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ABSTRACT

A magneto-optical light modulator array capable of
displaying a magnetic interference pattern by the
application of an external magnetic field was fabricated.
This array showed that magneto-optical spatial light
modulator based on current-induced domain wall motion
has sufficient light-modulation characteristics  for
reconstructing holographic images.

1 INTRODUCTION

Many studies on holographic displays using a spatial
light modulator (SLM) have been reported for dynamic
holographic three-dimensional (3D) image reconstruction
[1,2]. The viewing-zone angle of the holographic image
reconstructed by the holographic display is given by
equation (1).

b= ZSin_1i D
2d

where @ is the viewing-zone angle, A is the wavelength
of incident light, and d is the pixel pitch of the SLM. The
smallest pixel pitch of a commercially available SLM is
approximately 4 pm [3], with insufficient viewing-zone
angle.

We have developed an SLM using magneto-optical
effects (MO-SLM), which is expected to reduce the pixel
pitch to the submicron scale for holographic displays with
a wide viewing-zone angle [4-6]. In the MO-SLM, each
pixel comprises a fine magnet, and the magnetization
direction of each pixel is controlled electrically. We
proposed a new type of MO-SLM based on
current-induced domain wall motion (CIDWM) [7-9], which
can reverse the magnetization direction by low driving
current, and successfully demonstrated the operation of a
basic device corresponding to one pixel [10,11].

Light-modulation characteristics of MO devices with
complicated pixel structures, such as the CIDWM-based
MO-SLM, have not been studied sufficiently. In general,
magneto-optical effects modulate light only to a small
extent. Moreover, in our SLM, the aperture area is limited
by pixel structure. Therefore, it should be ensured that the
device has sufficient light-modulation characteristics for
reconstructing holographic images.

In this work, we fabricated an MO light modulator array
that can display a magnetization interference pattern by
applying an external magnetic field as an evaluation
device and demonstrated the reconstruction of a hologram
by MO effects.
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2 METHODS

2.1 Spatial Light Modulator Based on
Current-Induced Domain Wall Motion

Figure 1 shows the structure of a CIDWM-based
MO-SLM. Each pixel consists of a magnetic nanowire for
light modulation and two nanomagnets (NMs): NM1,
NM2 for controlling the switching properties of the
nanowire. The magnetization direction of the light
modulation region is controlled by injecting current that is
supplied from a cell selection transistor based on
CIDWM. When linearly polarized light enters the device,
the polarization plane of the reflected light rotates in
accordance with the magnetization direction of the light
modulation region by MO effects. The magnetic
hologram [12,13] reconstructs the holographic image by
displaying an interference pattern based on the
magnetization direction.
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Fig. 1 Structure of the CIDWM-based MO-SLM

Figure 2 shows a cross-sectional illustration of a pixel
fabricated on a thermally oxidized silicon wafer substrate
without a cell selection transistor. The NM material
[Co(0.3 nm)/Pd(0.6 nm)]2s was deposited on the
substrate at room temperature using a helicon sputtering
system. The NMs were fabricated using electron beam
lithography, ion beam milling, SiO2 and SisN4 deposition,
and a lift-off process. The nanowire material Gd2sFe7e
alloy was deposited on the NMs by ion beam sputtering,
and SisNs was deposited on the Gdo.24Feo7s alloy by
radio frequency sputtering as a cap layer. The light
modulation nanowire was fabricated by using the same

IDW '19

204



205

process as that used for the NMs. These processes are
the same as the fabrication processes of the device in a
previous study that successfully demonstrated current
injection [11].
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Fig. 2 Cross-sectional illustration of the pixel
without a cell selection transistor

2.2 Display Magnetization Pattern by Applying
External Magnetic Field

In this paper, we utilize a characteristic whereby the
magnetization reversal mechanism of the light modulation
region changes with the existence of the NM used for
displaying magnetization patterns. Figure 3 (a) shows a
device with two NMs; here the magnetization direction of
the light modulation region is easily reversed by applying
an external magnetic field. Figure 3 (b) shows a device
with only one NM; here it is difficult to reverse the
magnetization direction of the light modulation region on
one side of the external magnetic field. The magnetization
pattern was displayed by fabricating two NMs on the pixel
to be reversed and applying an appropriate external
magnetic field.
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Fig. 3 Difference in magnetization reversal
mechanism of the light modulation region
(a) with and (b) without NMs

3 RESULTS & DISCUSSION

Figure 4 shows the design of an MO light modulator
array with a 1 x 2 ym pixel pitch to obtain a large horizontal
parallax. By sharing some components between adjacent
pixels, the fabrication process is reduced and the aperture
ratio is improved [11].
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Fig. 4 Design of the MO light modulator array

The binary interference pattern displayed on the array
was calculated by computer-generated holography
(CGH) using Fresnel diffraction. The arrangement of a
3D object is shown in Figure 5. Two planes of a cube on
which the Japanese character “i” is fixed were displayed

0.5 mm behind the hologram. Table 1 lists the
calculation parameters for CGH.
Hologram
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Reference Light
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Fig. 5 Arrangement of a 3D object

Table 1 Calculation parameters for CGH

Pixel number 10k x 10k
Pixel pitch 1x2um
Hologram size 10 x 20 mm
Wavelength 632.8 nm

A 10k x 10k MO light modulator array was fabricated
with NM2 in the white pixel of the interference pattern.
The interference pattern was displayed by applying an
external magnetic field of —0.1 kOe.

Figure 6 shows a schematic illustration of the optical
system for holographic image reconstruction. A He-Ne
laser (A = 632.8 nm) was used as a light source. An
expanded and polarized laser beam entered the array as
reproducing illumination light. An electromagnet was set
behind the array to turn on/off the magnetic interference
pattern by applying an external magnetic field. A
reconstructed holographic image was captured by a
camera with the analyzer to eliminate noise light.
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Fig. 6 Schematic illustration of the optical system
for holographic image reconstruction

Figure 7(a) shows the reconstructed holographic 3D
image obtained by applying an external magnetic field of
-0.1 kOe. Our device demonstrated sufficient
light-modulation performance for holographic image
reconstruction. It was also confirmed that when the
magnetic interference pattern was not displayed by
applying an external magnetic field of +0.1 kOe, the
holographic image was not reconstructed, as shown in

Figure 7ib
(a) (b)

Fig. 7 Reconstructed holographic 3D image by
applying an external magnetic field of
(a) —0.1 kOe (ON) and (b) +0.1 kOe (OFF)

4 CONCLUSIONS

To investigate the light-modulation characteristics of a
CIDWM-based MO-SLM, an MO light modulator array was
fabricated, and the magnetization direction of the pixel
with NMs was reversed by applying the appropriate
external magnetic field. A 10k x 10k light modulator array
capable of displaying a magnetic interference pattern was
fabricated, and a reconstruction of the holographic 3D
image was successfully demonstrated. Therefore, if this
structure is fabricated on cell selection transistors and an
arbitrary magnetization pattern can be displayed by
current injection, a dynamic holographic image can be
reconstructed.
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