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A four channel polarization and wavelength separation element using substrate-mode stacked
holograms is proposed based on the diffraction efficiency characteristics for polarization and the
wavelength selectivity of a transmission-type phase volume grating. We fabricated a sample device
and measured its polarization selectivity, output spectrum, and insertion loss of each channel to
demonstrate its performance. ®96 American Institute of Physid$S0003-695(96)04525-1

Wavelength division multiplexingWDM)! and polar- ~ set to be 0%i.e., normal incident upon the gratinghe dif-
ization switching devices are considered to be two of the keyraction efficiencies fois andp polarizations are given as
elements for signal multiplexing and switching in optical

communications or optical interconnects to enhance the = sird myd 1 = sir? 1)
. . . . - . s Vs
transmission capacities and signal switching ability. Various Nr Jcos by

types of wavelength division multi/demultipleef and an
optical switching device that consists of holographic polar- . .
ization beam splitters and a ferroelectric liquid crystal for ~ 7p=Sin?(vs COS fg) =Ssir? vy, ()

. . . . 6
polarization SW'FCh'”a _have been proposed. Although yespectively. Wherd, is the diffraction angle in the phase
some holographic polarization selectors prop6§¢¢vg the  yolume gratingp, is the index modulation strengtt,is the
properties of polarization and wavelength selectivity, theYhoIogram emulsion thickness, and is the reconstruction
didn't mention the combination performance. In this |etteriwavelength. From Eq€1) and(2), it is very easy to obtain

we propose a four channel polarization and wavelength sepghe conditions that eitheps or 7, is 1 and the other is 0.
ration element using substrate-mode stacked holograms. It

has some merits, such as normal input/output coupling, high

polarization and wavelength selectivity, and compact, light- INPUT

weight structure. It is also easy to be combined with a ferro- AMxy, Azxy LX

electric liquid crystal or a dichroic liquid crystal switch to Gs X Glx G2x

form an active polarization and wavelength selector. / (
The structure of this four channel polarization and wave- T

length separation element using substrate-mode stacked 4

holograms is shown in Fig.(&). The system consists of eight Y

holograms. The first four, Iabele@i’j , are placed in a stack éﬁ(‘t

illuminated by the incident beam. The other four, labeled
G;;, are distributed on a sheet of glass which conducts the
separated beams by total internal reflections. The first index
of the subscripti (i=1,2), refers to the wavelength, and the
second index of the subscript(j =x,y), refers to the polar-
ization state of the dominated diffracted light. The gratings
Gi’j are stacked together to form a stacked gratyg as
shown in Fig. 1b). AlthoughG;,, G;,, Gj,, andGj, have
the same structures, the grating planessgf, andG;, are
parallel to thex axis, and those d&;, andGi’y are parallel to
they axis. Hence the andp polarizations of input beams for
gratingsG;, andGj, are alongk andy axis, and forG;, and
Gi’y gratings, thes andp polarizations are alongandx axes,
respectively.

According to Kogelnik’s coupled-wave theotyif the
Bragg angle of a transmission-type phase volume grating is

(a)

substrate

(b)

FIG. 1. The structure ofa) this four channel polarization and wavelength
3E|ectronic mail: t7503@cc.nctu.edu.tw separation element, ar{) the stacked holograms.
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Wavelength(nm) FIG. 3. The photography of the outputs foy, (label 1 and\,, (label 2,
respectively.S the incident position.

FIG. 2. The calculated wavelength sensitivity for transmission-type phase

volume gratings oG, and G,, . G,,-X(Y): the diffraction efficiency of .
X(Y) polarization forG;,, G,,-X(Y): the diffraction efficiency ofX(Y) sandp polarizations as wavelength from 650 to 850 nm. The

polarization forG,, . experimental diffraction efficiencies afand p polarization

are 89%, and 0.7% for the gratity, and 0.5% and 85% for
G,y , and the extinction ratio for the diffraction beams are
127:1 and 1:170, respectively. Figure 3 shows the double
exposure of the two output beam imagesXog (label 1) and

N,y (label 2, respectively. The device dimension is about
5 cmXx5 cm. The channel separation is about 10 mm and the

X, incident normally on the stacked gratings. The optical beam diameters are about 8 mm for both wavelengths. The
signal of wavelength; is diffracted byGi’J- into the substrate QUtPUL Spectrum of thege two wavelengths was measurgd .by
under Bragg conditions and this diffracted light propagated*dvantest TOS345 optical spectrum analyzer in Fig. 4. Simi-
within the substrate witim; times of total internal reflection larly, we also obtained two output beam imagesXgy and
before arriving aG;; . The light is again totally reflected in A2x, which are not shown here. The insertion losses mea-
Gi;, and normal coupled out through the substrate on thsured with different input for cha_nnels 1,2,3,and 4 are 1.01,
Bragg conditions of5;; . Since thes- andp-polarization dif- ~ 1.45, 1.2, and 1.54 dB, respectively. _
fraction efficiencies ofG;; and G; with diffraction angles A four channel polarization and wavelength separation
satisfy the above conditior(§) and(ii), the light paths are as €lement using substrate-mode stacked holograms is pre-
shown in Fig. 1 and it is clear that this device separates lightented in this letter. It is based on the diffraction efficiency
with the different wavelengths and different polarization characteristics of wavelength and polarization selectivity of a
states to four channels. Hekg, and\;,, represent the light transmission-type phase volume grating. In order to investi-
components with respect to wavelength and their polar- gate its feasibility, an element for operating wavelengths at
izations are parallel to thg andy axes, respectively. The 672 and 831 nm was fabricated, and its performance was
channel separatiofd between the two wavelengths is about demonstrated. It is compact, lightweight and has normal in-
2T(m, tan 6,—m, tan 6;) when we use the substrate of thick- put and output coupling usage. This element could also work
nessT and the different polarizations were separated in theyith dichroic liquid crystal or ferrioelectric liquid crystal to
different directions. Assume the diffraction efficiency of be a wavelength selector or a polarization switching device.

These will occur(i) as 3=60° andn;=\,/(y/2d), then
7s=0 and 7,=100%, and (i) as #;=48.2° and n;
= (3\,)/(+/2d), then 7s=100% andz,=0.

As shown in Fig. 1), the input beams with polariza-
tions being parallel to« andy axis of wavelengthh; and

Gj; for wavelengthi;; at near Bragg condition incident is The research was supported by the National Science
mij(Nij)- We could estimate approximately the insertion lossCouncil of R.0.C. under Contract No. NSC83-0417-E009-
as —10 lod 7, (Nix) - ¢ jy il L= 7¢j(Nix) ] dB. 030.

In our experiments, the conditions 0f;=831 nm,
04=48.2°,\,=672 nm,H;=60°, andd=17 um for the grat-
ings were chosen to show the feasibility of this device. The v

dichromate gelatin is exposed by a He—Cd laser with 441.6 -24 (
nm for fabricating phase volume gratings. From the coupled- - A
wave theory, the strengths of the modulated refractive index § [
should be 0.034 and 0.048 fay and\ ,, respectively. These g, /
two index modulation strengths are easy to achieve in a /
dichromate gelatin. In fiber optical communication applica- =1

tions forA;=1300 nm and\,=1550 nm, the similar calcu- o / /
lation shows that higher index modulation strengths of 0.094 -38 J

and 0.065 are required for the gratings with thickness of 17 0.65 pm 0.75 um 0.85 pm
pm. Figure 2 shows the wavelength sensitivity of the stacked Wavelength

gratingsG;, andG;, for the above conditions. This simula-

tion result is calculated by using the coupled-wave theory for FIG. 4. The spectrum of the output channels Xgg andX,, .
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