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ABSTRACT 

We demonstrated a new transparent display consisting 

of an optically switchable polymer network liquid crystal 

and light sources. Optical switching between transparent 

and screen states was achieved through trans-cis 

photoisomerization of azobenzene. Furthermore, we 

improved screen reflectance by increasing the helical 

twisting power difference between the trans and cis states. 

 

1 Introduction 

Recently, transparent displays have been actively 

developed for applications in signage windows of stores 

and automotive windows. Transparent displays are 

required to meet demands such as large sizes, good 

flexibility, high transparency, cost-effectiveness, and high 

contrast.  

Organic light-emitting diode (OLED) displays [1] are a 

type of transparent display. OLED displays can be large 

and offer advantages in terms of image quality, such as a 

large viewing angle, superior color gamut, and high 

resolution. However, OLED transmittance is low due to the 

several thin-film transistors (TFTs) and capacitors in each 

pixel.  

Transparent liquid crystal displays (LCDs) are another 

type of transparent display. Polymer-dispersed liquid 

crystal (PDLC) displays with TFTs [2, 3] can achieve a high 

transmittance of > 80% in the transparent state, on 

account of the high aperture ratio of each pixel. When 

flexible displays with TFTs, such as OLED displays and 

LCDs, are mounted on a curved surface, such as 

automotive windows, they are required to be flexible. 

Transparent polyimide (PI) films are typically used to 

fabricate TFTs on the substrate surfaces. To date, the 

demand for transparent PI films is limited only to high-end 

optoelectronic products, and they are not economical [4]. 

However, transparent PDLC and polymer-network 

liquid crystal (PNLC) displays using affordable 

polyethylene terephthalate (PET) films coated with indium 

tin oxide (ITO) are commercially available. A transparent 

display using the combination of a projector with PDLCs or 

PNLCs was proposed [5, 6]. However, the area to be 

controlled from transparent to screen state by applying 

voltage was limited, depending on the ITO coating. 

Therefore, when mounted in the entire area of a car 

windshield, there was an issue of blocking the driver’s 

view in the screen state. 

Optical switching of liquid crystals (LCs) doped with 

chiral azobenzene compounds were proposed as an 

alternative to electrical switching [7, 8]. It was considered 

to possess high transparency, flexibility, and screen area 

control. A compensated and transparent nematic phase 

LC was formed by mixing a chiral azobenzene with a 

non-photochromic chiral compound having opposite 

chirality in the host nematic LC by balancing the helical 

twisting powers (HTPs) of both chiral compounds. The 

HTP of the chiral azobenzene compounds was 

decreased using ultraviolet (UV) irradiation to induce 

their trans-cis photoisomerization and consequently 

transform the compensated nematic LC into a 

cholesteric phase. Resultantly, the optically switching LC 

film changed from its transparent state to light scattering 

screen state. The transmittance was restored using 

visible light (Vis) irradiation. As the difference in HTP (Δ

HTP) between the trans and cis states of the chiral 

azobenzene increased, the specular transmittance 

changed significantly. However, reflectance has not 

been investigated.  

In this paper, we describe the improvement of the 

optical performance of optically switchable reverse-

mode PNLCs by increasing the ΔHTP of azobenzene 

and present a front-projection transparent LCD. 

 

2 Principle of optical switching in transparent LCD 

2.1 System set-up 

Fig. 1 depicts the system layout of the optically 

switchable transparent LCD. It is composed of an 

optically switchable reverse-mode PNLC, a Vis projector, 

a UV LED, and a blue LED. Typically, a PNLC is 

transparent; upon irradiation with UV light, its irradiated 

area converts from the transparent state to the screen 

state. The Vis projector stops the UV irradiation and 

projects images on the screen area in front of the viewer. 

Subsequently, blue light irradiation reverts the PNLC to 

its initial transparent state. 
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2.2 Structure of optically switchable reverse-mode 

PNLC 

The optically switchable reverse-mode PNLC is a 

composite of an LC, polymer network, chiral azobenzene, 

and non-photochromic chiral compounds. The polymer 

network consists of reactive mesogen (RM) monomers. It 

is phase-separated from the LC and has a strong aligning 

effect on the LC. When the HTP of chiral azobenzene in 

the trans state without UV irradiation is equal to that of the 

non-photochromic chiral compound having opposite 

chirality, the LC is in a compensated and transparent 

nematic phase. The PNLC composite was sandwiched 

between two glass substrates covered with ITO and a 

vertically aligned PI layer. Before the application of UV 

light, the LC and polymer network are aligned vertically, 

resulting in the transparent state, as shown in Fig. 2(a). 

Upon UV irradiation, the chiral azobenzene transforms 

from the trans state to cis state by photoisomerization, thus 

disrupting the balance of the chirality and generating a 

twisting power in the LC. Consequently, the orientation of 

the LC is disordered, and it becomes a light-scattering 

screen, as shown in Fig. 2(b). 

 

 
Fig. 1 System layout of optically switchable 

transparent LCD  

 

 
Fig. 2 Schematic diagram of optically switchable 

reverse-mode PNLC in (a) transparent state and 

(b) screen state 

 

3 Experimental 

Fig. 3 presents the materials used in this experiment. 

Chiral azobenzene (Azo-A and Azo-B) and a non-

photochromic chiral compound (Chiral) were 

synthesized, and their HTPs are presented in Table 1. 

The ΔHTP of Azo-A with axial chirality of binaphthyl 

moiety[9] is stronger than that of Azo-B with point 

chirality. We prepared two LC mixtures using Azo-A and 

Azo-B to investigate the effects of their ΔHTP. Table 2 

lists the composition of each material. In this study, we 

used a positive nematic LC, Sb-826010 (Shanben. Co., 

Ltd), which has birefringence of Δn = 0.26 . RM, 4,4'-

bis(6-(acryloyloxy)-hexyloxy)biphenyl (Tokyo Chemical 

Industry Co., Ltd.), and photo-initiator, Iragcure819 (Ciba 

Specialty Chemicals Inc.). Compensated and 

transparent samples were prepared by mixing the chiral 

azobenzene and Chiral, according to the measured HTP 

values listed in Table 1.  

 

 
Fig. 3 Material structures  

 

Table 1 HTP of chiral materials 

  

 
HTP (μm) ΔHTP (μm) 

 
trans cis  

Azo-A 76 37 29 
Azo-B 20 3 17 
Chiral 60 ‐ 

Blue LED 
(450 nm) 

PNLC sample 

Vis 
projector 

UV LED  
(365 nm) 

Screen 
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Table 2 Material composition (wt.%) 

 
 

Empty glass cells (EHC. Co., Ltd) with a cell gap of 10 

μm were prepared by assembling two ITO glass 

substrates treated with vertically aligned PI layers. Each 

LC mixture was injected into the empty glass cells using 

the capillary force on a hot plate at 100°C, which is equal 

to the LC clearing point. The cells were cured by exposure 

to blue light from an LED (λmax = 450 nm), under 50 V–50 

Hz at room temperature, to align the LC orientation. The 

power of the blue light was 7 mW/cm2. After 10 min of 

curing, the optically switchable reverse-mode PNLC was 

prepared in the transparent state without the application of 

voltage.  

 To investigate the optical properties of the PNLC, its 

total transmittance spectra in the transparent state and 

total reflectance spectra in the screen state were 

measured using a spectrometer with an integrating sphere 

(U-4000, Hitachi, Ltd). Each haze was measured using a 

haze meter (HM-65 W, Murakami Color Research 

Laboratory). 

 

4  Results and discussion 

Fig. 4(a) demonstrates the total transmittance of the 

PNLC samples in the transparent state. Transmittance 

spectra were as high as approximately 80% over a wide 

visible range. In the region less than 500 nm, the 

transmittance decreased due to the absorption of the 

azobenzene itself. Fig. 4(b) depicts the total reflectance of 

the PNLC samples in the screen state after sufficient UV 

irradiation at 20 mW/cm2 for 60 s at room temperature. The 

PNLC samples were sufficiently screened using this UV 

energy until the optical properties stopped fluctuating. The 

reflectance of No.1 sample with Azo-A was higher than 

that of No. 2 sample with Azo-B. The optical properties in 

terms of haze values are summarized in Table 3. From 

Table 2, it is evident that the ΔHTP of azobenzene 

influenced the reflectance and haze of the PNLC in the 

screen state. As ΔHTP increased, the orientation of the 

LC was disturbed more significantly, resulting in greater 

reflectance and haze in the screen state.  

Fig. 5 depicts the dependence of luminance on the 

viewing angle. In the screen state of sample No.1 after UV 

irradiation, a white image was projected using the Vis 

projector (MW612, BenQ Corporation) under the 

illuminance of 3350 lx, and we measured the luminance 

excluding the background light using a luminance meter 

(LS-110, Minolta Co., Ltd) for different viewing angles. The 

light scattering effect indicated that images could be seen 

at a viewing angle of 60°. 

The photographs in Fig. 6 present sample No. 1 in each 

state. The sample was 10 × 10 cm in size. In the 

transparent state, it was as transparent as the glass. 

Following UV irradiation, a screen appeared in the 

irradiated area. After turning off the UV LED, we could 

see the images projected from the front projector. When 

the projection was stopped and blue light irradiation was 

applied, the sample reverted to the transparent state. 

 

 

 
Fig. 4 Optical properties of PNLC samples. (a) Total 

transmittance spectra in the transparent state 

before UV irradiation, and (b) total reflectance 

spectra in the screen state after UV irradiation. 

 

 

Table 3 Optical properties 
 

Transparent 
state Screen state 

 

Transmittance 
@550 nm/Haze 

Reflectance 
@550 nm/Haze 

No.1 81.6% / 2.3% 17.1% / 94.9% 
No.2 80.2% / 2.3% 11.7% / 39.3% 

 

5 Conclusions 

We demonstrated a new transparent display 

consisting of an optically switchable reverse-mode 

PNLC (of size 10 cm × 10 cm), a Vis projector, a UV LED, 

and a blue LED. Optical switching between the 

transparent state and the screen state of the PNLC was 

achieved through the reversible trans-cis 
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photoisomerization of chiral azobenzene molecules under 

UV and blue light irradiation. A low-haze transparent state 

and a higher reflecting screen state of the PNLC were 

achieved at a high ΔHTP of chiral azobenzene. We 

confirmed that the projected images on the screen could 

be seen at a viewing angle of 60° due to the light scattering 

by the screen. We expect that this PNLC can be made 

flexible and large in size by utilizing PET films instead of 

glass substrates. This display can be used not only for 

signage but also for curved car windows. 

 

 
Fig. 5 Viewing angle property in the screen state of 

sample No. 1 with Azo-A under the illuminance of 

3350 lx. 

 
 

Fig. 6. Photographs of optically switchable 

transparent liquid crystal display of 10 cm x 10 

cm sample No. 1. Image is projected from the 

front projector after UV irradiation. 
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