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Outline
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Motivation

Holographic memory offers:

• bit storage density of the order of 1012/cm3

• parallel access and parallel data processing

• high retrieval rate 

• solid-state configuration
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PrinciplesPrinciples
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Angular Bragg SelectivityAngular Bragg Selectivity
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ØReference Beam Random
Amplitude-Phase Encoding:

ünew type of Spatial & Angular
(isotropic) selectivity;
üsolid-state architecture - no 
moving parts
ü secure data  access
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Angular-spectral selectivity of
volume hologram and random encoding
of reference beam are used as basic 
mechanisms for data multiplexing
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Random APM volume 
hologram - Recording
Random APM volume Random APM volume 
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Shift
direction
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Basic results of the Basic results of the 
analysisanalysis

Where Ro(q,z)R*(q,z) is spatial correlation   function of 
a random amplitude-phase modulated (speckle) field:
Where RWhere Roo(q,z)R(q,z)R*(q,z) *(q,z) is spatial correlation   function of is spatial correlation   function of 
a random amplitudea random amplitude--phase modulated (speckle) field:phase modulated (speckle) field:
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Laboratory setup for Laboratory setup for 
APM hologram APM hologram 
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SELECTIVITYSELECTIVITY

0.0 4.0 8.0 12.0 16.0 20.0
X-SHIFT (µm) 

0.00

0.20

0.40

0.60

0.80

1.00
In

te
n

si
ty

 I
N

D

<ε⊥> ~ 12.0 µm
<ε⊥> ~   8.0 µm
<ε⊥> ~   6.0 µm

XX--SHIFT SELECTIVITYSHIFT SELECTIVITY
(experiment)(experiment)

<ε⊥> - average speckle size



10MSST-2002, April 15-18 14
Irvine, California
MetroLaser

X-Y Speckle-Shift Selectivity
Speckle-Shift Selectivity is perfectly 
symmetric in both X and Y directions and the 
retrieved signal intensity decreases with ∆⊥ in 
almost 3 orders of the magnitude with no 
side-lobes. This promises low cross-talk and 
a high level of security.

TheoryTheory
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Image 
Characteristics
@ Spatial Shift

Spatial Shift doesn’t introduce any 
side effects on the reconstructed 
image quality beside the intensity 
decrease. The phase distribution 
remains invariable with ∆⊥

∆⊥ = − 0.5 µm
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∆⊥ = 0.5 µm

∆⊥ = 1.5 µm
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Solid-State 
technique validation 

Solid-State 
technique validation 
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Page encoding 
and data recall
Page encoding 
and data recall

Recording

Reconstruction 
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Data Recall SequenceData Recall Sequence
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Holographic Memory Module 
architecture with solid-state 

configuration

APE-SLM

Recording
Medium

Data-SLM

Receiver

Laser

Memory
Erasure

Anticipated HMM
parameters:

¬Capacity - 1011 b
¬Trans. rate - 1 Gb/sec
¬Size - < 0.4 ft3

¬Weight - <1.5 kg
¬Power cons.- < 50 W
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Conclusion

• High- density holographic data storage is 
demonstrated with random encoded 
reference beam

• Parallel recording and retrieval
• Optical memory in solid-state configuring
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