shift multiplex recording in an axial direction, and then a coverage recording of a 

second shift multiplexing is performed by rotating the medium by a certain angle, 

which are repeated multiple times.  This method is called cross-shift multiplex 

recording, which solves the problem that a multiplexing number is insufficient in a 

spherical wave shift multiplex recording method. 25 
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[0025] In a case of transmission, an example of using a spherical reference light to 

record/reproduce the hologram is shown in FIG. 3.  The signal light and the 

reference light are incident on the medium at the same time, and both interfere with 

each other and form the hologram in the medium.  When the same reference light is 

used to be incident on the same position during reproduction, the reproduction light 5 

can be detected in a signal light direction, which is called normal reproduction light.  

On the other hand, a conjugate reference light used to generate a phase conjugate 

reproduction light is incident from the other side, and since the conjugate reference 

light is coaxially and opposite to the original reference light, a reproduction signal 

light obtained at this time may propagate in a direction opposite to the signal light, 10 

and the reproduction signal light is a conjugate reproduction light.  At the same time, 

image distortion, aberration and the like generated by an optical system during the 

recording process can be automatically corrected and detected, leading to an 

improvement in a signal-to-noise ratio. 

[0026] According to the reflective holographic optical storage method provided by 15 

the invention, the reference light interferes with the signal light to form the hologram 

on the storage medium plated with a reflection layer; when reproducing the hologram, 

the same reference light is used to be incident on the same position to generate the 

normal reproduction light that is symmetrical and opposite to the signal light relative 

to a normal line of the storage medium; and the conjugate reference light is loaded to 20 

generate the conjugate reproduction light that is coaxially and opposite to the signal 

light.  In the present embodiment, the storage medium is a disk, and the reference 

light is the spherical reference light. 

[0027] As shown in FIG. 4, the reference light enters the storage medium along the 

normal line, and is reflected by the reflection layer to form the conjugate reference 25 



7 

light.  That is, the spherical reference light is perpendicularly incident on the 

medium plated with the reflection layer, and interferes with the signal light incident 

on the medium to form the hologram.  When the signal is reproduced, the same 

reference light is incident on the medium.  On the one hand, the normal reproduction 

light obtained by direct reproducing the reference light emits out of the right side of 5 

the medium after being reflected by the reflection layer; on the other hand, the 

incident reference light is reflected by the reflection layer to form the conjugate 

reference light.  The conjugate reference light is coaxial and opposite to the original 

reference light, and is reproduced to obtain the phase conjugate reproduction light.  

In this method, the reproduction light and the phase conjugate reproduction light can 10 

be reproduced simultaneously. 

[0028] When entering the storage medium not along the normal line, the reference 

light is formed into the conjugate reference light after being reflected by the reflection 

layer and a mirror.  Preferably, the reference light is reflected by the reflection layer 

twice in succession, and is reflected by the mirror along an original optical path 15 

between two reflections by the reflection layer to form the conjugate reference light. 

[0029] In a particular implementation, when a reflected light enters the storage 

medium along the normal line and a holographic light is reproduced, the generated 

normal reproduction light is in the same direction with the conjugate reproduction 

light.  As shown in FIG. 5, the signal light is perpendicularly incident on a reflective 20 

storage medium, and interferes with the reference light incident on the medium to 

form the hologram.  When the signal is reproduced, the same reference light is 

incident on the medium.  On the one hand, the reproduction light obtained by the 

reference light being incident on the medium is reflected by the reflection layer to 

obtain a reflected reproduction light that is coaxial and opposite to the signal light; on 25 
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the other hand, the reference light enters the medium and is reflected by the reflection 

layer, the reflected reference light is reflected by the mirror along an optical path of 

the reference light reflected by the reflection layer and is reflected to the storage 

medium, and then is reflected by the reflection layer to obtain the conjugate reference 

light that is coaxial and opposite to the original reference light.  The conjugate 5 

reference light acts on the hologram, and reproduces the signal light to obtain the 

phase conjugate reproduction light.  At this time, as shown in FIG. 5, the phase 

conjugate reproduction light and the normal reproduction light are propagated in an 

exactly the same optical path, and both are coaxial and in the same direction.  By the 

coherent addition of the two reproduction lights, a light intensity of an image can be 10 

improved by four times. 

[0030] The reference light and the signal light also can be incident on the storage 

medium in a non-perpendicular manner, which can also realize recording and 

reproduction of the hologram on the same side of the storage medium. 

Embodiment 2 15 

[0031] Embodiment 2 provides a holographic storage medium, which may be a 

storage medium that has not yet recorded data for holographic storage, or a 

holographic storage medium that has recorded data.  As shown in FIGS. 4 and 5, one 

side of the storage medium is plated with a reflection layer.  As to the holographic 

storage medium that has recorded data, the storage medium plated with the reflection 20 

layer on one side has not recorded data.  The holographic storage medium provided 

by Embodiment 2 is a disk, and other types of holographic optical storage media are 

also adopted. 

[0032] The storage medium provided in this embodiment may be generated by the 

method described in Embodiment 1, and the storage medium provided by in this 25 
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embodiment can adopt the method described in Embodiment 1. 

Embodiment 3 

[0033] Embodiment 3 provides a reflective holographic optical storage device, 

including: a conjugate reference light loading device; a normal reproduction light 

receiving device; and a conjugate reproduction light receiving device.  The conjugate 5 

reference light loading device forms a reference light into a conjugate reference light, 

the reference light generates a normal reproduction light, the conjugate reference light 

generates a conjugate reproduction light, the normal reproduction light is symmetrical 

and opposite to a signal light relative to a normal line of a storage medium, and the 

conjugate reproduction light is coaxially and opposite to the signal light. 10 

[0034] As shown in FIG. 4, when the reference light enters the storage medium 

along the normal line of the storage medium, the conjugate reference light loading 

device is a reflection layer plated on the storage medium, and a side where the 

reflection layer is located is the other side on which the reference light is incident. 

[0035] When the reference light enters the storage medium not along the normal line 15 

of the storage medium, the conjugate reference light loading device is the reflection 

layer plated on the storage medium and the mirror provided on an optical path of the 

reference light reflected by the reflection layer.  Preferably, as shown in FIG. 5, 

when the signal light enters the storage medium along the normal line, the generated 

normal reproduction light is in the same direction with the conjugate reproduction 20 

light, and the normal reproduction light receiving device and the conjugate 

reproduction light receiving device are the same receiving device. 

[0036] The reflective holographic optical storage device according to Embodiment 3 

may implement the method described in Embodiment 1, and generate the holographic 

storage medium described in Embodiment 2. 25 
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[0037] Obviously, the above embodiments of the present invention are merely 

examples for clear illustration of the technical solution in the invention, and are not 

intended to limit the implementations of the present invention.  Any modification, 

equivalent substitution, improvement, or the like within the spirit and principle of the 

claims of the invention should be included in the scope of the claims of the invention.5 
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CLAIMS 

1. A reflective holographic recording/reproducing method, comprising: using a 

spherical wave as a reference light of shift multiplex recording, wherein an optical 

axis of the reference light is perpendicularly incident on a storage medium on which a 

reflection layer is plated. 5 

 

2. The holographic recording/reproducing method according to claim 1, wherein the 

reference light incident on a medium and the reference light transmitted through the 

medium and reflected by the reflection layer are propagated coaxially. 

 10 

3. The holographic recording/reproducing method according to claim 1 or 2, 

wherein a phase conjugate reproduction light of a hologram is generated by the 

reference light that is transmitted through the medium and reflected back to the 

medium by the reflection layer. 

 15 

4. A reflective holographic recording/reproducing method, comprising: performing 

vertical incidence of a signal light on a storage medium plated with a reflection layer 

in a shift multiplex recording hologram memory using a spherical wave as a reference 

light. 

 20 

5. The holographic recording/reproducing method according to claim 4, wherein a 

phase conjugate reproduction light is obtained in a manner that a reference light 

transmitted through a medium reproduces a hologram after the reference light is 

reflected via the reflection layer. 

 25 
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6. The holographic recording/reproducing method according to claim 4 or 5, 

wherein a reproduction light and the phase conjugate reproduction light thereof are 

coaxially and coherently added. 

 

7. A reflective holographic optical storage method, comprising: 5 

performing an interference between a reference light and a signal light to form a 

hologram on a storage medium plated with a reflection layer; 

using the same reference light to be incident on the same position to generate a 

normal reproduction light that is symmetrical and opposite to the signal light relative 

to a normal line of the storage medium when reproducing the hologram; and 10 

loading a conjugate reference light to generate a conjugate reproduction light that 

is coaxially and opposite to the signal light. 

 

8. The holographic optical storage method according to claim 7, wherein the 

reference light enters the storage medium along the normal line to form the conjugate 15 

reference light after being reflected by the reflection layer. 

 

9. The holographic optical storage method according to claim 7, wherein the 

reference light enters the storage medium not along the normal line to form the 

conjugate reference light after being reflected by the reflection layer and a mirror. 20 

 

10. The holographic optical storage method according to claim 9, wherein the 

reference light is reflected by the reflection layer twice in succession, and is reflected 

by the mirror along an original optical path between two reflections by the reflection 

layer to form the conjugate reference light.  25 
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11. The holographic optical storage method according to claim 9 or 10, wherein a 

reflected light enters the storage medium along the normal line, and when a 

holographic light is reproduced, the generated normal reproduction light is in the 

same direction with the conjugate reproduction light. 5 

 

12. A reflective holographic optical storage device, comprising: 

a conjugate reference light loading device; 

a normal reproduction light receiving device; and 

a conjugate reproduction light receiving device, 10 

wherein the conjugate reference light loading device forms a reference light into a 

conjugate reference light, the reference light generates a normal reproduction light, 

the conjugate reference light generates a conjugate reproduction light, the normal 

reproduction light is symmetrical and opposite to a signal light relative to a normal 

line of a storage medium, and the conjugate reproduction light is coaxially and 15 

opposite to the signal light. 

 

13. The holographic optical storage device according to claim 12, wherein when the 

reference light enters the storage medium along the normal line of the storage medium, 

the conjugate reference light loading device is a reflection layer plated on the storage 20 

medium, and a side where the reflection layer is located is the other side on which the 

reference light is incident. 

 

14. The holographic optical storage device according to claim 12, wherein when the 

reference light enters the storage medium not along the normal line of the storage 25 
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medium, the conjugate reference light loading device is the reflection layer plated on 

the storage medium and a mirror provided on an optical path of the reference light 

reflected by the reflection layer. 

 

15. The holographic optical storage device according to claim 14, wherein when the 5 

signal light enters the storage medium along the normal line, the generated normal 

reproduction light is in the same direction with the conjugate reproduction light, and 

the normal reproduction light receiving device and the conjugate reproduction light 

receiving device are the same receiving device.


