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We present a combined wavelength-polarization selector made of holographic polarization
beamsplitting cubes in series. Each unit cube comprises a pair of prisms and a transmission-type
phase volume hologram. The assembled selector, when examined with an intensity modulated beam
of known polarization state, demonstrated our designated targetl99% American Institute of
Physics[S0003-695(97)03014-3

A polarization-selective element is essential in optical v=v,= vy COg f;1— 0;,) for p polarization (2b)
information processing, magneto-optical pickup, and optical
switching?~® A conventional polarization-selective element and
is made of birefringence crystals or a pair of right-angle 5
prisms sandwiched with a special multilayer dielectric film. - —ANK"d
Several holographic polarization-selective elements were 8mn cos b’
proposed in recent yeats’ Kostuk etal. proposed a
substrate-mode guiding holographic polarization-selectiv
element using a transmission-type phase volume hologra
with large diffraction anglé.The element requires an addi-
tional input coupling hologram which, in turn, needs the
same diffraction efficiencies for different polarization states,

making the element difficult to fabricate. The Katoal? .
9 the phase volume hologram. From EH®), it is seen that

and Huand groups presented holographic polarization- ) ) . N .
selective element with a smaller diffraction angle which cantfeere 'f 20 72|ffrchteddI|ght (t)rf]J-plolair;z?gon St:.t,? Sm(.:fa?[&
be used in multichannel optical switching systems. We have {_2)_ _71 IK Fa_lse bon © da?:l ™ thC%n II ion, 1 he h
also introduced yet another type of polarization-selective gldrating vecto [Fig. (b)] recorded on the hologram is suc

ement made of substrate-mode stacked polarization—selecti\y at its Bragg ang!e 191 =457, _then the direction of the
holograms that can be used as a four channel polarizatio iffracted beant will be perpendicular to that of the recon-

and wavelength separation elem@it.this letter, we further struction beanR in the gmqlsmn as 1s shgwn n F'g(bl.l'
propose a design of using holographic polarization beam_Consequeptly,_ the-polarization state is 90° diffracted since
splitting cubes in series for wavelength and polarization se!he p-polarization state passes through the hologram without

lection in optical communications. changing direction.

The structure of a unit holographic polarization beam- d IT th'z :cettet:], two (’;)_/Ipes O_fl T)(I)longzm; Werﬁ pu,\rlpolsely
splitting cube is shown in Fig.(&). It consists of a pair of eveloped Tor the readlly avaiiable -6 Nm He—INe 1aser

right-angle prisms and a transmission-type phase volume hé'—nﬁ 2”3 1780 SEZGaAS/GatAIAIS d_|rohde rI]aTer line. These are
logram (H). The normal incident beam travels in the first calle an , respectively. The holograms were re-

prism without changing direction and strikes the sandwiche(ﬂOrded on Iaboratory-maQe dichromated ggl(alﬁﬁ:G) using
hologram at 45°. According to Kogelnik’'s coupled-wave eCd laser 441.6 nm_llne "’T”d the technique of the longer
theory? the diffraction efficiencies of a transmission-type wavglength rgconstructlon with th? shorter V\./avelengt'h re-
phase volume hologram for the and the p-polarization cording. The final thickness of.the fixed emulsion !aygr is 12
states near Bragg condition are pum _(a-step mea_lsgrememtand its averaged refractlye index
(n) is 1.52. Their index modulation strengths for high polar-
siré( \/1/2T§2) ization _extinction ratio are chosen to be 0.0186 and 0.0229,
n= A& (1) respectively. These holograms were cemented between the
hypotenuse faces of two right-anglBK7 prisms @

()

éespectively, wherev is the coupling coefficient¢ is the
r(aetuning factor) is the reconstruction wavelength) is the
wavelength shift with respect to the central wavelengtK
is the grating vectord is the grating thickness, is the
amplitude of the index modulation, arl; and 6,, are, re-
spectively, the reconstruction and the diffraction angles in

where =1.517) with Norland 65 UV curing optical cemennh (
=1.52). The wavelength and polarization selective charac-
mnyd teristics of H1 andH2 cubes were investigated with pre-
v=vy= for s polarization, (28  pared polarization states of the two wavelengi$82.8 and
A V|cos 61€0S ;| 780 nm). The diffraction efficiency is affected by the Bragg
detuning factor. And the results of the diffraction efficiency
dElectronic mail: t7503@cc.nctu.edu.tw versus wavelength of these two holograms are shown in Fig.
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FIG. 3. The experimental setup for wavelength and polarization selectivities
of the assembly using holographic polarization cubes in series. C stands for
the chopper, FLC the ferroelectric liquid crystal, aid andH2 the holo-

are nearly zero and hence are close to the ordinate and hardly
seen in Fig. 2. These curves are qualitatively comparable to
the experimental data. Therefore, thaddéand H2 holo-
graphic cubes can serve as a wavelength dependent
polarization-selective element. Holographic polarization
beamsplitting cubes for other wavelengtfsich as those
used in fiber communicatiopsan be possibly made with the

In order to demonstrate the overall performance of these
holographic cubes as a wavelength and polarization selector,
we assembled twddl and twoH2 holographic cubes in
series. The structure is shown in Fig. 3. The hologram planes
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FIG. 1. (8) The structure of a holographic polarization beamsplitting cube.
CP stands for the coupling prismandp thes and thep-polarization states,

and H the hologram(b) Reconstruction geometry in the emulsion of a
volume phase hologram. R and S represent the reconstruction and the dif-
fraction beamsg,,,andé,, the reconstruction and diffraction angles, aad

the grating vector.

2. The circles and dots represent the experimental data of the
s and thep polarizations, respectively. The full width at half
maximum(FWHM) of 632.8 and 780 nm peaks are, respec-
tively, ~30 and~40 nm. The continuous lines markétL
andH2 are the theoretical diffraction efficiency curves for
the s and thep polarization from Eqs(1) and(2). The the-
oretical diffraction efficiency curves for thp polarization
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FIG. 2. Experimental diffraction efficiencies bf1 andH2 vs wavelength.
S polarizations are shown in open circle apdpolarizations in dots. The
smooth curves show the theoretical predictions of Efjsand (2).
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FIG. 4. (a) Oscilloscope readout for each channel of the assembly using
632.8 nm input beamb) The channel readout for the 780 nm input beam.
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of incidence of the first twdd1 cubes were arranged to be In summary, it is clear that the assembly of our holo-
perpendicular to each other. The hologram planes of the folgraphic polarization beamsplitting cubes in series is a prac-
lowing two H2 cubes were also perpendicular to each othertical wavelength-polarization selector that can be useful in
It demonstrated that different wavelength input beams wereptical communication.
diffracted selectively with the specific polarization states by =~ The authors would like to thank Professor W.-H. Chen
the individual channel in the assembly. In Fig. 3, the inputfor the useful discussions and critical reading of this letter.
laser signals were incident from the left to the assembly. AThis work was supported by the National Science Council of
chopper(C) and a ferroelectric liquid crystalFLC) were  the Republic of China under Contract No. NSC83-0417-E-
inserted between the laser and the assembly for the carri€@09-022.
signal intensity and polarization modulation. The outputs .
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channels 1 and 2, consistent with the characted bfcubes. g'gg_song’ M. - Lee. P. J. Talbot, and E. Tam, Opt. &6, 1228
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