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Abstract: We report a switchable holographic optical element based on a liquid lens for a 
see-through display. For the switchable holographic optical element, we recorded two optical 
components in the holographic film in two steps. A numerical simulation was also done to 
define the recording and reconstruction conditions. After the recording process, the entire 
system was changed from 4f optics to Maxwellian optics by changing wavefront of the 
reference wave using a liquid lens. The diffraction efficiency was 0.46 for a single element 
recording and around 0.14 for a double element recording. The holographic display and the 
Maxwellian display were successfully switched without any crosstalk. The field of view and 
eye box of the holographic display were 1° and 4.36 mm, respectively, and the field of view 
and the eye box of the Maxwellian display were 3.8° and 23.2 um, respectively. In the 
proposed system, spatial frequency filtering by the liquid lens and image shape distortion 
seriously affected the hologram image. However, we successfully verified the feasibility of 
our proposed switchable holographic optical element using a liquid lens. 
© 2018 Optical Society of America under the terms of the OSA Open Access Publishing Agreement 
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1. Introduction 
Digital holographic display is an effective and a useful technology in various fields [1]. The 
digital holographic display can provide a nature scene-like object in the air by controlling the 
phase and amplitude of the light. Hence, the digital holographic display is considered a 
promising technology for next generation displays [2]. Basically, the amplitude and phase of 
the light are modulated by a spatial light modulator, such as a transmissive liquid crystal [1], a 
liquid crystal on silicon (LCOS) [3,4], or a digital mirror device (DMD) [5], etc. Although the 
digital holographic display has progressed tremendously by advanced semiconductor 
technology, it still has inevitable obstacles for commercialization, such as a small field of 
view (FOV), a small exit pupil, DC noise and high order noise, etc, because of the large 
spatial bandwidth of the spatial light modulator (SLM) [6–12]. Although most of these issues 
can be solved by decreasing the pixel pitch, unfortunately, current available spatial light 
modulators are not enough to provide a large hologram for multiple observers. Thus, current 
holographic display is specified for single user. Thus, most holographic displays use 4f optics 
with a spatial filter to eliminate DC noise and high-order noise and to compensate for 
chromatic aberration. However, although 4f optics is a direct solution to create a clear 
hologram, the 4f optics needs two solid lenses, which makes the device too heavy to use for 
see-through displays like head-mounted displays and glasses. 

A volume holographic grating is utilized as optical elements like lenses or mirrors. They 
are space-saving, lightweight, wavelength and angle selectivity, transparent and potentially 
low-cost [13]. Additionally the volume holographic grating does have the advantage of 
adding freedom to the optical design process, as incidence and exit angle can be chosen 
independently. In addition, multiplexed volume holographic grating (or multiplexed HOE) 
reconstructs all multiple wave simultaneously, when reference wave enter into the 
multiplexed volume holographic grating [14]. In this paper, we found that the changing 
wavefront of reference wave by liquid lens can select the each recorded holographic optical 
elements. Thus, entire optical system can be changed by combination the liquid lens and the 
holographic film. Not only does this increase the freedom of the optical system, it is expected 
to be effective in terms of weight and cost. Therefore, we mainly focused on demonstrating 
the feasibility of the switchable holographic optical element. 

In our previous research, we put together both a holographic display and a Maxwellian 
display using a liquid lens [15]. The Maxwellian display, which offers images that are always 
focused to the retina, provides extended information for the observer [16–18]. In addition, the 
Maxwellian display increases the availability of see-through displays for people with vision 
problems such as presbyopia and myopia [19]. 

In this paper, we described our design of a switchable holographic optical element based 
on a liquid lens for see-through display. The switchable holographic optical element 
recording setup and reconstruction setup are described in section 2. Then the optical 
characteristics of the switchable holographic optical element are given in section 3. Finally, 
concluding remarks are in section 4. 

2. Design and theory of see-through display based on switchable holographic 
optical elements 
2.1 System specification 

Our proposed switchable holographic optical element based see-through display configuration 
was illustrated in Fig. 1. A SLM (Holoeye, LC-2012) was used and the wavelength of the 
laser source was 633 nm (SIGMAKOKI, 05-LHP-121). A linear polarizer was used to set 
phase mostly mode for the SLM. A liquid lens (Optotunes, EL-10-30-TC) was combined with 
a concave lens to adjust the diopter from 0 D to 20 D. The SLM, the liquid lens, and a 
holographic optical element were put in the same interval with f as shown in Fig. 1. When 
liquid lens was set to 20D, a concave mirror of 20 D is recorded on the hologrpahic optical 
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4. Conclusion 
Holography is a promising technology for various fields, especially in 3D displays. The 
Maxwellian display is a good candidate for a focus free display. Each type of display has 
advantages for the observer, but they are difficult to combine in a single system. In addition, 
optical see-through head-mounted displays are appropriate for use in the current the hologram 
display and the Maxwellian display. In this context, two different optics were put into one 
system using the liquid lens from our previous study. However, many lenses are not only 
heavy and costly, they also have a problem for use in a holographic see-through display 
because they have a long optical path length. Hence, in this paper, we described our 
developed switchable holographic optical element film using a liquid lens. We did numerical 
calculations to optimize the HOE film recording conditions and successfully confirmed 
switching between recorded signals. The diffraction efficiency was around 0.14 for the 
signals without any crosstalk. Unfortunately, current proposed see-through display was not 
enough to meet eye relief condition of conventional near-eye display as shown in Fig. 9. 
However, our proposed system has a potential to meet near-eye display conditions, if 50 D 
lens is recorded in the HOE film for the Maxwellian display. In addition, proposed system 
cannot cover the eye’s movement perfectly (the pupil moves +/4mm when the eye gazed at 
+/−25 deg), our proposed approach will extend the function of see-through displays and also 
solve the FOV, the exit pupil, complexity, weight, and cost. 
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