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In the present work, we investigated the holographic grating erasing method by means of the
optical method. It was formed the grating under the interference of holographic recording He-
Ne laser beams on chalcogenide AssoGe;pSe5Sss thin film with various film thickness and
erased the holographic grating by non-polarized He-Ne laser beam. As the results, the
recording grating erased the 80 % of formed grating by non-polarized He-Ne laser beam. It
was confirmed that the erasing characteristics by non-polarized laser beam need to improve
the focusing of beam and the control of beam intensity. And then it can be expected as the
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application possibility of rewritable holographic memory technology.
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1. INTRODUCTION

In the recent years, a holographic memory has
received the attention as a technology that can provide
an optical data storage high density and high speed, and
it has held a promise in the direction of high-density
optical data storage[1-3]. Holographic diffraction
gratings are currently widely used in various areas of
science and engineering. Those based on both of the
surface relief structure and refractive index modulation
have the application possibility for the display, data
storage, optical elements and devices. With the
discovery of the photo-refractive materials are
considerable of interest for the development of all optical,
such as high density optical data storage and, image
processing.

Many different optical materidls have been
investigated in holographic data storage devices.
Especially, amorphous chalcogenide thin films have
become increasingly interested and attracted much
attention as a new advanced and replaceable material
because of their optical scalar and vectoral
characteristics. Among these materials, amorphous As-
Ge-Se-S system chalcogenide thin films are known to be
a suitable material for optical recording and data storage
device. Beécause they have some unique advantages for
the application of data storage, such as anisotropic
characteristics, ie, large birefringence and dichroism,
high spatial resolution, etc. Its high resolution makes it

suitable for high-density data recording and building a
nano-structure[4].

As we have been studied the improvement of
hologram grating diffraction efficiency on chalcogenide
thin film, it was found to need that the information
recorded by a holographic method was entirely
reduced or erased for the rewritable optical information
storage device[5-8]. However, it has many difficult
problems because the diffraction lattice can't be erased
completely. In the present work, we predict the optical
erasing method by means of non-polarized He-Ne laser
beam on amorphous chalcogenide As-Ge-Se-S systems
which exhibit a good photo-refractive effect useful in
hologram grating recording. In particular, the
As.oGepSe;sS;s composition, selected in the present
work, shows the maximum change for reversible photo-
structural transformation in AssGe pSeseSe(x=0, 25, 35
at.%) thin films[7-11].

To confirm the predicted optical way, we investigate
on the focus of the improvement the grating efficiency
and the erasing ratio how to get rid of the record data by
the means of exposing non-polarized beam.

2. EXPERIMENT
Amorphous chalcogenide As-Ge-Se-S systems exhibit

a good photo-refractive effect useful in scalar hologram
grating recording. In particular, the Asg4GegSe;sSss
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Fig. 1 Schematic diagram of the experimental setup to
record the holographic gratings and observe the
diffraction efficiency.

composition, selected in this work, shows the maximum
change for reversible photo-structural transformation in
As40GepSesoxSx(x=0, 25, 35 at%) thin films. An
As40GepSersSss bulk glass was fabricated by a
conventional melt quenching technique[7-9]. An Ag film
was deposited by thermal evaporatxon on Corning-glass-
7059 (density: 2.76 g/cm 50x50x1.2 mm, refractive
index: 1.50 at 780 nm) in vacuum at ~ 2 x 10 Torr. The
a-As4GeoSe1sSss thin films were also prepared by
thermal evaporation of the bulk at a deposition rate 0.2
nm/s on glass substrates. The film thickness was
monitored to be approximately 40~633 nm for
chalcogenide thin films(A, A/2, A/4,and A/8).

Figure 1 shows the schematic diagram of the
experimental setup for grating formation and observing
the intensity of diffraction beam. A non-polarized He-Ne
laser beam (hv =1.96 eV) was used as both a recording
beam and a proving beam. A He-Ne laser beam is split
into a reference beam and a recording beam using a
beam splitter. As seen from Fig. 1, it represent BS=
beam splitter, M=mirror, S= shutter for proving, D=
detector (the optical power-meter, Newport 1815-C) and
CR=chart recorder. The Oth and 1st present the orders of
diffraction beams, respectively. The two beams after the
reflection from the mirror are allowed to interfere at the
sample device to form the holographic grating. The
incident angle (®) for recording holographic gratings
and the average intensity of probing (read-out) beam (I,)
for evaluating the dlffractlon efﬁ01ency (n) were 20 ° and
about 2.5 mW/cm?, respectlvely n is determined as a
quantity of I4/I,, where I4 is the intensity of the 1st-order
diffraction beam from the grating in transmission mode,
which was monitored as a function of time using an
optical power-meter. After it was formed the holographic
grating on the chalcogenide thin film as Fig. 1, we
investigated the holographic grating diffraction
efficiency and then, try to erase the formed gratings by
means of the optical method. At first, it was shielded off
the recording beam to erase the formed grating and then,
it exposed non-polarlzed light which the initial intensity
(L) was 7.8 mW/cm?.
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Fig. 2 Diffraction efficiency of holographic gratings in
As40GeoSe5Sss thin film(80~633 nm) as a function of
exposure time.

3. RESULTS AND DISCUSSION

Hologram recording by A = 632.8 nm light in this
film utilizes the photostructural changes of the native
VAPs rather than the generation of the photo-induced
VAPs. The native VAPs usually depend onthe film
fabrication process and exist even in non-illuminated
chalcogenides, and their local environments. We believe
that the photoinduced change in Urbach tail region by
sub-band gap illumination (hv < Egp) is different from
that by phtodarkening effect by above-band gap
illumination (hv > Egp). Of course, the electronic
transitions of the extended band-to-localized state and
between localized states have an influence on the
photostructural change by illumination of hv < Egp. Until
now, we have discussed a series of experimental results
concerning the photoinduced anisotropy phenomena in
amorphous chalcogenides on the basis of the native
VAPs.

Figure 2 describes the diffraction efficiency of
holographic gratings in AssGe;oSe;sS3s chalcogenide
thin film with a various thickness as a function of
exposure time. As seen from F1g 2, it represents the
lowest diffraction efficiency, 10 % at A/8 (80 nm) and
the highest diffraction efficiency 0.08 % at 2/4 (159 nm)
of AS40G81()S€15S35 chalcogenide thin film and then, it
seems that the diffraction efficiency has the tendency of
decrease with the increase of film thickness. It was
considered that the intensity of 1st order of transmission
beam decrease inside thin film thickness because the
transmission type holographic grating by the interference
effect of two beam are formed within one period of
recording beam (A=633 nm) at the thin film thickness
under 633 nm.
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Fig. 3 Diffraction efficiency by the polarization state of
recording beam in AssGepSe 5S35 thin film as a
function of exposure time (a) (P:P) polarization state
(b) non-polarization state.

Figure 3 describes the results of obtained diffraction
efficiency at (P:P) polarization and non-polarization state
of He-Ne laser. As the results of (P:P) polarization state
in Fig. 3(a), it increase abruptly at 300 sec and then, it
saturate the maximum value at 2,000 sec. Maximum
diffraction efficiency was about 8 %, and it was shown
the characteristic of maintaining the constant saturation
value and remaining the formed grating. For a phase
polarization holography, the polarization state of two
beams occur the interference with the phase difference
and it equals the intensity of interference pattern inside
thin film. It was confirmed that it was maintained the
constant value, because the formed gratings with these
method acts differently on the path difference on space
and the polarization state of the reference beam. Figure 3
(b) describes the change of diffraction efficiency with
the exposure time at non-polarized state. It describes the
maximum saturated value, 0.4 % at about 500 sec.
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Fig. 4 Polarization holographic recording (P:P) and
erasing by non-polarized beam on chalcogenide
Asy9Geq9Se5Ss3s thin film.

Then after the maximum value, it shows the decreasing
tendency with the time, and it represents 0.01 % at 2,000
sec. As the time passes, it was reached the saturation by
a long time inducing effect of a weak beam at all parts of
thin film, especially, between the grating width and then,
it was created a number of new gratings. It was
confirmed that the decreasing tendency of grating
efficiency after the saturation means the progress of new
forming a grating with the constant directionality by the
superposition effect of two recording beams.

Figure 4 describes the graph of recording and erasing
of holographic gratings with (P:P) polarized and non-
polarized beam on chalcogenide As;GejoSe15S35 thin
film. After it was recording for 1,300 sec and formed the
grating of saturation diffraction efficiency, 2.5 %, it was
shuttered out the recording beam and exposed the non-
polarized beam to erase the formed grating. As the
results, it was found the erasing of grating, 80 % with the
initial abrupt decrease of grating efficiency. It was
confirmed that the decrease of grating efficiency was
shown due to remove the local modulation of refraction
index. An with the randomness of the directionality by
non-polarized beam direction used the erasing beam.
And exposing two recording beam on chalcogenide thin
film, repeatedly, it was shown the lower diffraction
efficiency than initial formed grating. It was confirmed
that chalcogenide thin film which has the grating
destroyed by non-polarized beam has formed with re-
directionality by the polarized beam and has the lower
directionality than initial formed grating direction.

4. CONCULUSION

We have investigated the holographic grating erasing
method by means of the optical method. It was formed
the diffraction grating under the interference of (P:P)
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polarized holographic recording He-Ne beams on
chalcogenide AssoGe1oS€;5S35 thin film with various film
thickness and erased the holographic grating by non-
polarized He-Ne laser beam. As the results, the recorded
holographic grating can be erased the 80 % of formed
grating by exposing the non-polarized He-Ne laser beam.
It was confirmed that the erasing characteristics by non-
polarized laser beam need to improve the focusing of
beam and the control of beam intensity. And then it can
be expected as the application possibility of rewritable
holographic memory technology.
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