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“2-D restricted” volume gratings

T hese can offer ...
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Applications of ¢“2-D restricted” volume gratings
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Applications of ¢“2-D restricted” volume gratings
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Applications of “2-D restricted” volume gratings
1) Electroholographic fij
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“2-D restricted” volume gratings
These can offer ...
» the spatial- and spectral-

. 04 shaping properties of volume
%'ggnﬁl\ / Wx gratings,
(i . » 3-port devices easlly
"""""" 0 cascaded at or near 90 degrees.
Reference
beam o Ws « technically neither a

\ transmission nor a

~d- reflection grating

« must be analyzed by a
2-D coupled wave theory
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Coupled-wave theory

| ntensity detuning
.. . K=0
 Transmission grating INAR
— grating strength 08
Signal OAr Y/ . |
beam — =—JkeXp(—]JKX)As 08
/ OX / 0.4/
Detuning f
0.2/
a . . L
Reference ﬁ = — |k eXp( JKX) Ag 03 /2
beam +d+\ OX grating strength KX

X

Diffraction efficiency 7 isuncoupled from output beam-shape!

« Reflection grating

n:

Sona e

beam il NN _ 0.

o _ _ 0.4 |

ﬁ=—JKexp(—JKx)As 0l

OX OA ll
— = jx eXp(JKX) Ag 03 2

grating strength K‘X

[1] H. Kogelnik, Bell Sys. Techn. Journal, 48(9), 2909 (1969).
{ [2] P. Yeh, Introduction to Photorefractive Nonlinear Optics
=1L

“(1993). Almaden
Beijing University of T»:e-'.':hn\':nIcngn.nr S.Tao& G.W.Burr Resear ch Center



2-D coupled-wave theory
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Overlap> grating How to modify previous equations?

P
OX
e
cy
Reference
beam
Eéfm{/‘:iTﬁz S. Tao & G.W. Burr égg%?u Center



2-D coupled-wave theory

« “Overlap” grating grating strength
0 aW, . KW, |
Nl TS A S ep(- jK) A
OUs  sin26, sin 26, 7
Detuning
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»’:. W
WS O > US > -1 O< UR < WI:
Reference | |
beam A, and A, include all amplitude changes

due to absor ption and beam coupling.

Any Bragg mismatch (dueto deviationsin readout angle & or
wavelength A1) isdescribed by the Bragg mismatch parameter, K:
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Corrected analytical solution
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Chen, “Diffraction efficiency of
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2-D coupled-wave theory: numerical solution
« “Overlap” grating
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2-D coupled-wave theory: numerical solution
« “Overlap” grating
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| nitial results: comparison against Kogelnik’s theory
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| nitial results. apodization of wavelength response

Using a coupling strength that varies as

_ . 2 Uy —WR/ZVVS
K (Ug,,Ug) = K5 SINC (ﬂ W, j

‘3<
Theresulting detuning curves show a suppression of the
\/\/S side-lobes for narrow sinc functions (W, < 0.8),

Reference at a dight cost in thefilter bandwidth.
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Such an apodization of wavelength response could be quite
useful for cascaded wavelength filtering devices...
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Conclusions

2-D restricted volume gratings offer
» the spatial & spectral filtering capabilities of volume holograms
« the potential for cascading multiple 3-port devices

We have implemented a numerical ssmulation of the 2-D
coupled-wave equations for such volume gratings, and
« verified it against Kogelnik theory
« used it to investigate apodization of wavelength selectivity

By allowing resear chersto study the effects of
gpatial variationsin grating strength,
per formance optimization of these gratings
should now be possible.
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